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6 JUN 2002 NOVEL ELASTOMER COMPOSITES. METHOD AND APPARATUS Field of the
Invention The present invention is directed to novel methods and apparatus
for producing " ~ elastomer composites, and to novel elastomer composites
produced using such methods and apparatus. More particularly, the invention
is directed to continuous flow methods . : and apparatus for producing
elastomer masterbatch of particulate filler finely dispersed in ~
elastomer, for example, elastomer composites of carbon black particulate
filler finely ' dispersed in natural rubber, such as curative-firee
masterbatch compositions, curative bearing base compositions, and rubber
materials and products formed of such masterbatch compositions. Background
Numerous products of commercial significance are formed of elastomeric
compositions wherein particulate filler is dispersed in any of various
synthetic elastomers, natural rubber or elastomer blends. Carbon black, for
example, is widely used as a reinforcing agent in natural rubber and other
elastomers. It is common to produce a masterbatch, that is, a premixture of
filler, elastomer and various optional additives, such . as extender oil.
Carbon black masterbatch is prepared with different grades of commercially
available carbon black which vary both in surface area per unit weight and
in "structure." Numerous products of commercial significance are formed of
such i~ae~soae~   2 s ~u~ zoo2 -2 elastomeric compositions of carbon black
particulate filler dispersed in natural rubber. Such products include) for
example, vehicle tires wherein different elastomeric 



compositions may be used for the tread portion, sidewalls, wire skim and
carcass. Other products include, for example, engine mount bushings,
conveyor belts, windshield wipers and the like. While a wide range of
performance characteristics can be achieved employing currently available
materials and manufacturing techniques, there has been a long standing need
in the industry to develop elastomeric compositions having improved
properties and to reduce the cost and complexity of current manufitcturing
techniques. In particular, it is known for example that macro-dispersion
level, that is, the uniformity of dispersion of the carbon black or other
filler within the elastomer, can significantly impact performance
characteristics. For elastomeric compositions prepared by intensively
mixing the carbon black or other filler with natural rubber or other
elastomer (such as in a Banbury mixer or the like), any increase in
macro-dispersion requires longer or more intensive mixing, with the
consequent disadvantages of increased energy costs, manufacturing time, and
similar concerns. For carbon black fillers of certain surface area and
structure characteristics, dispersion beyond a certain degree has not been
possible or commercially practicable using known mixing apparatus and
techniques. In addition, such prolonged or more intensive mixing degrades
the natural rubber by reducing its molecular weight, rendering the finished
elastomeric compound undesirable for certain applications. It is well known
to employ carbon blacks having higher or lower structure and surface area
to manipulate the performance characteristics of an elastomeric
composition. Carbon blacks of higher surface area and lower structure are
known to improve crack growth resistance and cut-and-chip resistance as
well as, generally, abrasion resistance)   -3 and other performance
qualities. Commercially available mixing techniques have been unable to
achieve excellent uniformity of dispersion of carbon blacks throughout the
elastomer, however, without unacceptable degradation of the natural rubber.
In fact, for typical carbon black loading levels in natural rubber) such as
45 phr to 75 phr, and oil loading from 0 phr to 10 phr) low struct<ue
carbon blacks, such as carbon blacks of DBPA less than 110ccl100g,
particularly those having s<uface area above about 45m2/g to 65m~/g (CTAB),
it has not been possible to achieve compounds having less than about 1%
undispersed carbon black (measured as macro-dispersion, as described below)
regardless of the duration and level. Furthermore, as noted above, in the
highly energy consumptive intensive dry mixing methods currently in
widespread commercial use, the mastication of the elastomer necessary for
dispersing such carbon blacks results in unacceptable levels of disruption
of the polymeric chains of the natural rubber elastomer. The resultant
reduction in the molea,ilar weight of the natural rubber is undesirable for
many industrial applications. For use in tire tread, for example) reduced
molecular weight is known to cause an undesirable increase in the so-called
rolling resistance of the tire. Furthermore, while theoretical analysis has
indicated desirable improvements in certain perfonmance characteristics of
elastomeric compositions employing carbon blacks of higher surface area and
lower structure, it has not been possible using known physical milling or
other mastication processes to obtain such elastomeric compositions in
which both the molecular weight of the natural rubber is well preserved and
satisfactory macro dispersion levels of the carbon black are achieved.
Generally, it has been found) for example, that the elastomer reinforcing
properties of a carbon black increase as the particle size of the carbon
black decreases. However, with extremely fine carbon blacks 2 fi JUN 2002
an anomalous condition is known to be encountered, in which the expected
improvement   2 6 JUN 2002 -4 



in properties is not achieved. This is understood to be due at least in
part to the inability of conventional elastomer compounding methods to
adequately disperse the carbon black in the natural rubber without undue
breakdown of the elastomer polymer. There has been, therefore, consequent
inability to take full advantage of the natural affinity of the carbon
black and the natural rubber for each other in the case of such carbon
blacks. Since good dispersion of carbon black in natural rubber compounds
has been recognised for some time as one of the most important objectives
for achieving good quality and consistent product performance, considerable
effort has been devoted to the development of procedures for assessing
dispersion quality in rubber. Methods developed include, e.g. the Cabot
Dispersion Chart and various image analysis procedures. Dispersion quality
can be defined as the state of mixing achieved. An ideal dispersion of
carbon black is the state in which the carbon black agglomerates (or
pellets) are broken down into aggregates (accomplished by dispersive
mixing) uniformly separated from each other (accomplished by distributive
mixing), with the surfaces of all the carbon black aggregates completely
wetted by the rubber matrix (usually referred to as incorporation). Common
problems in the rubber industry which are often related to poor macro
dispersion can be classified into four major categories: product
performance, surface defects, surface appearance and dispersion efficiency.
The functional performance and durability of a carbon black-containing
rubber formulation, such as tensile strength, fatigue life and wear
resistance, are affected substantially by macro-dispersion quality.
Undispersed carbon black can also cause surface defects on finished
products, including visible defects. Eliminating the presence of surface
defects is of critical importance in molded thin parts for functional
reasons and in extruded profiles for both aesthetic and functional reasons.
2 6 JUN 2002 -5 A commercial image analyzer such as the IBAS Compact model
image analyzer available from Kontron Electronik GmbH (Munich, Germany) can
be used to measure macro-dispersion of carbon black or other filler.
Typically) in quantitative macro dispersion tests used in the rubber
industry, the critical cut-off size is 10 microns. Defects larger than
about 10 microns in size typically consist of undispersed black or other
filler, as well as any grit or other contaminants, which can affect both
visual and functional performance. Thus) meas<uing maao-dispersion involves
measuring defects on a surface (generated by microtoming, extrusion or
cutting) greater than 10 microns in size by total area of such defects per
unit area examined using an image analysis procedure. Macro dispersion D(%)
is calculated as follows: Undispersed al'ea (%) - _1 m N. II D12 A ~l.i ''
4 m where A", = Total sample surface area examined N; = Number of defects
with size D; D; = Diameter of circle having the same area as that of the
defect (equivalent circle diameter). m = number of images Macro-dispersion
of carbon black or other filler in uncured natural rubber or other suitable
elastomer can be assessed using image analysis of cut surface samples.
Typically, five to ten arbitrarily selected optical images are taken of the
cut surface for image analysis. Knife marks and the like preferably are
removed using a numerical filtering technique. Cut surface image analysis
thus provides information regarding the carbon black dispersion quality
inside a natural rubber compound. Specifically) percent   2 6 JUN 2002 



-6 undispersed area D(%) indicates carbon black macro-dispersion quality.
As macro dispersion quality is degraded, percent undispersed area
increases. Dispersion quality can be improved, therefore, by reducing the
percent undispersed area. As noted above) the mixing operations have a
direct impact on mixing efficiency and on macro-dispersion. In general,
better carbon black macco-dispersion is achieved in the elastomer, for
example in a natural rubber masterbatch, by longer mixing and by more
intensive mixing. Unfortunately, however, achieving better macro-dispersion
by longer, more intensive mixing, degrades the elastomer into which the
carbon black is being dispersed. This is especially problematic in the case
of natural rubber, which is highly susceptible to mechanicalhhermal
degradation. Longer and more intensive mixing, using known mixing
techniques and apparatus) such as a Banbury mixer) reduces the molecular
weight of the natural rubber masterbatch-composition. Thus, improved
macro-dispersion of carbon black in natural rubber is known to be achieved
with a corresponding) generally undesirable reduction in the molecular
weight of the rubber. In addition to dry mixing techniques, it is known to
continuously feed latex and a carbon black slurry to an agitated
coagulation tank. Such "wet" techniques are used commonly with synthetic
elastomer, such as SBR The coagulation tank contains a coagulant such as
salt or an aqueous or acid solution typically having a pH of about 2.5 to
4. The latex and carbon black slurry are mixed and coagulated in the
coagulation tank into small beads (typically a few millimeters in diameter)
referred to as wet civmb. The crumb and aad effluent are separated,
typically by means of a vibrating shaker screen or the like. The crumb is
then dumped into a second agitated tank where it is washed to achieve a
neutral or near neutral pH. Thereafter the crumb is subjected to additional
vibrating screen and drying steps and the like. Variations on this method
have been   2 6 JUN 2002 suggested for the coagulation of natural and
synthetic elastomers. In U.S. patent 4,029,633 to Hagopian et al, which
like the present invention is assigned to Cabot Corporation, a continuous
process for the preparation of elastomer masterbatch is described. An
aqueous slurry of carbon black is prepared and mixed with a natural or
synthetic elastomer latex. This mixture undergoes a so-called creaming
operation, optionally using any of various known creaming agents. Following
the creaming of the carbon black/latex mixture, it is subjected to a
coagulation step. Specifically, the creamed carbon black/latex mixture is
introduced as a single coherent stream into the core of a stream of
coagulating liquor. The solid stream of creamed carbon black/latex mixture
is said to undergo shearing and atomizing by the stream of coagulating
liquor prior to coagulation, being then passed to a suitable reaction zone
for completion of the coagulation. Following such coagulation step, the
remainder of the process is substantially conventional, involving
separation of the crumb from the waste product "serum" and washing and
drying of the crumb. A somewhat similar process is described in U.S. patent
3,048,559 to Heller et al. An aqueous slurry of carbon black is
continuously blended with a stream of natural or synthetic elastomer or
latex. The two streams are rriixed under conditions described as involving
violent hydraulic turbulence and impact. As in the case of the Hagopian et
al patent mentioned above, the combined stream of carbon black slurry and
elastomer latex is subsequently coagulated by the addition of an acid or
salt coagulant solution. There has long been a need in various industries
fur elastomeric compounds of particulate filler dispersed in suitable
elastomer, especially, for example, carbon black dispersed in natural
rubber, having improved macro-dispersion. As discussed above, improved
macro-dispersion can provide correspondingly improved aesthetic and  



2 6 JUN 200Z -8 functional characteristics. Especially desirable are new
elastomeric compounds of carbon black in natural rubber wherein improved
macro-dispersion is achieved together with higher molecular weight of the
natural rubber. It is an object of the present invention to meet some or
all of these long felt needs. Summar~r of the Invention In accordance with
a first aspect, a method for preparing elastomer masterbatch involves
feeding simultaneously a particulate filler fluid and an elastomer latex
fluid to a mixing zone of a coagulum reactor. A coagulum zone extends from
the mixing zone, preferably progressively increasing in cross-sectional
area in the downstream direction from an entry end to a discharge end. The
elastomer latex may be either natural or synthetic and the particulate
filler fluid comprises carbon black or other particulate filler effective
to coagulate the latex. The particulate filler fluid is fed to the mixing
zone preferably as a continuous, high velocity jet of injected fluid, while
the latex fluid is fed at low velocity. The velocity, flow rate and
particulate concentration of the particulate filler fluid are sufl;cient to
cause mixture with high shear of the latex fluid and flow turbulence of the
mixture within at least an upstream portion of the coagulum zone so as to
substantially completely coagulate the elastomer latex with the particulate
filler prior to the discharge end. Substantially complete coagulation can
thus be achieved, in accordance with preferred embodiments, without the
need of employing an acid or salt coagulation agent. In accordance with
another aspect, a continuous flow method of producing elastomer masterbatch
comprises the continuous and simultaneous feeding of latex fluid and
particulate filler fluid to the mixing zone of the coagulum reactor
establishing a   2 6 JUN 200Z _g_ continuous, semi-confined flow of a
mixture of the elastomer latex and particulate filler in the coagulum zone.
Elastomer masterbatch crumb in the form of "worms" or globules are
discharged from the discharge end of the coagulum reactor as a
substantially constant flow concurrently with the on-going feeding of the
latex and particulate filler fluid streams into the mixing zone of the
coagulum reactor. Notably, the plug-type flow and atmospheric or near
atmospheric pre,~sure conditions at the discharge end of the coagulum
reactor are highly advantageous in facilitating control and collection of
the elastomer masterbatch product, such as for immediate or subsequent
further processing steps. In accordance with an apparatus aspect, means are
provided for feeding elastomer latex fluid to the mixing zone of the
aforesaid coagulum reactor, preferably under low pressure, substantially
laminar type flow conditions, and means are provided for simultaneously
feeding particulate filler fluid to the mixing zone under pressure suff
dent to create a jet of sufficient velocity or kinetic energy to entrain
the elastomer latex as described above, and achieve coagulation before the
mixture flowing downstream from the miadng zone reaches the discharge end
of the coagulum reactor. In accordance with certain preferred embodiments
described in detail below, means for feeding the elastomer latex fluid and
separate means for feeding the particulate filler fluid each may comprise a
feed channel in a mix head integral with a substantially tubular member
defining the coagulum zone. The mixing zone may be provided at the junction
of such feed channels within the mix head. In accordance with certain
preferred embodiments, the mixing zone 



is simply a coaxial extension of the coagulum zone. Progressive increase in
the cross sectional area of the coagulum reactor is continuous in certain
preferred embodiments and is step-wise in other preferred embodiments.
Additionally, the coagulum reactor may be provided with such optional
features as a diverter at its discharge end, as further described   -lo 2 6
JUN 2002 below. Additional optional and preferred features of the apparatus
disclosed here for continuous flow production of elastomer masterbatch are
discussed in the detailed description below. In accordance with yet another
aspect, elastomer composites are provided as a product of the process or
apparatus disclosed above. In accordance with preferred embodiments, novel
elastomer composites are provided having macro-dispersion level of the
particulate filler, molecular weight of the elastomer, particulate loading
level, choice of particulate filler (including, for example, carbon black
fillers of exceptionally high surface area and low structure) and/or other
characteristics not previously achieved. In that regard, the methods and
apparatus disclosed here can achieve excellent macro dispersion, even of
certain fillers, such as carbon blacks having a structure to surface area
ratio DBP:CTAB less than 1.2 and even less than I, in elastomers such as
natural rubber, with little or no degradation of the molecular weight of
the elastomer. In accordance with yet other aspects of the invention,
intermediate products are provided as well as final products which are
formed of the elastomer composites produced by the method or apparatus
disclosed here. In accordance with another aspect, novel elastomer
composites are provided, comprising a particulate filler dispersed in
natural rubber) the macro-dispersion level of the filler in the elastomer
composite being less than about 0.2% undispersed area, preferably less than
about 0.1% undispersed area. Consistent with the discussion above,
macro-dispersion here means the macro-dispersion D(%) of the carbon black
measured as percent undispersed area for defects larger than 10 microns. In
natural rubber masterbatch and other elastomer composites disclosed here)
the molecular weight of the natural rubber, that is, the MW,o, (weight
average) of the sol portion, preferably is at least   2 6 JUN ?00? -11
about 300,000, mare preferably at least about 400,000, being in certain
preferred embodiments between 400,000 and 900,000. The elastomer composites
optionally comprise extender oil, such as about 0 to ZO phr) more
preferably about 0 to 10 phr extender oil, and/or other ingredients such as
are well known for optional use in compounding natwal rubber with carbon
black filler. As discussed further below in connection with certain
preferred and exemplary embodiments, the novel elastomer composites
disclosed here can provide highly desirable physical properties and
performance characteristics. Accordingly, the invention presents a
significant technological advance. In accordance with another aspect, novel
elastomer composites are provided in which there is a novel, heretofore
unobtained, combination of properties, including certain macro-dispersion
level of the carbon black filler, molecular weight of the natural rubber,
carbon black loading level, carbon black characteristics (including surface
area and structure, e.g., carbon black fillers of exceptionally high
surface area and low structure) 



and/or other characteristics. In accordance with various aspects of the
invention, masterbatch compositions and intermediate products are provided,
as well as final products which are formed of them. These and other aspects
and advantages of various embodiments of the invention will be further
understood in view of the following detailed discussion of certain
preferred embodiments. Brief Description of the Drawings The following
discussion of certain preferred embodiments will make reference to the
appended drawings wherein:   -12 2 6 JUN 2002 Fig. 1 is a schematic flow
chart illustration of the apparatus and method for preparing elastomer
masterbatch in accordance with certain preferred embodiments; Fig. 2 is an
elevation view, partly schematic, of a preferred embodiment consistent with
the schematic flow chart illustration of Fig. 1; Fig. 3 is an elevation
view, partially schematic, of an alternative preferred embodiment
consistent with the schematic flow chart illustration of Fig. 1; Fig. 4 is
an elevation view, partially in section, of the mix head/coagulum reactor
assembly of the embodiment of Fig. 3; Fig. 5 is an elevation view)
partially in section, corresponding to the view of Fig. 4, illustrating an
alternative preferred embodiment; Fig. 6 is a section view taken through
line 6-6 of Fig. 5; Fig. 7 is a section view of a mix head suitable for use
in an alternative preferred embodiment; Fig. 8 is a graph showing the
surface area and structure properties (CTAB and DBPA) of carbon blacks
employed in certain highly preferred masterbatch compositions in accordance
with the present invention; Figs. 9 - 25 are graphs showing the
macro-dispersion, natural rubber molecular weight and/or other
characteristics of novel elastomer composites in accordance with this
invention comprising carbon blacks shown in Fig. 8, in some cases along
with data relating to control samples for comparison, exemplifying the
significant improvements in physical characteristics and performance
properties achieved by the elastomer composites; Figs. 26 - 29 are graphs
showing morphological properties of carbon blacks, i. e., structure (DBPA)
and surface area (CTAB), and identifying regions or zones of carbon   2 6
JUN 2002 -13 blacks (by such morphological properties) which are suitable
for specific product applications; and Figs. 30 and 31 are graphs showing
the macro-dispersion and natural robber molecular weight of novel elastomer
composites in accordance with this invention, along with control samples
for comparison. It should be understood that the appended drawings are not
necessarily precisely to scale. Certain features may have been enlarged or
reduced for convenience or clarity of illustration. Directional references
used in the following discussion are based on the orientation of components
illustrated in the drawings unless otherwise stated or otherwise clear from
the context. In general, apparatus in accordance with different embodiments



of the invention can be employed in various arrangements. It will be within
the ability of those skilled in the art, given the benefit of the present
disclosure, to determine appropriate dimensions and orientations for
apparatus of the invention employing routine technical skills and taking
into account well-known factors particular to the intended application,
such as desired production volumes) material selection, duty cycle, and the
like. Reference numbers used in one drawing may be used in other drawings
for the same feature or element. Detailed Description of Certain Preferred
Embodiments By virtue of the method and apparatus disclosed here, elastomer
masterbatch can be produced in a continuous flow process involving mixture
of elastomer latex and particulate filler fluids at turbulence levels and
flow control conditions sufficient to achieve coagulation even without use
of traditional coagulating agents. In fact) it will be immediately
recognized to be of great commercial benefit that elastomer masterbatch   2
6 JUN 2002 -14 crumb is achieved, that is, coagulated latex is achieved,
here without the need for either intensive dry mastication of elastomer
with filler or exposing a liquid latex/particulate composition to a stream
or tank of coagulant. Thus, in routine commercial implementation the cost
and complexity of employing acid coagulation solutions can be avoided.
Prior techniques involving premixing of latex and particulate) such as in
the above-mentioned HeUer et al patent and Hagopian et al patent do not
even recognize the possibility of achieving coagulation without exposing
the latex/particulate mixture to the usual coagulant solution with its
attendant cost and waste disposal disadvantages. Feed rates of latex fluid
and particulate filler fluid to the mixing zone of the coagulum reactor can
be precisely metered to achieve high yield rates, with little free latex
and little undispersed filler in the product crumb at the discharge end of
the coagulum reactor. Without wishing to be bound by theory, it presently
is understood that a quasi mono-phase system is established in the mixing
zone except that coagulum solids are being formed there and/or downstream
thereof in the coagulum zone. Extremely high feed velocity of the
particulate filler fluid into the mixing zone of the coagulum reactor and
velocity differential relative the latex fluid feed are believed to be
significant in achieving sufficient turbulence, i. e., sufljciently
energetic shear of the latex by the impact of the particulate filler fluid
jet for thorough mixing and dispersion of the particulate into the latex
fluid and coagulation. High mixing energies yield product masterbatch crumb
with excellent dispersion, together with controlled product delivery. The
coagulum is created and then formed into a desirable extrudate. Certain
preferred embodiments are discussed below, of methods and apparatus for
producing the novel elastomer composites disclosed here. While various
preferred embodiments of the invention can employ a variety of different
fillers and elastomers,   2 6 JUN 2002 -15 certain portions of the
following detailed description of method and apparatus aspects of the
invention will, in some instances) for convenience) describe their use
primarily in producing masterbatch comprising natural rubber and carbon
black. It wiU be within the ability of those skilled in the art, given the
benefit of this disclosure, to employ the method and apparatus disclosed
here in accordance with the principles of operation discussed 



below to produce masterbatch comprising a number of alternative or
additional elastomers, fillers and other materials. In brief such methods
for preparing elastomer masterbatch involve feeding simultaneously a slurry
of carbon black or other filler and a natural rubber latex fluid or other
suitable elastomer fluid to a mixing zone of a coagulum reactor. A coagulum
zone extends from the mixing zone, preferably progressively increasing in
cross-sectional area in the downstream direction from an entry end to a
discharge end. The slurry is fed to the mixing zone preferably as a
continuous, high velocity jet of injected fluid, while the natural rubber
latex fluid is fed at relatively low velocity. The high velocity, flow rate
and particulate concentration of the f ller slurry are sufficient to cause
mixture and high shear of the latex fluid, flow turbulence of the mixture
within at least an upstream portion of the coagulum zone, and substantially
completely coagulate the elastomer latex prior to the discharge end.
Substantially complete coagulation can thus be achieved, in accordance with
preferred embodiments, without the need of employing an acid or salt
coagulation agent. The preferred continuous flow method of producing the
elastomer composites comprises the continuous and simultaneous feeding of
the latex fluid and filler slurry to the mixing zone of the coagulum
reactor, establishing a continuous, semi-confined flow of a mixture of the
latex and filler slurry in the coagulum zone. Elastomer composite crumb in
the form of "worms" or globules are discharged from the discharge end of
the coagulum reactor as a substantially   2 6 JUN 2002 -16 constant flow
coneuirently with the on-going feeding of the latex and carbon black slurry
streams into the mixing zone of the coagulum reactor. Notably, the
plug-type flow and atmospheric or near atmospheric pr~re conditions at the
discharge end of the coagulum reactor are highly advantageous in
facilitating control and collection of the elastomer composite product,
such as for immediate or subsequent further processing steps. Feed rates of
the natural rubber latex fluid and carbon black slurry to the mixing zone
of the coagulum reactor can be precisely metered to achieve high yield
rates, with little &ee latex and little undispersed carbon black in the
product crumb at the discharge end of the coagulum reactor. Without
vvishing to be bound by theory, it presently is understood that a
quasi-mono-phase system is established in the mixing zone except that
coagulum solids are being formed there and/or downstream thereof in the
coagulum zone. Extremely high feed velocity of the carbon black slurry into
the mixing zone of the coagulum reactor and velocity differential relative
the natural rubber latex fluid feed are believed to be significant in
achieving suffcient turbulence, i.e., sufficiently energetic shear of the
latex by the impact of the particulate filler fluid jet for thorough mixing
and dispersion of the particulate into the latex fluid and coagulation.
High mixing energies yield the novel product with excellent
macro-dispersion, together with controlled product delivery. The coagulum
is created and then formed into a desirable extrudate. The aforesaid
preferred apparatus and techniques for producing the elastomer composites
disclosed here are discussed in conjunction with the appended drawings,
wherein a continuous flow method of producing elastomer masterbatch employs
a continuous, semi-confined Bow of elastomer latex) for example, natural
rubber latex (field latex or concentrate) mixed with a filler slurry, for
example, an aqueous slurry of carbon black, in a coagulum reactor forming
an elongate coagulum zone which extends,   2 6 JUN 200Z 



-m preferably with progressively increasing cross-sectional area, from an
entry end to a discharge end. The term "semi-confined" flow refers to a
highly advantageous feature. As used here the term is intended to mean that
the flow path followed by the mixed latex fluid and filler slurry within
the coagulum reactor is closed or substantially closed upstream of the
m~dng zone and is open at the opposite, downstream end of the coagulum
reactor, that is, at the discharge end of the coagulum reactor. Turbulence
conditions in the upstream portion of the coagulum zone are maintained in
on-going, at least quasisteady state fashion concurrently with
substantially plug flow-type conditions at the open discharge end of the
coagulum reactor. The discharge end is "open" at least in the sense that it
permits discharge of coagulum, generally at or near atmospheric pressure
and, typically, by simple gravity drop (optionally within a shrouded or
screened flow path) into suitable collection means, such as the feed hopper
of a de-watering extruder. Thus, the semi-confined flow results in a
turbulence gradient extending axially or longitudinally within at least a
portion of the coagulum reactor. Without wishing to be bound by theory, it
presently is understood that the coagulum zone is significant in permitting
high turbulence mixing and coagulation in an upstream portion of the
coagulum reactor, together with substantially plug-type discharge flow of a
solid product at the discharge end. Injection of the carbon black or other
filler slurry as a continuous jet into the mixing zone occurs in on-going
fashion simultaneously with ease of collection of the elastomer masterbatch
crumb discharged under substantially plug-type flow conditions and
generally ambient pressure at the discharge end of the coagulum reactor.
Similarly, axial velocities of the slurry through the slurry nozzle into
the mixing zone and, typically, at the upstream end of the coagulum zone
are substantially higher than at the discharge end. Axial velocity of the
slurry will typically be several hundred feet per second as it enters the
2 fi JUN 200Z -I8 miadng zone, preferably from a small bore, axially
oriented feed tube in accordance with preferred embodiments discussed
below. The axial velocity of the resultant flow at the entry end of a
coagulum reactor with expanding cross-sectional area in a typical
application may be, for example, 5 to 20 feet per second) and more usually
7 to 15 feet per second. At the discharge end, in contrast again, axial
velocity of the masterbatch cnunb product being discharged there will in a
typical application be approximately 1 to 10 feet per second, and more
generally 2 to 5 feet per second. Thus, the aforesaid semi confined
turbulent flow achieves the highly significant advantage that natural
rubber or other elastomer latex is coagulated by mnctu<e with carbon black
or other filler even in the absence of subsequent treatment in a stream or
tank of acid, salt or other coagulant solution, with controlled, preferably
quasi-molded product delivery from the coagulum reactor for subsequent
processing. It should be understood in this regard that reference to the
coagulum reactor as being "open" at the discharge end is not intended to
mean that the discharge end is necessarily exposed to view or easily
accessed by hand. It may instead be permanently or releasably attached to a
collection device or subsequent processing device, such as a diverter
(discussed further below), dryer, etc. The discharge end of the coagulum
reactor is open in the important sense that the turbulent flow within the
coagulum zone of the coagulum reactor, which is under high pressure and
sealed against any significant rearward (i.e., upstream) travel at the
mixing zone, is permitted to establish the aforesaid pressure and/or
velocity gradient as it travels toward and exits from the discharge end. It
should also be recognized in this regard that the turbulence of the flow
lessens along the coagulum reactor toward the discharge end. Substantial
plug flow of a solid product is achieved prior to the discharge end,
dependent upon such factors as percent of   2 6 JUN 2002 -19 capacity
utilization, selection of materials and the like. Reference here to the
flow being 



substantially plug flow at or before the discharge end of the coagulum
reactor should be understood in light of the fact that the flow at the
discharge end is composed primarily or entirely of masterbatch crumb, that
is, globules or "worms" of coagulated elastomer masterbatch. The crumb is
typically quasi-molded to the inside shape of the coagulum zone at the
point along the coagulum zone at which flow became substantially plug flow.
The ever-advanang mass of"worms" or globules advantageously have plug-type
flow in the sense that they are traveling generally or primarily axially
toward the discharge end and at any point in time in a given cross-section
of the coagulum zone near the discharge end have a fairly uniform velocity,
such that they are readily collected and controlled for further processing.
Thus, the fluid phase mixing aspect disclosed here can advantageously be
carried out at steady state or quasi-steady state conditions, resulting in
high levels of product uniformity. A preferred embodiment of the method and
apparatus disclosed here is illustrated schematically in Fig. 1. Those
skilled in the art will recognize that the various aspects of system
configuration, component selection and the like will depend to some extent
on the particular characteristics of the intended application. Thus, for
example, such factors as maximum system through-put capacity and material
selection flexibility will influence the size and layout of system
components. In general, such considerations will be well within the ability
of those skilled in the art given the bene&t of the present disclosure. The
system illustrated in Fig. 1 is seen to include means for feeding natural
rubber latex or other elastomer latex fluid at low pressure and low
velocity continuously to a mixing zone of a coagulum reactor. More
particularly, a latex pressure tank 10 is shown) to hold the feed supply of
latex under pressure. Alternatively, a latex storage tank can be used,
-20 2 ~ ~~~ a~ equipped with a pe~staltic pump or series of pumps or other
suitable feed means adapted to hold elastomer latex fluid to be fed via
feed Gne 12 to a mixing zone of a coagulum reactor 14. Latex fluid in tank
10 may be held under air or nitrogen pressure or the like, such that the
latex fluid is fed to the mixing zone at a line pressure of preferably less
than 10 psig, more preferably about 2 - 8 psig, snd typically about 5 psig.
The latex feed pressure and the flow lines, connections, etc., of the latex
feed means should be arranged to cause shear in the flowing latex fluid as
low as reasonably possible. Preferably all flow lines, for example, are
smooth, with only large radius turns, if any, and smooth or faired
line-to-line interconnections. The pressure is selected to yield the
desired flow velosity into the mixing zone; an example of a useful flow
velocity is no more than about 12 feet per second. Suitable elastomer latex
fluids include both natural and synthetic elastomer latices and latex
blends. The latex must, of course, be suitable for coagulation by the
selected particulate filler and must be suitable for the intended purpose
or application of the final rubber product. It will be within the ability
of those skilled in the art to select suitable elastomer latex or a
suitable blend of elastomer latices for use in the methods and apparatus
disclosed here, given the benefit of this disclosure. Exemplary elastomers
include, but are not limited to, rubbers, polymers (e.g., homopolymers,
copolymers and/or terpolymers) of 1,3-butadiene, styrene, isoprene,
isobutylene, 2,3-dimethyl-1,3-butadiene, acrylonitrile, ethylene) and
propylene and the like. The elastomer may have a glass transition
temperature (Tg) as measured by differential scanning calorimetry (DSC)
ranging from about -120  C to about 0  C. Examples include, but are not
limited to, styrene-butadiene rubber (SBR), natural rubber and its
derivatives such as chlorinated 



rubber, polybutadiene, polyisoprene, poly(stryene-co-butadiene) and the oil
extended   2 s ~~~ a~oa -21 derivatives of any of them. Blends of any of
the foregoing may also be used. The latex may be in an aqueous carrier
liquid. Alternatively, the liquid cawier may be a hydrocarbon solvent. In
arty event, the elastomer latex 9uid must be suitable for controlled
continuous feed at appropriate velocity, pressure and concentration into
the mixing zone. Particular suitable synthetic rubbers include: copolymers
of from about 10 to about 70 percent by weight of styrene and from about 90
to about 30 percent by weight of butadiene such as copolymer of 19 parts
styrene and 81 parts butadiene, a copolymer of 30 parts styrene and 70
parts butadiene, a copolymer of 43 parts styrene and 57 parts butadiene and
a copolymer of 50 parts styrene and 50 parts butadiene; polymers and
copolymers of conjugated dienes such as polybutadiene, polyisoprene,
polychloroprene, and the like, and copolymers of such conjugated dienes
with an ethylenic group-containing monomer copolymerizable therewith such
as styrene, methyl styrene) chlorostyrene, acrylonitrile, 2-vinyl-pyridine,
5-methyl-2-vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-5
vinylpyridine, alkyl-substituted acrylates, vinyl ketone, methyl
isopropenyl ketone, methyl vinyl either, alphamethylene carboxylic acids
and the esters and amides thereof such as acrylic acid and dialkylacrylic
acid amide. Also suitable for use herein are copolymers of ethylene and
other high alpha olefins such as propylene, butene-1 and pentene-1. As
noted further below, the rubber compositions of the present invention can
contain, in addition to the elastomer and filler, curing agents, a coupling
agent, and optionally, various processing aids, oil extenders and
antidegradents. In that regard, it should be understood that the elastomer
composites disclosed here include wlcanized compositions (VR),
thermoplastic wlcanizates (TPV), thermoplastic elastomers (TPE) and
thermoplastic polyolefins (TPO). TPV, TPE) and TPO materials are further
classified by their ability to be extruded and molded several   2 6 JUN
2002 -22 times without loss of performance characteristics. Thus, in making
the elastomer composites one or more curing agents such as) for example,
sulfur, sulfur donors, activators, accelerators) peroxides, and other
systems used to effect vulcanization of the elastomer composition may be
used. Where the elastomer latex comprises natural rubber latex, the natural
rubber latex can comprise field latex or latex concentrate (produced, for
example, by evaporation, centrifugation or creaming). The natural rubber
latex must) of course, be suitable for coagulation by the carbon black. The
latex is provided typically in an aqueous carrier liquid. Alternatively)
the liquid carrier may be a hydrocarbon solvent. In any event, the natural
rubber latex fluid must be suitable for controlled continuous feed at
appropriate velocity, pressure and concentration into the mixing zone. The
well known instability of natural rubber latex is advantageously
accommodated, in that it is subjected to relatively low pressure and low
shear throughout the system until it is entrained into the aforesaid
semi-confined turbulent flow upon encountering the extraordinarily high
velocity and kinetic energy of the carbon black slurry in the mixing zone.
In certain preferred embodiments, for example, the natural rubber is fed to
the mixing zone at a pressure of about 5 psig, at a feed velocity in the
range of about 3 - 12 ft. per second, more preferably 



about 4 - 6 ft. per second. Selection of a suitable latex or blend of
lances will be well within the ability of those skilled in the art given
the benefit of the present disclosure and the knowledge of selection
criteria generally well recognized in the industry. The particulate filler
fluid, for example, carbon black slurry, is fed to the mixing zone at the
entry end of coagulum reactor 14 via feed line 16. The slurry may comprise
any suitable filler in a suitable carrier fluid. Selection of the carrier
fluid will depend largely upon the choice of particulate filler and upon
system parameters. Both aqueous   2 6 JUN 20~? -23 and non-aqueous liquids
may be used, with water being preferred in many embodiments in view of its
cost, availability and suitability of use in the production of carbon black
and certain other filler slurries. When a carbon black filler is used,
selection of the carbon black wiu depend largely upon the intended use of
the elastomer masterbatch product. Optionally, the carbon black filler can
include also any material which can be slurried and fed to the mixing zone
in accordance with the principles disclosed here. Suitable additional
particulate fillers include, for example, conductive fillers, reinforcing
fillers) fillers comprising short fibers (typically having an IJD aspect
ratio less than 40), flakes, etc. Thus, exemplary particulate fillers which
can be employed in producing elastomer masterbatch in accordance with the
methods and apparatus disclosed here, are carbon black, fumed silica,
precipitated silica, coated carbon black,chemically functionalized carbon
blacks, such as those having attached organic groups, and silicon-treated
carbon black, either alone or in combination with each other. Suitable
chemically functionalized carbon blacks include those disclosed in
International Application No. PCT/US95/16194 (W09618688), the disclosure of
which is hereby incorporated by reference. In silicon treated carbon black,
a silicon containing species such as an oxide or carbide of silicon, is
distributed through at least a portion of the carbon black aggregate as an
intrinsic part of the carbon black. Conventional carbon blacks exist in the
form of aggregates, with each aggregate consisting of a single phase, which
is carbon. This phase may exist in the form of a graphitic crystallite
and/or amorphous carbon, and is usually a mixture of the two forms. As
discussed elsewhere herein, carbon black aggregates may be modified by
depositing silicon-containing species, such as silica, on at least a
portion of the surface of the carbon black aggregates. The result may be
described as silicon-coated carbon blacks.   2 s ~uN Z002 -24 The materials
described herein as silicon-treated carbon blacks are not carbon black
aggregates which have been coated or otherwise modified, but actually
represent a different kind of aggregate. In the silicon-treated carbon
blacks, the aggregates contain two phases. One phase is carbon, winch will
still be present as graphitic crystallite andlor amorphous carbon, while
the second phase is silica (and possibly other silicon-containing species).
Thus, the silicon-containing species phase of the silicon-treated carbon
black is an intrinsic part of the aggregate; it is distributed throughout
at least a portion of the aggregate. It will be appreciated that the
multiphase aggregates are quite different from the silica-coated carbon
blacks mentioned above, which consist of pre-formed) single phase carbon
black aggregates having silicon-containing species deposited on their
surface. Such carbon blacks may be surface..treated in order to place a
silica functionality on the surface of the carbon black aggregate. In this
process, an existing aggregate is treated so as to deposit or coat silica
(as well as possibly other silicon-containing species) on at least a
portion of the surface of the aggregate. For example, an aqueous sodium 



silicate solution may be used to deposit amorphous silica on the surface of
carbon black aggregates in an aqueous slurry at high pH, such as 6 or
higher, as discussed in Japanese Unexamined Laid-Open (Kokai) Publication
No. 63-63755. More specifically, carbon black may be dispersed in water to
obtain an aqueous slurry consisting) for example, of about 5% by weight
carbon black and 95% by weight water. The slurry is heated to above about
70C, such as to 85-95C, and the pH adjusted to above 6) such as to a range
of 10-11, with an alkali solution. A separate preparation is made of sodium
silicate solution, containing the amount of silica which is desired to be
deposited on the carbon black, and an acid solution to bring the sodium
silicate solution to a neutral pH. The sodium silicate and acid solutions
are added dropwise to the slurry, which is maintained   2 6 JUN ?002 -25 at
its starting pH value with acid or alkali solution as appropriate. The
temperature of the solution is also maintained. A suggested rate for
addition of the sodium silicate solution is to calibrate the dropwise
addition to add about 3 weight percent silicic acid) with respell to the
total amount of carbon black, per hour. The slurry should be stirred during
the addition, and after its completion for from several minutes (such as
30) to a few hours (i.e., 2-3). In contrast) silicon-treated carbon blacks
may be obtained by manufacturing carbon black in the presence of
volatizable silicon-containing compounds. Such carbon blacks are preferably
produced in a modular or "staged" firrnace carbon black reactor having a
combustion zone followed by a zone of converging diameter, a feed stock
injection zone with restricted diameter, and a reaction zone. A quench zone
is located downstream of the reaction zone. Typically, a quenching fluid,
generally water, is sprayed into the stream of newly formed carbon black
particles flowing from the reaction zone. In producing silicon-treated
carbon black, the aforesaid volatizable silicon-containing compound is
introduced into the carbon black reactor at a point upstream of the quench
zone. Useful compounds are volatizable compounds at carbon black reactor
temperatures. Examples include, but are not limited to, silicates such as
tetraethoxy orthosilicate (TEDS) and tetramethoxy orthosiIicate, silanes
such as, tetrachloro silane) and trichloro methylsilane; and volatile
silicone polymers such as octamethylcyclotetrasiloxane (OMTS). The flow
rate of the volatilizable compound will determine the weight percent of
silicon in the treated carbon black. The weight percent of silicon in the
treated carbon black typically ranges from about 0.1 percent to 25 percent,
preferably about 0.5 percent to about IO percent, and more preferably about
2 percent to about 6 percent. The volatizable compound may be pre-mixed
with the carbon black-forming feed stock and introduced with the feed stock
into the reaction zone,   -26 2 6 JUN 2002 Alternatively, the volatizable
compound may be introduced to the reaction zone separately) either upstream
or downstream from the feed stock injection point. As noted above)
additives may be used, and in this regard coupling agents useful for
coupling silica or carbon black should be expected to be usefirl with the
silicon-treated carbon blacks. Carbon blacks and numerous additional
suitable particulate fillers are commercially available and are known to
those skilled in the art. Selection of the particulate filler or mixture of
particulate fillers will depend largely upon the intended use of the
elastomer masterbatch product. As used here, particulate 



filler can include any material which can be slurried and fed to the mixing
zone in accordance with the principles disclosed here. Suitable particulate
fillers include, for example, conductive fillers, reinforcing fillers)
fillers comprising short fibers (typically having an LD aspect ratio less
than 40), flakes, etc. In addition to the carbon black and silica-type
fillers mentioned above, fillers can be formed of clay, glass, polymer,
such as aramid fiber, etc. It will be within the ability of those skilled
in the art to select suitable particulate fillers for use in the method and
apparatus disclosed here given the benefit of the present disclosure, and
it is expected that any filler suitable for use in elastomer compositions
may be incorporated into the elastomer composites using the teachings of
the present disclosure. Of course, blends of the various particulate
fillers discussed herein may also be used Preferred embodiments of the
invention consistent with Fig. 1 are especially well adapted to preparation
of particulate filler fluid comprising aqueous slurries of carbon black. In
accordance with known principles, it will be understood that carbon blacks
having lower surface area per unit weight must be used in higher
concentration in the particulate slurry to achieve the same coagulation
efficacy as lower concentrations of   2 6 JUN 2002 -27 carbon black having
higher surface area per unit weight. Agitated mixing tank 18 receives water
and carbon black, e.g., optionally pelletized carbon black, to prepare an
initial mixture fluid. Such mixri~re fluid passes through discharge port 20
into fluid line 22 equipped with pumping means 24) such as a diaphragm pump
or the like. Line 28 passes the mixture fluid to colloid mill 32, or
alternatively a pipline grinder or the like) through intake port 30. The
carbon black is dispersed in the aqueous carrier liquid to form a
dispersion fluid which is passed through outlet port 31 and fluid line 33
to a homogenizer 34. Pumping means 36, preferably comprising a progressing
cavity pump or the like is provided in line 33. Homogalizer 34 more finely
disperses the carbon black in the carrier liquid to form the carbon black
slurry which is fed to the mixing zone of the coagulum reactor 14. It has
an inlet port 37 in fluid communication with line 33 from the colloid mill
32. The homogenizer 34 may preferably comprise, for example, a
IvHcrofluidizer system commercially available from Microfluidics
International Corporation (Newton, Massachusetts, USA). Also suitable are
homogenizers such as models MS 18, MS45 and MCIZO Series homogenizers
available from the APV Homogenizer Division of APV Gaulin, Inc. Wilmington,
Massachusetts, USA). Other suitable homogenizers are commercially available
and will be apparent to those skilled in the art given the benefit of the
present disclosure. Typically, carbon black in water prepared in accordance
with the above described system will have at least about 90% agglomerates
less than about 30 microns, more preferably at least about 90% agglomerates
less than about 20 microns in size. Preferably, the carbon black is broken
down to an average size of 5 - 15 microns, e.g., about 9 microns. Exit port
38 passes the carbon black slurry from the homogenizer to the mixing zone
through feed line 16. The slurry may reach 10,000 to 15,000 psi in the
homogenizer step and exit the homoginizer at about 600 psi or more.
Preferably, a high   _28_ carbon black content ~s used to reduce the task
of removing excess water or other tamer. Typically, about 10 to 30 weight
percent carbon black is preferred. Those skilled in the art will recognize,
given the benefit of this disclosure, that the carbon black content (in 



weight percent) of the slurry and the slurry flow rate to the mixing zone
should be coordinated with the natural rubber latex flow rate to the mixing
zone to achieve a desired carbon black content (in phr) in the masterbatch.
The carbon black content will be selected in accordance with known
principles to achieve material characteristics and performance properties
suited to the intended application of the product. Typically, for example,
carbon blacks of CTAB value 10 or more are used in sufficient amount to
achieve carbon black content in the masterbatch of at least about 30 phr.
The slurry preferably is used in masterbatch production immediately upon
being prepared. Fluid conduits carrying the slurry and any optional holding
tanks and the like, should establish or maintain conditions which
substantially preserve the dispersion of the carbon black in the slurry.
That is, substantial reaglomeration or settling out of the particulate
filler in the slurry should be prevented or reduced to the extent
reasonably practical. Preferably all flow lines, for example, are smooth,
with smooth line-to-line interconnections. Optionally, an accumulator is
used between the homogenizer and the mixing zone to reduce fluch~ations in
pressure or velocity of the slurry at the slurry nozzle tip in the mixing
zone. Natural rubber latex fluid or other elastomer latex fluid passed to
the mixing zone via feed line 12 and carbon black slurry fed to the mixing
zone via feed line 16 under proper process parameters as discussed above,
can produce a novel elastomer composite, specifically, elastomer
masterbatch crumb. Means may also be provided for incorporating various
additives into the elastomer masterbatch. An additive fluid comprising one
or   -29 2 6 JUN ?~~7 more additives may be fed to the mixing zone as a
separate feed stream. One or more additives also may be pre-mixed, if
suitable) with the carbon black slurry or) more typically) with the
elastomer latex iiuid. Additives also can be mixed into the masterbatch
subsequently) e.g., by dry mixing techniques. Numerous additives are well
known to those skilled in the art and include, for example, antioxidants,
antiozonants, plasticizers, processing aids (e.g., liquid polymers, oils
and the like), resins, flame-retardants) extender oils, lubricants, and a
mixture of any of them. The general use and selection of such additives is
well known to those skilled in the art. Their use in the system disclosed
here will be readily understood with the benefit of the present disclosure.
In accordance with certain alternative embodiments, curative also can be
incorporated in like manner) to produce a curable elastomer composite which
may be referred to as a curable base compound. The mixing zone/coagulum
zone assembly is discussed in more detail below. The elastomer masterbatch
crumb is passed from the discharge end of coagulum reactor 14 to suitable
drying apparatus. In the preferred embodiment of Fig. 1 the masterbatch
crumb undergoes multi-stage drying. It is passed first to a de-watering
extruder 40 and then via conveyor or simple gravity drop or other suitable
means 41 to a drying extruder 42. In routine preferred embodiments
consistent with that illustrated in Fig. 1 producing natural rubber
masterbatch with carbon black filler, the de-watering/drying operation-will
typically reduce water content to about 0 to 1 weight percent, more
preferably .0 to .5 weight percent. Suitable dryers are well known and
commercially available, including for eacample, extruder dryers, fluid bed
dryers, hot air or other oven dryers) and the like, such as French Mills
available from the French Oil Machinery Co., (Pique, Ohio, USA).   2 6
.~~I~ -30 Dnai masterbatch cnimb from dryutg extruder 42 ~s tamed by a
cooling conveyor 44 to a baler 46. The baler is an optional, advantageous
feature of the apparatus of Fig. 



1, wherein the dried masterbatch crumb is compressed within a chamber into
foam-stable compressed blocks or the like. Typically) 25 to 75 pound
quantities of the elastomer masterbatch are compressed into blocks or bales
for transport) further processing, etc. Alternatively, the product is
provided as pellets, for example, by chopping the crumb. The dimensions and
particular design features of the coagulum reactor 14, including the mixing
zone/coagulum zone assembly, suitable for an embodiment in accordance with
Fig. 1, will depend in part on such design factors as the desired
throughput capacity, the selection of materials to be processed, etc. One
preferred embodiment is illustrated in Fig. 2 wherein a coagulum reactor 48
has a mix head 50 attached to a coagulum zone 52 with a fluid-tight seal at
joint 54. Fig. 2 schematically illustrates a first subsystem 56 for feeding
elastomer latex to the mixing zone, subsystem 57 for feeding carbon black
slurry or other particulate filler fluid to the mixing zone) and subsystem
58 for feeding an optional additive fluid, pressurized air, etc. to the
mixing zone. The mix head 50 is seen to have three feed channels 60, 61)
62. Feed channel 60 is provided for the natural rubber latex fluid and feed
channel 62 is provided for direct feed of gas and/or additive fluid. In
connection with preferred embodiments employing direct injection of
additives, significant advantage is achieved in connection with hydrocarbon
additives or, more generally, non-water miscible additives. While it is
well known to employ emulsion intermediates to create additive emulsions
suitable for pre blending with an elastomer latex, preferred embodiments in
accordance with the present disclosure employing direct injection of
additives can eliminate not only the need for emulsion intermediates, but
also the equipment such as tanks, dispersing equipment, etc.   2 6 JUN 2002
,. -31 previously used in forming the emulsions. Reductions in
manufacturing cost and complexity can) therefore, be achieved. As discussed
further below) the feed channel 61 through which slurry is fed to the
mixing zone is preferably coaxial with the mixing zone and the coagulum
zone of the coagulum reactor. While only a single feed channel is shown to
receive the elastomer latex fluid, any suitable number of feed channels may
be arranged around the central feed channel through which the slurry is fed
to the mixing zone. Thus, for example, in the embodiment of Fig. 2 a fourth
fend channel could be provided through which ambient sir or high pressure
sir or other gas is fed to the mixing zone. Pressurized air may be injected
likewise with the slurry through the central axial feed channel 61.
Auxiliary feed channels can be temporarily or permanently sealed when not
in use. The coagulum zone 52 of the coagulum reactor 48 is seen to have a
first portion 64 having an axial length which may be selected depending
upon design objectives for the particular application intended. Optionally,
the coagulum zone may have a constant cross sectional area over all or
substantially all of its axial length. Thus) for example, the coagulum
reactor may define a simple, straight tubular flow channel from the mixing
zone to the discharge end. Preferably, however) for reasons discussed
above) and as seen in the preferred embodiment illustrated in the drawings,
the cross-sectional area of the coagulum zone 52 increases progressively
from the entry end 66 to discharge end 68. More specifically) the
cross-sectional area increases in the longitudinal direction from the entry
end to the discharge end. In the embodiment of Fig. 2, the coagulum zone
increases in cross-sectional area progessively in the sense that it
increases continuously following constant cross-sectional portion 64.
References to the diameter and cross-sectional area 



of the coagulum reactor (or) more properly, the coagulum zone de5ned within
the   -32 2 6 JLIN ?002 coagulum reactor) and other components) unless
stated otherwise, are intended to mean the cross-sectional area of the open
flow passageway and the inside diameter of such flow passageway. Elastomer
composite, specifically, coagulated elastomer latex in the form of
masterbatch crumb 72, is seen being discharged from the coagulum reactor 48
through a diverter 70. Diverter 70 is an adjustable conduit attached to the
coagulum reactor at discharge end 68. It is adjustable so as to selectively
pass the elastomer masterbatch crumb 72 to any of various different
receiving sites. This feature advantageously facilitates removal of
masterbatch cnrmb from the product stream, for example, for testing or at
the beginning of a production run when initial process instability may
result temporarily in inferior product. In addition, the diverter provides
design flexibility to direct product from the coagulum reactor to different
post-processing paths. In accordance with the preferred embodiment of Fig.
1, the masterbatch crumb 72 being discharged from coagulum reactor 48
through diverter 70 is seen to be received by a drier 40. The
cross-sectional dimension of coagulum reactor 48 is seen to increase at an
overall angle a between entry end 66 and discharge end 68. Angle a is
greater than 0  and in preferred embodiments is less than 45 , more
preferably less than 15 , most preferably from 0. 5  to 5  . The angle a is
seen to be a half angle) in that it is measured from the central
longitudinal axis of the coagulum zone to a point A at the outer
circumference of the coagulum zone at the end of the coagulum reactor. In
this regard, it should be understood that the cross-sectional area of the
upstream portion of the coagulum reactor, that is) the portion near the
entry end 66, preferably increases sufficiently slowly to achieve
quasi-molding of the coagulum in accordance with the   2 6 JUN 2002 Y~ -33
principles discussed above. Too large an angle of expansion of the coagulum
zone may result in the elastomer masterbatch not being produced in
desirable crumb form of globules or worms and simply spraying through the
coagulum reactor. Increasing the bore of the coagulum reactor too slowly
can result, in certain embodiments) in backup or clogging of the feeds and
reaction product into the mix head. In a downstream portion of the coagulum
zone, wherein the latex has been substantially coagulated and flow has
become essentially plug flow, the coagulum zone may extend either with or
without increase in cross-sectional area. Thus, reference here to the
coagulum zone in preferred embodiments having a progressively increasing
cross-sectional area should be understood to refer primarily to that
portion of the coagulum zone wherein flow is not substantially plug flow.
The cross-sectional area of the coagulum zone (that is, at least the
upstream portion theroo~ as discussed immediately above) may increase in
step-wise fashion, rather than in the continuous fashion illustrated in the
embodiment of Fig. 2. In the embodiment illustrated in Fig. 3, a continuous
flow system for production of elastomer masterbatch in accordance with the
method and apparatus disclosed here, is seen to include a mix 



head/coagulum zone assembly wherein the cross-sectional area of the
coagulum zone increases in step-wise fashion. Preferably, the individual
sections of the coagulum zone in such a step-wise embodiment have a faired
connection to adjacent seetions. That is, they combine to form a smooth and
generally continuous coagulum zone surface, as opposed, for example, to a
sharp or instantaneous increase in diameter from one section to the next.
The coagulum zone of Fig. 3 increases in three steps, such that there are
four different sections or sub-zones 74 - 77. Consistent with the design
principles discussed immediately above, the cross-sectional area of
coagulum zone 53 increases from the entry   2 6 JUN 2002 -34 end 66 to
point A at the discharge end 68 at an overall angle which achieves the
necessary flow control in the upstream portion of the coagulum reactor. The
first section 74 can be taken as including (a) the constant diameter
portion of the mix head 50 immediately downstream of the mixing zone, and
(b) the same or similar diameter portion connected thereto at joint 54 at
the entry end 66. This first section has a constant cross-sectional
diameter Dl and an axial dimension or length L, . In this first section 74
the length L, should be greater than three times the diameter D,, more
preferably greater than five times D,, and most preferably from about 12 to
18 times D,. Typically, this section will have a length of about fifteen
times Dl. Each subsequent section preferably has a constant cross-sectional
dimension and cross-sectional area approximately double that of the
preceding (i.e., upstream) section. Thus, for example, section 75 has a
constant cross sectional dimension and a cross-sectional area which is
twice that of section 74. Similarly, the cross-sectional area of section 76
is double that of section 75) and the cross-sectional area of section 77 is
double that of section 76. In each of sections 75 - 77, the length is
preferably greater than three times its diameter, more preferably about
three to seven times its diameter and generally about five times its
diameter. Thus, for example, in section 76 longitudinal dimension L,3 is
preferably about five times its diameter D3. A mix head and coagulum zone
assembly corresponding to the embodiment of Fig. 3 is shown in Fg. 4
partially in section view. Mix head 50 is integral with coagulum zone
extender 53 via joint 54. It defines a mixing zone wherein multiple feed
channels 60, 61, 62 form a junction, with an elongate, substantially
cylindrical channel 80 substantially coaxial with the coagulum zone portion
within extender 53. It will be recognized that it is not essential to the
operability of the method and apparatus disclosed here, to precisely define
the boundaries of the mixing zone and/or coagulum zone. Numerous variations
are   2 s ~uN 2002 -35 possible in the design of the flow channels junction
area, as will be apparent to those skilled in the art given the benefit of
the present disclosure. In that regard, as a generally preferred guideline)
in anbodiments of the type illustrated in Fig. 4, for example, the slurry
tip 6? generally is upstream of the beginnng of cylindrical portion 80)
being approximately centered longitudinally in the junction of the feed
channels. In such embodiments) preferably, the minimum cross-sectional area
defined by the imaginary cone from the slung tip 67 to the ciraunferential
perimeter at the beginning of the cylindrical portion 80 is advantageously
greater than, or at least equal to, the cross-sectional area of the latex
feed channel 60. Preferably, both channel 80 and at least the upstream
portion of the coagulum zone wherein flow turbulence exists prior to
substantially complete coagulation of the elastomer latex, have a circular
cross-section. The means for feeding carbon black slurry or other
particulate filler fluid is seen to comprise a feed tube 82 extending
substantially coaxially with the mixing chamber to an opening or slurry
nozzle tip 67 which is open toward the coagulum zone. This is a highly
advantageous feature of the preferred embodiments discussed here. The
carbon 



black slurry, as noted above, is fed to the mixing zone at very high
velocity relative the feed velocity of the latex, and the axial arrangement
of narrow bore feed tube 82 results in excellent development of flow
turbulence. The diameter Dm of the channel 80 (wluch, as noted above, is
preferably substantially equal to the diameter Dl of immediately following
portion of section 74 of the coagulum zone) preferably is at least twice
the inside diameter of slurry feed tube 82, more preferably about four to
eight times the diameter of feed tube 82, typically about seven to eight
times that diameter. Feed tube 82 is seen to form a fluid-tight seal with
the entry port 83 at the upstream end of feed channel 61 of mix head 50.
The diameter of the axial feed tube 82 is determined largely by the   2 s
~uN ?002 -36 required volumetric flow rate and axial veloaty of the slurry
as it passes through the slurry nozTle tip 67 into the mixing chamber. The
correct or required volume and velocity can be readily determined by those
skilled in the art given the benefit of this disclosure, and will be a
function, in part, of the concentration and choice of materials.
Embodiments such as that illustrated and disclosed here, wherein the feed
tube for the carbon black slurry is removable, provide desirable
flexibility in manufacturing different masterbatch compositions at
different times. The feed tube used in one production run can be removed
and replaced by a larger or smaller bore tube appropriate to a subsequent
production. In view of the pressure and velocity at which the slurry exits
the feed tube, it may be referred to as a spray or jet into the mixing
zone. This should be understood to mean in at least certain embodiments,
high speed injection of the slurry into an area already substantially
filled with fluid. Thus, it is a spray in the sense of its immediate
distribution as it passes through the slurry nozzle tip , and not
necessarily in the sense of free-flying material droplets in a simple
spreading trajectory. The additional feed channels 60 and 62 are seen to
form a junction 84, 85, respectively, with feed channel 60 and downstream
channel 80 at an angle (3. The angle ~i may in many embodiments have a
value from greater than 0  to less than 180  . Typically) ~i may be, for
example) from 30  - 90  . It is desirable to avoid a negative pressure,
that is, cavitation of the latex fluid as it is entrained by the
high-velocity slurry exiting at slurry nozzle tip 67, since this may
disadvantageously cause inconsistent mixing leading to inconsistent
masterbatch product. Air or other gas can be injected or otherwise fed to
the mixing zone to assist in breaking any such vacuum. In addition, an
expanded feed line for the natural rubber latex leading to the entry port
86 of feed channel 60 is desirable to act as a latex fluid reservoir. In
the preferred embodiment of Fig. 4) latex feed   2 6 JUN 2002 *~ -37
channel 60 intersects the mixing zone adjacent slurry nozzle tip 67.
Alternatively, however, the latex feed channel can intersect the mixing
channel upstream or downstream of the slurry nozzle tip 67. The carbon
black stony or other particulate filler fluid typically is supplied to feed
tube 82 at a pressure above about 300 psig) such as about 500 to 5000 psig,
e.g. about 1000 psig. Preferably the liquid slurry is fed into the mixing
zone through the slurry nozzle tip 67 at a velocity above 100 ft. per
second, preferably about 100 to about 800 ft. per second, more preferably
about 200 to 500 ft. per second, for example, about 350 



feet per second. Arrows 51 in Fig. 4 represent the general direction of
flow of the elastomer latex and auxiliary feed materials through feed
channels 60 and 62 into the channel 80 below slurry nozzle tip 67. Thus,
the slurry and latex fluids are fed to the mixing zones at greatly
different feed stream velocities, in accordance with the numbers set forth
above. While not wishing to be bound by theory) it presently is understood
that the differential feed achieves latex shear conditions in the mixing
zone leading to good macro-dispersion and coagulation. An alternative
preferred embodiment is illustrated in Figs. 5 and 6 wherein the single
axial feed tube 82 in the embodiment of Fig. 4 is replaced by multiple
axially extending feed tubes 90 - 92. Even greater numbers of feed tubes
may be employed, for example, up to about 6 or 8 axially-extending feed
tubes. Advantageously, production flexibility is achieved by using
different feed tubes of different diameter for production of different
formulations. Also, multiple feed tubes can be used simultaneously to
achieve good flow turbulence within the mixing zone and coagulum zone of
the coagulum reactor. An alternative embodiment of the mix head is
illustrated in Fig. 7. IVflx head 150 is seen to define a mixing zone 179.
An axial feed channel 161 receives a feed tube 182   2 6 JUN ?00Z -3a
adapted to feed carbon black slurry or other particulate filler fluid at
high velocity into the mixing chamber 179. It can be seen that the central
bore in feed tube 182 terminates at slurry nozzle tip 167. A constant
diameter nozzle land 168 is immediately upstream of slurry nozzle tip 167,
leading to a larger bore area 169. Preferably the axial dimension of land
168 is about 2 to 6, e.g. about 5, times its diameter. A second feed
channel 160 forms a junction 184 with the mixing zone 179 at a 90  angle
for feeding elastomer latex fluid to the miadng zone. The cross-sectional
diameter of the latex fluid feed channel 160 is substantially larger than
the cross-sectional diameter of the slurry nozzle tip 167 and land 168.
Without wishing to be bound by theory, the axial elongation of nozzle land
168, coupled with the expanded diameter bore section upstream of the nozzle
land, is believed to provide advantageous stability in the flow of slurry
through feed tube 182 into the mixing zone 179. The bore of feed tube 182
is found to function well with a 20  chamfer, that is, conical area 169
which expands in the upstream direction at about a 20  angle. Downstream of
mixing zone 179 is an elongate coagulum zone. Consistent with the
principles discussed above, such coagulum zone need be only marginally
elongate. That is, its axial dimension need be only marginally longer than
its diameter. Preferably, however, a progressively enlarged coagulum zone
is used. As discussed above) coagulation of the elastomer masterbatch is
substantially complete at or before the end of the coagulum reactor. That
is, coagulation occurs within the coagulum zone of the coagulum reactor
without the necessity of adding a stream of coagulant solution or the like.
This does not exclude the possibility that some initial coagulation occurs
in the mixing zone. The mixing zone may be considered an extended portion
of the coagulum zone for this purpose. Also, reference to substantially
complete coagulation prior to the elastomer masterbatch exiting the
coagulum reactor is not meant   2 6 JUN 2002 -39r to exclude the
possibility of subsequent processing and follow-on treatment steps) for any
of various purposes appropriate to the intended use of the final product.
In that regard, substantially complete coagulation in preferred embodiments
of the novel method disclosed here employing natural rubber latex means
that at least about 95 weight percent of the rubber hydrocarbon of the
latex is coagulated, more preferably at least about 97 



weight percent, and most preferably at least about 99 weight percent is
coagulated. The method and apparatus disclosed and described here produce
elastomer composites having excellent physical properties and performance
characteristics. Novel elastomer composites of the present invention
include masterbatch compositions produced by the above-disclosed method and
apparatus, as well as intermediate compounds and finished products made
from such masterbatch compositions. Notably, elastomer masterbatch can be
produced using natural rubber latex (latex concentrate or field latex),
along with various gades of carbon black filler, having excellent physical
properties and performance characteristics. Carbon blacks presently in
broad commercial use for such application as tire tread have been used
successfully, as well as carbon blacks heretofore considered unsuitable for
commercial use in known production apparatus and methods. Those unsuitable
because their high surface area and low structure rendered them impractical
to achieve acceptable levels of macro-dispersion at routine commercial
loading levels for the carbon black and/or to preserve the molecular weight
of the elastomer are highly preferred for the novel elastomeric masterbatch
compositions disclosed here. Such elastomer composites are found to have
excellent dispersion of the carbon black in the natural rubber, together
with good preservation of the molecular weight of the natural rubber.
Moreover, these advantageous results were achieved without the need for a
coagulation step involving a treatment tank or stream of acid solution or
other coagulant.   z ~ ~~r<m ~~ -40 Thus, not only can the cost and
complexity of such coagulant treatments be avoided) so too the need to
handle effluent streams from such operations. Prior known dry mastication
techniques could not achieve equal dispersion of such fillers without
significant molecular weight degradation and, therefore, could not produce
the novel natural rubber masterbatch compositions made in accordance with
certain preferred embodiments of the present invention. In that regard,
novel elastomer composites are disclosed having excellent macro-dispersion
of the carbon black in the natural rubber, even of carbon blacks having a
structure to surface area ratio DBPA: CTAB less than 1.2 and even less than
1.0, with high molecular weight of the natural rubber. Known mixing
techniques in the past did not achieve such excellent macro-dispersion of
carbon black without significant molecular weight degradation of the
natural rubber and) therefore, did not produce the novel masterbatch
compositions and other elastomer composites of the present invention.
Preferred novel elastomer masterbatch compositions in accordance with this
disclosure, having carbon black macro distribution levels not heretofore
achieved) can be used in place of prior known masterbatch having poorer
macro-dispersion. Thus, masterbatch disclosed here can be incorporated into
cured compounds in accordance with known techniques. Such novel cured
compounds are found in preferred embodiments to have physical
characteristics and performance properties generally compauable to) and in
some instances significantly better than, those of otherwise comparable
cured compounds comprising masterbatch of poorer macro-dispersion.
Masterbatch can be produced in accordance with the present invention, .
however, with reduced mixing time, reduced energy input, and/or other cost
savings. Particularly with respect to certain preferred embodiments,
natural rubber latex and carbon black filler masterbatch can be produced
having excellent physical   2 6 JUN ?002 -41,..... characteristics and
performance properties. Excellent macro-dispersion of the carbon black is
achieved, even using carbon blacks of exceptionally high surface area and
low 



structure, without the degree of degadation of the natural rubber which
would be caused by dry mastication for sufficient time and at sufficient
intensity levels to achieve the same degree of carbon black dispersion.
Especially advantageous in this regard are novel natural rubber masterbatch
compositions wherein a high degee of dispersion is achieved, using carbon
blacks having structure to surface area ratio, DBPA: CTAB of less than 1.2
and even less than 1.0. As used here, the carbon black structure can be
measured as the dibutyl phthalate adsorption (DBPA) value, expressed as
cubic centimeters of DBPA per 100 grams carbon black, according to the
procedure set forth in ASTM D2414. The carbon black surface area can be
measured as CTAB expressed as square meters per gam of carbon black,
according to the procedure set forth in ASTM D3?65-85. Novel natural rubber
masterbatch is achieved, therefore, having heretofore unachievable
combinations of physical characteristics such as molecular weight
distn'bution and filler dispersion levels, and/or incorporating heretofore
unsuitable fillers such as carbon black of extraordinarily high surface
area and low structure. The dispersion quality of natural rubber
masterbatch produced in accordance with the methods and apparatus disclosed
here can be demonstrated with reference to the well known characteristics
of MW,o, (weight average) and macro-dispersion) Specifically, the
macro-dispersion level in masterbatch produced in accordance with preferred
embodiments is significantly better than that in masterbatch of
approximately equal MW,o, produced using dry mastication. Most notably, the
dispersion quality of these preferred embodiments does not depend
significantly on the morphology of the carbon black filler. It will be
recognized that other factors affecting the level of dispersion achievable
using the method and apparatus disclosed here, include   2 6 JUN 2002 -42
the concentration of the carbon black in the slurry) total energy input
into the slurry and energy input during mixing of the fluid streams, etc.
The macro-dispersion quality of carbon black in natural rubber masterbatch
disclosed here is significantly better than that in previously known
masterbatch of approximately equal MW,o, (weight average). In some
preferred embodiments of novel elastomer composites, excellent carbon black
distribution is achieved with MW,o, approximately that of natural rubber in
the field latex state, (e.g., approximately 1, 000, 000) a condition not
previously achieved. The dispersion quality advantage is especially
significant in the above mentioned preferred embodiments using carbon black
with low structure and high surface area, e.g., DBPA less than 1 l
Occll00g, CTAB geater than 45 to 65 m2lg) and DBPA:CTAB less than 1.2 and
preferably less than 1.0. EXAMPLES Test Procedures The following test
procedures were used in the examples and comparisons presented below. 1.
Bound Rubber: A sample weighing .5 g. t .025 g. is weighed and placed in
100 ml. toluene in a sealed flask and stored at ambient temperature for
approximately 24 hours. The toluene is then replaced with 100 ml. fresh
toluene and the flask is stored for 4 days. The sample is then removed from
the solvent and air-dried under a hood at ambient temperature for 24 hours.
The sample is then further dried in a vacuum oven at ambient temperature
for 24 hours. The sample is then weighed and the bound rubber is calculated
from the weight loss data.   2 6 JUN 2002 -43 2. MW",: As used in this
disclosure and in the claims, MW,a, refer to weight average molecular
weight of the sol portion of the natural rubber. Standard GPC 



techniques for molecular weight measurement were followed in accordance
with the following: 2.1 Two l Opm 106 ~ columns, a l Opm 500 column and a l
Opm mixed bed column from Polymer Laboratories, UK. 2.2 UV detection at
215nm. 2.3 Solvent: Tetra hydro furan (THF) 2.4 Concentration, nominally
2mg/ml in THF. 2.5 Samples are left to dissolve in THF for 3 days,
stabilized with BHT. 2.6 Solutions are centrifuged to separate any gel and
the supernatant is injected onto the column. 2.7 Sam lie Preparations
Sample preparation is designed to prepare sol concentrations in the range
of 0.5 to 0.05 percent by weight to provide a good detector response for
accurate measurement of the molecular weight distribution. Depending on the
filler loading, sample weight is adjusted according to the following
formula: sample wt. _ (100 + fiver loading (phr))*20/100 mg +/- 2 mg
Samples are placed in UV protected vials and dissolved in 4 mL of
stabilized tetrahydrofuran (THF) containing 0.02% butylatedhydroxyltoluene
(BHT) for three days. The supernatant from the dissolution step, containing
mostly the sol portion, is transferred to Teflon centrifuge tubes and
certt<ifuged in an Avanti 30 (Beclanan) centrifuge for 60 minutes at 26,000
revolutions per minute (corresponding to a maximum field strength of 57,500
g). At this field strength, a majority of the gel phase sediments allowing
a gel-free supernatant. This gel-free solution is diluted at 1:5, again
using stabilized THF. At this point, the samples are transferred to GPC
vials and placed inside a Waters 717 AutoSampler (Water Corporation,
Ivfllford, Massachusetts, USA) in preparation for the GPC testing.
Molecular Weight Determination The weight average molecular weight of the
sol portion MW,o, is then determined. Using Millenium software (available
from Waters Corporation, Milford, Massachusetts, USA) a baseline is defined
using a valley-to-valley mode within the time   2 6 JUN ?002 -44 increments
of 1 S and 35 minutes. This time increment is appropriate for the column
set described above in paragaph 2.1 with the mobile phase Bow rate set at
0.75 mLmin. Once a reasonable baseline is established the distribution can
be determined. The elution time is converted to molecular weight.
Polystyrene solutions made from commercially available standards (EasiCal :
Polymer Laboratories, U.K.) are prepared containing a series of molecular
weights with very narrow distributions. The conversion of polystyrene
molecular weight to polyisoprene molecular weight equivalents is based on
the universal calibration method of Benoit and coworkers. The hydrodynamic
radius is proportional to the product of the molecular weight times the
intrinsic viscosity. After converting the polystyrene molecular weights to
polyisoprene equivalents, the calibration curve relates absolute molecular
weight to elution time. The standards are run under conditions identical to
the samples, and the standards are integrated to assign the appropriate
molecular weight for a given elution time, based on a best fit to the
standards data. Once the time based distribution is properly converted to
molecular weight, the appropriate molecular weight averages are calculated
by the Waters' Millenium software. 3 . Mooney Viscosity: Standard
procedures were followed for ML ( 1+4)@ 100  C. 4. Test Sample Cure
Conditions: Test pieces were cured to 150C for the time periods indicated
below: 4.1 Tensile Sheet: 20 min. 4.2 Resilience: 23 min. 4.3 Hardness: 23
min. 4.4 Heat Build-Up: 25 min. 5. Dispersion: The Cabot Dispersion Chart
method is used with subjective evaluation of 50x optical microgaphs. (ASTM
D2663 Method). 6. Stress-Strain: Tested to BS903:A2 and ISO 37. 7.
Hardness: Tasted to ISO 48 (1994), temperature 23C. 8. Resilience: Tested
to BS903:A8 (1990), Method A, temperature 23C (8 mm molded disc test
piece). 9. Heat Buildup: Tested to ASTM D623, Method A. 9.1 Start
temperature: 23  C   2 s .~u~ tort -45 9.2 Static load: 24 lbs. 9.3 Stroke:
0.225 inches. 9.4 Frequency: 30 Hz. 9.5 Run for 30 minutes. 10. Tan a:
Measured on Rheometrics model RDS II. Reported values are maximums from
strain sweeps. Strain sweeps at 0  ) 30 , and 60  C) 1 Hz, and 0.1 % to 60%
strain. 11. Crack Growth Resistance: Measured in accordance with ASTM
D3629-94 Ezamnle A Elastomer masterbatch was produced in accordance with
the present invention. Specifically, an elastomer masterbatch was produced
comprising standard natural rubber field latex from Malaysia with 52.5 phr
filler consisting of carbon black of commercial grade N234 available from
Cabot Corporation. The properties of the natural rubber field latex are
provided in Table 1 below.   2 6 JUN 2002 -46 Table 1 Natural Rubber Later
Properties Dry% TotalNitrogenVolatileML( 1 +4)AdditivesRubberSolids%
AshppmFatty Acid(m100 C0. I S% HNS'28.434.20.380.3660.052680.3% NH3,ZaO,
TMTD` a HNS: hydroxylamine neutral sulfate) Mooney viscosity stabilizer. 



b. Zn0/TMT'D: used for biological presawation) typically 0.025% of 1: I
mixtiae. The full compound formulation is set forth in Table 2 below, and
is representative of a commercial truck tire tread known to have excellent
resistance to reversion during cure. Table 2 Masterbatch Formulation
Ingredient Parts by Wt. Rubber100Carbon Black52.5Zn04.0Stearic acid2.06PPD
(antioxidant)2.0Sunproof Improved (wax)2.0 Total 165.5 The elastomer
masterbatch production apparatus was substantially identical to the
apparatus described above with reference to Figs. 1 and 7 of the drawings.
The slurry nozzle tip (see reference No. 167 in Fig. 7) was .039 inch
diameter with a land (see reference No. 168 in Fig. 7) having an axial
length of 0.2 inch. The coagulum zone was 0.188 inch diameter and had .985
inch axial length of constant diameter between the mixing zone and its
discharge end. Preparation of the masterbatch is described in further
detail immediately below.   2 6 JUN 2002 -47 1. Carbon Black Slurry Pre
aration. Bags of carbon black were nuxed with deionized water in a carbon
black slurry tank equipped with an agitator. The agitator broke the pellets
into fragments and a crude slurry was formed with 12.5 wt.% carbon black.
During operation, this slurry was continually pumped by an sir diaphragm
pump to a colloid mill for initial dispersion. The slurry was then fed by a
progressing cavity pump to a homogenizes, specifically, a model M3
homogenizes from APV Gaulin, Inc. The homogenizes produced a finely ground
slurry. The slurry flow rate from the homogenizes to the mixing zone was
set by the homogenizes speed, the homogenizes acting as a high-pressure
positive displacement pump. Slurry flow rate was monitored with a
Nficromotion mass flow meter. The carbon black slurry was fed to the
homogenizes at a pressure ranging from 50 to 100 psig and the
homogenization pressure was set at 4000 psig, such that the slurry was
introduced as a jet into the mixing zone at a flow rate of 4.1 to 4.4
lb/min and at s velocity of about 130 ft/sec. 2. Latex Delivery. The latex
was charged to a 100 gallon pressurized feed tank. Antioxidant emulsion was
added to the latex prior to charging. Antioxidants were added consisting of
0.3 phr tris nonyl phenyl phosphite (TNPP) and 0.4 phr Santoflex 134
(alkyl-aryl p-phenylene diamine mixture). Each of the antioxidants was
prepared as a 15 wt.% emulsion using 3 parts potassium oleate per 100 parts
antioxidant along with potassium hydroxide to adjust the emulsion to a pH
of approximately 10. Also, 3 phr extender oil was added. Air pressure (51
psig) was used to move the latex from the feed tank to the mixing zone of
the coagulum reactor. The latex flow rate was 3.2 to 3.4 lbs/min and about
3.8 feet   2 6 JUN 2002 -48 r per second, and was automatically metered and
controlled with a Micromotion mass flow meter and a rubber tube pinch
valve. The desired carbon black loading of a 52.5 phr was obtained by
maintaining proper ratio of the latex feed rate to the carbon black slurry
feed rate. 



3. Carbon Black and Latex Mixing. The carbon black slurry and latex were
mixed by entraining the latex into the carbon black slurry. During
entrainment, the carbon black was intimately mixed into the latex and the
mixture coagulated. Soft, wet spongy "worms" of coagulum exited the
coagulum reactor. 4. ew t rin . The wet crumb discharged from the coagulum
reactor was about 79% water. The wet crumb was dewatered to about 5 to 10%
moisture with a dewatering extruder (The French Oil Mill Machinery Company;
3'/s in. diameter). In the extruder, the wet crumb was compressed and water
squeezed from the crumb and through a slotted barrel of the extruder. 5.
~'ng-& C-poling. The dewatered crumb dropped into a second extruder where
it was again compressed and heated. Water was flashed off upon expulsion of
the crumb through the dieplate of the extnider. Product exit temperature
was approximately 300F and moisture content was about 0.5 to 1 wt.%. The
hot, dry crumb was rapidly cooled (approximately 20 seconds) to about 100F
by a forced air m'brating comreyor. The resulting dry crumb had about 66.
wt.% rubber solids and about 33. wt.% carbon black.   (,.-, -49 Ezam~le B 2
6 JUN 20D2 A control masterbatch was preparod by dry mastication. The
control employed the same formulation as Example A (see Table 2 above),
except that the natural rubber was SMR 10 rather than latex. It was
prepared by premastication of the rubber in a OOC Banbury mixer
(approximately 3 kg) at 50 rpm using 10 phr carbon black. The
premastication was performed for approximately 3 min. to a total of 800
MJ/m'. Comparisons of Example A and Example B The masterbatch of Example A
and the control masterbatch of Example B were compounded in a two-stage
mixing operation in a OOC Banbury mixer (approximately 3 kg). Table 3 below
sets forth the mixing schedule for the first stage. It can be seen that the
Example A masterbatch followed a modified mixing schedule. Table 3 Stage 1
Mixing Schedules Time (min)Ezample AEzample B Dry Mii Control '~0.0All
ingredientsPre-Masticated Rubber0.5Carbon Black and Oil1.0Sweep1.5Remaining
Ingredients2.02. SSweep3.0X II Idump at approx. 700 MJ/m3 Idump at approx.
1,000 MJ/m3 II   2 6 JUN 2002 -50 In the second stage, curatives listed in
Table 4 below were added with a further mixing cycle of S00 MJ/m'. Table 4
Final Stage Curative Addition In i n Parts by Wt. Stage 1 compound 165.5
Goodyear Winstay 100 (antioxidant) 1.0 TBBS (sulfur accelerator) 1.8 Sulfur
1.0 Total ' 169.3 Thus, Banbury mixing energy for the compounding of
Example A masterbatch was about 53% of the Banbury mixing energy required
for the premastication and compounding of 



the control material of Example B. Despite the reduced energy input, the
Example A material was found to have very good macro-dispersion, and the
molecular weight (weight average) of its sol portion MW,a, was
substantially higher than that of the control. These data are summarized in
Table 5 below. Table 5 Compounding and Curing Data SampkM~ Energy (MJ/m')ML
(i+4) 1000MWPre- MasticateStage 1FinalTotalStage 1Finalwt
av.ExampieA06945001,19410272444,900Example B8009655002,2659267327,000
Additional testing results for the cured (unaged) Example A and control
material are set forth in Table 6 below.   2 6 JUN 2002 -51 Table 6
Additional Test Data SampkHardoa~100'/. Modulu~ (lVlPa)300/. Modular
(lVlPa)Ten~ik (IVIPa)Eumpk A712.8216.128.7E=ampk
B723.I216.228.5SampkElongation at Break ('/1)Raillanoe ('/.)Heat
Build-UpMa: Tan Delta 60'C 30"C ~"CEiampk A52656.570.50.2030.2400.290E:ampk
B51157.676.50.2060.2360.286 Eiamule C Elastomer masterbatch was produced in
accordance with the present invention. Specifically, an elastomer
masterbatch was produced comprising standard natural rubber field latex
finm Malaysia with 55 phr filler consisting of carbon black of commercial
grade Regal  660 available from Cabot Corporation. The compound formulation
(excluding minor ordinary latex additives) is set forth in Table ? below.
Table 7 Masterbatch Formulation Intredient Parts by Wt. Rubber 100 Carbon
Black 55. Santoflex 134 (antioxidant) 0.4 TNPP (antioxidant) 0.3 Total
155.7 The elastomer masterbatch production apparatus was substantially
identical to the apparatus described above with reference to Figs. 1, 3 and
7 of the drawings. The slurry nozzle tip (see reference No. 167 in Fig. 7)
was .025 inch diameter with a land (see reference No. 168 in Fig. 7) having
an axial length of 0.2 inch. The coagulum zone (see No. 53 in Fig. 3 )
included a first portion of .188 inch diameter and approximately .985 inch
axial length (being partly within the mix-head and party within the
extender sealed   ~ ~ .~~~ a~ ~w -52 thereto); a second portion of .266
inch diameter and 1.6 inch axial length; a third portion of .3'76 inch
diameter and 2.256 axial length; and a fourth portion of .532 inch diameter
and 3.190 inch axial length. In addition) there are axially short, faired
interconnections between the aforesaid portions. Preparation of the
masterbatch is described in fiuther detail immediately below. 1. carbon
Black Slumr Preparation. Bags of carbon black were mixed with deionized
water in a carbon black slurry tank equipped with an agitator. The agitator
broke the pellets into fi~agments and a crude slurry was formed with 14.9
wt.% carbon black. The crude slurry was recirculated using a pipeline
grinder. Dining operation, this slurry was continually pumped by an air
diaphragm pump to a colloid mill for initial dispersion. The slurry was
then fed by a progressing 



cavity pump to a homogenizes, specifically, IVlicrofluidizer Model M210
from Ivt~crofluidics International Corporation for pressurizing and shear)
to produce a finely ground slurry. The slurry flow rate from the
microfluidizer to the mixing zone was set by the microfluidizer speed, the
microfluidizer acting as a high pressure positive displacement pump. Slurry
flow rate was monitored with a Micromotion mass flow meter. The carbon
black slurry was fed to the microfluidizer at a pressure of about 130 psig
and the output pressure was set at 3000 psig to an accumulator set at 450
psig output pressure, such that the slurry was introduced as a jet into the
mbung zone at a flow rate of about 3.9 lb/min and at a velocity of about
300 ftlsec.   2 6 J(IN ?OD? -53 a 2. Latex Delivery. The latex was charged
to a tank, specifically, a 55 gallon feed drum. Antioxidant emulsion was
added to the latex prior to charging. Antioxidarns were added consisting of
0.3 phr tris nonyl phenyl phosphate (TNPP) and 0.4 phr Santoplex 134
(alkyl-aryl p-phenylene diamine mixture). Each of the antioxidants was
prepared as a 40 wt.% emulsion using 4 parts potassium oleate per 100 parts
antioxidant along with potassium hydroxide to adjust the emulsion to a pH
of approximately 10. A peristaltic pump was used to move the latex from the
feed tank to the mixing zone of the coagulum reactor. The latex flow rate
was 3.2 to 3.3 IbsJmin and about 3.9 feet per second, and was metered with
a Endress +,Hauser (Greenwood, Indiana, USA) mass flow meter. The desired
carbon black loading of a 55 phr was obtained by maintaining proper ratio
of the latex feed rate to the carbon black slurry feed rate. 3. Carbon
Black and Latex Mixing. The carbon black slurry and latex were mixed by
entraining the latex into the carbon black slurry. During entrainment, the
carbon black was intimately mixed into the latex and the mixture
coagulated. Soft, wet spongy "worms" of coagulum exited the coagulum
reactor. 4. Dewate~nQ. The wet crumb discharged from the coagulum reactor
was about 78% water. The wet crumb was dewatered to about 12 to 13%
moisture with a dewatering extruder (The French Oil Ivflll Machinery
Company; 3 ~/, in. diameter). In the extruder) the wet crumb was compressed
and water squeezed from the cnmb and through a slotted barrel of the
extruder.   2 6 JUN 2p02 -54 5. ~r'~s; & Cooling. The dewatered crumb
dropped into a second extruder where it was again compressed and heated.
Water was flashed off upon expulsion of the crumb through the dieplate of
the extruder. Product exit temperature was approximately 280F to 370F and
moisture content was about 0.3 to .4 wt%. The hot, dry crumb was rapidly
cooled (approximately 20 seconds) to about 100F by a forced air vibrating
conveyor. Ezam~les D and E Two dry mix control masterbatches were prepared
by dry mastication. The controls employed the same formulation as Example C
(see Table 7 above)) except that in Example D the rubber was RSS 1 NR
rather than latex. In Example E the rubber was 



SMR 10 NR. Each was prepared by premastication of the rubber in a BR
Banbury mixer. The rubber of Example D was masticated at 118 rpm for 10
minutes. The rubber of Example E was masticated at 77 rpm for 4 minutes.
Comuarison of Eiamoles C. D and E The masterbatch of Example C and the two
control masterbatches of Example D and E were compounded in a BR Banbury
mixer. Table 8 below sets forth the compounding schedules.   2 6 JUN 200Z
-55 Table 8 Compounding Schedules Pre-MasticationStage I lyingStage II
(Final)MasterbatchlyingNoNoBR Banbury 77Eiample Crpm, 4.5 min.BR BanburyBR
BanburyBR Banbury 77Ezample Dmixer 118 rpm,mixer 77 rpm, 3rpm, 4.5 min.10
min.min.BR BanburyBR BanburyBR Banbury 77Ezample Emixer 77 rpm, 4mixer 77
rpm, 8rpm) 4.5 min.min.min. The compounding formulation is given in Table 9
below. Table 9 Stage II Curative Addition Ingredient Parts by Wt. Example 4
Masterbatch or Example 5 or 6 Stage 1 Dry Muc15SAzo 66 (zinc
oxide)4.0Hystrene 5016 (stearic acid)2.0Santoflex 13
(antioxidam)2.0Sunproof Improved (wax)2.0Wingstay 100
(antioxidant)1.0Santocure NS (sulfur accelerator)1.8 Total: 168.8 All three
compounds exhibited well-behaved cure with minimal reversion. Despite the
reduced energy input, the Example C material was found to have
significantly better macro-dispersion than the dry mix controls, and the
molecular weight (weight average) of its sol portion MW,~ was substantially
higher than that of the controls. These data are summarized in Table 10
below.   2 6 ~uH to~Z -56... Table 10 Masterbatch and Compound Properties
Eoampk CEiampk DE:ampk EMarterbatcb PropertiesMooney
Viscosity125124l26ML(1+4100CBound Rubber503244(/.) .MW sol
(=10'h0.678.466.463Percent.121.482.82Undispetaed Area(D/.)Compound
PropertksHardness626562100'/. Modular239315270(psi)300/.
Modular108712621216(Ps4Tenrlk
strengtti446240994344(psiJElongation,'/.67559l600Msi. Tsn
Delta0.189.237.184ad 60 C (StrainSwap)Crack Growth0.85.05.8Rate(cm/per
millioncycks) Additional Examf~les and Comparisons Highly preferred
elastomer composites in accordance with the present invention were produced
in accordance with the method and apparatus disclosed above. In particular,
novel masterbatch compositions were formed of natural rubber latex and
carbon black filler, having significantly better macro-dispersion levels
andlor natural robber molecular weight than heretofore found in known
compositions formed of the same or similar starting materials. Fig. 8 shows
the surface area and structure of various carbon   2 6 JUN 2002 -57 V black
fillers used in these preferred masterbatch compositions) specifically) the
CTAB surface area expressed as square meters per gram of carbon black per
ASTM D3765-85 and dibutyl phthalate absorption (DBPA) value expressed as
cubic centimeters of DBP per hundred grams carbon black per ASTM D2414 are
shown. Fig. 8 is seen to be divided into three different regions of carbon
blacks. Region I contains carbon blacks having lower structure and higher
surface area, being those most difficult to disperse in natural rubber and
other elastomers using traditional dry mixing techniques. Hence) carbon
blacks of Region I are not used commercially as widely as other carbon
blacks. 



Masterbatch and cured elastomeric compositions made with Region I carbon
blacks using traditional dry mixing techniques have poorer macro-dispersion
and typically lower MW,o,. The carbon blacks of Region II have higher
structure than those of Region I. Typically, they achieve reasonably good
dispersion in natural rubber for vehicle tire products and the like if
subjected to such extended dry mixing that the MW,o, of the natural rubber
is significantly degraded. The carbon blacks of Region III of Fig. 8 have
lower surface area relative their structure. Accordingly they have been
used with acceptable dispersion in natural rubber via dry mixing, but
again, with undesirable degradation of MW,o,. The dispersion of carbon
blacks of all three regions of Fig. 8, specifically, macro-dispersion, is
significantly improved in the elastomer composites disclosed here, and can
be achieved with significantly higher MW,o, of the natural rubber in
accordance with preferred embodiments. Control Samples 1- 443 Control
samples of mastecbatch were prepared by dry mixing in accordance with the
following procedures, for purposes of comparison to elastomer composites of
the present invention,   2 6 JUN 2002 -58 1. Mastication of Natural Rubber
In order to produce dry masterbatches with a wide range of molecular
weight, commeraal natural rubber (RSS1, SMR CV, and SMR 10) bales were
pre-masticated in a BR banbury mixer using the following conditions (fill
factor: 0.75): Table 11 Natural Rubber Mastication Conditions Sample
CodeMasticationR~or Speed (gym)Cooling WaterMastication ~'
(m~)M1NoM2Yes77On4 IM3Yes118On6M4Yes118On10 2. Miring Carbon Black with
Pre-Masticated Natural Rubber In order to prepare natural rubber dry
masterbatches with different levels of macro-dispersion quality, the
following mixing procedures were used in a BR Banbury mixer. The fill
factor was 0.70. The masterbatch ingredients and mixing procedures are
described as follows in Table 12. Table 12 Natural Rubber Dry Masterbatch
Formulation Ingredkntphr (Parts per hundred parts of rubber by
weight)Natural Rubber100Carbon BlackSee Tables BelowOilSee Tables
BelowSantofex (antioxidant)0.4TNPP (antioxidant)0.3Mixing Procedures: 0
minute: Add pre-masticated natural rubber (77 rpm, 45 C) 1 minute: Add
black, oil and antioxidants    2 fi JUN Q002 -59 Different levels of
macro-dispersion were produced by dry mixing samples of M1 through M4
pre-masticated nat<ual iubber for different mixing times, as shown in Table
13, below. For example) sample code M2D1 in Table 13 indicates a control
sample of premasticated natural rubber MZ (see Table 11, above) mixed for
10 minutes in accordance with the 



formulation of Table 12. Table 13 Miring Times Dry NR Masterbatch Sam le
CodePre-Masticated NRMizing
TimeM1D4M14M1D3Ml6M1D2Ml8M1D1Ml10M2D4M24M2D3M26M2D2~
M28M2D1M210M3D4M34M3D3M3.6M3D2M38M3D 1M310M4D4M44M4D3M46M4D2M48M4D 1'~~ M4
~10   2 b ,~U~I ?0~? -60 r 3. Final miring of Natural Rubber Masterbatch
Control Samples To evaluate compound performance, additional ingredients
were added to the dry masticated natural rubber maste~atch control samples
of Table 13 in accordance with the formulation shown in Table 14. Table 14
Additional Lrgredients for Final Miring IngredientAmount (phr)Azo 66 (zinc
oxide)4.0Hystere 5016 (stearic acid)2.0Ssntoflex 13
(antioxidant)2.0Sunproof Improved (wax)2.0Wingstay 100
(antioxidant)1.0Santocure NS (sulfur accelerator)1.8Sulfur1.0 The compounds
were cured in accordance with standard cure techniques at 150  C until at
least substantially completely cured, typically between 10 and 30 minutes.
In that regard, the same or substantially the same final mixing procedures)
including the formulation given above in Table 14) were used for all
control samples, as well as all samples of elastomer composites of the
invention prepared in the manner described below (see "Preferred
Embodiments Examples) which were cured and tested for compound properties
and performance characteristics. The following tables 15 - 23 set forth the
sol molecular weight MW,, and macro dispersion D(%) of control samples 1
through 443. The samples are grouped in the tables according to choice of
carbon black. Within a given table, the samples are grouped by choice of
natural rubber and by carbon black loading and oil loading. The table
headings   ~ s .~~~ z~a -61 show this information in accordance with
standard nomenclature. Thus, for example, the heading for Table 15
"N330/SSphdO" indicates SSphr N330 carbon black with no oil. The table
sub-headings show the choice of natural rubber. Specifically) control
samples 1 through 450 are seen to be made from standard grade natural
rubber RSS 1, SMRCV and SMR 10. Technical description of these natural
rubbers is widely available, such as in Rubber World Magazine's Blue Book
published by Lippincott and Peto, Inc. (Akron, Ohio, USA). The molecular
weight MW,o, of the natural rubber prior to any premastication (Ml) and
after the various amounts of premastication (M2-M4) also are shown below in
Tables 15 - 23.   -62 Table 15 N33QI5 n0RSS1SMRCVCodaSample51w",D
/X)Samph51w",D (JG)No.(1QNo(1QM11300971M2932725M3884596M4485482M1011
.4854.24174284.35M10225713.70f84873.89M1
D337084.79194884.88M1D44no4.52205354.T8M20154453.88213802.44M2D264902.88223
983.71M2D375123.88234334.30M2D485813.93244885.81M3D193T31.33253423.79M3D2f0
4022.50263584.35M3D3114072.98273T15.55M3D4124523.35 ~,
284085.01M4D1t33113.83293113.88M4D214. 3373.40. . , 30
'3255.31M4D3'f53825.03313445.91M4D4163825.23323895.87 Table 16 Table 17
Black Pearl dOQl35phdnH351I33phrll0phrRSS1SMRCVRSS1CodoSampleMw",,D
('.~)SampleMw",D (JG)CombSampleMw",,,D
(SG)No.(!QNo.(!QNo.(IQM11041889M2788882M11300M3883491M2H03M452T420~M3601M1D
111350712.20t294185.15M1D2f1455115.10t304824.94M1D14018542.08M1 D3,' 1 t
570010.201315156.93M1 D24029693.41M1D4'
t767H85.72f325838.74M1D340310403.88M2D1t
fT4205.651334032.60M1D4~O~t11304.91M202f 18
~4416.50f344382.74M2D31195497.701354342.83M2D14058481.15M204f
206065.881365303.88M2D2408_
8682.18M3D1t213873.2613T3662.38M20340T6752.98M3D21Z24082.981383782.83M2D440
87214.70M3D3t234563.81t393993.04M3D4f244834.61fI04312.39M3D14085321.10M4D1t
253392.131413112.22M3D2410537217M4D2t26, 3672.231423322.27M3D34f
f5352.45M4D3t273602.601433442.27M3D44125584.06M4D4t284031.961443902.73   



2 6 JUN 2002 -63 Table 18A R I ?SQISnp -RSS1SMRCVCodeSampleAlw",D
('Jf~SimpleIlw",,-pNo.(IQNo.(IQM1133210Z3M2896748M3603M4408M1D1335858.95496
091.93M102346698.03508343.29M1D3-
3575910.55t8812.21M1D43689614.1527024.09M2D1375802.T1535392.14M2D2386022.81
5~5892.72M2D3396313.81555874.T5M2D4406875.435B595
'625M3D14t4571.53574682.88M3D2424782.09584493.19M3D3.
434932.32594844.53M304444953.54605005.89M4D1453721.53814232.89M4D2463822.09
624333.42M4D3473812.32634374.39M4D4484033.54644474.73 Table 18B Reil
23QIrI5/0Real 2SQITJJO. Repa! 2SQ~S~'10RSS1RSS1RSS1CodeSampNMw",,D
(SG)SampleMw",D ('x)SampleMw",D
r.G)No.(IQNo.(pNo.(pM1113811381138M2901901901M36808808fi0M4483483483M1D1655
701.508t5392.B7976611.89M1D266B223.25826244.50987022.89M1
D3677077.50838854.17997413.14M1 D4
~687884.778476314.35t008Z25.24M2D1695341.62854844.32tOt5930.91M2D2705484.19
B65122.9Bt025723.48M2D37t5854.31875574.71t03842-
4.23M2D4726216.21888054.85t046845.35M3D1734593.B489429227t055072.B5M3D27448
A5.79904462.88t065442.96M3D3755115.309t4663.46t075353.69M3D4765419.13924916
.22t085243.27M4D1T73802.34933682.11t094181.85M4D278.3922.86943T23.13t
t04133.18M4D3793994.59953752.92t t 14186.96M4D4803954.57963882.927t24418.48
2 6 JUN 2002 -64 Table 19 Table Z1 (A) N326I5Sphhn-BT~phdn1SS1Codemp
aw",~amp
aw",Codemw",No.(IQNo.(IQNo.(I()M1121-M11080MZ1030934M2837M372477T.M3724M463
5644M4532M1011455503.4916i6441.15M1014125151.24M1D21466363.541626B11.32M1D2
4135561.32M1D3147B505.89t636971.35M1D34i46331.41M1 D41487244.791647322.01M1
D44157321.43M2D11495173.16165.5901.50M2014164330.86M2D21505722.411666211.56
M2D241T4510.90M2D31516133.1116T6412.22M2D34184951.53M2041526964.37i686762.3
1M2D44195422.15M301t534892.781695511.Z2M3D14204050.25M3D2iSt5211.9317D5501.
62M3D24214180.50M3031555043.141715B32.0BM3034Z24470.T5M3D41565382.811725782
.B8M3D44234690.73M4D11574151.7417348T1.98M4D14243710.21M4D21584472.17174495
2.22M4024253870.42M4D31594B63.131T55052.99M4D342638Z0.30M4041604692.9317652
B3.37M4D44273960.56 Table 20 Table 21(B) 11013NG674QI55phrIG1MM VCodemp
aw",,,.am aw,o,.~Codsmp
aw,e,No.(K)No.(pNo.(pM1837_730M1876MZ764B53M2754M3569541M3574M4449463M4444M
1D13693601.243853341.28M1D14284330.25M1023T0
,4262.5038fi3391.60M1024294410.36M 1 D33714902.693873721.42M
1034304670.34M1D43T28184.683884132.80M1D443i5400.84M2D13T33400.693893090.72
M2014323990.35M2D23743560.853903141.17M2D24333990.41M2033753950.9039i3421.2
7M2D34344Z20.62M2D43764331.173923802.94M2D4435_
4690.44M3D13772950.B13932710.94M3D14363400.44M3D23783131.273942920.93M3D243
73630.81M3D33T93331.203953141.43M3D34383770.89M3D43803531.353963511.77M3D44
394030.8BM4D138i2551.1239T2800.74M4D14403630.85M4D23822B91.143982670.93M402
4413281.05M4D33832B71.303992841.49M4D34423421.52M4D43843161.674002971.83M40
44433601.99   -65 Table ZZ(A) 2 6 JUN 2002 110Codamp. ~w~~~`~samprarw",o
fxJsamprawwo r~JNo.
-(IQNo.(IQNo.(IQ11110836M2844709632M3609584492M4522513416M1D11776748.35t935
841.8T20D5019.54M1D2t787927.B91946112502t05726.68M103t 798918.53t
957083.0B2116817.37M1D41806767.461966?12312t25947.18M20178i5988.561S752052B
2i34632.82M2D21826023.891985584.852144834.57M2D31836976.40t996032882t55653.
92M2D41846595.712005414.252165505.88M3D11854T32.0320t4862792173952.13M30218
65061.6B2024822762t83931.98M3031875621.942035043.542194432.49M3D41885594.33
2045262.412204491.90M4D1t89i .401218Z054153.182213351.49M4D2~ ~' 19D' '
4261.7220B4182.922Z23451.T1M403.1'914661.48
'2074462802233631.78M4D4t924493.572084653.132243742.35 Table Z2(8) y
6~~p1860IQSI0al 660I85I'f0S 11-~1-Codeamp aw",~ampa w",.amp
aw",No.(IQNo.(pNo.(pM 1~.124512451245M2 ~'~876876876M3
~~625625625M4482482482M1D12256463.4524156314.552576391.63M102
~2266973.0424263814.092586993.55M1 D32277627.7024369113.64~ 2598145.44M1 D4
~228 .8306.7524479011.262807841125M2D1229~
5744.792454895.8826t5722.77M2D2230'S89 ~3.0224B5077.312B25804.39M2D3~
2316368.412475589.722B36105.51M2D42326756.5524854310.592648387.29M301233471
2.862494205.482B54744.10M3D22344815.1725D4266.9728B4855.72M3D3235
~510?.782514688.812B75026.24M3D4236518T.892524719.552B84957.13M4012373883.2
02533355.192893905.02M4D22383925.65254344 ~,
6.062703655.B8M4D32393975.142553445.5927t4107.45M4D42404037.542563618.54272
38BT.59   2 6 JUN ?00? -66 Tabls 23(A1 11Coalsm,,v",~(~JsampW41w",(%)~aMw;
",~~%G)No.(I
pNo.(IQNo.(pM11060845743M28117t2621M35955T7445M4488477388M1012T33501.882893
120.8130S3250.78M1022744783.402903170.843063831.86M1032754592.T02913811.033
074001.89M1D42768852.702924191.583084591.73M2012T73230.402933040.T830a2940.
54M2022783T10.7329430B0.723!03211.24M2D32793980.7429S3180.743!!3541.28M2042
804841.422963571.303723831.39M3D12812780.472972800.533t32800.89M3D22823040.
83298Z720.853!42880.48M3D32833230.822992950.583tS2891.38M3D42843801.0830030
21.143!53030.78M4D12852510.8130!244Q.533'172361.00M4022862860.513022530.813
t8Z390.l7M4D328T2730.843032B80.B23!92570.72M4D42B82820.533042980.8B3202681.
30 Tabla Z3(B) NN234I85Il0111Codemp aw",~ampw",(7Gjamp
aw",No.(IQNo.(1QNo.(IQM1118118r-_1185M2828828B28M3~623623623M4.462462462M1D
13275077.3333T3363.443533955.51M1D23225988.153384585.093544787.88M 1
D33237318.973394798.173555559.48M1
D4324772i2.023407089.903566378.39M2013254883.483412553.2235T2950.58M2D23264
795.443422883.343583521.23M20332T5275.513432954.853593941.35M2D43285667.703
443935.45360449 _2.37M3D1,
3294190.883452371.5038!2920.86M3D23304231.243462521.783622881.14M3D33314312
.5534T2T02.883633132.19M3D43324584.033483043.923643402.51M4D13333410.823492
281.183652850.83M4D23343381. t
33502141.813662730.99M4D33353191.3735!2332.973672911.39M4D43363542.06352258
3.833683072.41   2 6 JUN ?002 -67 i Preferred Embodiment Eiamples
Additional samples of elastomer composites in accordance with the present
invention were prepared. Specifically, a series of natural rubber elastomer
composites no. 1 - 32 in accordance with the present invention was produced
using apparatus and procedures generally in accordance with those of
Example A above. The elastomer composites comprised nat<ual eubber field
latex from Malaysia with the properties shown in Table 24 below. The
elastomer composites each further comprised carbon black with morphological
properties (structure and surface area) of Regions I, II or III in Fig. 8.
Specifically, the following carbon blacks were used: Regal  660, N234,
N326, N110, 



Regal  250) N330, Black Pearl  800, Sterling  6740 and N351. The carbon
black loadings ranged from 30 to 75 phr, and extender oil loadings were in
an amount from 0 to 20 phr. The production details for elastomer composite
sample nos. 1 - 32 are shown below in Table 25. As noted above, the
apparatus and procedures used to prepare elastomer composites no. 1 - 32
were generally in accordance with those of Example A, including the
masterbatch formulation additives shown in Table 2. A more detailed
description of the apparatus and procedures used for elastomer composites
no. 1 - 32 is set forth below. 1. Appar$tus Invention samples no. 1 - 32
were prepared using masterbatch production apparatus substantially in
accordance with the invention apparatus described above with reference to
Figs. 1, 4 and 7. The diameter of the slung nozzle tip (see item 167 in
Fig. 7) and the length of the land (see item 168 in Fig. 7) are given in
Table 25 for each of samples no. 1 - 32. The coagulum zone of the apparatus
had four zones of progressively   2 6 JUN 2002 -68 larger diameter from the
mixing zone to the discharge end. The diameter and axial length of each of
the four zones (the first zone being partly within the mix-head and partly
within the extender sealed thereto) are set forth in Table 25. There were
axially short, faired interconnections between the zones. 2. Carbon Black
Slurry Preparation Bags of carbon black were mixed with deionized water in
a carbon black slurry tank equipped with an agitator. The agitator broke
the pellets into fragments to form a crude carbon black slurry. The carbon
black concentration (as weight percent) in the carbon black slurry for each
of the sample is given in Table 25. During operation, this slurry was
continually pumped by an air diaphragm pump to a grinder for initial
dispersion. The slurry was then fed via an air diaphragm pump to a colloid
mill which then fed into a progressing cavity pump to a homogenizes,
specifically, ll~Gcrofluidizer Model M210 from Ivhcrofluidics International
Corporation. The microfluidizer produced - a finely ground slurry. The
slurry flow rate from the microfluidizer to the mixing zone was set by the
microfluidizer pressure, the microfluidizer acting as a high-pressure
positive displacement pump. Slurry flow rate was monitored with a
IVlicromotion mass flow meter. The pressure at which the carbon black
slurry was fed to the homogenizes and the homogenizes output pressure (all
pressures are psig) are set forth for each sample in Table 25. From the
homogenizes the carbon black slurry was fed to an accumulator to reduce any
fluctuation in slurry pressure at the slurry nozzle tip in the mixing zone.
The slurry nozzle tip pressure and flow rate at which the slurry was fed to
the mixing zone for each sample are given in Table 25.   2 s ~uN zoo2 -69
3. Latex Delivery The latex was charged to a 55 gallon feed drum.
Antioxidant emulsion was then added to the latex and mia<ced in prior to
charging. Antioxidants were added consisting of tris nonyl phenyl phosphite
(TNPP) and Santoflex 134 (alkylaryl p-phenylene diamine mixture) in the
amounts shown in Table 25. Each of the antioxidants was prepared as a 40
wt.% emulsion using 4 parts potassium oleate per 100 parts antioxidant
along with 



potassium hydroxide to adjust the emulsion to a pH of approximately 10.
Extender oil) if any, was added in the amount shown in Table 25. A
peristaltic pump was used to move the latex from the feed drum to the
mixing zone of the coagulum reactor. The latex flow rate and velocity are
shown in Table 25. Latex flow was automatically metered with a Endress +
Hauser mass flow meter. The desired carbon black loading was obtained by
maintaining proper ratio of the latex feed rate to the carbon black slurry
feed rate. 4. Carbon Black and Latex Mixing The carbon black slurry and
latex were mixed by entraining the latex into the carbon black slurry.
During entrainment, the carbon black was intimately mixed into the latex
and the mixture coagulated. Soft, wet spongy "worrns" of coagulum exited
the coagulum reactor. 5. Dewatering The water content of the wet crumb
discharged from the coagulum reactor is shown in Table 25. The wet crumb
was dewatered with a dewatering extruder (The French Oil Mill Machinery
Company; 3'/s in. diameter). In the extruder, the wet crumb was compressed
and water squeezed form the crumb and through a slotted barrel of the   2 6
,lUN 200Z extruder. The Seal cnunb moisture content is shown in Table 25
for each of the invention samples. 5. Drying and Cooling The dewatered
crumb dropped into a second extruder where it was again compressed and
heated. Water was flashed off upon expulsion of the crumb through the die
plate of the extruder. Product exit temperature and moisture content are
shown in Table 25. The hot, dry crumb was rapidly cooled (appro~dmately 20
seconds) to about 100F by a forced air vibrating conveyor. Table 24 Natural
Rubber Late= Properties Late: TypeSourceAdditives/. Dty Rubber'/.Total
Solids'/. AshNitrogen ppmVolatlk Fatty AcidConcentrate'TT1T Latex0.35/e
NH,6062.00.150.290.022SDN. BIB.ZnO, TMTD0.1'/i HHSFeid LatexRRIM')
9l940.15% HNS`28.434.20.3803660.0520.3/. NH3,ZnO) TMZ'D' a. RR1M is the
Rubber Research Institute of Malaysia b. ZnOPTMTD: used for biological
preservation, typical 0.025% of 1:1 mixture c. HNS: hydroxylamine neutral
sulfate, Mooney viscosity stabilizer   ._ w~a_11~  Invention Ca - -: _. ,_1
able Za lf bot Elastomer Co - _ Citr6on 13IVelluoll alto ~a Ite 1acJri -
..r~~nrw.uva  Oll loadingwww SI Noszla TI Land length 511croFt 



plat pnssun uldl:er Outlet pr~assur~Sa ~ 1~ No.LatuiT .. LoafOn ...Dla. nn
__1field latex' N33055- 00.0250.519030002 --field latex_
N3305500.03A130O03rieid latexN3305500.03913000~ 4field latexREGAL
25d5500.0250.518O3500_ 5 ~~field latex -REGAL 25D `8500.02S0.5300100008Held
latexREGAL 2507500.0250.5200i30007field latexREGAL
25085100.0250.525012O008field latexBLACK PEARL 800_
5500.0250.520040009field latexN328550 ~0.0251250300010field latexREGAL
8805500.0251--i 1field latexREGAL 88045_ _ 0 ~0.Q250.52001250012field
latexREGAL 88085OQ.0250.52801500013field latexREGAL 8808510 _0.0250.5200i
200014field latexN234550 - ~0.0251180S50015field latex- N234550 ~
~O.0250.5-1450018 ~fleW latex`N234 -550 '~ ~ : :0.0250.5-145001 Tfield
latex_ N234550 ~ -0.0250.5-1450018field latexN234450 ( ~ _
-_O.OZS0.52001300019Held latexr N23485. O ' '0.0250.52201300020flehd
latexN2348510D.0250.53001450021field latexN1105500.0Z51120450022latex
txtlloentnlte_ N35133200.0250.5Z5012S0023field latex8T'ERLING
87405500.0250.52501200024field latexN234- 485Q.0230.5Z501100025field latex_
N2345350.O230.52501100028field latex_ N2345850.0230.525O1100027field latex
'N2348350.0Z30.52501100028field latexN2348850.0230.52501100029latex
conoenfrateN2344950.0230.5--30Istex aonoeMraleN2345450.0230.5-1100031latex
oolloentrateN234835 ,0.0230.5-1100032latex avnoentratsN2348550.0230.5-11000
J 1-' N o~ c z 0 0 N   T~hln 9!! If`nnfin~~wdl  Invention Sa a No. 1st Dls.
n Len n Znd Dla. In. Coa ulum on Len InZone 3rd Dia. In on ~ Len fh n 4Hi
DN. In 0 53 on Len In 3.2'CB Siuny 



C8 cone.  15 210.19 19 03.0 1 10.27 2T 01.8 8 10.38 0.382:3 2.3. 0.533.2.
14.9_ 2 3. 0:19 ~. 1.1. 0.27. - 1.80.382 30.533.2 _14.940.193.0 -0.271.8
'0.382.30.533.219.050.193.00.271.8.
0.382.30.533.22t.080.1A3.00.271.80.382.30.533.221.070.193.00.271.80.382.30.
533.221.080.193.00.2J1.80.382.30.533.215.090,191.10.271.80.382.30.533.214.8
100.19.1 1O.271.8 ,0.382.30.533.214.9110.19. 3.00.271.8 -
~0.382.30.533.215.2120.193.00.271.80.382.30.533.215.2130.193.00.2J1.80.382.
30.533.215.2140.191.10.271.80.382.30.533.214.8150.193.00.27 ~1.80.38
-2.3O.533.213.7180.193.00.271.80.382.30.533.213.717O.193.00.271.80.3b2.30.5
33.213.7 -180.193.00.2T1.80.382.30.533.214.8190.1A3.0O.271.80.38
'2.30.533.214.8200.193.00.271.80.382.30.533.214.8210.191.10.2T1.80.382.30.S
33.211.5220.193.00.271.80.382.30.533.215.0230.193.00.271.80.3Q2.30.533.214.
7240.193.00.2T1.80.3b2.30.533.213.525Q.193.00.2T1.80.382.30.533.213.5280.19
3.00.271.80.382.30.533.213.5270.19
'3.00.2T1.80.382.30.533.213.5280.193.00.271.80.382.30.533.213.5290.193.00.2
71.80.3Q2.30.533.212.Q30O.193.00.2T1.80382.3O.533.212.Q310.193.00.271.80.3b
2.30.533.212.d320.193.00.271.80.3d ,2.30.533.2i2.8 N IV c z N O O N   Table
Z5 IConttnuedl Slurry NoahMlxlnZoneInwntlonTip PressunrSluny flow
rateSlurry velocityAndoxldantLatex Bow ratsLatex wlocHySs le
Ho.)brmlnItfsecTHPP hSantof!minec114004.83380.30.44.78.824258.224T0.3.
0.48.913.234258:22470.3_
0.48.913.2415004.83440.30.48.79.T515005.23700.30.48.89.8815755.23700.30.45.
98.5T1S505.23700.30.48.910.0818005.23d00.30.44.97.198004.23080.30.44.05.810
-4.02930.30.43.85.21115005.13730.30.47.010.11213004.83510.30.44.e~
8.71313754.93580.30.44.8d.9149005.33880.30.44.88.91514005.74200.30.45.47.81
814005.74200.30.45.47.81714005.74200.30.45.47.81818005.23810.30.48.59.41918
505.33880.30.44.58.52018255.33880.30.44.8d.7219005.33940.30.44.15.92215505.
13T30.30.45.17.02315505.23810.30.45.78.32422705.14440.30.48.18.8252Z505.144
40.30.45.57.928 .22705.14440.30.45.07.22T2280
'5.14440.30.44.88.828-5.14440.30.44.28.12923505.34830.30.42.83.83023605.348
30.30.42.33.43123505.34830.30.42.13.13224205.34630.30.42.03.0 W c 0 0 hJ
Table 26 lConttnuedl  Invendon Sa a NoDewat lnltlal crumb molstuneerl Rnai
crumb moistureD n and Product temperadrrvCoolln Product
moisture177.88.53120.3278.7-4500.2378.7_
7.84000.2474.9-3500.3578.27.93100.2878.411.4-0.2775.88.83350.387T.78.53100.
29T7.98.93450.21077.8--0.41178.79.72850.51279.T-3350.21379.1--0.01477.98.43
300.11579.2-oven dried-1879.210.3oven ddsd1779.211.2oven
d~isd-1879.015.03700.419A0.03.83250.32079.59.43450.52180.59.53500.22285.19.
12800.32378.183300.82477.4-3800.32577.8-3900.42878.1-4000.727'
78.4-4100.42a7s.7-42o1.12971.2-4000.83072.3-4200.43173.3-
'400-450O.A32T4.1-400.4500.2 a N c z N 0 0 N 



2 6 JUN 2002 .~, -75 r It should be noted that samples 2 and 3 were
produced with approximately no outlet pressure at the IVflcrofluidizer
outlet, etc.) to determine macro-dispersion under adverse process
conditions. The excellent carbon black dispersion in the resultant
masterbatches is demonstrated by their macro-dispersion quality and
molecular weight of the sol portion MW,a,. Table 26 below shows the MW,a,
and macro-dispersion values for invention samples x - 32, along with the
carbon black and oil (if any) used in each of the samples. 'The carbon
black loading and oil loading are shown as phr values in Table 26.   2 6
JUN 2002 -76 TabN 26 Sol Mol~eula~ Waipht and Undhpnsad Ana of inwntfon
Sampi~s Inwntlon SampJr Ho.C92oadlnpll~ll51w", (I()D
r~JG)1N330155103050.262N330!55!07280.543N330155105440.404R250!55108780.085R
250185106700.166R250175108550.037R2501851105190.028BP800155J03940.149
~N328!55!086802010R8B0155I~06780.t211R660/45107330.0512R680!95105880.0413R6
60J~B51106070.0214N234/55104330.1515. N234155!01000
.0.1016N234155105000.151?N23415510~ 5500.1018N234!45104950.t719N23418510~
35902020N234185!103500.1121N110155108120.1722N351133120B000.1023S6740155106
300.1024N234/48/55690.0525N234!53154850.1226
.N234158154470.1227N234163154030.1328N234168153780.1629N234!4915618
~0.1230N234134154820.1631N234163153900.1732 'N234/6515325020   2 6 JUN 2002
The results for all invention samples having carbon black loading of 55 phr
are shown in the semi-log slot of Fig. 9 along with macro-dispersion and
MW,a, values for a corresponding series of the above described natural
rubber control samples produced by dry mnang techniques. At least one data
point for an invention sample comprising 55 phr loading of each carbon
black is shown in Fig. 9, along with all of the control samples having
carbon black loading of 55 phr. (Control samples 401 to 412, also shown in
Fig. 9, used 33 phr N351 carbon black and 20 parts extender oil.) It can be
seen in Table 26 and in )~ig. 9 that the invention samples have excellent
macro-dispersion. Specifically, the invention samples have D(%) values
generally below 0.2%, even at MW,a values above .85 x 106 whereas the
control samples never achieve such excellent macro-dispersion at any MW,o,.
Thus, the data shown in Fig. 9 clearly reveals that the macro-dispersion
quality of the novel elastomer composites over a wide range of MW,a, values
is significantly superior to that achievable using comparable ingredients
in prior-known dry mixing methods. The symbols used for the various data
points shown in Fig. 9 and those used in subsequently discussed Figs. 10 -
25 are explained in the legends below.   2 6 JUN 2002 _78_ ifi~unt
CaptioPns Figuro 9 Dispers'ron CwBty and MW Sol of NR N~a~ Figuro 10
Dispersion Cwli<y and MW Sol of NR Mubsrbabdros (R~ f) Figuro 11 Dispersion
QuaUiy and MW So! of NR Masterba6~s (Region If ) F'~gure 12 Dispersion
Gualitty and MW Sol of NR Maseerbat~ (~~ uf) Figure 13 Oispenzion duality
and MW Sol of NR Mssbsrba6d~s (N330 Carbon Black, 55 phi) 



x control 177 to 224 ~  control s:rt~les 273 bo 320 o control samples 145
to 176  control samples 3B9 to 400 0 ooniro! samples 33 m 64 x control
sarr~pies 1 to 32 t control samples 113 to 1A4 0 control samples 412 to 443
~ control samples 401 to 412  inrentbn x control samples 1 n to 224 o
tnvendon sample 10 er conb~o! samples 145 bo 178 a invention sample 9 o
control samples 33 bo B_ 4. D invention sample 4  control samples 1 bo 32 o
tnventton sample 1 1 control 113 to 144  invention sample 8  control
aampies 273 to 320  invention :ample 14 a control samples 3B9 to 400 p
Invention sample 21 0 control 401 b 412  fivenfleon ample 22 o control
:ample: 412 to 443 D imrsndon sart~pis 23 1 control sample:1 bo 32
itrventlon samples 1 to 3   2 6 JUN 2p02 _79_ Figuro 14 Dispersion Cuali<y
and MW Sd of NR Masberbatd>es (REGAL 250 Carbon Black) Figuro 15 Dispersion
Qwiity and MW Sol of NR Masberbabches (BLACK PEARL 800 Carbon Bfadc, 55
phr) Figuro 16 Dispersion t?uality and MW Soi of NR Mastsrbatches (N328
Carbon Black, 55 phr) Figuro 17 Dispeaion GuaUty and MW sol of NR
Maaberbshdres (REGAL 680 Carbon 8ladc)  control samples 33 to 84  invention
:ample 4 0 control :art>ple 85 bo 80 o irwwention sample 5 o control
samples 81 to 98 a invendon sample 6 0 control sample: 97 to 112
irnrentfon sample ?  control samples 113 to 144  inventbn sample 8
oont<'ol arttplss 145 to 178  invendon sample 9  control samples 177 bo 224
inven5on sample 10 o control samples Z25 to 240 o invention sample 11 0
control samples 241 to 256 a invention sample 12 ~ oontrnl samples 257 to
272  inventbn sample 13 Figuro 18 Dispersion Gustily and MW sol of NR
Masterbatc~ ( N234 Carbon Black )  control samples 273 to 320  invention
samples 14 to 17 o control samples 337 to 352 p invention sample 19 0
control samples 321 to 338  invention sample 18 ~ control samples 353 to
388  invention sample 20   2 s ~uN 2002 _80_. Figure 19 Dispersion Oualhy
and MW Sd of NR AAssberbatd~ (N110 Csrbon Stack, 55 phr)  oontr~ol 389 to
400  lnwn5on :ample 21 Figure 20 Dispersion GuaNty and MiNsol of NR
Masberbetch ( N351 Carbon t3tack, 33 phr ) 1 purples 401 bo 412 Figure 21
Dispersion GueIRy end MW Sot of NR Masberbebches (STERLING 6740 Carbon
Black, 55 phr) s ooMeol sets 412 bo 443  ~s 23 Figure 22 MW sot Effect on
Crack Growth Rate (NR Compounds Containing N234 Carbon Black ~ 55 phr
loadfig) t control sartrples 2T3 to 288 m invention sertrpls 16 Figure 23
MW sot Effect on Crack Growth Rube (NR Compounds Containing N328 Carbon
Black ~ 55 phr Loading) 



control sales 145 to 180 p imentjon asmpk 9 Figure 24 MW sot Effect on
Crack Growth Rube (NR Compounds Containing REGAL 860 Carbon Btedc ~ 55 phr
Loading)  control samples 1 n to 192 p invention sample 1 G Figuro 25 Mauc.
Tan 5 (Strsin Sweep Q60 C) of NR Compounds Contsining N234 t3ladc et
Different Loadings ~ invention samples 24 to Z8 o invention samples 29 to
32 o control sample 444 to 450   2 6 JUN 2002 ., -8~ Fipu~ taptlopns Figure
30 Macro-dispersion pualiiy and AAW of Sol Portion of NR Msste~Ch
Containing thral Phase (Cuban BIaddSt~n) Apgroga~s ~ oont~ot samples 451 to
458 ~ invention sample 33 o conavl samples 45A to 456 v invention sample 34
Figuro 31 Macro-dispmsion pwiily and MW of Sol Portbn of NR Masbecbabch
Containing Blend of Carbon l3iack and SNCa r control samples 4A1 to 4A8 ~
invention sample 38 o control samples 463 to 490 D invention sample 3? 0
control samples 4T5 to 482 0 fnvsntlon sample 38 ~ oontnol samples 487 to
474 ~t~inwntion sample 35   2 6 JUN 2002 -82 The maao-dispersion values for
the elastomer composites of the invention shown in Fig. 9 are described by
the following equations: D (%) < 0.2% { 1 ) when MW,o, is less thaw 0.45 x
106; and log (D) < log (0.2) + 2.0 x [MW,d - (0.45 x 106)] x 10~ (2) when
0.45 x 106 < ~~ < 1.1 x 106. It will be recognized from the discussion
above, that macro-dispersion D (%) in the above equation ( 1 ) is the
percent undispersed area measured for defects greater than 10 microns. It
can be seen in Fig. 9 that D(%) equal to 0.2% is the threshold macro
dispersion quality for all carbon blacks in Regions I) II and III for
natural rubber dry masterbatches. That is, none of the dry masticated
masterbatches achieved macro dispersion quality of 0.2% at any MW,o, , even
after mixing sufficiently to degrade MW,d below 0.45 x 106, as described by
equation ( 1 ) above. When the MW,, of the dry masterbatch control samples
shown in Fig. 9 is between 0.45 x 106 and 1.1 x 106) the dispersion quality
is even poorer while, in contrast) the dispersion quality of the invention
samples having MW,o, in that range remains excellent. None of the preferred
embodiments shown in Fig. 9 having MW,o, between 0.45 x 106 and 1.1 x 106
exceeds the preferred macro-dispersion limit of 0.2%. In that regard, it
should be understood that the data points for preferred embodiments which
are seen in Fig. 9 (and in other Figures discussed below) to lie on the X
axis (i.e., at D(%) value of 0.1%) may have macro-dispersion quality of 0.1
% or an even better (i. e., lower) D(%) value.   2 6 JUN 2002 -83 Region I
Carbon Black Samples 



Invention samples comprising carbon blacks having morphological properties
(i. e., structures and surface area) of Region I in Fig. 8, and
corresponding control samples described above made with such Region I
carbon blacks, are compared in the semi-log plot of Fig. 10. Specifically,
Fig. 10 shows the macro-dispersion values and MW,o, values of the invention
samples and corresponding control samples comprising the carbon blacks
Regal 660, N326, Regal 250) N330) and Black Pearl 800, at carbon black
loading ranging from 30 phr to 75 phr and extender oil loading ranging from
0 phr to 20 phr. Excellent carbon black dispersion is seen in Fig. 10 for
all of the invention samples, representing preferred embodiments of
elastomer composites in accordance with the present disclosure. All of the
invention samples advantageously are below Iine 101 in Fig. 10, whereas all
of the control samples have poorer dispersion, being above line 101. In
fact, the preferred embodiments shown in Fig. 10, even through comprising
carbon blacks from Region I, the most dii~cult to disperse) all fall below
a D(%) value of .3%. The most prefeaed embodiments all have a D(%) value
not exceeding .2% even at an MW,o, value advantageously exceeding .7 x 106.
The data shown in Fig. 10 clearly reveals that the macro-dispersion quality
of the novel elastomer composites disclosed here comprising Region I carbon
blacks, over a wide range of MW,o, values, is significantly superior to
that achievable using comparable ingredients by prior dry mastication
mixing methods. The macro-dispersion values for the elastomer composites of
the invention shown in Fig. 10 are described by the following equations:
D(%) < 1.0% (3) when MW,o, is less than 0.7 x 106; and   -84 log D < log
(1.0) + 2.5 x [MW,o, - (0.7 x 106)J x 10'6 (4) when 0.7 x 106 < MW,o, < 1.1
x 106 It will be recognized that D (%) is the percent undispersed area
measured for defects greater than 10 microns and 1 % is the threshold
macro-dispersion quality for all carbon blacks in Region I for natural
rubber arasterbatches in accordance with the present invention. That is,
none of the dry masticated masterbatches achieved macro dispersion quality
of 1.0'/o or better at any MW,o, , even after dry mixing su~ciently to
degrade MW,a, below .7 x 106, as described by Equation (3) above. When the
MW,o, of the dry masterbatch control samples shown in Fig. 10 is between
0.7 x 106 and 1.1 x 106, the dispersion quality is even poorer. In
contrast, the dispersion quality of the invention samples having MW,a, in
that range remains excellent. The preferred embodiment shown in Fig. 10
having MW,~ between .7 x 106 and 1.1 x 106 falls well below the preferred
macro-dispersion limit of .2%. It can be seen that the elastomer composites
of the invention comprising carbon blacks from Region I provide heretofore
unachieved balance between macro-dispersion quality and MW,o, . Region II
Carbon Black Samples Invention samples comprising carbon blacks having
morphological properties (i.e., structure and surface area) of Region II in
Fig. 8, and corresponding control samples described above made with such
Region II carbon blacks are compared in the semi-log plot of Fig. 11.
Specifically, Fig. 11 shows the macro-dispersion values and MW,o, values of
the invention samples and corresponding control samples comprising the
carbon blacks 2 6 JUN 2002 N234 and N 110 at carbon black loading ranging
from 40 phr to 70 phr and extender oil   2 6 JUN 2002 _8~_ loading ranging
from 0 phr to 10 phr. Excellent carbon black dispersion is seen in Fig. 11
for all of the invention samples, representing preferred embodiments of
elastomer composites in accordance with the present disclosure. The
invention samples advantageously are below line 111 in Fig. 11, whereas all
of the control samples have 



poorer dispersion, being above line 111. In fact, the preferred embodiments
shown in Fig. 11 comprising carbon blacks from Region IT fall below a D(%)
value of .3%. Most preferred embodiments have a D(%) value not exceeding
.2% at any MW,, value. The data shown in Fig. 11 clearly reveal that the
macro-dispersion quality of the novel elastomer composites disclosed here
comprising Region II carbon blacks, over a wide range of MW,a, values, is
significantly superior to that achievable using comparable ingredients in
prior dry mixing methods. The macro-dispersion values for the elastomer
composites of the invention shown in Fig. 11 are described by the following
equations: D(%) < 0.3% (5) when MW,, is less than 0.35 x 106; and log D <
log (0.3) + 2.8 x [MW,, - (.35 x 106)] x 10'6 (6) when 0.35 x 106 < MW,, <
1.1 x 106. It will be recognized that D (%) of .30% is the threshold
macro-dispersion quality for all caition blacks in Region II for natural
rubber masterbatches in accordance with the present invention, and 0.35 x
106 is the threshold MW,o, value. That is, none of the dry masterbatches
achieved macro-dispersion quality of 0.30% or better at any MW,d even after
dry mixing sufficiently to degrade MW,o, below .3 5 x 106, as described by
Equation (5) above. When the MW,o, of the dry masterbatch control samples
shown in Fig. 11 is   2 6 JUN 2002 -86 between 0.3 5 x 106 and 1.1 x 106,
the dispersion quality is even poorer. In contrast, the dispersion quality
of the invention samples having MW,o, in that range remains excellent. The
preferred embodiments shown in Fig. 11 having MW,o, between .35 x 106 and
1.1 x 106 fall well below the preferred macro-dispersion limit of .2%. It
can be seen that the elastomer composites of the invention comprising
carbon blacks from Region II provide heretofore unachieved balance between
macro-dispersion quality and MW,o, . Region III Carbon Black Samples
Invention samples comprising carbon blacks having morphological properties
(i. e., structures and surface area) of Region III in Fig. 8, and
corresponding control samples described above made with such Region III
carbon blacks are compared in the semi-log plot of Fig. 12. Specifically,
Fig. 12 shows the macro-dispersion values and MW,o, values of the invention
samples and corresponding control samples comprising the carbon blacks N3
51 and Sterling 6740, at carbon black loading ranging from 30 phr to 70 phr
and extender oil loading ranging from Ophr to 20 phr. Excellent carbon
black dispersion is seen in Fig. 12 for all of the invention samples,
representing preferred embodiments of elastomer composites in accordance
with the present disclosure. All of the invention samples advantageously
are below line 121 in Fig. 12, whereas all of the control samples have
poorer dispersion, being above line 121. In fact, the preferred embodiments
shown in Fig. 12, comprising carbon blacks from Region III, fall at or
below a D(%) value of 1 %, even at an MW,d value advantageously exceeding
.3 x 106 and even .7 x 106. The data shown in Fig. 12 clearly reveals that
the macro-dispersion quality of the novel elastomer composites disclosed
here comprising Region III carbon black) over a wide range of MW,a, values,
is significantly superior to that achievable using comparable   2 6 JUN
2002 -87ingredients in prior dry mixing methods. The macro-dispersion
values for the elastomer composites of the invention shown in Fig. 12 are
described by the following equations: D(%) < 0.1% (7) when MW,o, is less
than 0.35 x 106; and log D < log (0.1) + 2.0 x [MW,o, - (0.30 x 106) x 10~]
(8) when 0.30 x 106 < ~~ < 1.1 x 106. It will be recognized that D (%) of
0.1 % is the threshold macro-dispersion quality for 



all carbon blacks in Region III for natural rubber masterbatches in
accordance with the present invention, and 0.3 x 106 is the threshold MW,o,
value. That is) none of the dry masterbatches achieved macro-dispersion
quality of .1 % at any MW,a, , even after dry mixing su~ciently to degrade
MW,d below .3 5 x 106, as described by Equation (7) above. When the MW,o,
of the dry masterbatch control samples shown in Fig. 12 is between 0.30 x
106 and 1.1 x 106, the dispersion quality is even poorer. In contrast, the
dispersion quality of the invention samples having MW,o, in that range
remains excellent. Tie preferred embodiments shown in Fig. 12 having MW,o,
between .30 x 106 and 1.1 x 106 fall well below the preferred
macro-dispersion limit of .2%, and, in fact) are at or below D(%) value of
0.1%. It can be seen that the elastomer composites of the present invention
comprising carbon blacks from Region III provide heretofore unachieved
balance between macro-dispersion quality and MW,, . Additional Sample
Comparisons The macro-dispersion values for the invention samples are shown
graphically in the semi-long plots of Figs. 13 through 21, as a function of
their MW,d values, as in Figs.   2 6 JUN 2002 -88 8 through 12 discussed
above. More specifically) in Figs. 13 through 21 a11 invention samples
described above comprising a particular carbon black (being limited to
those of a specific carbon black loading when so indicated) are shown
together in a single semi-log plot together with the corresponding control
samples. (See the legends above giving the reference numbers of the
invention samples and control samples included in each figure. ) Thus, Fig.
13 shows the dispersion quality and MW,o, of invention and control samples
described above composing 55 phr N330 carbon black. The data shown in Fig.
13 clearly reveals that the macro-dispersion quality of the novel elastomer
composites of the invention, comprising N330 carbon black, over a wide
range of MW,o, values, is significantly superior to that of the control
samples. Macro-dispersion for elastomer composites of the invention
comprising N330 carbon black, as shown in Fig. 13 is described by the
following equations: D(%) < 1% (9) when MW,o, < 0.6 x 106; and log (D) <
log ( 1 ) + 2. 5 x [MW,o, - (0.6 x 106)] x 10~ ( 10) when 0.6 x 106 < MW,~
< 1.1 x 106. None of the dry masticated masterbatches achieved
macro-dispersion quality of 1.0% at any MW,o,, even after dry mixing
sufficiently to degrade MW,a, below 0.6 x 106 (see Equation 9, above). In
control samples comprising 55 phr N330 carbon black in which the MW,o, was
maintained between 0.6 x 106 and 1.1 x 106, the D(%) value is even higher,
such as more than 4% undispersed area.   2 6 JUN 200Z _89_ Fig. 14 shows
the dispersion quality and MW,o, of the invention and control samples
desctz'bed above comprising REGAL 250 carbon black. Selected invention and
control samples shown in Fig. 14 comprised oil, as sct forth above. The
data shown in Fig. 14 clearly reveals that the macro-dispersion quality of
the novel elastomer composites of the invention comprising REGAL 250 carbon
black, over a wide range of MW,a, values) is signifiicantly superior to
that of the control samples. The macro-dispersion values for the elastomer
composites of the invention comprising REGAL 250 carbon black, as shown in
Fig. 14 are described by the following equations: D(%) < 1 % (9) when MW,o,
< 0.6 x 106 ; and log (D) < log ( 1 ) + 2.5 x [MW,o, - (0.6 x 106)] x 10~ (
10) when 0.6 x 106 < MW,o, < 1.1 x 106. None of the control samples
achieved macro-dispersion quality of 1.0% or better at any MW,d, even after
dry mixing sufficiently to degrade MW,a, below 0.6 x l0a In contrast,
elastomer composites of the invention comprising Regal 250 carbon black and
having 



MW,o, above, 0.6 x 106 have excellent macro-dispersion, such as D(%) less
than 0.2%. Compound properties and performance characteristics for the
invention and control samples shown in Fig. 14, comprising REGAL 250 carbon
black, are set forth in Table 27 below. It can be seen that invention
sample No. 4 has exceptionally good resistance to crack growth, as
indicated by its very low crack growth rate value of only 0.92 cm/million
cycles. In fact, the invention sample is far superior to the corresponding
control samples. This is believed to be due largely to the better MW,o, and
macro dispersion of carbon black in the invention sample, as discussed
above.   2 6 JUN 2002 -90 Table 27 Compound Pr~opert~ of NR Compounds
Contalnln8 REGAL 250 Carbon 8laek at::5 phi LoadinO Sample
No.llooneyNadnt:sEt00E800TinsihE8l~crJ toocpaJr ~lr
4PcJoontrol3360.6355.35181.26899.824090.Z4675.0control3473.5857.80235.14t29
3.883978.24595.0control3581.495B.85243.881285.284103.418t3.0contra!
3684.0459.95244.Z31215.8T3960.3ZB14.0control3757.3556.75218.701259.994119.8
5502.0contra!
3860.t057.05218.T51208.B04023.85820.0oontrol3988.2857.25225.441258.234134.0
68Z1.0contro14077.4059.10255.151330.874059.01597.0control4l44.405625218.001
214.784038.88818.0controi
4247.9658.50214.S31202.933944.05813.0control4349.8457.05Z21281229.074018.Z4
B11.0contr~ol4450.1058.80210.501140.904058.33638.0control4536.8252.90177.47
982.863790.58533.0control 46 ~. 382354.50198.83 ~
~1111.043B80.56629.0control47:35.3554.60199.03 '''
1110.003871.49505.0control48..; 4p.5855.50204.52, 1139.943981.06632
0inventio~r4, i' ~71:9~. 57.00218:1Bt230.304036.30. 811.0Sampls Ho.~ ~
Rebound ~Crack Gr~oweh RabAbrasion lossTan iiTan
b.~~emlmlUionlea)~0'C80'Ccontrol3364.502.0G<0.1910.1670.091control 34~
64.551.83...0.1820.1550.083control35'63.T52.38.0.t920.t500.Q91control
3663.301.42' 0.1 S00.1620.091control 37~
64.653.00'0.1880.1760.100control38.63.452.990.1630.1840.099control39.63.902
.170.18B0.1700.092contro14062.301.B90.1820.1750.093control4l'B4.202.84
,.0.1900.1890.102control4284.203.24~ ~0.18Z0.1880.103control 4384.503.520.
t 770.1830.101control4463.903.500.1790.1850.104control 45
,63.803.86~0.1990.1970.104contnol46'~ 84.303.94' 0.1910.1840.107control 47
~,'~84:'~5 ,3.81, 0.1920.106control4863.65 ~' 3.460.1800.1820.110inven~o~
4~' 6:70' ' 0.92 ~0.1900.1d80.096   2 6 JUN 2002 -91 Fig. 15 shows the
dispersion quality and MW,o, of the invention and control samples described
above comprising BLACK PEARL 800 carbon black at 55 phr loading. The data
shown in Fig. 15 clearly reveals that the macro-dispersion quality of the
novel elastomer composites of the invention comprising Black Pearl 800
carbon black, is significantly superior to that of the control samples. The
macro-dispersion values for elastomer composites of the invention
comprising Black Pearl 800 carbon black, as shown in Fig. 15, are described
by the following equations: D(%) < 1.5% ( 11 ) when MW,a, < 0.65 x 106 ;
and log (D) < log (1.5) + 2.5 x [MW,a, - (0.65 x 106)] x 10'6 (12) when
0.65 x 106 < MW~ < 1.1 x 106. None of the control samples achieved
macro-dispersion quality of 1.0% or better at any MW,~,, even after dry
mixing su~ciently to degrade MW,o, below 0.65 x 106. In contrast, elastomer
composites of the invention comprising Black Pearl 800 carbon black and
having MW,,a, above 0.6S x 106 have excellent macro-dispersion, such as
D(%) less than 0.2%. Compound properties and performance characteristics
for the invention and control samples shown in Fig. 15, comprising Black
Pearl 800 carbon black, are set forth in Table 28 below. It can be seen
that invention sample No. 8 has exceptionally good resistance to crack
growth, as indicated by its very low crack growth rate value of only 0.27
cm/million cycles. In fact) the invention samples are far superior to the
corresponding control samples. This is believed to be due largely to the
better MW,o, and macro-dispersion of carbon black in the invention sample,
as discussed above.   2 6 JUN 20p2 -92 



Table 28 Compound Properties of NR Compounds ConbininD BLACK PEARL d00
Carbon Black at 6S phi Loadfnp Sample
No.~AoonsyHsednasE100E,100Te~lleEBl~u,~4) ooc(Irn1sx>oontroi 1 t 31 ~ 0.5
~66.4345.01333.03878,0598oontroi 114109.06T.336T.0142T.04033.0806control
115106.467.236:i.01311.03898.0610oontroi
116105.789.0322.01202.03858.0826controll1T110.66T.131B.01400.04180.0616cont
rol118118.967.1310.01395.03967.0607control119111.967.7309.01323.04149.0634c
ontro1120110.667.8373.01188.04199.0653control121114.786.328T.01282.043Z9.06
67control122110.665.8288.01223.0421T.0859control123115.067.5280.0128204071.
0f24control124116.566.5309.01388.04186.0623control125113.48S.4281.012T4.039
78.0631contro1128101.4 '66.8280.0"1Z22.04206.0856control127105:5'66.4262.0~
1150:041fi7.0670control128110.766.8292.0~ t301.04209.0643invention 8'~
131:3'62.522T.0129.03418.0532Sampb No.. Rebouesi , ~Crack Gn~wth
RabAbrasion lossTan bTan 8,' ~cmlmillioncbs)(
)0'C60'Ccontrol11344.73.140.1480.2810.184control11445.02.720.1250.2740.185c
ontrol1154T.02.540.1630.2330.171control11646.62.410.1940.2440.163control117
40.94.560.0860.3270.214control11841.82800.1120.3350.225control11941.74.33Q.
0910.321Q216contro112042.13.890.0950.3010207control12139.23.380.0750.3920
256control12238.T4.580.108Q.344. 0.236control12340.24.790.1030.3290
232control12441.73.780.1020.321.
0209contro112538.93.400.0780.3520.248control 126 -38.15.57Q.0700.3550
241control12738.24.790.0T30.346. 0 Z54.control 128~ ~ 39:~4~. ~ ~
~3.400.1130 357. 0 23invention 8, 44.8F ~~ 0.2T-0.130. 0.297. 0.199   2 6
JUN 2002 -93 Fig. 16 shows the dispersion quality and MW,o, of the
invention and control samples described above comprising N326 carbon black
at ss phr loading. The data shown in 1~ig. 16 clearly reveals that the
macro-dispersion quality of the novel elastomer composites of the invention
comprising N326 carbon black is significantly superior to that of the
control samples. The macro-dispersion values for the elastomer composites
of the invention comprising N326 carbon black, as shown in Fig. 16, are
described by the following equations: D(%) < 1% (13) when MW,o, < 0. 7 x
106 ; and log (D) < log ( 1 ) + 2. s x ~rwo, - (o. 7 x 106)i x 10~ ~ 14)
when 0.7 x 106 < ~~ < 1.1 x 106. None of the control samples achieved
macro-dispersion quality of 1.0% or better at any MW,~ even after dry
mixing suff ciently to degrade MW,o, below 0.7 x 106' In contrast,
elastomer composites of the invention comprising N326 carbon black and
having MW,d above 0.7 x 106 have excellent macro-dispersion, such as D(%)
not greater than 0.2%. Compound properties and performance characteristics
for the invention and control samples shown in Fig. 16, comprising N326
carbon black are set forth in Table 29 below. It can be seen that invention
sample No. 9 has exceptionally good resistance to crack growth, as
indicated by its very low crack growth rate value of only 0.77 cmlmillion
cycles. In fact, the invention sample is far superior to the corresponding
control samples. This is believed to be due largely to the better MW,o, and
macro-dispersion of carbon black in the invention sample, as discussed
above.   2 6 JUN 2002 -94 Table 29 Compound Properties of NR Compounds
Containing N326 Carbon 9ieck at ~ phr (Loading Ssmple No.A~ooney Mrndnesa
Mu,~~ ,oocE100 ~~i~E300 ~~nTsnsils ~f8g 



~x~aontrol145fi4.8B0.528917t33921548contro114688.262.434018024094353control
14791.763.3391191739915Z8aontrol1489fi.864.332818844045572control14962.481.
5310t7834029552control
t50fi7.T62.S32S1B554055551control15176.580.828T184140t55T5control152T9.463.
6329~
17Z03980559control15357.280.128218233988579cantrol15457262835418893879525co
ntrol15557,382.2323176339T5556control15660.181.931018673918564contro115T45.
16t232817483768533control 158~ 50.1' ~ '6Q.fi ~315 ~, 1740381754Scontrol
159, J3.26t.3" ~' 30B ' ~''
?67538885B3oontr~11fi050.562.fi331t7523884549invention' 9~ ' ~ '7r7.880.9
~27T'1583~ 4187593Sample No.~ RebodndCrack Gr~owCfi RabAbruion kresTan dTan
8(crNmtllioncles~0'C60'Ccontrol 14557.82.84~
.0.09520.2250.129control14658.12.520.08870.2170.126control 1d7~
57.62.030.09460.2050.t23control 148' S6.3 ~1.630.0927'0.Z210.t29control
14957.23.390.082702340.142contro115056.82.770.088B0.Z340.150control t
51S5.6Z.610.09330.2410.149control15254.52.790.085T02490.155control153
'55.43.120.09110.2580.170control 154Sfi.O3.350.08580.2410.147cantro1155'
55.43.630.08110.2540.152control15654.9.3.550.09060.26t0.153control 157'
55.53.02~0.09310.2540.149control15855.43.81~0:09140.2490.150control t 59.
54.93230.09330.Z400.158control 1fi0r S5:23.190.094202460.1B3invention
9'58'h0.77'0.09390.Z250.136   2 6 JUN lpp~ er= -95 Fig. 17 shows the
dispersion quality and MW,o, of the invention and control samples described
above comprising REGAL (trademark) 660 carbon black. Selected invention and
control samples shown in Fig. 17 comprised oil, as set forth above. The
data shown in Fig. 17 clearly reveals that the macro-dispersion quality of
the novel elastomer composites of the invention comprising REGAL  660
carbon black, over a wide range of MW,o, values, is significantly superior
to that of the control samples. The macro-dispersion values for the
elastomer composites of the invention comprising REGAL  660 carbon black,
as shown in Fig. 17 are described by the following equations: D(%) < 1%
(15) when MW,o, < 0.6 x 106 ; and log (D) < log ( 1 ) + 2.5 x [MW,o, - (0.6
x 106)] x 10~ ( 16) when 0.6 x 106 < MW,o, < 1.1 x 106. None of the control
samples achieved macro-dispersion quality of 1.0% or better at any MW,~
even after dry mixing suff ciently to degrade MW,a, below 0.6 x 106' In
contrast, elastomer composites of the invention comprising Regal 660 carbon
black and having MW,, above 0.6 x 106 have excellent macro-dispersion, such
as D(%) less than 0.2%. Compound properties and performance characteristics
for the invention sample No. 10 and various control samples shown in Fig.
17, comprising Regal 660 carbon black, are set forth in Table 30 below. It
can be seen that invention sample No. 10 has exceptionally good resistance
to crack growth, as indicated by its very low crack growth rate value of
only 0.69 cm/million cycles. In fact, the invention samples are far
superior to the corresponding control samples. This is believed to be due
largely to the better MW,d and macro-dispersion of carbon black in the
invention sample, as discussed above.   2 6 JUN 2002 -96Table 30 Compoud ~
NR Compounds ~~ REGAL ~0 Carbon Black at 38 phr Loading Sample No.
lbon~r~bnepE100E300TensileEBhI~t1(x1control17781.0213942702contro11786TS~,2
~g~,~g~control179f3T.1g4.928511344016844contrn1180t5.6g4.027111984058618con
tro118180.161.0206945409B661control18293.45g,p1928353924T33contro1183~.0g1,
02159Z04134698corttrol18483.462.4Z239964236694control1857Q1g0,017g7943T68T1
7control18869.880.31969204051666control18776.763.518888641577Z0control
188TL 16Z.01918834182704oontrof 189.
54.36t.222210794240674control19055.7g1.11939424125692control19165.0'control
19261.1g0,4191g024189710invention 1088.1g2,924912024292634Sample
No.RebourpCmck Orowih RefsAbrasion lossTan 8Tan b
_Icmlmillioncles~10'C80'Ccontrol 177.
54.80.131control17853.82,340.t849O.1940.129control17953:72780.16200.2000.14
0control
i8052.92.980.t3850.Z200.153control18151.03.410.118902670.185control18249.93
.110.10760.2700.194control18350.13.150.10860.2640.192c:ontro118448'03.110.1
0850.2840.208control18547.54.590.0937 ~0.3060.209control 1 B648.54.060. t
0080.2950211control18747.73.530.t0410.2970.198contro118847.83.790.09850.285
0.207control18947.53,710.09570.3060.203contro119046.84.140.09620.3000.200co
ntrol 19147.4control19246.54.780.08970.3010 226invention 10~
4B.20.690.09420.271-. 0.178   2 6 JUN 2002 -97 Fig. 18 shows the dispersion
quality and MW,o, of the invention and control samples descn'bed above
comprising N234 carbon black. Selected invention and control samples shown
in Fig. 18 comprised oil) as set forth above. The data shown in Fig. 18
clearly reveals that the macro-dispersion quality of the novel elastomer
composites of the 



invention comprising N234 carbon black) over a wide range of MW,a, values,
is significantly superior to that of the control samples. The
macro-dispersion values for the elastomer composites of the invention
comprising N234 carbon black, as shown in Fig. 18 are described by the
following equations: D(%) < 0.3% (17) when MW,o, < 0.3 5 x 106 ; and log
(D) < log (0.3) + 2.8 x [MW,o, - (0.35 x 106)] x 10~ (18) when 0.35 x 106 <
MW,o, < 1.1 x 106. None of the control samples achieved macro-dispersion
quality of 0.3% or better at any MW,~ even after dry mixing suiFciently to
degrade MW,o, below 0.3 5 x 106' In contrast, elastomer composites of the
invention comprising N234 carbon black and having MW,o, greater than, 0.3 5
x 106 have excellent macro-dispersion, such as D(%) not mere than 0.3% or
even 0.2%. Compound properties and performance characteristics for
invention sample No. 14 and various control samples shown in_Fig. 18,
comprising N234 carbon black, are set forth in Table 31 below. It can be
seen that invention sample No. 14 has good resistance to crack growth, as
indicated by its crack growth rate value of only 2.08 cm/million cycles.
2 6 JUN 2002 -98 Tabls 31 Compound Prppa~ ~ NR funds Containing N(34 Carbon
Black at 83 phr Loadirtp  control274 121.6 69.8 484 2299,.. ." 3925
S01contra(
275tZl.47Z.5564254539944T2control276132.271.931122593984520contrnl277T9.688
.548824533857469control27896.370.053124993874489control279108.669.0408Z1313
883S32coniro1280t20.371.547622733g~502control28176.4B9.75582T234027451contr
ol2B289.889.855325T438g64g5control28393.869.65062416386T475control284106.77
1.852823843788484contra1285 ' "73.369.352g25863831444control Z86~
~79.269.55312574385645Bcontrol 2877T.8 '70.7544 ~ ~~ ~ ~
Q486oontro12B882.871.2485. Z295 invention 14 . ' g2,6 ~ 7t 5' S003T99499
Sarr~pla No. Rebound. Crack Growth Rae2440 Abrasion ~3883531Tan 8Tan 8
rnntiml 7Ti wr r(cmlmilllon _ _cl~s~- (0'C~ 60'C  contr~o1274 ~ 47.2
1.B4._...., 0 05B3...w~u. ~ as contro1275 



48.1( 1 T0 ~.0.2740.1T3 control276 48 9.0.05380.Z840.172 control2T7. 47
11.210.06Z00.2700.173 contro1278. 45 82.220.06280.3050.173 confio1279. 45
42.400.06340.2990.196 contro1280. 44 22.000.0B80Q.3080.19B control2B1. 46
31.810.06460.2980.198 contro1282. 46 53,t00.05980.2930.174 control283. ' 46
42.330.Q5370.3070.182 cantro1284. 44 22.410.05940.3090.186 control285. 47
01.990.05790.3040.190 control286. 45 B2.990.05540.Z950.178 contro1287. 45
42.850.05510.2940.172 control288~. 44:0.2.930.05690.3050.t87 invention'14 ~
45 12.39~ 0.06470.316_0.198.2.08,0.069B0.3100.198   2 6 JUN 2002 _99_ Fig.
19 shows the dispersion quality and MW,o, of the invention and control
samples described above comprising N110 carbon black at 55 phr loading. The
data 



shown in 1~ig. 19 clearly reveals that the macro-dispersion quality of the
novel elastomer composites of the invention comprising Nl 10 carbon black,
over a wide range of MW,o, values, is significantly superior to that of the
control samples. The macro-dispersion values for the elastomer composites
of the invention comprising N 110 carbon black, as shown in Fig. 19) are
described by the following equations: D(%) < 0.5% (19) when MW,o, < 0.3 5 x
106; and log (D) < log (0.5) + 2.5 x [MW,o, - (0.6 x 106)] x 10'i (20) when
0.35 x 106 < MW~ < 1.1 x 106. None of the control samples achieved
macro-dispersion quality of 0.5% at any MW,o,, even after dry mixing
su~ciently to degrade MW,o, below 0.35 x 106' In contrast, elastomer
composites of the invention comprising N110 carbon black and having MW,o,
above 0.35 x 106 have excellent macro-dispersion, such as D(%) less than
0.2%. Fig. 20 shows the dispersion quality and MW,o, of invention sample 22
and the control samples described above comprising N351 carbon black at 33
phr loading. 'The data shown in Fig. 20 clearly reveals that the
macro-dispersion quality of the novel elastomer composites of the invention
comprising N3 51 carbon black, over a wide range of MW,~, values, is
significantly superior to that of the control samples. The macro dispersion
values for the elastomer composites of the invention comprising N351 carbon
black, as shown in Fig. 20, are described by the following equations:   2 6
JUN 2002 sf -100 D(%) < 0.3% (21) when MW,o, < 0.55 x 106 ; and log (D) <
log (0.3) + 2.0 x [MW,o, - (0.55 x 106)] x 10~ (22) when 0.55 x 106 < ~~ <
1.1 x 106. None of the control samples achieved macro-dispersion quality of
1.0% at any MW,o,, even after dry mixing su~ciently to degrade MW,o, below
0.3 5 x 106' In contrast, elastomer composites of the invention comprising
N3 51 carbon black and having MW,o, above 0.35 x 106 have excellent
macro-dispersion, such as D(%) less than 0.2%. Fig. 21 shows the dispersion
quality and MW,o, of the invention sample No. 23 and control samples
described above comprising STERLING 6740 carbon black at 55 phr loading.
The data shown in Fig. 21 clearly reveals that the macro-dispersion quality
of the novel elastomer composites of the invention comprising STERLING 6740
carbon black, over a wide range of MW,o, values, is significantly superior
to that of the control samples. The macro-dispersion values for the
elastomer composites of the invention comprising STERLING 6740 carbon
black, as shown in Fig. 21 are described by the following equations: D(%) <
0.1% (23) when MW,~ < 0.3 x 106 ; and log (D) < log (0.1) + 2.0 x [MW,o, -
(0.3 x 106)] x 10'i (24) when 0.3 x 106 < ~~ < 1.1 x 106. None of the
control samples achieved macro-dispersion quality of 0.1% or even 0.2% at
any MW,o,, even after dry mixing sufficiently to degrade MW,o, below 0.3 x
106' In   Z 6 JUN 2002 



-101 contrast, elastomer composites of the invention comprising STERLING
6740 carbon black and having MW,o, above 0.3 x 106 have excellent
macro-dispersion, such as D(%) less than 0.2% and even less than 0.1%.
Compound properties and performance characteristics for invention sample
No. 23 and the control samples shown in Fig. 21, comprising STERLING  6740
carbon black, are set forth in Table 32 below. It can be seen that
invention sample No. 23 has good resistance to crack growth, as indicated
by its crack growth rate value of only 0.91 cm/million cycles. In fact, the
invention sample is far superior to the corresponding control samples. This
is believed to be due largely to the better MW,d and macro-dispersion of
carbon black in the invention sample, as discussed above.   2 6 J U N 2002
-lt)2 Table 3Z Compound Properties of NR Compounds Containing STERLING 6T40
Carbon Black at 68 phr Loading Sample
No.llAooniyHardnessE100EspyTinslleEgtiAL 1t4) 100'C(
pst1)(x)contro141275.5085.1467.02308.03519451control41385.T065.7469.02314.0
3855479oontro141492.7067.7462.C2243,03613472control41599.6066.9492.0ZZ60.03
57Z477control41674.5085.85Z1.02468.03584445control41778.2067.15020237Z.0344
5436contro141882.00g6.0534.024t8.03604453contro141986.1067.8540.02330.03620
475contro142086,7068.0515.0238203468444contro142176.3067.8488.02310.033T544
0contro142278.3085.8548.62440.03549442control42382.1066.5487.02219.03452486
control42464.8088.5541.02448.03397425oontm1425_ 67.5D
~66,5524.02374.03474445control 42B'" ~ '' 70.3066.9546.d' ~''
Q351.03428446contro1427 inventi 23i 71.00 't., 68.155d.0 ',. ~ 2340.0
~3322435on10.50 64.8 ~453 6Z241.03324443Sample No., ; Rebound OCrack
rowth'RabAbrasion byTan 8Tan 8ceNmlllionties)~ )0'C80'Ccontol412~ 59.85.D4,
0.1270.2020 107control 413'.S0,0 ~'3.63~ 0.1280 203. 0 108control
41459.33.96' D.126. 0.208. 0 114contro141558.84.560.120.217. 0.118coritrot
416B0.35.6T0.1170.1880.094oontro141760.04.67'
0.1120.2020.104contro141859.34,230.1250.Z040.105control4195T.53.22~
0.1220.2i80 117contro142060.04.230.1310.204. 0 099control42158.83.84~_
0.12T0.206. 0 105oontrol42259.8 ~3.980.1260.210. 0 10Bcantro142356.83.85'
0.120.213. 0 11Tcontrot 4Z4 ~58.34.54.0.1310200. D 104control 4Z5.
58.83.65~0.129020T. 0 100control 42658.03.070.1340.211. D 11
Dcontrol42756.93.250.1260.217. 0 115invention 23, ~ . 3?.30.91''
0.16420.204. 0.124  



2 6 JUN 200 r~: -103 Addition Eiamples: Cured Samples A number of the
masterbatch samples described above, including both selected invention
samples and corresponding control samples) were cured and tested.
Specifically) samples were mixed accordingly to Stage II in Table 8, above,
using the formulation of Table 9, to produce a final compound. The final
compound in each case was then cured in a mold using standard techniques at
about 150C until substantially complete cure was achieved. Performance
characteristics of the cured samples were determined by measuring their
respective crack growth rates in accordance with the measurement technique
set forth above, i.e., using a rotating flexing machine per ASTM D3629-94.
The rotating type flexing machine used to measure crack growth is
commercially available and well known. It is discussed, for example, in the
Proceedings of the International Rubber Conference, 1995 (Kobe, )span),
Paper No. 27A - 6 (p. 472 - 475). The compounds were tested at 100  C and
at a 45  flexing angle. It is generally accepted by those skilled in the
art that crack growth rate in such compounds is affected by the molecular
weight of the natural rubber and the dispersion quality of the carbon black
i.e., by the MW,o, and D(%) values of the compounds. Higher MW,, and lower
D(%) correlate well with reduced crack growth ~ rate. The crack growth rate
and other information for invention samples nos. 9) 10 and 16 are set forth
in Table 33 below. The corresponding test results for corresponding control
samples is set forth in Table 34 below, grouped by choice of carbon black.
Also, Tan 8""~ @ 60  C was measured for invention samples nos. 24 - 3 2 and
for corresponding control samples. The. Tan 8,~ @ 60  C values for the
invention samples are set forth in Table 35 below. The corresponding test
results for control samples is set forth in Table 36 below.   -104 Control
samples No. 444 - 450 shown in Table 36 were made in accordance with the
procedures described above for control sample code M2D 1 using ItS S 1
natural rubber. All used carbon black N234 at the loading level (phr) shown
in Table 36) along with 5 phr extender oil.   2 s ~uN zooz -io5 Table 33
Cnek Gr~ow<h Rab of Invention Samples Invention Samph No.CBILwdinpl0ll1iw",
(pCQR (unlmmllliwr cycles)
-9N328l55I08660.T710R660155106T80.B916N234/55105000.88 Table 34 Crack
Oeowd~ Rab of Control Samples Nph~-H3Z~phrJGRSS1RSS1CodeSamph81w",,-
CGRCodeSamphilw",CGRNo.(IQ(cmlmllllon cycles)Na(p(crtrlmllllon
cycle:)M1D12735852.14M1D1t4.55502.84M1D22746891.84M102t4663625ZM1032757591.
70M103'14T8502.03M1D42768961.Z1M1D4t487Z41.63MZD1277580Z.Z2M2D11495173.39M2
022T86022.40M202t505722.77MZD32796312.00M2D3t518132.61M2D42808671.81M2D4t52
6982.T9M30128t4573.10M3D1t534893.12M302282~
4782.33M3D21545213.35M3032834932.41M3D3t555043.63M3D43844951.99M3D4t565383.
55M4D12853722.99M4D1i574153.02M4D22863822.85M4D21584473.81M4032873812.93M4D
3t594663.23M4D42884032.39M4D4t604893.19Real 86QI55phrlGReal
660/55plrdnRSS1RSS1CodeSampleMw",CGRCodeSamphMw",CGRNo. .(IQ(cmhnllllon
cycles)No.(K)(cmlmllllon
cycles)M1D1t77674M301t854734.59M102t787922.34M3D2t865064.08M103t798912.78M3
03t875823.53M1D4t808782.98M3D41885593.79M2D1I815983.41M4D1t894013.71M202t82
6023.11M4D2t9042B_ 4.14M2D3t
83B973.15M4D319t48BM2D41846593.11M4D4t924494.78   2 5 JUN 2Q0 f: -106 Table
3!; Tan 8 at a0'C for Invention 8amplas 



fnwndon Samph No.NZ34 Lordlnplnll (phr~Afw", (It;/lfax.Tan 8~
60'C2448l55690.1892553I54850.17B2B58I54470.1912783I54030.2192868I5
~3780.?272949I58180.7593054J54820.1713183153900.Z283285I5325O.224 Table 36
Tan 8 at 60'C for Control 8amplrs Samph No.8fW (19D ~)N23~t LoadMgl~fl
(Phh8lax.Tin
D4444280.2537l50.1544454090.3742I50.t704463790.4248I50.1784473810.5851I50.1
954d838802753l50.2124492900.3958I50.2154502980.6483l50.245   2 6 JUN 2Q02
-~o~ It can be seen from a comparison of Table 33 and 34 that
advantageously lower crack growth rate is achieved by the invention
samples) compared to the control samples. Lower crack growth rate
correlates with good durability and related characteristics for rnimerous
applications, including tire applications and the like. In addition, it can
be seen from a comparison of Tables 35 and 36 that better Tan 8~ values are
achieved by the invention samples, that is, values which are lower than the
values of the control sample. Accordingly) improved performance is achieved
by the invention samples for numerous product applications including) for
example, tire applications and the like requiring low hysteresis for
correspondingly low rolling resistance. The advantageous perforn~ance
characteristics of the elastomer composites of the invention are
exemplified by the crack growth rate of invention sample no. 16 comprising
N234 carbon black and corresponding test results for control samples nos.
273 to 288 shown graphically in Fig. 22. Specifically, Fig. 22 clearly
demonstrates a correlation between MW,~ and crack growth rate for the
control samples, as well as the advantageous impact of excellent
macro-dispersion in the elastomer composites of the present invention. It
should be understood that the MW,o, values shown in Figs. 22 - 24 and in
Tables 33 36 are for the masterbatch materials prior to cure. The molecular
weight of the cured material is understood to correlate well to the MW,o,
value of the uncured masterbatch. The crack growth rate of the control
samples over an MW,o, range of about .25 x 106 to (6 x 106 is seen to fit
well along a straight line correlation to MW,o,. In contrast) the invention
sample no. 16 at MW,o, 0.5 x 106 has significantly better (i. e., lower)
crack growth rate than any of the corresponding control samples, due to the
better macrodispersion D(%) of the invention sample. This is further
established by the similar showing in Fig. 23, wherein the crack growth
rate of invention sample no. 9 comprising   2 6 JUN ?0D2 -108 N326 carbon
black is seen to be significantly lower than that of any of the
corresponding control samples nos. 14S to 160, and is well below the
correlation line. Likewise in Fig. 24 the excellent macro-dispersion of
invention sample no. 10 is seen to result again in a crack growth value
which lies far below the correlation line between crack growth rate and
MW,o, established by the corresponding control samples nos. 177 to 192. In
Fig. 25, the max tan b at 60C is shown graphically to be better, i.e.,
lower, for invention samples nos. 24 to 28 and invention samples nos. 29 to
32 than for corresponding control samples nos. 444 to 450. The superior
crack growth results discussed above for elastomer composites of the
present invention not only demonstrates advantageous fatigue properties,
but also indicates advantageous fracture properties, such as excellent tear
and cut-and-chip resistance. The'superior hysteresis results discussed
above for the elastomer composites of this invention not only demonstrate
advantageously low rolling resistance (and correspondingly higher fuel
economy) for motor vehicle tire applications, but also indicates
advantageous improvement in related performance properties, such as reduced
heat build-up. One or more of these superior properties, fatigue and
fracture resistance, low hysteresi's, low heat build-up, etc., render
elastomer composites of the present invention well suited for use in
commercial applications such as tire applications and in industrial rubber
products. Regarding tire applications) various preferred embodiments of the
invention are particularly well-suited for use as: tire tread, especially
in tread for radial and bias truck tires, off the-road ("OTR") tires)
airplane tires and the like; sub tread; wire skim; sidewalls; cushion gum
for retread tires; and similar tire applications. The superior performance
characteristics achieve by various preferred embodiments of the invention
can provide improved tire durability) tread life and casing life, better
fuel   2 6 JUN 2002 -109 economy for the motor vehicle and other
advantages. Regarding industrial rubber products) various preferred
embodiments of the invention are particularly well-suited for use as:
engine mounts, hydro-mounts, bridge bearings and seismic isolators) tank
tracks or tread, mining belts and similar products applications. The
superior performance characteristics achieved by various preferred
embodiments of the invention can provide improved fatigue life, durability
and other advantages for such product applications. Figs. 26 - 29 are
graphical representations of carbon black morphology, structure (DBPA) and
surface area (CTAB), corresponding generally to Fig. 8. Carbon black
morphology region 261 in Fig. 26 includes carbon blacks currently in
commercial use for OTR tire tread applications. Arrow 262 indicates the
direction in which region 261 can be advantageously extended in accordance
with the present invention. Performance characteristics such as
cut-and-chip resistance, crack growth resistance and tear resistance 



are understood to improve generally in the direction of trend arrow 262
subject, however) in the past, to offsetting degradation of these and other
characteristics due to reduced molecular weight of the natural rubber
and/or poorer macro-dispersion resulting from the use of such higher
surface area) lower structure carbon blacks. Elastomer composites of the
present invention can employ such lower structure, higher surface area
carbon black indicated by trend arrow 262 to achieve significantly improved
OTR trend materials, in view of their excellent macro-dispersion and MW,e,.
Similarly, carbon black morphology region 271 in Fig. 27 includes carbon
blacks currently in commercial use for truck and bus (T/B) tire tread
applications. Arrow 272 indicates the direction in which region 271 can be
advantageously extended in accordance with the present invention.
Performance characteristics, such as wear resistance, are understood to
improve generally in the direction of trend arrow 272 subject, however, in
~ s .~u~ 2ooT the past, to offsetting degradation of these and other
characteristics due to reduced molea~lar weight of the rubber and/or poorer
macro-dispersion resulting from use of such higher surface area carbon
blacks. Elastomer composites of the present invention can employ such
higher surface area carbon blacks indicated by trend arrow 272 to achieve
improved TB tread materials, in view of their excellent macro-dispersion
and MW,d. Similarly, carbon black morphology regions 281 and 283 in Fig. 28
show carbon blacks currently in commercial use for tread base and passenger
car (PC) tire tread, respectively. Trend arrows 282 and 284 indicate the
direction in which region 281 and 283, respectively) can be advantageously
extended in accordance with the present invention. Performance
characteristics such as heat build-up (HBL>) and rolling resistance are
understood to improve for tread base in the direction of trend arrow 282
subject, however, in the past, to offsetting degradation of these and other
characteristics due to reduced molecular weight of the rubber and/or poorer
macro-dispersion resulting from use of such higher surface area, lower
structure carbon blacks. Likewise, performance characteristics such as
rolling resistance are understood to improve for PC tread in the direction
of trend arrow 284 subject, however, in the past, to offsetting degradation
of these and other characteristics due to reduced molecular weight of the
rubber and/or poorer macro-dispersion resulting from use of such higher
surface area, lower structure carbon blacks. Elastomer composites of the
present invention can employ higher surface area, lower structure carbon
blacks indicated by arrows 282 and 284 to achieve improved tread base and
PC tread, respectively, in view of the excellent macro-dispersion and the
optional preservation of high molecular weight in such elastomer
composites. Similarly, carbon black morphology regions 291, 293 and 294 in
Fig. 29 show carbon blacks currently in commercial use for sidewall, apex
and steel belt tire   2 6 JUN 2Q02 -111 applications) respectively. Trend
arrows 292 and 295 indicate the direction in which region 291 and 294)
respectively, can be advantageousiy extended in accordance with the present
invention. Performance characteristics such as heat build-up (HBCn and
fatigue life are understood to improve for sidewall in the direction of
trend arrow 292 subject) however, in the past) the offsetting degradation
of these and other characteristics due to reduced molecular weight of the
rubber and/or poorer macro-dispersion resulting from use of such lower
structure carbon blacks. Likewise, peaformance characteristics such as heat
buildup, processing and wire adhesion are understood to improve for steel
belt elastomeric materials in the direction of trend arrow 295 subject,
however, in the past, to offsetting degradation of these and other
characteristics due to reduced molecular weight of the 



rubber and/or poorer macro-dispersion resulting from use of such higher
surface area, lower structure carbon blacks. Elastomer composites of the
present invention can employ higher surface area and/or lower structure
carbon blacks as indicated by arrows 292 and 295 to achieve improved
sidewall and steel belt rubber materials, respectively, in view of the
excellent macro-dispersion and the optional preservation of high molecular
weight in such elastomer composites. Additional Eiamples: Preferred
Embodiment and Control Samples Comprising Other Fillers Additional samples
of elastomer composites in accordance with certain preferred embodiments of
the present invention, and corresponding control samples, were prepared A
first group of these employed a multiphase aggregate filler of the type
referred to above as a silicon-treated carbon black.   2 6 JUN ?00? -112
Specifically, invention samples nos. 33 - 34 employed ECOBLACK silicon
treated carbon black commercially available from Cabot Corporation
(Billerica, Massachusetts). Such ECOBLACK filler has morphological
properties, i. e., structure and surface area, similar to that of carbon
black N234. Sample no. 33 employed 45 phr ECOBLACK filler and no extender
oil. Sample no. 34 employed 68 phr ECOBLACK filler and no extender oil.
Typical filler and extender oil usage for various product applications are
shown in Table 37, for elastomer composites of the invention comprising
natural rubber and a blend of carbon black and silica filler. It should be
understood that the use of silica filler in the compositions shown in Table
3 7 would typically replace a like amount of the carbon black filler.
Table 3T Typical NR Formulations for Tiro Applications licationCarton Black
TCarbon Black LoedinOil loadin8111ca LoadinTruckIBus TroadN110 N116 N121
N134 N?.30 NZ!!40 - i0 hr0 -t0 r0 -10 hrOTR TreadN110 N116 N?Z0 NI3140 - 66
hr6 -10 hr8 - t0 hrSteel BeltN32860 - T6 hr0 -6 hr0 - t0 hrTruckIBus Troad
BaseN330 N66040 - ~0 hr0 - t0 hrCarcass PIN~Z6 N390 N65040 - 80 hr6 -
30SidewallN330 N351 N55030 - i0 hr6 - 30 hrxN318 N330 N36160 -!0 hr0 -t0LRR
PC TroadNZ34 NZ!l,N33! N33 N34T N6140- i0 r0 - 30 N w N c z N O O N   Z s
~u~r 2002 -114 A second group of samples employed a blend or mixture of
silica and carbon black. In embodiments of the present invention employing
a blend of carbon black and silica fillers, it is generally preferred that
they be used in weight ratio of at least about 60:40. That is, the carbon
black preferably comprises at least about 60 weight percent of the filler
to achieve good coagulation of the elastomer and to reduce or eliminate
reagglomeration of the silica in the masterbatch. In particular, in
examples nos. 35 - 38, as shown in Table 40, carbon black is used together
with particulate Si02 filler HiSil 233 available from PPG Industries
(Pittsburgh, Pennsylvania, USA), having surface area BET of 150 m2/g,
surface area DBPA of 190 mils/100g, pH of 7 and a primary particulate size
of 19 manometers. All of the invention samples, i.e., additional invention
samples nos. 33 - 38, were prepared in accordance with the procedures and
apparatus used for invention samples 1  32, as described above. Process and
apparatus details for each of invention samples nos. 33 - 3 8 is given in
Table 3 8, below. The field latex or concentrate employed in samples 



nos. 33 - 38, as the case may be, is the same as described above with
reference to Table 24. It will ba appreciated that the data in Table 38
parallels that provided in Table 25, above, for invention samples nos.
1-32. The carbon black filler "CRX2000" listed in Table 38 is the ECOBLACK
silicon-treated carbon black described above.   Table 38 Invention Sample
Production Details Ca of estomer Com lieS unyozs a TipC8 lurryInventionCa
on SlackHI II 233 Oll oadlngDla. Lend lengthCB conc.Sample No.Latex a T a
Loading ( rLoadln hri(In) (lnw433atexC
00048000.0200.514.534AekllatexCRX200058000.0200.514.535tiekllatexN220
_431050.0250.513.938flekt
latexN23441900.0200.513.53TflekllatexN234312000.0200.514.038latex
concentrateSTERLING 874292000.0200.515.5pu um oneInvention1st po on2n
portionon~t~onSsmple No.Dls. (!n ength (lnD a. ( n eng na. ( nen na. ( nen
n330.
93.00.27.8~2.30.533.2340.193.00.271.80.382.30.533.2350.193.00.271.80.382.30
.533.2380.193.00.2T1.80.382.30.533.2370.193.00.271.80.382.30.533.2380.193.0
0.2T1.80.382.30.533.2Ix ng onec~a terInventionany flow rate urry ve ocity
ndox ant Latex flow ,sh Latex vNocltyInlet prusuOutlet pnssunSample
Ho.(lWmln) (!t/sec) T PP Santo ex Ilrslmin ft/aec -336.27 00.0.7
~10.T17000348.27100.30.4Field5.88.31
T000355.23800.30.4Field4.97.114500385.05T80.30.4Field4.38.210000374.85500.3
0.4Field4.15.99500385.15800.30.4Conc2.23.29000urry ouate nng
anngProaucuonInventionTip Pressuren s cnrmna cramro actrv
act~Ilixe~RateInventionSam le Ho.( 1moisture ('~G)molstur~a (yG)tem .
('moistureTIblhrSam le
Ho.33-.>8.04350.2T-block663334-T8.01.B4700.3T-block5234351850T7.9>4.0380
,0.4T-t~lodc543538300079.21.04T50.5T-block393837293078.912.3435,
0.4T-block3437_ 38280089.l4.2455' 0.2T-block4838 N N   Z 6 JUlV 200Z ,n
-116 The control samples 451-498 were prepared in accordance with the
procedures and apparatus described above for control samples nos. 1-450.
The processing code (see Table 13 above), filler loading) rubber, MW,o, and
macro-dispersion for masterbatches 451-466 are set forth below in Table 39.
The processing code, filler loading, rubber, MW,o, and macro-dispersion
values of the invention samples nos. 33-38 (along with the filler and oil
loadings for convenient reference) are shown in Table 40. It will be seen
from Table 39 that control samples 451-466 correspond in composition to
invention samples nos. 33 and 34. Similarly, control samples nos. 467-498
correspond to invention samples nos. 35-38.   2 6 JUN 2002 m Table 39 CRX
m00141!0CRX ?0001S810RSS1RSS1CodrSampb41w",D /~SampVrAlw",D
~G)Na(pNo.(IQM3590590M20145t4813.484583338.61M2D24524743.Q84803925.71M20345
34897.1746t3889.48M204454515Q.284623948.05M3D14553932.894832802.23M30243642
2287464, 2982.13M3D34574354.1S4Q53504.05M3D44584493.234663797Z2 Table 40
Sol ~Aolocula~ WNBtrt and Undfspar:aei Ana of invention Samples Inwndon
Samph NaCB2. wdinp~ll41w", (IQD ('~G)33CRX 2000V4410 ~3800.1834CRX
2000158V0448Q.1035N220VhtNsll
?33143V10V55000.1436N2341Ntbt1233V40V10V04900.3637N234Mi1s11233130>ZOIO3990
.23385?ERUNG 6740Mibil 233130120103540.39   Z 6 JUN 2002 -li8 Tabh 41
NZZ01Hib11 ?33143H018NZ311Hilsii 233!40H010RSS1RSS1CodsSamphAlw",D
('lf)SamphAlw",,O
(X)Ho.(!QNo.(IQA112803909M3801590M2D14674931.514T54438.74MZD24885372.614T65
1?10.9M2D34B95232.8247758912.5M2D44T081529S4T85928.25M3D14714t70.954793586.
B5M3D24T24381.4048042013.BM3D347343321548151613.9M3D44744852.22482447725NZ3
11Hilsll ?3313012Q10STERLING 67401Hi1si1
Z3313012010RSS1RSS1CodsSamphilw",,G ('.G)Samph81w",O
('~G)No.(IQNo.(pMZ909909M3590590M2D1483394
.4.3T4914303.77M2D248450?5.864924884.39MZD34855264.T49351T5.3TM2D44865S85.9
44945634.86M3D14873T78.394953753.5M3D24883634.494963802.73M3D34893765.07497
4192.72M3D449D432526498448329   2 6 JUN 2QQ? ~Hx -119 The excellent carbon
black dispersion in the masterbatches of invention samples 33-38 is
demonstrated by comparison of the macro-dispersion quality and MW,o, values
shown in Tables 39-41. The invention samples nos. 33-34 made with ECOBLACK
silicon-treated carbon black, and the corresponding control samples are
compared in the semi-log plot of Fig. 30) Excellent carbon black dispersion
is seen in Fig. 30 for the 



invention samples, representing preferred embodiments of elastomer
composites in accordance with the present disclosure. The invention samples
advantageously are below line 301 in 1~ig. 30, whereas all of the control
samples have poorer dispersion, being above line 301. In fact, the
preferred embodiments shown in Fig. 30 fall below a D(%) value of .2% even
at an MW,o, value advantageously exceeding .4 x 106. The data shown in Fig.
30 clearly reveals that the macro-dispersion quality of the novel elastomer
composites) disclosed here, comprising silicon-treated carbon black is
significantly superior to that achievable using comparable ingedients in
prior dry mixing methods. The macro dispersion values for the elastomer
composites of the invention shown in Fig. 30 are described by the following
equations: D(%) < 1.0% (25) when MW,, is less than 0.4 x 106; and log (D) <
log ( 1.0) + 2.0 x [MW,o, - (0.4 x 106)] x 10'i _ (26) when 0.4 x 106 <
MW,d < 1.1 x 106 It will be recognized that D(%) is the percent undispersed
area measured for defects greater than 10 microns and 1 % is the threshold
macro-dispersion quality for the masterbatches in accordance with these
preferred embodiments of the present invention. That is, none of the dry
masticated masterbatches achieved macro-dispersion quality of   2 6 .~ftf~
tUQ2 -120 1.0% or better at any MW,o,, even after dry mixing sufficiently
to degrade MW,, below .4 x 106. The preferred embodiments shown in Fig. 30
fall well below the threshold. It can be seen that the elastomer composites
of the invention comprising silicon-treated carbon black provide heretofore
unachieved balance between macro-dispersion quality and IvIW,o,. Irrvention
samples nos. 35-38 comprising carbon black blended with silica filler and
corresponding control samples are compared in the semi-log plot of Fig. 31.
Specifically, Fig. 31 shows the macro-dispersion values and MW,, values of
the invention samples nos. 3 5 - 3 8 and corresponding control samples nos.
467 - 498. Excellent carbon black dispersion is seen in Fig. 31 for the
invention samples, represeming preferred embodiment of elastomer composites
in accordance with the present disclosure. The invention samples
advantageously are below line 311 in Fig. 31, whereas all of the control
samples have poorer dispersion, being above line 311. In fact, all of the
preferred embodiments shown in Fig. 31 fall below a D(%) value of .4%. The
data shown in Fig. 31 clearly reveals that the macro-dispersion quality of
the novel elastomer composites) disclosed here) comprising carbon
black/silica blends over a range of MW,, values, is significantly superior
to that achievable using comparable ingredients in prior dry mastication
mixing methods. The macro-dispersion values for the elastomer composites of
the invention shown in Fig. 31 are described by the following equations:
D(%) < 0.8% (27) when MW,, is less than 0.5 x 106; and log (D) < log (0.8)
+ 2.2 x [MW,, - (0.5 x 106)] x 10~ (28) when 0.5 x 106 < MW,a, < 1.1 x 106
2 s ~~~ toa2 -121 It will be recognized that D(%) is the percent
undispersed area measured for defects 



greater than 10 microns and .8% is the threshold macro-dispersion quality
for masterbatches in accordance with these preferred embodiments of the
present invention. That is, none of the dry masticated masterbatches
achieved macro-dispersion quality of 0.8% or better at any MW,o,, even
after dry mixing su~ciently to degrade MW,o, below .4 x 106. The preferred
embodiments shown in Fig. 31 fall well below the threshold macro-dispersion
value of .8%, and even below .4%. It can be seen that the elastomer
composites of the imrention comprising carbon black/silica blend filler
provide heretofore unachieved balance between macro-dispersion quality and
MW,d. In view of the foregoing disclosure, it will be apparent to those
stalled in the art that various additions, modifications, etc. can be made
without departing from the true scope and spirit of the invention. All such
additions and modifications are intended to be covered by the following
claims.   2 6 JUN 2002 - 122  We claim: 1. A rr~ethod of producing
elastomex connposite, comprising: feeding a continuot~.~ flow of first nuid
comprising elastomer latex to a mixing zone of a coagulum reactor defining
an elongate coagulum zone exteztding from the zxcixing zone to a clischarge
end; feeding a continuous llow of second fluid comprising particulate
filler under pressure to the mixing zone of the coagulum reactor to form a
mixture with the elastomer latex; the rrrixture gassing as a continuous
flow to the discharge end and the particulate filler being effective to
coagulate the elastomer latex, wherein. feeding of the second fluid against
the elastomer latex within. the mixing zone is sufficiently energetic to
substantially completely coagulate the elastomer latex with'tbeparticulate
filler pniox to the discharge end; and discharging a substantially
continuous laow of. elastomer composite from the discharge cnd of the
coagulum reactox. 2. The method of producing elastomer composite in
accordance with claim 1 wherein the second fluid is fed to the mixing zone
through a nozzle at a velocity of 100 to 800 feet per second. 3 . The
method of producing elastomer composite in accordance with claim 2 wherein
the first fluid is fed continuously into the mixing zone at a velocity
lower than 12 feet per second.   2 6 JUN ?OQ? -123 4. The method of
producing elastomer composite in accordance with claim 1 wherein the
elastomer latex is natural rubber latex and the particulate filler is
carbon black. 5. The method of producing elastomer composite in accordance
with claim 1 further comprising feeding an auxiliary fluid to the mixing
zone, the auxiliary fluid being substantially non-reactive with the
mixture. 6. The method of producing elastomer composite in accordance with
claim 5 wherein the auxiliary fluid is air. 7. The method of producing
elastomer composite in accordance with claim 1 wherein the coagulum zone
has progressively increasing cross-sectional area in the direction from the
mixing zone to the discharge end. 8. A continuous flow method of preparing
elastomer composite of particulate filler dispersed in~elastomer,
comprising: A) establishing a continuous, semi-confined flow of mixed
elastomer latex and particulate filler under pressure in a coagulum reactor
forming an elongate coagulum zone extending with progressively increasing
cross-sectional area from 



an entry end to a discharge end, by simultaneously (i) feeding elastomer
latex fluid continuously to a mixing zone at the entry end of the coagulum
reactor, and   2 6 .IU~I ~n~~ -124 (ii) entraining the elastomer latex
fluid into particulate filler fluid by feeding the particulate filler fluid
as a continuous jet into the mixing zone; aad B) discharging from the
discharge end of the coagulum reactor a substantially constant flow of
elastomer composite globules concurrently with feeding of the fluid streams
in accordance with steps ~) and A(ii). 9. The continuous flow method of
produang elastomer composite in accordance with claim 8 wherein coagulation
of the elastomer latex is substantially complete in the elastomer composite
globules as they are discharged from the discharge end of the coagulum
reactor. 10. The continuous flow method of producing elastomer composite in
accordance with claim 8 fi.rrther comprising the step of preparing the
particulate filler fluid by high energy dispersion of the particulate
filler in a liquid in a homogenizer having an outlet port in fluid
communication with the mixing zone. 11. The continuous flow method of
producing elastomer composite in accordance with claim 8 wherein the liquid
slurry is fed into the mixing zone through a nozzle at a velocity of 100 to
800 feet per second. 12. The continuous flow method of producing elastomer
composite in accordance with claim 11 wherein the velocity of the liquid
slurry through the nozzle is from 200 to 500 feet per second.   ? 6 J~1N
?00? -125 13. The continuous flow method of producing elastomer composite
in accordance with claim 8 further comprising the step of premixing minor
amounts of additives into the elastomer latex prior to feeding the
elastomer latex to the mixing zone. 14. The continuous flow method of
producing elastomer composite in accordance with claim 8 wherein the
particulate filler fluid is an aqueous carbon black dispersion. 15. The
continuous flow method of producing elastomer composite in accordance with
claim 8 wherein the particulate filler fluid comprises silicon treated
carbon black, fumed silica, precipitated silica, and mixtures of any of
them. 16. The continuous flow method of preparing elastomer composite in
accordance with claim 8 wherein the elastomer latex fluid consists
essentially of natural rubber latex. 17. The continuous flow method of
preparing elastomer composite in accordance with claim 16 wherein the
natural rubber latex is natural rubber latex concentrate. 18. The
continuous flow method of preparing elastomer composite in accordance with
claim 16 wherein the natural rubber latex is field latex. 19. The
continuous flow method of producing elastomer composite in accordance with
claim 8 further comprising mixing additive into the semi-confined flow by
separately feeding an additive fluid continuously to the mixing zone
simultaneously with the elastomer latex fluid and the particulate filler
fluid.  



2 6 JUN 2002 -126 j~ 20. The continuous flow method of producing elastomer
composite in accordance with claim 8 wherein the additive is selected from
antiozonants) antioxidants) plasticizers) processing aids, resins) flame
retardants) extender oils) lubricants, and mixtures of any of them. 21. The
continuous flow method of producing elastomer composite in accordance with
claim 8 further comprising injecting pressurized gas into the mixing zone.
22. The continuous flow method of produang elastomer composite in
accordance with claim 21 wherein the pressurized gas is injected separately
into the mixing zone. 23. The continuous flow method of producing elastomer
composite in accordance with claim 21 wherein the pressurized gas is
injected into the mixing zone through a nozzle together with the
particulate filler fluid. 24. The continuous flow method of producing
elastomer composite in accordance with claim 8 wherein step A('u) comprises
feeding multiple streams of particulate filler fluid to the miadng zone
continuously through multiple nozzles. 25. The continuous flow method of
producing elastomer composite in accordance with claim 8 further
comprising, simultaneously with steps A(i) and A(ii), feeding at least one
auxiliary stream of elastomer latex fluid to the mixing zone.   2 6 JUN
2002 -127 26. The continuous flow method of producing elastomer composite
in accordance with claim 8 further comprising the step of drying the
elastomer composite globules received from the discharge end of the
coagulum reactor, through a dryer. 27. T'he continuous ~8ow method of
producing elastom~ composite in accordance with claim 26 further comprising
the step of baling the elastomer composite by sequentially compressing 25
to 75 pound quantities of the elastomer composite after the drying step.
28. T'he continuous flow method of producing elastomer composite in
accordance with claim 8 wherein the elastomer latex fluid is fed under
pressure less than 10 psig and the particulate filler fluid is fed under
pressure of at least ?5 psig. 29. A continuous flow method of producing
rubber master batch by coagulating natural rubber latex with carbon black,
comprising: A) establishing a continuous, semi-confined flow of mixed
natural rubber latex and carbon black in a coagulum reactor forming a
generally tubular coagulum zone extending with progressively increasing
cross-sectional area from an entry end to an open discharge end, by
simultaneously (i) feeding a liquid stream of the natural rubber latex
continuously to a mixing zone at the entry end of the coagulum reactor, and
(ii) entraining the natural rubber latex continuously into a liquid slurry
of the carbon black by feeding the liquid slurry as a continuous jet into
the mixing zone; and   2 s ~uN Zoo2 -128 B) simultaneously discharging
rubber master batch globules from the 



discharge end of the coagulum reactor. 30. A continuous flow method of
producing elastomer composite comprising particulate filler selected from
carbon black) silicon-treated carbon black, fumed silica, precipitated
silica, and mixtures thereof finely dispersed in natural rubber)
comprising: preparing a particulate filler fluid by high energy dispersion
of the particulate filler into aqueous liquid in a homogenizes) and
establishing a continuous, senu-confined flow of mixed natural rubber latex
and particulate filler in a coagulum reactor forming a generally tubular
coagulum zone extending with progressively increasing cross-sectional area
from an entry end to a discharge end by simultaneously (i) feeding a liquid
stream of the natural rubber latex at less than 10 feet per second
continuously to a mixing zone defined by a mix head in sealed fluid
communication with the entry end of the coagulum reactor, the mixing zone
extending coaxially with the coagulum zone, and (ii) entraining the natural
rubber latex continuously into the particulate filler fluid by projecting
the particulate filler fluid into the mixing zone in the direction of the
entry end of the coagulum zone, through a feed tube substantially coaxial
with the coagulum zone, the particulate filler fluid exiting the feed tube
at a velocity of 200 to 500 feet per second; simultaneously and
continuously discharging from the discharge end of the coagulum reactor
master batch globules in which coagulation of the natural rubber latex by
the particulate filler is substantially complete; and   2 6 JUN 2002 -129
simultaneously and continuously drying and pelletizing master batch
globules discharged from the coagulum reactor in at least one dryer. 31.
Apparatus for producing elastomer composite of particulate filler dispersed
in elastomer, comprising: a coagulum reactor defining a moong zone and an
elongate coagulum zone extending $om the mixing zone to a discharge end;
latex feed means for feeding elastomer latex fluid continuously to the
mixing zone; and filler feed means for feeding particulate filler fluid as
a continuous jet into the mixing zone to form a mixture with the elastomer
latex fluid traveling from the mixing zone to the discharge end of the
coagulum zone, wherein the distance between the mixing zone and the
discharge end is sufficient to permit substantially complete coagulation of
the elastomer latex prior to the discharge end. 32. The apparatus for
producing elastomer composite in accordance with claim 31 wherein the
filler feed means is for feeding particulate filler fluid continuously to
the mixing zone through a nozzle at a velocity of 100 to 600 feet per
second. 33. The apparatus for producing elastomer composite in accordance
with claim 32 wherein the latex feed means is for feeding elastomer latex
fluid continuously into the mixing zone at a velocity less than 8 feet per
second.   2 6 JUN 2002 -130 34. The apparatus for producing elastomer
composite in accordance with claim 31 



wherein the filler feed means is for feeding particulate filler fluid
continuously to the mixing zone under pressure of at least 75 pounds per
square inch (gauge). 35. The apparatus for producing elastomer composite in
accordance with claim 34 wherein the latex feed means is for feeding
elastomer latex fluid continuously into the mixing zone under pressure less
than 12 pounds per square inch. 36. The apparatus for producing elastomer
composite in accordance with claim 31 further comprising auxiliary feed
means for simultaneously feeding an additional stream of pressurized fluid
to the mixing zone. 37. The apparatus for producing elastomer composite in
accordance with claim 36 wherein the pressurized fluid is air. 38. The
apparatus for producing elastomer composite in accordance with claim 31
wherein the coagulum zone has progressively increasing cross-sectional area
between the mixing zone and the discharge end. 39. Apparatus for continuous
flow production of elastomer composite of particulate filler dispersed in
elastomer, comprising: a coagulum reactor forming an elongate coagulum zone
extending with progressively increasing cross-sectional area from an entry
end toward a discharge end;   2 6 JUN 200Z -131 means for feeding elastomer
latex fluid continuously to a mixing zone at the entry end of the coagulum
reactor, and means for feeding particulate filler fluid sufficiently
energetically into the miadng zone to create semi-confined flow of mixed
elastomer latex and particulate filler in the coagulum zone toward the
discharge end and achieve substantial coagulation of the elastomer latex
with the particulate filler prior to the discharge end. 40. Apparatus for
producing elastomer composite of particulate filler dispersed in elastomer,
comprising: a coagulum reactor forming an elongate coagulum zone extending
with progressively increasing cross-sectional area from an entry end to a
discharge end; means for feeding elastomer latex fluid continuously to a
mixing zone at the entry end of the coagulum reactor; and means for feeding
to the mixing zone a continuous jet of particulate filler fluid) under
pressure, effective to entrain elastomer latex fluid into a mixture with
the particulate filler fluid and to substantially completely coagulate the
elastomer latex with the particulate filler prior to the mixture arriving
at the discharge end. 41. The apparatus for continuous flow production of
elastomer composite in accordance with claim 40 wherein the mixing zone is
within a mix head and is substantially coaxial with the elongate coagulum
zone.   2 6 JUN T002 -132 42. The apparatus for continuous flow production
of elastomer composite in accordance with claim 41 wherein the mix head is
sealed to a coagulum zone extender. 43. The apparatus for continuous flow
production of elastomer composite in accordance with claim 42 wherein the
mesas for feeding a stream of particulate filler fluid 



5 comprises a first feed tube extending substantially coaxially within the
mixing zone to a slurry nozzle tip open toward the coagulum zone. 44. The
apparatus for continuous flow production of elastomer composite in
accordance with claim 43 wherein: the mix head forms a first feed channel
substantially coaxial with the 0 coagulum zone, extending from an entry
port toward the coagulum zone; and the first feed tube extending coaxially
within the first feed channel forms a fluid tight seal with the mix head at
the entry port. 45. The apparatus for continuous flow production of
elastomer composite in accordance with claim 44 wherein the first feed tube
extends from the entry port to a 15 slurry nozzle tip and wherein a
constant diameter land within the first feed tube immediately upstream of
the slurry nozzle tip has an axial dimension at least three times its
diameter. 46. The apparatus for continuous flow production of elastomer
composite in accordance with claim 44 wherein the means for feeding
elastomer latex fluid comprises 20 a second feed channel formed by the mix
head at an angle of 30 to 90 to the first feed   2 fi J U N 2002 -133.d...
channel, extending to a junction with the mixing zone from a second entry
port remote from the mixing zone. 47. The apparatus for continuous flow
production of elastomer composite in accordance with claim 45 wherein the
cross-sectional area of the coagulum zone immediately downstream of the
mixing zone is more than twice the cross-sectional diameter of the first
feed tube. 48. The apparatus for continuous flow production of elastomer
composite in accordance with claim 47 wherein the cross-sectional area of
the coagulum zone immediately downstream of the mndng zone is about 4 to 8
times the cross-sectional area of the first feed tube. 49. The apparatus
for continuous flow production of elastomer composite in accordance with
claim 45 wherein the mix head forms at least one additional feed channel at
an angle of 30  to 90  to the first feed channel, extending to a junction
with the mixing zone from an entry port remote from the mixing zone. 50.
The apparatus for continuous flow production of elastomer composite in
accordance with claim 40 wherein at least a first portion of the coagulum
zone extending from the entry end toward the discharge end has a circular
cross-section and a central longitudinal axis, the circular cross-section
increasing in size at an overall angle greater than zero degrees and less
than 25 degrees to the central longitudinal axis.   2 6 J U N 2002 -134 51.
The apparatus for continuous flow production of elastomer composite in
accordance with claim 40 wherein the cross-sectional area of the coagulum
zone increases continuously toward the discharge end. 52. The apparatus for
continuous flow production of elastomer composite in accordance with claim
50 wherein the cross-sectional area of the coagulum zone increases
step-wise from the entry end toward the discharge end. 53. The apparatus
for continuous flow production of elastomer composite in accordance with
claim 51 wherein said first portion of the coagulum zone comprises: 



a first section of substantially constant diameter D, extending a length L,
from the entry end toward the discharge end, L, being at least three times
D,, and multiple additional sections each having substantially constant
cross sectional diameter, at least twice the cross-sectional area of an
immediately preceding section, and a length equal to at least three times
its cross-sectional diameter. 54. The apparatus for continuous flow
production of elastomer composite in accordance with claim 53 wherein the
length L, of the first section is about 12-to 18 times its diameter D,. 55.
The apparatus for continuous flow production of elastomer composite in
accordance with claim 54 wherein the coagulum zone extending from the entry
end   2 6 JUN Z002 -135 toward the discharge end has circular
cross-section) increases in size step-wise toward the discharge end) and
has: a first section beginning at the entry end having a substantially
constant cross-sectional diameter D, equal to 5 to 8 times the
cross-sectional diameter of the nozzle, a cross-sectional area A,) and a
length L, which is 12 to 18 times D,; a second section extending toward the
discharge end from a faired connection to the first section, having a
substantially constant cross-sectional diameter D~, a cross-sectional area
A2 approximately two times A,) and a length LZ approximately three to seven
times D2; a third section extending toward the discharge end from a faired
connection to the second section, having a substantially constant
cross-sectional diameter D3, a cross-sectional area A3 approximately two
times A~, and a length Lj approximately three to seven times D3; and a
fourth section extending toward the discharge end from a faired connection
to the third section, having a substantially constant cross-sectional
diameter D,, a cross-sectional area A, approximately two times A3, and a
length L4 approximately three to seven times D,. 56. The apparatus for
continuous flow production of elastomer composite in accordance with claim
40 further comprising a diverter for receiving elastomer composite from the
discharge end of the coagulum zone and passing the elastomer composite
selectively to any of multiple receiving sites.   2 6 JUN 2002 -136 57. The
apparatus for continuous flow production of elastomer composite in
accordance with claim 56 wherein the diverter comprises a flexible conduit
having a first end attached to the discharge end of the coagulum reactor
and a second end moveable to any of the multiple receiving sites. 58. The
apparatus for continuous flow production of elastomer composite in
accordance with claim 56 wherein the means for feeding particulate filler
fluid comprises pumping means for developing said pressure to greater than
75 psig and the means for feeding elastomer latex fluid comprises a holding
tank and feed line for developing less than 10 prig elastomer latex fluid
pressure. 59. The apparatus for continuous flow production of elastomer
composite in 



accordance with claim 40, wherein the particulate filler fluid is carbon
black slurry comprising carbon black in a carrier liquid, ,further
comprising carbon black slurry preparation means in fluid communication
with the means for feeding particulate filler fluid to the mixing zone,
comprising: a mixing tank for agitated mixture of carbon black and carrier
liquid, having a discharge port for discharging a mixture fluid; a colloid
mill for dispersing carbon black in the carrier liquid to form a dispersion
fluid, having an intake port in fluid communication with the discharge port
of the mixing tank and an outlet port for discharging the dispersion fluid;
and an homogenizer for more finely dispersing the carbon black in the
carrier liquid to form the carbon black slung, having an inlet port in
fluid communication   2 6 JUN 2002 - 137  with the discharge port of the
colloid mill and an exit port for passing carbon black slurry to the means
for feeding particulate filter fluid to the mixing zone. 64. An elastomer
composite comprising elastomer in r~rhich particulate filIe~chas been
dispersed by. feeding a continuous flow of fast fluid cortaprising
elastomer latex to a mixing zone of a coagulum reactor defining an elongate
coagulum zone extending from the mixing Zone to a discharge eand; foeding a
continuous flow of second fluid comprising par4iculate fillear under
pressure to the mixing 2oae of the coagulum reactor to form a mixture with
the elastomer latex, the mixture passing as a continuous flvw to the
discharge end and the particulate filler being et~ective to coagulate ~ the
elastomer latex) wherein feeding of tlae second fluid agai;t~st the
eIastomer latex within the mixing zone is su~ciently e~ne~rgctic to
substantially completely coagulate the elastorner latex with the
particulate fillerprior to the discharge end; and dischargizrg a
substantially coatvauotts flow of elastomer composite from. the discharge
end of the coaguluta reactor. 61. An elastomer composite comprising
particulate f~Iler finely dispersed. in elastomer, formed by a continuous
flow method comprisiztg the steps of A) establishing a continuous,
semi-confined flow of mixod elastomet latex and particulate filler under
pressure in a coagulum r~ea~ctor forming an elongate coaguIum zone
extending with progressively increasing cross sectional area from an entry
end to a discharge end, by simultaneously   2 6 JUN 2002 -138 (i) feeding
elastomer latex fluid continuously to a mixing zone at the entry end of the
coagulum reactor, and (ii) entraining the elastomer latex fluid into
particulate filler fluid by feeding the particulate filler fluid as a
continuous jet into the mixing zone; and B) discharpng from the discharge
end of the coagulum reactor a substantially constant flow of elastomer
masts batch globules concurrently with feeding of the fluid streams in
accordance with steps A(i) and A('a). 62. An elastomer composite formed by
a continuous flow method comprising the steps of A) establishing a
continuous semi-confined flow of mixed natural rubber latex and carbon
black in a coagulum reactor forming a generally tubular coagulum zone
extending with progressively increasing cross-sectional area from an entry
end to an open discharge end, by simultaneously (i) feeding a liquid stream
of the natural rubber latex continuously to 



a mixing zone at the entry end of the coagulum reactor, and (ii) entraining
the natural rubber latex continuously into a liquid slurry of the carbon
black by feeding the liquid slurry as a continuous jet into the mixing
zone; and B) simultaneously discharging elastomer composite globules from
the discharge end of the coagulum reactor.   2 6 JUN 2002 -139 63. An
elastomer composite formed by a continuous flow method comprising the
following steps: preparing a particulate filler fluid by high energy
dispersion of the particulate filler into aqueous liquid in a homogenizer;
and establishing a continuous, semi-cor~firrod flow of mixed natural rubber
latex and particulate filler in a coagulum reactor forming a mixing zone
and a generally tubular coagulum zone extending with progressively
increasing cross-sectional area from the mixing zone to a discharge end by
simultaneously (i) feeding a liquid stream of the natural rubber latex at
less than 10 feet per second continuously to a mixing zone defined by a mix
head in sealed fluid communication with a coagulum zone extender, the
mixing zone extending coaxially with the coagulum zone, and (ii) entraining
the natural rubber latex coritirwously into the particulate filler fluid by
feeding the particulate filler fluid into the mixing zone through a feed
tube substantially coaxial with the coagulum zone, the ,particulate filler
fluid exiting the feed tube at a velocity of 200 to 500 feet per second;
simultaneously and continuously discharging from the discharge end of the
coagulum reactor globules of the elastomer composite in which coagulation
of the natural rubber latex by the particulate filler is substantially
complete; and simultaneously and continuously drying and pelletizing
globules discharged from the coagulum reactor.   2 6 JUN 200Z -140 64. An
elastomer composite comprising particulate filler dispersed in elastomer)
the macro-dispersion D(%) of the partiwlate filler in the elastomer
composite being less than 0.2% undispersed area. 65. The elastomer
composite of claim 64 wherein the particulate filler is carbon black,
silicon coated carbon black, silicon treated carbon black, fumed silica,
precipitated silica or a mixture of any of them. 66. The elastomer
composite of claim 64 wherein the elastomer is natural rubber, a
chlorinated derivative of natural rubber, or a homopolymer, copolymer or
terpolymer of butadiene, styrene, isoprene, isobutylene) 3,3-diallcyl-1,
3-butadiene where the alkyl goup is C 1 to C3 alkyl, acrylonitrile,
ethylene or propylene. 67. An elastomer composite comprising at least 30
phr particulate filler dispersed in elastomer, the particulate filler being
selected from carbon black, silicon coated carbon black, silicon treated
carbon black, fumed silica, precipitated silica or a mixture of any of them
and the elastomer being selected from natural rubber, or a homopolymer,
copolymer 



or terpolymer of butadiene, styrene, isoprene) isobutylene, 3,3-dialkyl-1,
3-butadiene where the alkyl goup is C 1 to C3 alkyl, acrylonitrile,
ethylene or propylene, wherein macro-dispersion D(%) of the partica~late
filler in the elastomer composite being less than 0.2% undispersed area.
2 6 JUN 2002 -141 68. The elastomer composite of claim 67 further
comprising at least one additive selected from antizonants, antioxidants,
plasticizers, processing aids, resins, flame retardants, extender oils,
lubricants, and mixtures of any of them. 69. The elastomer composite of
claim 67 wherein the macro-dispersion D(%) is less than .1% undispersed
area. 70. An elastomer composite comprising natural rubber and 30 to 75 phr
carbon black having structure and surface area ratio DBPA: CTAB less than
1.2, having macro dispersion D(%) no greater than 0.3%. 71. The elastomer
composite of claim 70 wherein the carbon black has stricture and surface
area ratio DBPA: CTAB less than 1.0. 72. An elastomer composite comprising
carbon black dispersed in natural rubber, the macro-dispersion D(%) of.the
carbon black in the elastomer composite being less than 0.2% undispersed
area. 73. The elastomer composite of claim 72 wherein the macro-dispersion
D(%) of the carbon black in elastomer composite, measured as percent
undispersed area for defects larger than 10 microns, is less than .1%.   2
6 J U N 2002 -142 74. The elastomer composite of claim 72 wherein the
elastomer composite is unwlcanized and the MW,e, (weight average) of the
elastomer composite is at least .45 x 106. 75. The elastomer composite of
claim 72 wherein the carbon black has surface area CTAB greater than 45.
76. The elastomer composite of claim 72 wherein the elastomer composite
comprises at least 30 phr carbon black. 77. The elastomer composite of
claim 72 further comprising from 0 to 20 phr extender oil. 78. An elastomer
composite comprising carbon black dispersed in natural rubber) the carbon
black having structure and surface area properties of Region I of Fig. 8,
wherein the elastomer composite has MW,~ and macro-dispersion D(%) in the
area below line 101 in Fig. 10. 79. An elastomer composite comprising
carbon black dispersed in natural rubber, the carbon black having structure
and surface area properties of Region II of Fig. 8, wherein the elastomer
composite has MW,e, and macro-dispersion D(%) in the area below line 111 in
Fig. 11.   Z 6 JUN 2002 -143 80. An efastomer composite comprising carbon
black dispersed in natural rubber, the 



carbon black having structure and surface area properties of Region III of
Fig. 8, wherein the elastomer composite has MW,o, and n~acx~o-dispersion
D(%? in the area below Line 121 in Fig. 12. 81. An elastomer composite
comprising natural rubber) 30 to 75 phr carbon black having surface area of
CTAB from 45 to less than 250 and 0 to 20 phr extender oil, the elastomer
composite having macro-dispersion D(%) of the carbon black in the natural
rubber, as follows: (1) D(%) S .2% when MW,o, s .45 x 106; and (ii) log (D)
s Iog (0.2) + 2.0 x~(MW,a, - 0.45 x 106) x 10~ when .45 x 106 < MW,o, < 1.1
x 106. 82. An elastomer composite comprising natural rubber) 30 to 75 phr
carbon black having s<uface area of CTAB of 45 to 250 and struch~re of DBPA
(ccJ 100g) Less than 110 where CTAB is greater than 65 and less than 250,
and DBPA less than 80 + 1.6 (CTAB -45) where CTAB is from 45 to less than
65, and 0 to 20 phr extender oil, the elastomer composite having
macro-dispersion D(%) of the carbon black in the natural rubber, as
follows: (1) D(%) < 1.0% when MW,o, is less than 0.7 x 106; and (ii) log
(D) < log 1.0 + 2.5 x (MW,o, - 0.7 x 106) x 10'i when 0.7 x 106 < MW,o, <
1.1 x 106.   2 6 JUN 2DOZ -144 83. An elastomer composite comprising
natural rubber) 30 to 70 phr carbon black having structure DBPA rom 110 to
less than 80 + 1.6 (CTAB - 45)) and surface area of CTAB greater than 65
and less than 250, and 0 to 20 phr extender oil) the elastomer composite
having macro-dispersion D(%) of the carbon black in the natural rubber, as
follows: (i) D < 0.3% when MW,o, is less than .35 x 106; and (ii) log (D) <
log x (0.3) + 2.8 (MW,o, - .35 x 106) x 10~ when .3 5 x 106 < MW,d < 1.1 x
106. 84. An elastomer composite comprising natural rubber and 40 to 70 phr
carbon black having structure DBPA (cch 00g) from 80 + 1.6 (CTAB - 45) to
160, and surface area CTAB from 45 to less than 90, and 0 to 20 phr
extender oil, the elastomer composite having macro-dispersion D(%) of the
carbon black in the natural rubber as follows: (i) D(%) < 0.1 when MW,~ is
less than 0.35 x 106; and (ii) log (D) < tog (o.l) + 2.o x (Mw,o, - 0.3o x
106) x 10'6 when 0.3 x 106 < MW,o, < 1.1 x 106. 85. An elastomer composite
comprising natural rubber, 30 to 70 phr SZ'ERLiTIG 6740 carbon black, and 0
to 20 phr extender oil, the elastomer composite having macro dispersion
D(%) of the carbon black in the natural rubber, as follows: C) D(%) < 0.1%
when MW,o, is less than 0.3 x 106; and   2 6 JUN 2002 -145 (ii) log (D) <
log (0.1 ) + 2.0 x (MW,o, - 0.3 x 106) x 10~ when 0.3 x 106 < MW,o, < 1.1 x
106. 86. An elastomer composite comprising natural rubber) 30 to 70 phr
N234 carbon black, and 0 to 20 phr extender oil, the elastomer composite
having m,aa~o-dispersion 



D(%) of the carbon black in the natural rubber, as follows: (i) D(%) < 0.3%
when MW,a, is less than 0.35 x 106; and (ii) log (D) < log x (0.3) + 2.8
(MW,o, - 0.35 x 106) x 10~ when 0.3 5 x 106 < MW,d < 1.1 x 106. 87. An
elastomer composite comprising natural rubber, 30 to 70 phr N110 carbon
black, and 0 to 20 phr extender oil, the elastomer composite having
macro-dispersion D(%) of the carbon black in the natural rubber as follows:
(i) D(%) < 0.5% when MW,o,,is less than 0.35 x 106; and (ii) log (D) < log
(0.5) + 2.5 x (MW,o, - 0.35 x 106) x 10'i when 0.35 x 106 < MW,a < 1.1 x
106. 88. An elastomer composite comprising natural rubber) 30 to 70 phr
N326 carbon black, and 0 to 20 phr extender oil) the elastomer composite
having macro-dispersion D(%) of the carbon black in the natural rubber as
follows:   2 6 JUN 2002 -146 (i) D(%) < 1.0% when MW,o, (weight average) is
less than 0.7 x 106; and (n) log (D) < log ( 1.0) + 2.5 x (MW,, - 0.7 x
106) x 10' when 0.7 x 106 < MW,o, < 1.1 x 106. 89. An elastomer composite
comprising nattual robber, 30 to 70 phr BLACK PEARL  800 carbon black, and
0 to 20 phr extends oil, the elastomer composite having macro dispersion
D(%) of the carbon black in the natural as follows: (i) D(%) < 1.5% when
MW,o, is less than 0.65 x 106; and (ii) log (D) < tog (l.s) + 2.s x (Mwa, -
o.ss x 1o6) x io~ when 0.65 x 106 < MW,o, < 1.1 x 106. 90. An elastomer
composite comprising natural rubber) 30 to 70 phr REGAL  660 carbon black,
and 0 to 20 phr extender oil, the elastomer composite having macro
dispersion D(%) of the carbon black in the natural rubber as foDows: (1)
D(%) < 1.0% when MW,o, is less than 0.6 x 106; and (ii) log (D) < log (
1.0) + 2.5 x (MW,~, - 0.6 x 106) x 10~  when 0.6 x 106 < MW,d < 1.1 x 106.
91. An elastomer composite comprising natural rubber, 30 to 70 phr REGAL
250 carbon black, and 0 to 20 phr extender oil, the elastomer composite
having macro dispersion D(%) of the carbon black in the natural rubber as
follows:   2 6 JUN 2D02 -m ~ (i) D(%) < 1.0% when MW,o, is less than 0.6 x
106; and (ii) log (D) < log (1.0) + 2.5 x (MW,o, - 0.6 x 10s) x 10~ when
0.6 x 106 < ~~ < 1.1 x 10s. 92. An elastomer composite comprising natural
rubber, 30 to 70 phr N330 carbon black, and 0 to 20 phr extender oil, the
elastomer composite having macro-dispersion D(%) of the carbon black in the
natural rubber as follows: (1) D(%) < 1.0% when MW,o, is less than 0.6 x
106; and (ii) log (D) < log (1.0) + 2.5 x (MW,o, - 0.6 x 106) x 10~ when
0.6 x 10s < MW,o, < 1.1 x 106. 



93. An elastomer composite comprising natural rubber, 30 to 70 phr N351
carbon black, and 0 to 20 phr extender oil, the elastomer composite having
macro-dispersion D(%) of the carbon black in the natural rubber as follows:
(i) D(%) < 0.3% when MW,o, is less than 0.55 x 10s; and (ii) log (D) < log
(0.3) + 2.0 x (MW,o, - 0.55 x 106) x 10's when 0.55 x 106 < MW,a, < 1.1 x
10s. ' 94. An elastomer composite comprising natural rubber, 30 to 70 phr
particulate filler comprising a blend of carbon black and silica, and 0 to
20 phr extender oil, the elastomer   2 6 JUN 2UU2 -148 composite having
macro-dispersion D(%) of the particulate filler in the natural robber as
follows: (i) D(%) < 0.8% when MW,o, is less than 0.5 x 106; and (ii) log
(D) < log (0.8) + 2.2 x (MW,o, - 0.5 x 106) x 10'6 when 0.5 x 106 < MW,o, <
1.1 x 106. 95. The elastotner composite of claim 94 wherein the particulate
filler comprises at least about 60% carbon black. 96. An elastomer
composite comprising natural rubber, 30 to .70 phr silicon-treated carbon
black, and 0 to 20 phr extender oil) the elastomer composite having
macrodispersion D(%) of the silicon-treated carbon black in the natural
rubber as follows: (1) D(%) < 1.0% when MW,o, is less than 0.4 x 106; and
(ii) , log (D) < log ( 1.0) + 2.0 x (MW,o, - 0.4 x 106) x 10'6 when 0.4 x
106 < MW,~ < 1.1 x 106. 97. A wlcanizate comprising carbon black dispersed
in natural rubber, the macrodispersion D(%) of the carbon black in the
elastomer composite being less than 0.2%. 98. A vulcanizate of claim 97
wherein the macro-dispersion D(%) of the carbon black in the elastomer
composite is less than 0.1%.   2 6 JUN 2002 -149 99. Cured elastomer
composite in accordance with any of claims 60 to 98. 100. Tire tread
comprising cured elastomer composite in accordance with claim 99. 101. Tire
sub-tread comprising cured elastomer composite in accordance with claim 99.
102. Wire-skim for a tire comprising dastomer composite in accordance with
claim 99. 103. Tire sidewall comprising elastomer composite in accordance
with claim 99. 104. Cushion gum for a re-tread tire, comprising elastomer
composite in accordance with claim 99. 105. A rubber component of an engine
mount, comprising elastomer composite in accordance with claim 99. 106.
Tank track comprising elastomer composite in accordance with claim 99. 107.
Iv>sning belt, comprising elastomer composite in accordance with claim 99.
108. A rubber component of a hydro-mount comprising elastomer composite in
accordance with claim 99.   2 6 JUN 2002 - 150  l09. A bridge bearing
comprising elastomer composite in accordance with claim 99. 110. A seismic
isolator comprising elastomer composite in accordance with claim 99. 111.
Cured elastomer composite in accordance with any of claims 60 to 98 having
a crack growth rate measured in accordance with AST1VI D3629-94 no more
than 1.20cm 



/ nullion cycles. 112. A wlcanizate having a crack growth rate measured in
accordance with ASTM D3629-94 of no more than about 1.20 crn / million
cycles. 113. A method ofproducing elastomer composite, comprising: feeding
a flow of first fluid comprising elastomer latex to. a mixing Zone of a
coagulum reactor defuoing an elongate coagulum zone extending $om. the
mixing zone to a discharge end:, feeding a continuous flow of second fluid
comprisingpartieulate filler under pressure to the mixing Zone of the
coagulurn reactor to form. a mixture with the elastoxner latex, the
trux~ture passing as a continuous flow to the disc3~arge end and the
paurbiculate filler being effective to coagulate the elastomer Latex,
w>zerein feeding of the second fluid against the elastomer latex within the
mixing zonc is su~ciently energetic to substantially
conzpldtelycoagulatethe elastomerlatex withthepattieulaxe fillerprio~ttothe
discharge e,~d; and discharging a flow of elastomer composite from the
discharge end of the coagulum reactor.
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