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PCTIUS98I20279 * 166166* ~ 2 7 MAR 2002 ELASTOMER COMPOSITE BLENDS AND METH
DS FOR PRODUCING THEM "G00002'" ' I 5 The present invention is directed to
novel methods for producing elastomer composite blends and to novel
elastomer composite to blends produced using such methods. More
particularly, the invention is directed to methods for producing elastomer
composite blends having particulate filler finely dispersed in elastomer,
and to elastomer composite blends such as curative-free compositions,
curative-bearing 10 compositions, and vulcanized rubber materials end
products formed of such compositions. Background Numerous products of
commercial significance are formed of elastomeric compositions wherein
particulate filler is dispersed in any of various synthetic 15 elastomers,
natural rubber or elastomer blends. Car 'on black, for example, is widely
used as a reinforcing agent in natural rubber and o er elastomers. It is
common to produce a masterbatch, that is, a premixture of fille , elastomer
and various optional additives, such as extender oil, and then in some
cas~s to blend such masterbatch with additional elastomer in a subsequent
mixing step Carbon black masterbatch is 20 prepared with different grades
of commercially avail ble carbon black which vary both in surface area per
unit weight and in "structure." umerous products of commercial significance
are formed of such elastomeric compos.'tions of carbon black particulate
filler dispersed in natural rubber. Such products i clude) for example,
vehicle tires SU85T1TUTE SHEET (I~tULE 25)   5 10 15 WO 99/16600
PCTNS98/20279 2 7 MAR 1002 wherein different elastomeric compositions may ;
be used for the tread portion, sidewails) wire skim and carcass. Other
products include, for example) engine mount bushings, conveyor belts,
windshield wipers and a 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 manufacturing techniques. In
particular, it is known for example that macro-ispersion 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 intensive mixing) with the consequent
disad manufacturing time, and similar concerns. For area and structure
characteristics, dispersion possible or commercially practicable using
known In addition, such prolonged or more intensive mixi disruption of the
polymeric chains of the natural requires longer or more of increased energy
costs, black fillers of certain surface hd a certain degree has not been
ing apparatus and techniques. degrades the natural rubber by elastomer, and
so reduces its molecular weight, rendering the finished elastome 20
applications. For use in tire tread) for example) to cause an undesirable
increase in the so-called It is well known to employ carbon blacks compound
undesirable for certain molecular weight is known resistance of the tire.
higher or lower structure and surface area to manipulate the performance
characteristics of an elastomeric composition. Carbon blacks of higher
surface area ~d lower structure are known to _ Blends-CIP 2 i SUBSTITUTE
SHEET ( ULE 26) 0   WO 99I16600 2 7 MAR 0~2 pCT/US98120279 improve crack
growth resistance and cut-and-chips resistance~as well as, generally, 5 10
abrasion resistance, and other performance qualities. Commercially
availabie mixing techniques have been unable to achieve excellent
uniformiry 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 1q phr, low structure carbon
blacks) such as carbon blacks of DBPA less than 1 lOcc/ 1 area above about
45m2/g to 65ni /g (CTAB), it compounds having less than about 1 %
undispersed dispersion) as described below) regardless of the Furthermore,
while theoretical analysis has in certain performance characteristics of
particularly those having surface not been possible to achieve black
(measured as macro and intensity level of mixing. desirable improvements
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 15 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 I increase as the particle size of the carbon
black decreases. However, with extremely fine carbon blacks an anomalous
condition is 20 expected improvement in properties is not least in pan to
the inability of conventional adequately disperse the carbon black in the
natural of the elastomer polymer. There has been) to be encountered) in
which the This is understood to be due at compounding methods to without
undue breakdown consequent inability to take full Blends-CIP 3 SUBSTITUTE
SHEE"t (RULE 2fi)   WO 99/16600 PCT/US98/20279 2 7 MAR 2002 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 recognized for some time as one
of the most important objectives for achieving good 5 10 15 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 (accomplised by dispersive mixing)
uniformly separated from each other surfaces of all the carbon black
aggregates ishedj by distributive mixing), with the (usually referred to as
incorporation). Common problems in the rubber industry macro-dispersion can
be classified into four major surface defects, surface appearance and
performance and durability of a carbon y wetted by the rubber matrix ch are
often related to poor dories: product performance, efficiency. The
functional rubber formulation, such as tensile strength, fatigue life and
wear resistance, ark affected substantially by macro dispersion quality.
Undispersed carbon black can also cause surface defects on finished 20
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.
A commercial image analyzer such as the IB S Compact model image analyzer
available from Kontron Electronik GmbH (Munich, 'Germany) can be used to
measure Blebs-CIP    WO 99I16600 2 7 MAR ~~~Z PCTNS98/20279 other filler,
as well as any grit or other contaminants ~ which can affect both visual
and 5 functional performance. Thus, measuring macro-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 a*amined using an image analysis procedure. Macro-dispersion D(%)
is calculated as~follows: IO 15 macro-dispersion of carbon black or other
filler. dispersion tests used in the rubber industry) the Defects larger
than about 10 microns in size % Undispersed area (%) - _ A ~i ~ Ni n D' 4 i
where Am = Total sample surface area examined ! N; = Number of defects with
size D, i D; = Diameter of circle having the same are as that of the defect
(equivalent circle diameter). m = number of images ly, in quantitative
macro cut-off size is 10 microns. consist of undispersed black or
Macro-dispersion of carbon black or other f>jIler in uncured natural rubber
or 20 other suitable elastomer can be assessed using imag~ analysis of cut
surface samples. Typically, five to ten arbitrarily selected optical i
image analysis. Knife marks and the like filtering technique. Cut surface
image analysis thus carbon black dispersion quality inside a natural
percent undispersed area D(%) indicates carbon macro-dispersion quality is
degraded, percent are taken of the cut surface for are removed using a
numerical information regarding the compound. Specifically)
macro-dispersion quality. As area increases. Dispersion Blends-CIP I 5 !
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PCTNS98/20279 patent 4,029,633 to Hagopian et al) which like they present
invention is assigned to Cabot Corporation, a continuous process for the is
described. An aqueous slurry of carbon black is or synthetic elastomer
latex. This mixture underl 5 optionally using any of various known creaming
the carbon black/latex mixture, it is subjected to a of elastomer
masterbatch and mixed with a natural a so-called creaming operation,
Following the creaming of ion 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 stre~tn
of creamed carbon black/latex mixture is said to undergo shearing and
atomizing bye the stream of coagulating liquor 10 prior to coagulation,
being then passed to a suitable ruction zone for completion of the
coagulation. Following such coagulation step, t~e remainder of the process
is substantially conventional, involving separation of t)~e crumb from the
waste product "serum" and washing and drying of the crumb. I A somewhat
similar process is described in U.S. patent 3,048,559 to Heller et al. Ajn
aqueous slurry of carbon black 15 is continuously blended with a stream-of
natural or synthetic elastomer or latex. The two streams are mixed under
conditions describe as involving violent hydraulic turbulence and impact.
As in the case of the the combined stream of carbon black slurry and
coagulated by the addition of an acid or salt 20 There has long been a need
in various particulate filler dispersed in suitable elastomer ha
especially) for example, carbon black dispersed in ~ elastomer. As
discussed above, improved correspondingly improved aesthetic and functional
Blends-CIP 7 I SUBST1ME SHEET ( ul~ zs~ et al patent mentioned above) latex
is subsequently solution. for elastomeric compounds of improved
macro-dispersion, ~ rubber blended with another lion can provide Especially
desirable a   WO 99I16600 PCTIUS98/20:79 2 7 MAR 2 ~ 02 are new eiastomeric
compounds of carbon black a blend of natural rubber and synthetic
elastomer, wherein improved macro-dis rsion is achieved together with
higher molecular weight of the natural rubber. It is object of the present
invention to meet some or all of these long felt needs. 5 In accordance
with a first aspect, a method f~r preparing elastomer composite blends
comprises first preparing elastomer masterbatch by feeding simultaneously a
particulate filler fluid and an elastomer latex fluid ; to a mixing zone of
a coagulum reactor. Preferably, the coagulum reactor has an elo gate
coagulum zone extends from 10 the mixing zone, most preferably having a
progressi ely increasing cross-sectional area in the downstream direction
toward a discharge et~d of the coagulum reactor. The elastomer latex may be
either natural or synthetic and the particulate filler fluid comprises
carbon black or other particulate filler eff ctive to coagulate the latex.
The particulate filler fluid is, fed to the mixing zone referably as a
continuous, high 15 velocity jet of injected fluid, while the latex fluid
is ed at low velocity. The velocity) flow rate and particulate
concentration of the particulate filler fluid are sufficient to cause
mixture with high shear of the latex fluid a Id flow turbulence of the
mixture within at least an upstream portion of the coa lum zone so as to
substantially completely coagulate the elastomer latex with a particulate
filler prior to the 20 discharge end. Substantially complete coagulation c
thus be achieved, in accordance with preferred embodiments, without the
need of em~loying an acid or salt coagulation agent. The coagulated product
of such wet g step then is dry mixed with additional elastomer to form an
elastomer composi blend. Such additional elastomer Blends-C1P i 8
SUBSTITUTE SHEET (i~UI.E 25)   WO 99/16600 2 7 MAR i 2~~2 PCTIUS98/20279
may be the same as, or different from, the used' in the wet mixing step.
Optionally, additional filler can be added during the airy mixing step.
Such additional filler can be the same as, or different from, the
particulate filler used in the wet mixing step. 5 In accordance with yet
another aspect, elastort~er composite blends are provided as a product of
the process disclosed here. In accordance with preferred embodiments, novel
elastomer composite blends are provided hav g macro-dispersion level of the
particulate filler, molecular weight of the elastomer~ particulate loading
level) choice of particulate filler (including, for example, carbon t~lack
fillers of exceptionally high 10 surface area and low structure) andlor
other charac~eristics not previously achieved. In that regard, preferred
elastomer composite blen s disclosed here have excellent macro-dispersion,
even of certain fillers) such as cakbon blacks having a structure to Hr 'S
surface area ratio DBP: CTAB less than 1.2 and evdn less than 1, in
elastomers such ~` as natural rubber, etc. with little or no degradation of
the molecular weight of the 15 elastomer. In accordance with yet other
aspects of the invention, intermediate products are provided as well as
final ,products which are fotmed of the elastomer composite blends produced
by the method disclosed here. Macro-dispersion here means the
macro-dispersion D( %a ) of the particulate filler mea~ured as percent
undispersed area for defects larger than 10 microns. In elastomer composite
blends disclosed here 20 comprising natural rubber, the molecular weight o~
the natural rubber) that is, the MW~, (weight average) of the sol portion,
preferabl,~ is at least about 300,000, more preferably at least about
400,000) being in certain preferred embodiments between 400,000 and
900,000. The elastomer composite ble~ds optionally comprise extender oil,
such as about 0 to 20 phr, more preferably about 0 to 10 phr extender oil,
and/or Blends-CIP i sues sHesr (~,~ 2s) a   5 10 WO 99I16600 PCT/US98I20279
~ 7 MAR 002 other ingredients such as are well known for optio$~al use in
compounding natural rubber and/or other elastomers with carbon black ' /or
other fillers. As discussed further below in connection with certain
preferred d exemplary embodiments ) the novel elastomer composite blends
disclosed here can rovide highly desirable physical properties and
performance characteristics. Accor ingly) the invention presents a
significant technological advance. These and other aspects and advantages
invention will be further understood in view of the certain preferred
embodiments. detailed discussion of The following discussion of certain
preferred dmbodiments will make reference 15 20 to the appended drawings
wherein: Fig. 1 is a schematic flow chart illustration ~f the apparatus and
method for preparing elastomer masterbatch in accordance with ertain
preferred embodiments; Fig. 2 is an elevation view, partly schematic, of a
preferred embodiment consistent with the schematic flow chart illustration
f Fig. 1; Fig. 3 is an elevation view) partially schem tic, of an
alternative preferred embodiment consistent with the schematic flow Fig. 4
is an elevation view) partially in reactor assembly of the embodiment of
Fig. 3; Fig. 5 is an elevation view, partially in Fig. 4, illustrating an
alternative preferred Fig. 6 is a section view taken through line various
embodiments of the illustration of Fig. 1; of the mix head/coagulum
corresponding to the view of of Fig. 5; Blends-CIP 10 SUBSTITUTE SHEET (
ULE 26)   WO 99I16600 ~ PCTNS98/20279 2 7 M R 2002 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 anc~ structure properties (CTAB
and DBPA) of carbon blacks employed in certain; highly preferred
masterbatch .._ 5 compositions in accordance with the present 



Figs. 9 - 25 are graphs showing the weight and/or other characteristics of
novel a this invention comprising carbon blacks shown in natural rubber
molecular composites in accordance with 8, in some cases along with data
relating to control samples for comparison, exemplifjting the significant
improvements 10 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 i carbon blacks
(by such morphological properties) i which are suitable for specific 15
product applications; and  Figs. 30 and 31 are graphs showing the
ma~ro-dispersion and natural rubber molecular weight of novel elastomer
composites ir>; accordance with this invention, along with control samples
for comparison. It should be understood that the appended drawings are not
necessarily precisely 20 to scale. Certain features may have been enlargeql
or reduced for convenience or clarity of illustration. Directional
references used in rEhe following discussion are based on the orientation
of components illustrated in the drawings unless otherwise stated or
otherwise clear from the context. In general, appa~tus in accordance with
different embodiments of the invention can be employed in l~arious
arrangements. It will be _ Blends-CIP ti sues sNe~r t u~ zs)   W099/16600 '
7 M~,~ ?~~2 PCTNS98/20279 within the ability of those skilled in the art)
given tl~e benefit of the present dtsclvsttrr, to determine appropriate
dimensions and employing routine technical skills and taking into to the
intended application, such as desired 5 duty cycle, and the like. Reference
numbers used drawings for the same feature or element. for apparatus of the
invention well-known factors particular ion volumes, material selection)
one drawing may be used in other By virtue of the method and apparatus
disFlosed here) eIastomer composite blends are produced, comprising (i)
elastomer masferbatch produced in a continuous 10 flow process involving
mixture of elastomer latqx and particulate filler fluids at turbulence
levels and flow control conditions sufficient to achieve coaeulation even
without use of traditional coagulating agents, and (ii) additional
elastomer added to I such elastomer masterbatch in a dry mixing step i In
fact, it will be immediately recognized to be of great commercial benefit:
(A) that elastomer masterbatch crumb 15 is achieved, that is, coagulated
latex is achieved in accordance with the "wet mixing" step of the present
method, without the need for dither intensive dry mastication of elastomer
with filler or exposing a liquid latexlpart~culate composition to a stream
or tank of coagulant, and (B) that elastomer composite blend is then
achieved by the "dry mixing" step involving dry mixing such masterbatcl~
with additional elastomer. Thus, 20 in routine cotttmercial implementation
the cost aid complexity of employing acid coagulation solutions can be
avoided. Prior techni ues involving premixing of latex and particulate,
such as in the above-mentioned Hel er et al patent and Hagopian et al
patent do not even recognize the possibility of achidving coagulation
without exposing il Bleeds-C1P 12 I I SUBSTtTUTE SHEET (1~ULE 26)   WO
99/l6600 ~ PCT/US98/20:79 ? 7 MAR 2002 the latex/particulate mixture to the
usual coagulant so~ution with its attendant cost and waste disposal
disadvantages. Advantageous flexibility is achieved by the vWet/dry mixing
method disclosed here for making elastomer composite blend. In particular,
flexibility is provided as to 5 the choice of elastomer(s) employed in the
fluid or "~et mixing" step and in the choice of elastomer(s) used in the
subsequent "dry mixing ~ step. The same elastomer (or mixture of
elastomers) can be used in the wet and dtjy mixing steps or, alternatively,
10 15 20 different elastomers can be used in any suitable relative weight
proportion. Further flexibility is provided in that additional filler may
opjtionally be added during the dry mix step. Such additional filler can be
the same as ;or different from the particulate filler used m the wet mixing
step. Advantageously, in preferred embodiments of the method disclosed
here, the excellent macro-dispersion of particulate filler achieved in the
elastomer masterbatch produced by the wet mi~Cing step is maintained or
even further improved in the subsequent dry mixing step. .Without wishing
to be bound by theory ) it presently is understood that) at least in
certain preferred embodiments, a mufti-phase elastomer composite blend is
produced by the wet/dry method disclosed here. That is, although difficult
to identify or observe using techniques currently in general use in the
elastomer industry, the elastomer composite blend is understood to comprise
at lease one elastomer phase produced daring the wet mixing step and a
subsequent elastomer phase produced during the cry mixing step. The degree
of intermingling of the two phases and the degree to which boundary layers
between the two phases are more or less distinct will depend ot>i numerous
factors including) for example, the mutual affinity of the elastomer of the
v(!et mixing step and that of the dry mixing step, the level of particulate
loading, the dhoice of particulate fillers) and Blends-CIP 13 SU8ST1ME
SHEET tt!fULE 26)   WO 99I16600 2 7 MA 2002 PCT/LS98/20279 whether
additional filler was added during the dry;mixing step, the relative weight
proportion of the wet mixing step elastomer and thd dry mixing step
elastomer) etc. The advantageous flexibility afforded by they present
invention, and its use to 5 IO 15 better control distribution of filler
between two elastomer phases in an elastomer composite blend is seen m the
example pf an eiastomer composite blend comprising natural rubber,
butadiene rubber (referred in this discussion, in some instances, as "BR")
and carbon black filler. For certain applications it is preferred to
portion of the carbon black will migrate into the BR phase, due to its
affinity for the have the carbon black filler primarily in the natural
rubber phase of the elastomer composite blend. In accordance with prior
known dry/dry mixing techniques, the carbon black can be mixed with the
natural rubber using a dry mixing technique, followed by the addition and
further dry mixing ofl BR. A disadvantageously large BR phase and the less
than desirable macro-dispersion of the carbon black in the natural rubber
phase. In comparison, improved performance properties of comparable
elastomer composite blends prepared by the wetld~y mixing method disclosed
here indicate that more of the carbon black is retained in tie natural
rubber phase when the carbon black is mixed with the natural rubber in the
;initial wet mixing step, followed by the addition of BR in a subsequent
dry mixing 



In accordance with the wet mixing step of the I,method disclosed here) feed
rates 20 of latex fluid and particulate filler fluid to the mixingjzone of
the coagulum reactor can be precisely metered to achieve high yield rates,i
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 lis understood that a quasi-mono 14 phase system is
established in the mixing zone exce~t that coagulum solids are being
Blends-C1P ~u~ is suesmu~ sHelz t ) i a   WO 991166d0 ~ 7 MAR ZOOT
PCTlUS981202?9 formed there andlor downstream thereof in the coa~ulum zone.
Extremely high feed velocity of the particulate flIler fluid into the mixin
I zone of the coagulum reactor and velocity differential relative the latex
fluid feed pare believed to be significant in achieving sufficient
turbulence, i.e., sufficiently $nergetic shear of the latex by the 5 impact
of the particulate filler fluid jet for thoro~gh mixing and dispersion of
the particulate into the latex fluid and coagulation. Nigh 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. The particulate filler fluid and elastomer latex are
fed preferably continuously, meaning that an ongoing I 10 flow of
coagulated masterbatch is established from the mixing zone to the
discharged end of the coagulum reactor while an uninterrupted flow of the
feed fluids is maintained. Typically, the uninterrupted flow of the feed
fluids and simultaneous discharge of coagulated masterbatch are maintained
for one or mjore hours, preferably, for example. more than 24 hours, and
ever perhaps for a week orlmore. 15 Certain preferred embodiments are
discussed below, of methods and apparatus for producing the novel elastomer
composite blends disclosed here. While various preferred embodiments of the
invention can employ a variety of different fillers and elastomers. certain
portions of the following detailed liescription of method and apparatus
aspects of the invention will, in some instances, forconvenience, describe
masterbatch 20 comprising natural rubber and carbon black. It will l~e
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 here to produce
masterbatch and elastomer composite blends comprising a number of
alternative or additional elastomers, fillers and other materials.; In
brief, preferred methods for Blends-CIP IS sues~urs sHS~ Ru 2s~   WO
99I16600 2 7 MAC 2002 PCT/US98/20279 preparing elastomer masterbatch
involve feeding s ultaneously a slurry of carbon black or other filler and
a natural rubber latex flui~ or other suitable elastomer fluid 10 15 20 to
a mixing zone of a coagulum reactor. A coaguhxm 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,velociry, flow rate and particulate concentration of
the filler slurry are sufficient to ca se 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 coagulajte the
elastomer latex prior to the discharge end. Substantially complete
coagulation can thus be achieved, in accordance with preferred embodiments,
without the need of em loying an acid or salt coagulation agent. The
preferred continuous flow method of prpducing 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
irt; the coagulum zone. Elastomer composite crumb in the form of "worms" or
g~obules 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 carbon bli~ck slurry streams into the mixing zone of the coagulum
reactor. Notably, the plug-type flow and atmospheric or near atmospheric
pressure conditions at the discharge endof 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 mi>~ing zone of the coagulum reactor Blends-CIP 16 SUBSTITUTE SHEET
( uLE 2s) a   WO 99/16600 ? 7 M~.R~ 2002 PCT/US98/20279 can be precisely
metered to achieve high yield rates) with little free latex and little 5 10
15 20 undispersed carbon black 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 coaaulum solids are being formed there and/or downstream
thereof ink the coagulum zone. Extremely high feed velocity of the carbon
black slurry into tie mixing zone of the coagulum reactor and velocity
differential relative the natural rubber latex fluid feed are believed to
be significant in achieving sufficient turbulence,: i.e.) sufficiently
energetic shear of the latex by the impact of the particulate filler f~uid
jet for thorough mixing and dispersion of the particulate into the latex
fluid and coagulation. High mixing energies I yield the novel product with
excellent macro-dispersion, together with controlled product delivery. The
coagulum is created and then The elastomer composite prepared by the and
apparatus is formed into elastomer composite b dry mixing with additional
elastomer. - Thus ) the involving a wet/dry method,. whereas into a
desirable extrudate. wet mixing technique of the invention by subsequent
invention can be described as techniques employed a dryldry method in which
a masterbatch first is formed by dryl, mixing and additional elastomer is
added by further dry mixing. The dry mixing stepl, of the wetJdry mixing
method of the present invention can be carried out with com~ercially
available apparatus and techniques including, for example, Banbury mixe>~s
and the like. The additional elastomer added during the dry mixing step of
the yvet/dry mixing method disclosed here can be one or more elastomers
which are th' same as or different from the elastomer(s) employed to form
the mascerbatch. Oth r ingredients also may be added along with the
additional elastomer during the dry infix step including) for example,
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pCT~S98/20279 extender oil, additional particulate filler, curatives, et~.,
in those embodiments wherein additional particulate filler is added during
the dry ;nixing step such additional filler I can be the same as or
different from the fillers) used ~ in the masterbatch formed by the wet
mixing step. The aforesaid preferred apparatus and techniques for producing
the elastomer 10 15 20 composite blends disclosed here are discussed in i
conjunction with the appended drawings, wherein a continuous flow wet mixin
step for producing elastomer masterbatch employs a continuous,
semi-confined flo 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, preferably with progressively inc' easing
cross-sectional area, from " an entry end to a discharge end. The term
semi-donfxned 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 mixing zone and is open at the
opposite, downstream end of the coagulum reactor, that is, at ~e discharge
end of the coagulum reactor. Turbulence conditions in the upstream pprtion
of the coagulum zone are maintained in on-going, at least Quasi-steady
state fashion concurrently with substantially plug flow-type conditions at
the opet>i 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 pressures and, typically, by simple
gravity drop (optionally within a shrouded or screened flow pith) into
suitable collection means, such as the feed hopper of a de-watering
extruder. Th~s, the semi-confined flow results in a turbulence gradient
extending axially or longitudinally within at least a portion of the 
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presently is understood that the coagulum zone is significant in permitting
high in an upstream portion of the coagulum reactor, discharge flow of a
solid product at the discharge other filler slurry as a continuous jet into
the simultaneously, with ease of collection of the Injection of the carbon
black or zone occurs in on-going fashion 10 15 20 under substantially
plug-type flow conditions and discharge end of the coagulum reactor.
Similarly, mixing and coagulation with substantially plug-type masterbatch
crumb discharged ly ambient pressure at the velocities of the slurry
through the slurry nozzle into the mixing zone and, typically, ati the
upstream end of the coagulum zone are substantially higher than at the
discharge ends. Axial velocity of the slurry will typically be several
hundred feet per second as it enters the mixing zone, preferably from a
small bore, axially oriented feed tube in accord ce with preferred
embodiments discussed below. The axial velocity of the resultant fl w at
the entry end of a coagulum reactor with expanding cross-sectional area in
a typic application may be, for example. ~ to 20 feet per second, and more
usually 7 to 15 feet er second. At the discharge end, in contrast again,
axial velocity of the masterbatch will in a typical application be
approximately 1 to 10 2 to 5 feet per second. Thus, the aforesaid highly
significant advantage that natural rubber or mixture with carbon black or
other filler even in the a stream or tank of acid, salt or other coagulant
product being discharged there per second, and more generally turbulent
flow achieves the elastomer latex is coagulated by of subsequent treatment
in with controlled, preferably quasi-molded product delivery from the
coagulum reactor for subsequent processing. It should be understood in this
regard that re~erence to the coagulum reactor as being "open'' at the
discharge end is not intended ~o mean that the discharge end is Blends-CIP
t9 UBSTTTUTE SHEET (~ULE 26) S   WO 99/16600 ~ 7 ~' ~ ~~~2 PCTlUS98/20279
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 dis~harge end of the coagulum reactor is open in the important
sense that the turbulent flow within the coagulum zone of the 5 coagulum
reactor, which is under high pressure. a~d sealed against any significant
rearward (i.e., upstream) travel at the mixing zone, is g~ermitted to
establish the aforesaid pressure and/or velocity gradient as it travels
towardi and exits from the discharge end. It should also be recognized in
this regard than the turbulence of the flow lessens along the coagulum
reactor toward the discharge end. Substantial plug flow of a solid 10
product is achieved prior to the discharge end. depend;) nt upon such
factors as percent of capacity utilization, selection of materials and the
like; Reference here to the flow being substantially plug flow at or before
the discharge end bf the coagulum reactor should be I understood in light
of the fact that the flow at the discharge end is composed primarily or
entirely of masterbatch crumb, that is, globules orb "worms" of coagulated
elastomer 1~ masterbatch. The crumb is typically quasi-molded td the inside
shape of the coagulum zone at the point along the coagulum zone at which
fl4w became substantially plug flow. The ever-advancing 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 20 end have a fairly uniform velocity, such that they are
,readily collected and controlled for further processing. Thus, the fluid
phase mi ing aspect disclosed here can advantageously be carried out at
steady state or quas -steady state conditions, resulting in high levels of
product uniformity. Blends-CIP .20 ,i _ SU8ST1TUTE SHEET ( , ULE 26)   5 10
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wet mixing tep of the method and apparatus disclosed here is illustrated
schematically in Fig. 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 maxi~um system
through-put capacity and material selection flexibility will influence the
sizei and layout of system components. . In general, such considerations
will be well within the ability of those skilled in the art given the
benefit of the present disclosure. The sys~em 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
held the feed supply of latex under pressure. Alternatively, a latex
storage tank can be i used. equipped with a peristaltic pump or series of
pumps or other suitable feed means adapted to hold elastomer latex fluid to
be fed via feed line 13 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, and
typically about ~ psi~. 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 possi~le. Preferably
a11 flow lines, for example, are smooth, with only large radius turns, if
any, and smooth or faired line-toline interconnections. The pressure is
selected to yiel the desired flow velocity into the mixing zone; an example
of a useful flow velocity s no more than about 12 feet per second.
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synthetic elastomer lances and latex blends. The latex must, of course, be
suttalple for coagulation by the selected particulate filler and must be
suitable for the intendedl purpose or application of the final I rubber
product. It will be within the ability of those] skilled in the art to
select suitable 5 10 15 20 elastomer latex or a suitable blend of elastomer
l~tices 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, isopre'pe, isobutylene,
2,3-dimethyl-1,3 butadiene, acrylonitrile, ethylene, and propylene and ithe
like. The elastomer may have a glass transition temperature (Tg) as
measured bydifferential scanning calorimetry (DSC) ranging from about -120
C to about 0C. Examples include, but are not limited I to,
styrene-butadiene rubber (SBR), natural rubber anc~ its derivatives such as
chlorinated rubber, polybutadiene, polyisoprene, poly(stryene-cp-butadiene)
and the oil extended derivatives of any of them. Blends of any of the
fore~oing may also be used. The latex may be in an aqueous carrier liquid.
hydrocarbon solvent. In any event, the controlled continuous feed at
appropriate velocity, mixing zone. Particular suitable synthetic rubbers 10
to about 70 percent by weight of styrene and weight of butadiene such as
copolymer of 19 parts 



copolymer of 30 parts styrene and 70 parts and 57 parts butadiene and a
copolymer of 50 polymers and copolymers of conjugated dienes
polychloroprene, and the like, and copolymer; nf. the liquid carrier may be
a latex fluid must be suitable for and concentration into the copolymers of
from about about 90 to about 30 percent by and 81 parts butadiene, a a
copolymer of 43 parts styrene styrene and 50 parts butadiene; as
polybutadiene, polyisoprene, conjugated dienes with an Blends-CIP
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monomer styrene, chlorostyrene, acrylonitrile. 2-vinyl-pyridine,
2-vinylpyridine, 2-methyl-5-vinylpyridine, methyl isopropenyl ketone,
methyl vinyl either, 5 esters and amides thereof such as acrylic acid and
lic acid amide. Also suitable for use herein are copolymers of ethylene
anti other high alpha olefins such as propylene, butene-1 and pentene-I.
The additional elastomer added during the dry ;mixing step of the weddry
mixing method disclosed here can employ any elastomer or 10 intended use or
application, including those listed a In accordance with certain preferred
embodiments, wet mixing step is natural rubber latex and the additi mixing
step is butadiene rubber (BR). In such rubber preferably forms the minor
phase or consti 2~~2 PCT/US98/20279 therewith such as styrene. methyl
-2-vinylpvridine, ~-ethyl acrylates) vinyl ketone, lene carboxylic acids
and the of elastomers suitable to the for use in the wet mixing step.
elastomer latex employed in the elastomer employed in the dry embodiments,
the butadiene of the elastomer composite blend. 15 most preferably being
from 10% to 50% by weight ~f total elastomer in the elastomer composite
blend. In accordance with certain other pre~'erred embodiments, the
elastomer latex employed in the wet mixing step is natural rubbed latex and
the additional elastomer employed in the dry mixing step is
styrene-butadiene rubber (SBR). In such preferred embodiments, the SBR
preferably forms the major ph~e or constituent of the elastomer 20
composite blend, most preferably being from 50% td 90% by weight of total
elastomer in the elastomer composite blend. In accord ce with certain other
preferred embodiments, the additional elastomer is natural rubb r. In
accordance with certain other preferred embodiments, the elastomer latex
empioye , in the wet mixing step is butadiene rubber latex and the
additional elastomer emt~loyedin the dry mixing step is SBR. In I
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90% by weight of total elastomer in the elastomer composite blend. In accor
ance with certain other preferred embodiments, the elastomer latex employed
in the we~ mixing step is butadiene rubber latex and the additional
elastomer employed in the dry;mixing step is natural rubber. In such
preferred embodiments, the natural rubber preferably is the minor
constituent or phase of the elastomer composite blend, most preferfably
being from 10% to 50% by weight of total elastomer in the elastomer
composite t~lend. In accordance with certain other preferred embodiments
employing butadiene ru ber latex in the wet mixing step, the additional
elastomer is additional butadiene rubber; In accordance with certain other
10 preferred embodiments, the elastomer latex employed ~n the wet mixing
step is SBR and the additional elastomer is butadiene rubber. In such
preferred embodiments, the butadiene rubber preferably is from 10% to 90%
by. weight of total elastomer in the elastomer composite blend. In
accordance with certain other preferred embodiments, the elastomer latex
employed in the wet mixing step is S>~R and the additional elastomer is 15
natural rubber. In such preferred embodiments. the na~ral rubber preferably
is the major constituent or phase, most preferably being from ~0% to 90% by
weight of total elastomer in the elastomer composite blend. Certain qther
preferred embodiments SBR is employed in both the wet mixing and dry mixing
steps, thus being essentially 100% of the elastomer in the elastomer
composite blend. 20 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 an~ antidegradents. In that regard, it should be understood
that the elastomer composite blends disclosed here include vulcanized
compositions (VR), thermoplastic vu~cani~ates (TPV), thermoplastic
Blends-CIP i SUBSTrfUTE SHEET (i~ULE 26)   10 15 20 the system until it is
entrained into the aforesaid semi-confined turbulent flow upon WO 99/16600
2 7 MAR ~ Z~~2 PCT/US98/20:79 elastomers (TPE) and thermoplastic
polyolefins (TP~). TPV, TPE, and TPO materials are further classified by
their ability to be extruded I d molded several times without substantial
loss of performance characteristics. Thus, ~ making the elastomer composite
blends one or more curing agents such as, for exampl , sulfur, sulfur
donors, activators, accelerators, peroxides, and other systems used to a
ect vulcanization of the eiastomer composition may be used. Where the
elastomer latex employed in the ~et mixing step comprises natural rubber
latex, the natural rubber latex can compns~ field latex or latex
concentrate (produced. for example, by evaporatio_ n, centrifugation or
creaming). The natural rubber latex must, of course, be suitable for
coagulation biy the carbon black. The latex is _ I provided typically in an
aqueous carrier liquid. Altettnatively, the liquid carrier may be a
hydrocarbon solvent. In any event, the natural rub er 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 lowi pressure and low shear throughout encountering
the extraordinarily high velocity and l~inetic 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 abcjut 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 Iatex or
blend of latices will be well withpn the ability of those skilled in the
art given the benefit of the present disclosure and t~e knowledge of
selection criteria generally well recognized in the industry. Blends-CIP 25
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particulate filler fluid, for example, darbon black slurry, is fed to the
mixing zone at the entry end of coagulum reactor 1 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 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 will
depend 10 15 20 largely upon the intended use of the elastomer composite
blend. Optionally, the carbon black filler can include also any material
wlhich can be slurried and fed to the mixing zone in accordance with the
principles disclosed here. Suitable additional particulate fillers include,
for example, conductivq fillers, reinforcing fillers) fillers comprising
short fibers (typically having an LID 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
carboll~ black, chemically functionalized carbon blacks, such as those
having attached organici groups, and silicon-treated carbon black, either
alone or in combination with etch other. Suitable chemically functionalized
carbon blacks include those disclose I in International Application No.
PCT/US95/16194 (W09618688), the disclosure o ~ 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 lest a
portion of the carbon black aggregate as an intrinsic part of the carbon
black. i Conventional carbon blacks exist in the form of aggregates, with
each aggregate consisting of a single phase, which is Blends-CIP - 26
suesmuTE sHeET t u~ zs~   5 10 15 20 WO 99/16600 2 7 MA Z002 pCT/US98/20279
carbon. This phase may exist in the form of a grap ,'tic 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 c 'bon black aggregates. The result may be described as
silicon-coated carbon blacks. he 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, which will still be present as graphitic
crystallite and/or 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 poittion of the
aggregate. It will be appreciated that the multiphase aggregates are quits
different from the silica-coated carbon blacks mentioned above, which
consist of ~re-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
otlher silicon-containing species) on at least a portion of the surface of
the aggregate. ~or 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 Blends-CIP I SUBSTITUTE SHEET (11ULE 25)   W099/16600 ? 7 M~,R 2002a
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85-95 C, and the pH 5 10 15 20 adjusted to above 6, such as to a range of
10-11, with an alka~;i solution. A separate preparation is made of sodium
silicate solution, containing the ~tnount 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 at its starting pH
vajlue 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 respect; to the total amount of carbon
black) per hour. The slurry should be stirred during thej addition, and
after its I 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
manujfacturing carbon black in the presence of volatizable
silicon-containing compounds. ~uch carbon blacks are preferably produced in
a modular or "staged" furnace carbon lack 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 qt>jench zone is located
downstream of the reaction zone. Typically, a quenching flu~Id, generally
water, is sprayed into the stream of newly formed carbon black particles
flowing from the reaction zone. In producing silicon-treated carbon black)
thq aforesaid volatizable silicon-containing compound is introduced into
the carbon bl$ck reactor at a point upstream of the quench zone. Useful
compounds are volatizabl~ compounds at carbon black reactor temperatures.
Examples include, but are not Iimit~d to, silicates such as tetraethoxy
orthosiIicate (TEDS) and tetramethoxy orthosili~ate) silanes such as,
tetrachloro silane, and trichloro methylsilane; and colatile silicone
polymers such as Blends-CIP 28 cUBSTttUTE SHEET (RULE 261   WO 99/16600
PCT/US98/202 i9 ? 7 MAR Q002 octamethylcyclotetrasiloxane (OMTS). The flow
' to of the volatilizable compound will determine the weight percent of
silicon in the eared carbori'b~'ac-k. The weight percent of silicon in the
treated carbon black rypica~ly ranges from about 0.1 percent to 25 percent,
preferably about 0.5 percent to abouti 10 percent, and more preferably 5
about 2 percent to about 6 percent. The volatizable compound may be
pre-mixed with the carbon black-forming feed stock and introdu ed with the
feed stock into the reaction zone. Alternatively) the volatizable com~ound
may be introduced to the reaction zone separately, either upstream or
downstream from the feed stock injection point. 10 As noted above,
additives may be used) a~d in this regard coupling agents useful for
coupling silica or carbon black should ~e expected to be useful with the
silicon-treated carbon blacks. Carbon blacks a~d 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 15 largely upon the intended use of the
elastomer c mposite blends. As used here) particulate filler can include
any material which can .be slurried and fed to the mixing zone in
accordance wtth the principles disclosed ere. Suitable particulate fillers
include, for example, conductive fillers, reinforcin' fillers, fillers
comprising short fibers (typically having an L/D aspect ratio less thin
40), flakes, etc. In addition to 20 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 ~wtthtn the ability of those skilled
in the art to select suitable particulate fillers for ~tse 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 eiastomer Blends-CIP I _
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the teachings of the present disclosure. Of course, blends of the various
particulate fillers discussed herein may also ~e used. Preferred
embodiments of the invention co istent with Fig. 1 are especially well
adapted to preparation of particulate filler fluff comprising aqueous
slurries of 5 carbon black. In accordance with known principles, t will be
understood that carbon blacks having lower surface area per unit weight mus
be used in higher concentration in the particulate slurry to achieve the
same coagulation efficacy as lower concentrations of carbon black having
higher surfac area per unit weight. Agitated mixing tank 18 receives water
and carbon black) a i g. , optionally pelletized carbon 10 black, to
prepare an initial mixture fluid. Such mixture fluid passes through
discharge port 20 into fluid line 22 equipped with pumping mews 24, such as
a diaphragm pump or the like. Line 28 passes the mixture fluid to c~lloid
mill 32, or alternatively a pipeline grinder or the like, through intake
port 30. The carbon black is dispersed in the aqueous carrier liquid to
form a dispersion fluid w~ich is passed through outlet port 15 31 and fluid
line 33 to a homogenizes 34. Pumping means 36) preferably comprising a
progressing cavity pump or the like is provided in; line 33. Homogenizes 34
more finely disperses the carbon black in the carrier liqui to form the
carbon black slurry which is fed to the mixing zone of the coagulum reac or
14. It has an inlet port 37 in fluid communication with line 33 from the
colloid mi 1 32. The homogenizes 34 may 20 preferably comprise) for
example, a Microfluidizer , system commercially available from
Microfluidics International Corporation (Newt n, Massachusetts, USA). Also
suitable are homogenizers such as models MS 8, MS45 and MC120 Series
homogenizers available from the APV Homogenizes Division of APV Gaulin,
Inc. (Wilmington) Massachusetts, USA). Other suitable) homogenizers are
commercially Blends-CIP 30 EET ~ULE 26 SUBSTITUTE SH ( ,   WO 99I16600 of
the slurry and the slurry available and will be apparent to those skilled
in the ~rt given the benent of the present 5 10 15 20 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 dqwn to an
average size of 5 - 15 microns, e.g., about 9 microns. Exit port 38 passes
the carbon black slurry from the homogenizes to the mixing zone through
feed line 16. The slurry may reach 10,000 to 15,000 psi in the homogenizes
step and exit the ~omogenizer at about 600 psi or more. Preferably, a high
carbon black content is usqd to reduce the task of removing I excess water
or other carrier. Typically, about 10 t 30 weight percent carbon black is
preferred. Those skilled in the art will reco nine, given the benefit of
this 



disclosure, that the carbon black content (in weight flow rate to the
mixing zone should be coordinated rate to the mixing zone to achieve a
desired masterbatch. The carbon black content will be principles to achieve
material characteristics and intended application of the product.
Typically, for value 10 or more are used in sufficient amount to
masterbatch of at least about 30 phr. The slurry preferably is used in
masterbatch immediately upon being prepared. Fluid conduits carrying the
slurry and arty 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 Bleads-CIP 3i SUBSTITUTE SHEET ( ULE 26) the natural rubber
latex flow black content (in phr) in the in accordance with known
PCT/US98/20279 properties suited to the carbon blacks of CTAB carbon black
content in the   WO 99/16600 PCT/US98/20279 reasonably practical.
Preferably all flow lines, for ~xample, are smooth, with smooth
line-to-line interconnections. Optionally, an accumulator is used between
the homogenizer and the mixing zone to reduce fluctuat ons in pressure or
velocity of the slurry at the slurry nozzle tip in the mixing zone. i 5
Natural rubber latex fluid or other elastom 'r latex fluid passed to the
mixing zone via feed line 12 and carbon black slurry fed t the mixing zone
via feed line 16 under proper process parameters as discussed aboJe, can
produce a novel elastomer .- composite, specifically, elastomer masterbatch
crumb. Means may also be provided for incorporating various additives into
the elastome~ masterbatch. An additive fluid 10 comprising one or more
additives may be fed to tt~e mixing zone as a separate feed stream. One or
more additives also may be pre- fixed, if suitable, with the carbon black
slurry or, more typically, with the elastomer atex fluid. Additives also
can be mixed into the masterbatch subsequently) i.e., durin I the dry
mixing step. Numerous additives are well known to those skilled in th an
and include) for example) 15 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 vWill be readily
understood with the benefit of the present disclosure. In accordance wi
certain alternative embodiments, 20 curative also can be incorporated in
like manner, to produce a curable elastomer composite which may be referred
to as a curable b se compound. The elastomer masterbatch crumb is passed om
the discharge end of coagulum reactor 14 to suitable drying apparatus. In
the pr ferred embodiment of Fig. 1 the masterbatch cntmb undergoes
mufti-stage drying. t is passed first to a de-watering Blends-Clp 32
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then via conveyor or simple gravity! drop or other suitable means 41 to a
drying extruder 42. In routine preferred e~bodiments consistent with that
illustrated in Fig. 1 producing natural rubber masterlylatch with carbon
black filler, the de-wateringldrying operation will typically reduce w ter
content to about 0 to 1 weight 5 percent, more preferably .0 to .5 weight
percent. Su table dryers are well known and commercially available,
including for example, ex der dryers, fluid bed dryers, hot air or other
oven dryers, and the like) such as Frenclx Mills available from the French
- Oil Machinery Co., (Piqua) Ohio, USA). , Dried masterbatch crumb from
drying extruder 42 is carried by a cooling 10 conveyor 44 to a baler 46.
The baler is an optio I, advantageous feature of the apparatus of Fig. 1,
wherein the dried masterbatc ~ crumb is compressed within a chamber into
form-stable compressed blocks or the like. Typically, 25 to 75 pound
quantities of the eiastomer masterbatch are compressed into blocks or bales
for transport, further processing) etc. Alternatively, tl~e product is
provided as pellets) 15 for example, by chopping the crumb: The dimensions
and particular design featufes of the coagulum reactor 14, including the
mixing zonelcoagulum zone assembly, suitable for an embodiment in
accordance with Fig. 1, will depend in pan on such design factors as the
desired throughput capacity, the selection of materials to b~ processed,
etc. One preferred 20 embodiment is illustrated in Fig. 2 wherein a coagul
reactor 48 has a mix head 50 attached to a coagulum zone 52 with a
fluid-tight sea at joint 54. Fig. 2 schematically illustrates a first
subsystem 56 for feeding Blast imer latex to the mixing zone, subsystem 57
for feeding carbon black slurry or o I er particulate filler fluid to the
mixing zone, and subsystem 58 for feeding an optio~l additive fluid,
pressurized air, Blends-CIP 33 SUBSTITUTE SHEET ( ULE 26)   W O 991I 6600
PCTIUS98120279 etc. to the mixing zone. The tnix head 50 is seen t~ have
three feed channels 60, 61, 62. Feed channel 60 is provided for the natural
is provided for direct feed of gas and/or additive embodiments employing
direct injection of additi` 5 in connection with hydrocarbon additives or)
additives. While it is well known to employ emulsions suitable for
pre-blending with an accordance with the present disclosure eliminate not
only the need for emulsion intetinedia~s, but also the equipment such as 10
tanks, dispersing equipment, etc. previously used in forming the emulsions.
Reductions in manufacturing cost and complexity i can, therefore, be
achieved. As discussed further below, the feed channel 61 zone is
preferably coaxial with the mixing coaQUlum reactor. While only a single
feed 15 20 latex fluid, any suitable number of feed channels latex fluid
and feed channel 62 In connection with preferred significant advantage is
achieved generally, non-water miscible intermediates to create additive
latex, preferred embodiments in direct injection of additives can which
slurry is fed to the mixing and the coagulum zone of the is shown to
receive the elastomer 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 feed channel i could be provided through
which ambient air or high pressure air or other gas is fed t~ 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 The coaguium zone 52 of the coagulum re 64 having an axial length which
may be selected the particular application intended. Optionally) the 34
zone may have a constant cross-sectional area over a11 or substantially all
of it$ axial length. Thus, for example B lends-CIP SUBSTITUTE SHEET ( ULE
26) sealed when not in use. 48 is seen to have a first portion ding upon
design objectives for   WO 99/16600 PCT/LS98/20279 the coagulum reactor may
define a simple, straig t 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 it~ the drawings, the
cross-sectional area of the coagulum zone 52 increases pt 5 discharge end
68. More specifically, the longitudinal direction from the entry end to the
Fig. 2) the coagulum zone increases in that it increases continuously
following constant to the diameter and cross-sectional area of the 



from the entry end 66 to area increases in the end. In the embodiment of
area progressively in the sense portion 64. References reactor (or, more
properly. 10 the coagulum zone defined within the coagulum reactor) and
other components, unless _ I stated otherwise, are intended to mean the
crosssectional area of the open flow passageway and the inside diameter of
such flow Elastomer composite) specifically, coal masterbatch crumb 72, is
seen being discharged 15 a diverter 70. Diverter 70 is an adjustable
conduit discharge end 68. It is adjustable so as to crumb 72 to any of
various different receiving facilitates removal of masterbatch crumb from
the stream, for example, for testing or at the beginning of a production
run wil n initial process instability may 20 result temporarily in inferior
product. In additi n, the diverter provides design flexibility to direct
product from the coagulum rector to different post-processing paths. In
accordance with the preferred embodiments 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. Blends-CIP 35 SUBSTITUTE SHEET (N~ U~ 26) i
elastomer latex in the form of the coagulum reactor 48 through to the
coagulum reactor at pass the elastomer masterbatch This feature
advantageously   WO 99l16600 ~ PCT/US98/20279 The cross-sectional dimension
of coagulum r$actor 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 , mere 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 5 measured from the central longitudinal axis of the qoagulum
zone to a point A at the outer circumference of the coagulum zone at the
endi of the coagulum reactor. In this regard, it should be understood that
the cross-section~:l 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 ~oagulum in accordance
with the 10 principles discussed above. Too large an angle of ex ansion of
the coaguhun zone may result in the elastomer masterbatch not being
prod~ced in desirable crumb form of globules or worms and simply spraying
through the ~oagulum reactor. Increasing the bore of the coagultun reactor
too slowly can result, i#t certain embodiments) in backup or clogging of
the feeds and reaction product into ;the mix head. In a downstream 15
portion of the coagulum zone) wherein the latex has een substantially
coagulated and flow has become essentially plug flow, the coagulu zone may
extend either with or without increase in cross-sectional area. Thus, ref
rence here to the coagultun 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 20 flow is not
substantially plug flow. The cross-sectional area of the coagulum zone
(that is, at least the upstream portion thereof) as discussed immediately
above) mjay increase in step-wise fashion) rather than in the continuous
fashion illustrated in tie embodiment of Fig. 2. In the embodiment
illustrated in Fig. 3) a continuous flow s~stem for production of elastomer
Blends-CIP 36 SUBSTITUTE SHEET ( UL~ 25)   WO 99/16600 masterbatch in
accordance with the method and include a mix headlcoagulum zone assembly
coagulum zone increases in step-wise fashion. PCT/US98/20279 disclosed
here, is seen to the cross-sectional area of the the individual sections of
the coagulum zone in such a step-wise embodiment h$ve a faired connection
to adjacent 5 sections. That is, they combine to form a smooth aid
generally continuous coagulum zone surface, as opposed, for example, to a
sharp or ' tantaneous increase in diameter from one section to the next.
The coagulum zone f Fig. 3 increases in three steps, such that there are
four different sections or sub-zones 74 - 77. Consistent with the 10 15 20
design principles discussed immediately above ) the i cross-sectional area
of coagulum zone 53 increases from the entry end 66 to point A atj the
discharge end 68 at an overall _ I angle which achieves the necessary flow
control in the upstream portion of the coagulum reactor. The first section
74 can be en as including (a) the constant diameter portion of the mix head
50 immediately do nstream of the mixing zone ) and (b) the same or similar
diameter portion connected ereto at joint 54 at the entry end 66. This
first section has a constant cross-sec Tonal diameter D1 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 greajter than five
times 1~ , and most preferably from about 12 to 18 times D~. Typically,
this section will have a length of about fifteen times D, Each subsequent
section preferably has a constant crosssectional dimension and
cross-sectional area approxi~ately double that of the preceding (i.e.)
upstream) section. Thus, for example, sectio~ 75 has a constant
cross-sectional dimension and a cross-sectional area which is twice I~that
of section 74. Similarly) the cross-sectional area of section 76 is double
that of ection 75) and the cross-sectional area of section 77 is double
that of section 76. In e~ch of sections 75 - 77, the length Blends-CIP _ 37
i sues~TUT>= sHES-r t u~ zs~ a   5 10 15 20 WO 99/16600 ~ PCT/US98/20279 is
preferably greater than three times its diameter, mo a preferably about
three to seven times its diameter and generally about five times its
diameter. Thus, for example, in section 76 longitudinal dimension Lj is
preferably a out five times its diameter D3 A mix head and coagulum zone
assembly co~esponding to the embodiment of Fig. 3 is shown in Fig. 4
partially in section views. Mix head 50 is integral with coagulum zone
extender 53 via joint 54. It defines la mixing zone wherein multiple feed
channels 60, 61, 62 form a junction, with an elongate, substantially
cylindrical channel 80 substantially coaxial with the coagulum $one portion
within extender 53. It will be recognized that it is not essential to thq
operability of the method and apparatus disclosed here, to precisely define
the boundaries of the mixing zone and/or coagulum zone. Numerous variations
are possible its the design of the flow channels junction area, as will be
apparent to those skilled its the art given the benefit of the present
disclosure. In that regard, as a generally of the type illustrated in Fig.
4, for example) the the beginning of cylindrical portion 80, being in the
juncnon of the feed channels. In such cross-sectional area defined by the
imaginary circumferential perimeter at the beginning of advantageously
greater than, or at least equal to, feed channel 60. Preferably, both
channel 80 and at coagulum zone wherein flow turbulence exists coagulation
of the elastomer latex, have a circular The means for feeding carbon black
slurry or to comprise a feed tube 82 extending substantially guideline) in
embodiments tip 67 generally is upstream of centered longitudinally
preferably, the minimum from the slurry tip 67 to the cylindrical portion
80 is cross-sectional area of the latex 



the upstream portion of the to substantially complete particulate filler
fluid is seen with the mixing chamber to Blends-CIP ' 38 SUBSTITUTE SHEET
(R~~E 26)   WO 99I16600 an opening or slurry nozzle tip 67 which is open
highly advantageous feature of the preferred em black slurry, as noted
above, is fed to the mixing feed velocity of the latex, and the axial
arrangement of narrow bore feed tube 82 results 5 10 15 20 in excellent
development of flow turbulence. The diar~heter Dm of the channel 80 (which,
as noted above, is preferably substantially equal to. the diameter D, of
immediately I following portion of section 74 of the coagulum zo e)
preferably is at least twice the inside diameter of slurry feed tube 82,
more prefer bly 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 p I~rt 83 at the upstream end of
feed _ I channel 61 of mix head 50. The diameter of the axial ~eed tube 82
is determined largely by the required volumetric flow rate and axial
velocity of the slurry as it passes through the slurry nozzle tip 67 into
the mixing chamber. Tl;le correct or required volume and velocity can be
readily determined by those skilled ~n 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 can be removed and replaced by a
larger or smaller production. In view of the pressure and velocity at it
may be referred to as a spray or jet into the mixing PCT/US98/20279 the
coagulum zone. This is a discussed here. The carbon at very high velocity
relative the tube used in one production run tube appropriate to a
subsequent the slurry exits the feed tube, This should be understood to
mean in at least certain embodiments, high speed $njection of the slurry
into an area already substantially filled with fluid. Thus, it is a spray
in the sense of its immediate Blends-CIP 39 SU9STtTUTE SHEET (>~ULE 26)   5
10 15 20 WO 99/16600 PCT/lJS98/20279 distribution as it passes through the
slung nozzle tip , d not necessarily in the sense of free-flying material
droplets in a simple spreading jectory. The additional feed channels 60 and
62 area seen to form a junction 84, 8~, respectively, with feed channel 60
and downstream chpnrtel 80 at an angle Vii. The angle (i may in many
embodiments have a value from greater than 0  to less than 180  .
Typically, ~3 may be, for example, from 30 - 90. pressure, that is,
cavitation of the latex fluid as it is exiting at slurry nozzle tip 67,
since this may mixing leading to inconsistent masterbatch product.
otherwise fed to the mixing zone to assist in breaking is desirable to
avoid a negative by the high velocity slurry cause inconsistent or other
gas can be injected or such vacuum. In addition, an expanded feed line for
the natural rubber latex leadine ~o the entry port 86 of feed channel 60 is
desirable to act as a latex fluid reservoir. In the preferred embodiment of
Fig. 4, latex feed channel 60 intersects the mixing zon$ adjacent slurry
nozzle tip 67. Alternatively, however. the latex feed channel can int~rsect
the mixing channel upstream or downstream of the slurry nozzle tip 67. The
carbon black slurry or other particulate fill r fluid typically is supplied
to feed tube 82 at a pressure above about 300 psig, such as ~ bout 500 to
5000 psig, e.g. about 1000 psig. Preferably the liquid slurry is fed into
tt~e mixing zone through the slurry I nozzle tip 67 at a velocity above 100
ft. per second, ~ referably about 100 to about 800 ft. per second, more
preferably about 200 to S00 ft. pier second, for example, about 350 feet
per second. Arrows 51 in Fig. 4 represent th 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 sl and
latex fluids are fed to the mixing zones at greatly different feed stream
velociti~, tn accordance with the numbers Blends-CIP i 40 SUBSTITUTE SHEET
( ULE 28)   5 10 WO 99/16600 PC'f/US98/20279 set forth above. While not
wishing to be bound by the ry, it presently is understood that the
differential feed achieves latex shear conditions i~ 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
extendin feed tubes 90 - 92. Even greater numbers ofi feed tubes ma be em
to ed, for g Y P Y 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 tube's can be used simultaneously to
achieve good flow turbulence within the mixing done and coagulum zone of
the _ I i coagulum reactor. An alternative embodiment of the mix head is
illustrated in Fig. 7. Mix head 150 15 is seen to define a mixing zone 179.
An axial feed adapted to feed carbon black slurry or other the mixing
chamber 179. It can be seen that the at slurry nozzle tip 167. A constant
diameter nozzle filler fluid at high velocity into bore in feed tube 182
terminates 20 of slurry nozzle tip 167, leading to a larger dimension of
land 168 is about 2 to 6, e.g. about 5, channel l60 forms a junction 184
with the mixing elastomer latex fluid to the mixing zone. The cross feed
channel 160 is substantially larger than the 161 receives a feed tube 182
168 is immediately upstream area 169. Preferably the axial its diameter. A
second feed 179 at a 90  angle for feeding 



diameter of the latex fluid diameter of the slurry nozzle tip 167 and land
168. Without wishing tp be bound by theory, the axial elongation of nozzle
land l68, coupled with the expanded diameter bore section upstream of the
nozzle land, is believed to provide advantagebus stability in the flow of
slurry Blends-CIP ~ _ 41 SUBSTITUTE SHEET (F(ULE 26)   10 15 20 WO 99/t6600
PCTNS98/20279 through feed tube 182 into the mixing zone 179. Th bore of
feed tube 182 is found to function well with a 20  chamfer, that is,
conical area 69 which expands in the upstream direction at about a 20
angle. Downstream of mixing zone l 79 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
elastpmer masterbatch is substantially complete at or before the end of the
coagulum reactor. That is, coagulation occurs without the necessity of
adding a stre_ am of coagulant solution or the like. Coagulation may occur
in the mixing zone. The mixing zone may Vibe considered all or portion of
the coagulum zone for this purpose. Also, reference to substantially
complete coagulation prior to the elastomer masterbatch exiting the
coagul~m reactor is not meant to exclude the possibility of subsequent
processing and follow-orl 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 ofl 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 /east about 99 weight percent~is coagulated. The masterbatch
(or other eIastomer composit~) produced by the wet mixing step I optionally
undergoes any suitable further processing prior to addition of adc~~tional
elastomer in the dry mixing step of the wet/dry method disclosed here.
Suitable apparatus for the dry mixing step is commercially available and
will be apparent to those skilled in the art given the benefit of this
disclosure. Suitable dry mixing apparatus Blends-CIP i SUBSTITUTE SHEET
(1!1ULE 26)   WO 99I16600 PCT/US98/20279 include, for example, Banbury
mixers, mills, roller mi ers, etc. The coagulum from the wet mixing step,
with or without any further intermed ate processing, is introduced into the
Banbury mixer or other mixing device along with the additional elastomer in
any suitable order and relative proportion suitable to the ititended use or
application. 1t will 5 be within the ability of those skilled in the art,
gi determine suitable order of addition and relative and the additional
elastomer. Likewise, it will be wi art given the benefit of this disclosure
to select during the dry mixing step suitable to the intended j use or
application. for example, 10 extender oil, curatives, and other additives
known fo I use in elastomer composites and elastomer composite blends of
the general type disclbsed here. The method and apparatus disclosed and 15
20 composite blends having excellent physical Novel elastomer composite
blends of the compositions produced by the aboue-disclosed the benefit of
this disclosure to for the wet mixing product the ability of those skilled
in the ingredients for addition here produce elastomer and performance
characteristics. invention include masterbatch 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 having
excellent physical properties and presently in broad commercial use for
such successfully, as well as carbon blacks heretofore grades of carbon
black filler, characteristics. Carbon blacks ion as tire tread have been
used use in known production apparatus and methods. surface area and low
structure rendered them macro-dispersion at routine commercial loading
unsuitable for commercial unsuitable because their high to achieve
acceptable levels of for the carbon black and/orto Blends-CIP 43 i
SUBSTITUTE SHEET (~ULE 26) a   5 10 15 20 WO 99/16600 preserve the
molecular weight of the elastomer applications of the novel elastomer
composite composite blend are found to have excellent PCTlUS98I20279 highly
preferred for certain disclosed here. Such elastomer of the carbon black in
the elastomer. Moreover, these advantageous results wet!e achieved without
the need for a coagulation step involving a treatment tank or stream ~f
acid solution or other coagulant. Thus, not only can the cost and
complexity of such c ' agulant treatments be avoided, so too the need to
handle effluent streams from such o erations also is avoidable also is
avoided. Prior known dry mastication techniques cou~d not achieve equal
dispersion of fillers in elastomer composite blends without significant
molecular weight degradation and, therefore, could not produce the novel
natural rubber compositions made in accordance with certain preferred
embodiments of the present invention. In that regard, novel elastomer
composite blends are disci sed here having excellent macrodispersion of
carbon black in natural rubber, even oi~ carbon blacks having a structure
to surface area ratio DBPA: CTAB less than 1.2 molecular weight of the
natural rubber. Known achieve such excellent macro-dispersion of carbon
weight degradation of the natural rubber and, masterbatch compositions and
other elastomer Preferred novel elastomer composite blends in carbon black
macro-distribution levels not prior known elastomer materials having poorer
composite blends disclosed here can be used as even less than 1.0, with
high techniques in the past did not without significant molecuiar did not
produce the novel ites of the present invention. with this disclosure,
having achieved, can be used in place of Thus, elastomer compounds in
accordance with known techniques. Such novel cured compounds at'e found in
preferred embodiments 



Blends-CIP SUBSTITUTE SHEET (>~ULE 26)   5 WO 99/16600 to have physical
characteristics and performance in some instances significantly better
than, those compounds comprising masterbatch of poorer blends can be
produced in accordance with the time, reduced energy input, and/or other
cost As used here, the carbon black structure can bej measured as the
diburyl phthalate 10 adsorption (DBPA) value, expressed as cubic black,
according to the procedure set forth in ASTM area can be measured as CTAB
expressed as square according to the procedure set forth in ASTM D37
PCT/US98/20279 generally comparable to, and otherwise comparable cured
Elastomer composite invention, with reduced mixing of DBPA per 100 grams
carbon 14. The carbon black surface per gram of carbon black, It will be
recognized that other factors affecting the level of dispersion achievable
fusing the method and apparatus disclosed here, include the concentration
of the carbo~t black in the slurry, total energy input into the slurry and
energy input during mixing Qf the fluid streams, etc. The macro-dispersion
quality of carbon bla~k in natural rubber masterbatch a 15 20 disclosed
here is significantly better-than that in previously known masterbatch of
approximately equal MW~, (weight average). In some preferred embodiments
excellent carbon black distribution is achieved with MWso, appiloximately
equal to that of natural rubber in the field latex state, (e.g.,
approximately 1,00,000) a condition not previously I 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 110cc/100g, CTAB ~reater than 45 to
6~ m=/g, and DBPA:CTAB less than 1.2 and preferably less than .0. EX~AMPLE~
Blends-CIP 45 SUBSTtME SHEET ( ULE 26)   WO 99/i6600 PCT/US98/20279 The
following test procedures were used irk the examples and comparisons
presented below. 1. Bound Rubber: A sample weighing .5 g. t'.025 g. is
weighed and placed in 5 100 ml, toluene in a sealed flask and stored at
ambietxt temperature for approximately 24 hours. The toluene is then
replaced with 100 stored for 4 days. The sample is then removed a hood at
ambient temperature for 24 hours. The vacuum oven at ambient temperature
for 24 hours fresh toluene and the flask is the solvent and air-dried under
is then further dried in a sample is then weighed and 10 the bound rubber
is calculated from the weight loss data. _ i 2. MW~,: As used in this
disclosure and in ~e claims, MWso, refer to weight average molecular weight
of the sol portion of thej natural rubber. Standard GPC techniques for
molecular weight measurement were followed in accordance with the
following:15 2.1Two l0~cm 106 ~ columns) a l0~cm ~OOA column and a IOum
mixedbed column from Polymer Laboratories, UK.2.2UV detection at
215nm.2.3Solvent: Tetra hydro furan (THF)i i l / l i ~F C2.4oncentrat on,
nom nal y 2mg m . n20 2.5Samples are left to dissolve in THF f~r 3 days,
stabilized with BHT.2.6Solutions are centrifuged to separatd any gel and
the supernatant isinjected onto the column. I2.7Samp]e Preparations Sample
prepazi~tion is designed to prepare solconcentrations in the range of 0.5
to Oi.05 percent by weight to provide25a good detector response for
accurat~ measurement of the molecularB lends-CIP46SU8ST1TUTE SHEET ( ULE
26)   5 10 15 20 25 30 35 40 WO 99/I6600 weight distribution. Depending on
adjusted according to the following sample wt. _ (100 + filler Samples are
placed in UV protecte stabilized tetrahydrofuran (THF) hydroxyltoluene
(BHT) for three i dissolution step) containing mostly Teflon centrifuge
tubes and centrif centrifuge for 60 minutes at ; (corresponding to a
maximum field s strengtl., a majority of the gel phi supernatant. This
gel-free solutio stabilized THF. At this point, the sa and placed inside a
Waters 717 A Milford, Massachusetts, USA) in pr Molecular Weight
Determination The of the sol portion MW~4 is then deten (available from
Waters Corporation, baseline is defined using a valley increments of 15 and
35 minutes. T for the column set described above phase flow rate set at
0.75 mL/min established the distribution can be ~ converted to molecular
weight. F commercially available standards (l U.K.) are prepared containing
a seri~ narrow distributions. The conversion to polyisoprene molecular
weight eqi calibration method of Benoit and cow is proportional to the
product of the n viscosity. After converting the p polyisoprene
equivalents, the cal molecular weight to elution time. conditions identical
to the samples, assign the appropn~ate molecular weif on a best fit to the
standards data. C properly converted to molecular w weight averages are
calculated by th 3 Mooney Viscosity: Standard (1+4)(m100C. 4. Test Sample
Cure 150C for the time periods indicated below: PCTlUS98120279 filler
loading) sample weight is (phr))*20/100 mg +I- 2 mg vials and dissolved in
4 mI. of containing 0.02 % butylatedys. The supernatant from the ie sol
portion) is transferred to ;ed in an Avanti 30 (Beckman) ,000 revolutions
per minute :ngth of 57,500 g). At this field sediments allowing a gel-free
is diluted at 1:5, again using pies are transferred to GPC vials o-Sampler
(Water Corporation, raration for the GPC testing. weight average molecular
weight fined. Using Millenium software Milford, Massachusetts, USA) a
o-valley mode within the time His time increment is appropriate i paragraph
2.1 with the mobile Once a reasonable baseline is etermined. The elution
time is >lysryrene solutions made from asiCal : Polymer Laboratories, > of
molecular weights with very of polystyrene molecular weight valents is
based on the universal ~rkers. The hydrodynamic radius ~lecular weight
times the intrinsic lysryrene molecular weights to oration curve relates
absolute 



The standards are run under td the standards are integrated to ~t for a
given elution time, based Zce the time based distribution is sight) the
appropriate molecular Waters' Millenium software. were followed for ML Test
pieces were cured to Blends-CIP 47 SUBSTITUTE SHEET ( ULE 26)   WO 99I16600
PCT/US98120279 4.1Tensile Sheet: 20 min.4.2Resilience: 23 min.4.3Hardness:
23 min. i4.4Heat Build-Up: 25 min.5 5. Dispersion: The Cabot Dispersion
Chart ,,method is used with subjective evaluation of 50x optical
micrographs. (ASTM D263 Method). 6. Stress-Strain: Tested to BS903:A2 and
ISO 37. 7. Hardness: Tested to ISO 48 (1994), temperature 23C. 8 .
Resilience: Tested to BS903 : A8 ( 1990) ) Met~od A, temperature 23  C ( 8
mm 10 molded disc test piece). 9. Heat Buildup: Tested to ASTM D623,
MerJhod A. 9.1 Start temperature: 23C 9.2 Static load: 24 lbs. 9.3 Stroke:
0.Z25 inches. 15 9.4 Frequency: 30 Hz. 9.5 Run for 30 minutes. 10. Tan 8:
Measured on Rheometrics mode 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. f 20 11. Crack Growth Resistance: Measured in acc ~ rdance
with ASTM D3629-94 Exa~l~A Elastomer masterbatch was produced in acco dance
with the present invention. Specifically) an elastomer masterbatch was
produbed comprising standard natural rubber field latex from Malaysia with
52.5 phr fil er consisting of carbon black of Blends-CIP 48 SUBSTITUTE
SHEET ( ULE 25)   WO 99/16600 PCT/US98120279 commercial grade N234
available from Cabot Corporation. The properties of the natural rubber
field latex are provided in Table 1 Blends-CIP 49 SUBSTITUTE SHEET (R, LE
25)   WO 99I16600 PCT/US98/20279 Table 1 Natural Rubber Latgx Properties 5
10 15 20 25 Dry% TotalNitrogenVolatileML(1+4)AdditivesRubberSolids% Ashppm
IFatty Acid100 C0.15 % HNS'28.434.20.380.366;0.052680.3% NH3,ZnO,~~b, a.
HNS: hydrozylamine neutral sulfate, Mooney viscos~ry stabilizer. b.
ZnO/TMTD: used for biological presetvauon, typic ~ ly 0.025 % of 1:1
mixture. The full compound formulation is set forth in Tabl J 2 below, and
is representative of a commercial truck tire tread known to have excel~ent
resistance to reversion during cure. Table 2 Masterbatch ormulation In
edient ~ Parts by Wt. Rubber i Carbon Black Zn0 j Stearic acid 6PPD
(antioxidant) Sunproof Improved (~ Total The elastomer masterbatch
production apparatus apparatus described above with reference to Figs. 1
100 52.5 4.0 2.0 2.0 2.0 165.5 substantially identical to the 7 of the
drawings. The slurry nozzle tip (see reference No. 167 in Fig. 7) was .d39
inch diameter with a land (see reference No. 168 in Fig. 7) having an axial
was 0.188 inch diameter and had .985 inch axial of 0.2 inch. The coagulum
zone of constant diameter between Blends-C1P i 50 suesT~urs sHEF-r t>~uLe
Zs~ a   WO 99/16600 PCTIUS98/20279 the mixing zone and its discharge end.
Preparation o the masterbatch is described in I further detail immediately
below. 1, C'arhnn Rtack Slurrv Preparation. Bags of icarbon black were
mixed with deionized water in a carbon black slurry tanklequipped with an
agitator. The 5 agitator broke the pellets into fragments and 'a crude
slurry was formed with 12.5 wt: %a carbon black. During operation, th~s
slurry was continually pumped by an au diaphragm pump to a colloid mill fpr
initial dispersion. The slurry was then fed by a progressing cavity pump t~
a homogenizer, specifically) a model M3 homogenizer from APV Gaulin, Ink.
The homogenizer produced a 10 finely ground slurry. The slurry flow rate
froth the homogenizer to the mixing zone was set by the homogenizer speed,
th ' homogenizer acting as a highpressure positive displacement pump. Slu
flow rate was monitored with a Micromotion mass flow meter. The carb~n
black slurry was fed to the homogenizer at a pressure ranging from 50 to I
l00 psig and the homogenization 15 pressure was set at 4000 psig) such that
the slhrry was introduced as a jet into the mixing zone at a flow rate of
4.1 to 4.4 ~b/min and at a velocity of about 130 fdsec. 2. j,atex
Det_iverv. The latex was charged to a Q00 gallon pressurized feed tank.
Antioxidant emulsion was added to the latex prior to charging. Antioxidants
20 were added consisting of 0.3 phr tris nonyl henyl phosphite (TNPP) and
0.4 phr Santoflex 134 (alkyl-aryl p-phenylene diamine mixture). Each of the
antioxidants was prepared as a 15 wt. % emul ion using 3 parts potassium
oleate Blends-CIP 51 SUBSTfME SHEFC tifULE 26)   WO 99/16600 4 5 about 3.8
feet per second, and was auto a Micromotion mass flow meter and a per 100
parts antioxidant along with potass to a pH of approximately 10. Also) 3
pressure (51 psig) was used to move the 1~ zone of the coagulum reactor.
The latex i PCTIUS98/Z0279 rydroxide to adjust the emulsion extender oil
was added. Air from the feed tank to the mixing rate was 3.2 to 3.4 lbs/min
and metered and controlled with 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 slurryfeed rate. 3. Carbon Black and Latex
Mixing. The car~on black slurry and latex were 10 mixed by entraining the
latex into the carbon lack slurry. During entrainment) the carbon black was
intimately mixed into the latex and the mixture coagulated. Soft, wet
spongy "worms" o$ coagulum exited the coagulum reactor. 



15 20 dropped into a second extruder 1. Water was flashed off upon of the
extruder. Product exit 52 BSTITUTE SHEET liIULE 26) su i DewaterinQ. The
wet crumb discharged frot~r~ the coagulum reactor was about 79 % water. The
wet crumb was dewatered ito about 5 to 10 % moisture with a dewatering
extruder (The French Oil M~1 Machinery Company; 31/z in. diameter). In the
extruder, the wet crumb w~ compressed and water squeezed from the crumb and
through a slotted barrel jof the extruder. 5. ,D~,~i_ng & Cooling. The
dewatered crumb where it was again compressed and heater expulsion of the
crumb through the diepla~ Blends-CIP   WO 99I16600 I PCTlUS98I20279
temperature was approximately 300F and oisture content was about 0.5 to I 1
wt. % . The hot, dry crumb was rapidly cqoled (approximately 20 seconds) to
about 100F by a forced air vibrating conireyor. The resulting dry crumb had
about 66. wt. % rubber solids and about 33. wt. % carbon black. Exam I~e-B
A control masterbatch was prepared by dry mastication. The control employed
the same formulation as Example A (see Table 2 abo~e), except that the
natural rubber was SMR 10 rather than latex. It was prepared by
premastication of the rubber in a 10 15 20 OOC Banbury mixer (approximately
3 kg) at 50 rpmlusmg 10 phr carbon black. The premastication was performed
for approximately 3 t~nin. to a total of 800 M7/m3. COmDarisons of Example
A and Example B The masterbatch of Example A and the contrdl masterbatch of
Example B were compounded in a two-stage mixing operation in a O~C 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 modifie mixing schedule. Table 3 Stage 1 Mixing Schedules Time
(min)Example AExamp Drya B Control0.0All ingredientsPre-Maticated
Rubber0.5CarbonBlack and Oil1.0Sweep1.5Rema''ng Ingredients Blends-CIP ~53
SUBSTITUTE SHEET ( U(.E 26)   WO 99I16600 5 10 PCT/US98/20279
2.0'2.5Sweep3.0IXdump at approx. 700 MJ/m'dump a MJ/m3 i~ approx. 1,000 In
the second stage, curatives listed in Table 4 below were added with a
further mixing cycle of 500 MJ/m'. i Table 4 Final Stage Curati a Addition
In egr diem i Parts by Wt. Stage 1 compound i 165.5 Goodyear Winstay 100
(antio~ 'dant) 1.0 TBBS (sulfur accelerator) ~ 1.8 a r 1.0 Total 169.3 15
Thus, Banbury mixing energy for the compoundin of Example A masterbatch was
about 53 % of the Banbury mixing energy requ ed 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
portio',n MWso, was substantially higher 20 than that of the control. These
data are summarized in Table 5 below. Table 5 Compounding and wring Data
Sample ~ Mix Enet~gy (MJIm') ; ~ ML (1+4) ~ MW I 100C) Pre ~ Stage 1 ~
Final ~ Total i ~ Stage ~ Final ~ wt. av. Masticate 1 Blends-CIP 54 i
SUBSTITUTE SHEET ( . ULE 26)   WO 99I16600 5 10 PCT/US98/20?79 ExampIeA 0
694 500 1,194 ' 102 72 4.44,900 Example B 8p0 965 500 2.265 ~ 92 67 327,000
Additional testing results for the cured (unaged) Example A and control
material are set forth in Table 6 below. Table 6 Additional Test' Data
SampleHardness100% Modules I (11a) I300% Modules (lVBa)Tensile (MPa)Example
A712.82i16.128.7Example B72f3.I216.228.5SampleElongation at Break
(%)Resiliance (%) .He~ (~t Build-Up )Max Tan Delta 60C 30C 0CExample
A52656.570.'0.2030.2400.290Example B51157.676.i0.2060.2360.286 Example C
Elastomer masterbatch was produced in accor ance with the present
invention. Specifically, an elastomer masterbatch was produ ed comprising
standard natural 15 rubber field latex from Malaysia with 55 phr fill r
consisting of carbon black of commercial =rade Regal  660 available from
Cab~t Corporation. The compound formulation (excluding minor ordinary latex
additiv s) is set forth tn Table 7 below. Table 7 Masterbatch ormulation
IB~dl~t Parts by Wt. 20 Rubber ~ l00 Carbon Black ~ 55. Santoflex 134
(antioxidant) i 0.4 TNPP lantioxidantl ~ 0.3 0 25 Total ~ 155.7 Blends-C1P
i5 ~  SUBSTITUTE SHEET (R, LE 26) a   5 10 15 20 WO 99/16G00 PCT/US98/Z0?79
The elastomer masterbatch production apparatus as 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) w~s .025
inch diameter with a land (see reference No. 168 in Fig. 7) having an axial
le gth of 0.2 inch. The coagulum zone (see No. 53 in Fig. 3) included a
first porltion of .188 inch diameter and approximately .985 inch axial
length (being partly wit~in the mix-head and party within the extender
sealed thereto); a second portion of .266; inch diameter and 1.6 inch axial
length; a third portion of .376 inch diameter and r.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 further
detail immedfatelv below. 1. Carbon Black Slurry PreRaration. Bags oij
carbon black were mixed with deionized water in a carbon black slurry to
equipped with an agitator. The agitator broke the pellets into_fragments
and a crude slurry was formed with 14.9 wt. % carbon black. The crude slum
~as recirculated using a pipeline grinder. During operation, this slurry
diaphragm pump to a colloid mill for initial fed by a progressing cavity
pump to a Model M210 from Microfluidics 



shear, to produce a finely ground slurry continually pumped by an air The
slurry was then specifically, Microfluidizer Corporation for pressurizing
and The slurry flow rate from the microfluidizer to the mixing zone was set
~y the microfluidizer speed) the microfluidizer acting as a high-pressure
flow rate was monitored with a Blends-CiP -56 SUBSTITUTE SHEET displacement
pump. Slurry mass flow meter. The carbon 26)   WO 99I16600 PCT/US98/20279 5
2 black slurry was fed to the microfluidizer aa pressure of about 130 psig
andthe output pressure was set at 3000 psig tan accumulator set at 450
pstgoutput pressure) such that the slurry was ~troduced as a jet into the
mixingzone at a flow rate of about 3.9 lb/min and~t a veiociry of about 300
ftlsec. Latex Delivery. The latex was charged to a tank, specifically, a 55
gallon feed drum. Antioxidant emulsion was added Antioxidants were added
consisting of 0.3 (TNPP) and 0.4 phr Santoplex 134 (alkyl-at to the latex
prior to charging. phr tris nonyl phenyl phosphite yl p-phenylene diamine
mixture). Each of the antioxidants was prepared as a 40 wt. % emulsion
using 4 parts 10 potassium oleate per 100 pans antioxidant ~a, ong with
potassium hydroxide to 15 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.~
lbslmin and about 3.9 feet per second, and was metered witha Endress +
auser (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 date to the carbon black slurry feed rate. 3. Carbon Black and Latex
Mixing The ca>fbon black slurry and latex were mixed by entraining the
latex into the carbon black slurry. During entrainment, 20 the carbon black
was intimately mixed ;into the latex and the mixture coagulated. Soft, wet
spongy "worms" of coagulum exited the coagulum reactor. Blends-CIP ' .57 i
SUBSTITUTE SHEET ( ULE 26) a   WO 99/16600 ' PCT/1JS98/20279 4. Dewaterine.
The wet crumb discharged fro the coagulum reactor was about 78 % water. The
wet crumb was dewatered t about 12 to 13 % moisture with a dewatering
extruder (The French Oil Mi 1 Machinery Company; 3'/z in. diameter). In the
extruder, the wet crumb wa compressed and water squeezed 5 from the crumb
and through a slotted barrel pf the extruder. 5. D , in, ~c Cooling. The
dewatered crumb 'dropped into a second extruder where it was again
compressed and heate . Water was flashed off upon expulsion of the crumb
through the dieplat~ of the extruder. Product exit temperature was
approximately 280  F to 370 F and moisture content was about 10 0.3 to .4
wt. % . The hot, dry crumb was rapidly cooled (approximately 20 seconds) to
about 100F by a forced air vibrating conveyor. ExampUes D and E Two dry mix
control masterbatches were prepared by dry mastication. The controls
employed the same formulation as Example ~ (see Table 7 above), except that
15 in Example D the rubber was RSS I NR rather than j latex. In Example E
the rubber was SMR 10 NR. Each was prepared by premasticat~on of the rubber
in a BR Banbury mixer. The rubber of Example D was masticated ~t 118 rpm
for 10 minutes. The rubber of Example E was masticated at 77 rpm for ~
minutes. Blends-CIP ' 58 SUBSTITUTE SHEET (f~ LE 26)   WO 99I16600
omnarison of Exampiles C. D and E The masterbatch of Example C and the two
D and E were compounded in a BR Banbury compounding schedules. Table 8
Compounding PCT/US98I20279 masterbatches of Example Table 8 below sets
forth the Pre-MasticationStage I MiringStage II
(Final)Masrterbatch~MixingNoNo ~BR Banbury 77Example Cirpm, 4.5 min.BR
Banbury .BR BanbuiryBR Banbury 77Example Dmixer 118 rpm,mixer 77 r~m. 3rpm)
4.5 min.IO min.min.BR BanburyBR BanburyBR Banbury 77Example Emixer 77 rpm,
4mixer 77 r~m) 8rpm, 4.5 min.min.min. 10 The compounding formulation is
given in Table 9elow.Table 9 Stage II Curative iAdditioni j~j~ ~ garts v
Wt.Example 4 Masterbatch or15 Example 5 or 6 Stage 1 Dry~vlix 155Azo b6
(zinc oxide) '4.0Hystrene 5016 (stearic acid) ~2.0Santoflex 13
(antioxidant) ~2.0Sunproof Improved (wax) ~2.020 Wingstay 100 (antioxidant)
~1.0Santocure NS (sulfur accelerator) 1.8Sulfur i1.0Total:168.8All three
compounds exhibited well-behaved cure wth minimal reversion. Despite the25
reduced energy input) the Example C material wafound to have significantly
better Blends-C1P ~9 ' SUBSTITUTE SHEET ( ULE 26)   WO 99/16600
macro-dispersion than the dry mix controls, and the of its sol portion MW~,
was substantially higher are summarized in Table 10 below. Table 10
Masterbatch and 5 10 15 20 25 Properties Example CExample D ~Example
EMasterbatch PropertiesMooney Viscosity125124126ML(1 +4)100CBound
Rubber5032 i44(%) iMW sol (x10'")0.678.466
!.463Percent.121.482.82Undispersed Area%a)iCompound PropertiesHardness6265
~62100% Modulus239315 !270(Psi)i300% Moduius108712621216(Psi)Tensile
streagtb4462 ~4099 I4344(Psi)Elongation, %675591 i600Max, Tan
Delta0.189.237 !.184~ 60 C (Strain ISweep)Crack Growth0.85.05.8Ratej(cm/per
million'cycles) 30 t~dditional .Examylec aap~' om ariconc Highly preferred
elastomer composites in were produced in accordance with the method
Blends-CIP 60 PCT/US98/20279 weight (weieht average) that of the controls.
These data 



~rdance with the present invention l apparatus disclosed above. In
suesTiTUrs sHFFr (pug 2s~   WO 99I16600 particular, novel masterbatch
compositions were carbon black filler, having significantly better ma
rubber molecular weight than heretofore found in same or similar starting
materials. Fig. 8 shows 5 various carbon black fillers used in these prey
specifically) the CTAB surface area expressed as black per ASTM D3765-85
and diburyl phthalate as cubic centimeters of DBP per hundred grams c
shown. Fig. 8 is seen to be divided into three 10 Region I contains carbon
blacks having lower 15 20 those most difficult to disperse in natural
rubber a dry mixing techniques. Hence, carbon blacks of PCT/US98I20279 of
natural rubber latex and levels andlor natural compositions formed of the
surface area and structure of masterbatch compositions, luare meters per
gram of carbon sorption (DBPA) value expressed 'bon black per ASTM D2414
are ferent regions of carbon blacks. re and higher surface area, being
other elastomers using traditional I are not used commercially as widely as
other carbon blacks. Masterbatch anti cured elastomeric compositions made
with Region I carbon blacks using traditional ry mixing techniques have
poorer macro-dispersion and rypically lower MWso,. 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
MWso, of the natural rubber is significantly degraded. The carbon blacks of
Region III of Fig. 8 have flower surface area relative their structure.
Accordingly they have been used wi acceptable dispersion in natural rubber
via dry mixing, but again) with undesira le degradation of MW,o,. The
dispersion of carbon blacks of all three regions of Fig. 8, specifically,
macrodispersion, is significantly improved in the elastom r composites
disclosed here, and Blends-CIP -6 l SUBSTITUTE SHEET (Z~iULE 26)   WO
99/16600 can be achieved with significantly higher MW,a, of with preferred
embodiments. Control Samples 1  PCT/US98/202,79 natural rubber in
accordance Control samples of masterbatch were prepared ~by dry mixing in
accordance with S 10 15 20 the following procedures, for purposes of
comparison to elastomer composites of the present invention. 1. Mastication
of Natural Rubber In order to produce dry masterbatches with a wide range
of molecular weight, commercial natural rubber (RSS 1, SMR CV, and S 10)
bales were pre-masticated in a BR banbury mixer using the following
conditions ( ill factor: 0.7~): Table 11 Natural Rubber Mastication
Conditions Sample CodeMasticationRotor Speed (rpm)Caa ' Watng rMastication
time (min.)M 1NoM2Yes77On ~4M3Yes118On ~6M4Yes ~118On '10 2. Mixing Carbon
Black with Pre-Masticated iNatural Rubber In order to prepare natural
rubber dry maste~batches 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. Blends-CIP 62 ~,a~mtr~ SHE=T tRU~.~ 2s1 a
WO 99/16600 PCT/US98/20279 Table 12 Natural Rubber Drv Mast rbatch
Formulation 5 10 15 Ingredient (Partphr per hundred parts of rubber by
weight)Natural Rubber~100Carbon BlackSee Tables BelowOil~See Tables
BelowSantofex (antioxidant)!0.4TNPP (antioxidant)!0.3Mixing Procedures: i 0
minute: Add pre-masticated natural rubbe 1 minute: Add black, oil and
antioxidants ~ (77 rpm, 45 C) Different levels of macro-dispersion were
through M4 pre-masticated natural rubber for 13, below. For example, sample
code M2D1 in by dry mixing samples of M1 mixing times, as shown in Table 13
indicates a control sample of premasticated natural rubber M2 (see Table
11, I above) mixed for 10 minutes in accordance with the formulation of
Table 1?. Table 13 Mixing 20 25 Dry NR Masterbatch Sample
CodePre-Masticated NR ~Mixing TimeM1D4M14M1D3M16M1D2M1 i8M1D1M1 '10M2D4M2
~4M2D3M2 '6Ni2D2M2 I8M2D 1M210 Blends-CIP 63 SUBSTITUTE SHEET I 2s~   WO
99I16600 5 PCT/US98/20Z79
M3D4M3t4M3D3M36M3D2M3~8M3D1M310M4D4IvI4i4M4D3M4i6M4D2M4!8M4D1 - ~~M4 -i10
3. Final mixing of Natural Rubber Masterbat~h Control Samples 10 To
evaluate compound performance, additional ingredients were added to the dry
masticated natural rubber masterbatch control sa~ples of Table 13 in
accordance with the formulation shown in Tabie 14. Table 14 Additional
Ingredients f r Final Mixing IngredientAmount (phi)15Azo 66 (zinc oxide)4.0
iHystere ~O 16 (stearic acid)r 2.0 jSantoflex 13 (antioxidant) .2.0Sunproof
Improved (wax)2.0 iWingstay 100 (antioxidant)1.020Santocure NS (sulfur
accelerator)1.8 iSulfur ~1.0 The compounds were cured in accordance with
until at least substantially completely cured, typically t regard, the same
or substantially the same final n 



Blends-CIP 64 SUBSTITUTE SHEET (I 'd cure techniques at 150  C ,10 and 30
minutes. In that procedures, including the 26) a   WO 99/16600 ~
PCTIUS98/20?79 fotTrtulation given above in Table 14, were used for a11
control samples, as well as a11 samples of elastomer composites of the
invention prepared in the manner described below (see "Preferred
Embodiments Examples) v~hich were cured and tested for Y'~ compound
properties and performance 5 The following tables 1 S - 23 set forth the
sol oiecular weight MW~, and macrodispersion D(%) of control samples 1
through 443. a 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 d oil loading. The table
headings show this information in accordance with standard Thus, for
example, the 10 heading for Table 15 "N330/55phr/0" indicates 55l The table
sub-headings show the choice of natural ru 1 through 450 are seen to be
made from standard 15 N330 carbon black with no oil. Specifically, control
samples natural rubber RSS1, SMRCV and SMR10. Technical description of
these natural ' bbers is widely available, such as in Rubber World
Magazine's Blue Book published b Lippincott and Peto, Inc. (Akron, Ohio,
USA). The molecular weight MWso~ of the natural rubber prior to any
premastication {M 1 ) and after the various amounts ofd premastication
(M2-M4) also are shown below in Tables 15 - 23. Blends-CIP 65 SUBSTtME
SHEET ( ULE 26)   WO 99/16600 PCTNS98/202"9 Table 15 Code Sample Mw", D
('.G) mple Mw", D ('.G) Ho. ~K? ~ ~o. lIO M2932I7Z5M3664596M4485'482M1017
.4654.24~t74Z64.35M10225713.70t84673.H9M1D337064.79it94864.86M1D447704.52Q2
05354.78M2D154453.66~i3802.44M2D264902.68~23983.71M2D3?5123.68~34334.30M2D4
85813.93;
244985.81M30193731.33253423.79M302t0402250~635B4.35M3D3tt4072.98Q73715.55M3
Ddt2452~ 3.35 ~,~84D85.01M401t 33113.63;
293113.66M4D214.3373.40~~?03255.31M4D3't53623.03i3t3445.91M4D4t63B2523Q2369
5.67 Tabie 16 ; Table 17 Black Pearl
800I55phriD'N35tI33phrlZOphrRSS1~SMRCVRSS1CodeSampleMw",D ('/) (SampleMw",D
('~'~)CodeSampleMw",D ('.4)No.(IQNo.(1Q'No.(IQM11041869M2786662iM11300M3663
.-491M2803M4527420. ~
IM3601M1D1it350712Z0t294185.5M1D2it455115.101304824.M1D14018542.08M1D3.'1t5
7D010.20t315156.3M1D24029693.41M1 D41 T 67865.72t325B38.4M1
D340310403.68M2D1t774205.65t334D32.~0M10440411304.91MZD21t84416.50i344382.4
MZD3tt95497.T0t3343423MZD140564B1 15MZD4t206065.88t36530~ 3.BMZD2406668.
216M301t213873.26t373662.8MZD34076752.98M3D2122409298t383782.3M2D44087214.T
0M303t234563.611393993.M3D4t244834.61i404312.9M3D14095321.10M4D1t253392.13t
4i3112M3024I05372.17M402t26, 3672.23i423327M3034t
i5352.45M4D3t27360260i4334d2.7M3044t25584.06M4D4t284031.95i443902.3
Blends-CIP 66 svesT~TUTE sHeET (~ut.s zs~   WO 99I16600 ~ PCT/US98120279 i
1 ante 18A RSStSMRCVCodeSampleJitw",D ('.G)~ SampleMw""D
('.GNo.(1QNo.(1QM113321023M2-896~748M3603j581M44Q8~504! M1D133585fi.95',
49609t.93i M702346698.03! 506343.29I M1D3~
357591Q.5516B72.27M1D43689614.1~I 527024.09M2D1375802.71j
535392.14MZD238602261'~ 545692.72M2D3396313.61I 555874.75M2D4406675.43!
565956.25M3D141457t.53~ 574662B8M3D242476209! 584493.19M3D3~ 43493232~
594644.53M3D444495 ~3.5dI 605005.H9M4D1453T21.53i 614232.89M4D2463B22.09I
624333.42M4D347387- 232I, 634374.39M4D4484033.54~~ 644474.73Table 18B
Rega1250/65Jn ~Rega1250l1Rsga12.50/83r'f0RSS1RSS1RSS1CodeSampleMw",,O
('/)SampleMw", ~1('/)SampleMw",D ('/)No.(JQNo.(pNo.(pM111381138
~1138M2901901 ~901M3660--660 j660M4483483 j483M1D1655701.5081539
~.87976611.89M1D2686223.2582624 ~.50987022.69MtD3677077.5083685
4.t7997413.14_ M 1 D4687884.7784763 1~.351008Z25.24M2D1695341.6285484
4.3210i5930.9tMZD27054B4.19B6512
~.961025723.48M2D3715854.378T557.711036424.23M2D472fi216.2188605.851046645.
35M3D7734593.6489429.2710550?2.65M3D274469.5.79904.a6.6810654a2.9sM303T5511
5.309146fi.461075353.fi9M3D4765419.t392491.221085243.27M4D1773802.3493368.1
1Z094t61.85M4D2T83922.8694372,137104133.18M4D3793994.5995375 2L92t 114186
96M4D4803954.579638H 292112441. 6.46 Blends-C1P 67 SUBSTITUTE SHEET (F~U~
26)   WO 99I16600 Table 19 Table 21(A) PCT/US98/20279 N3ZEI55phr/l7S6740/55
phrlDR$51SMRCV
-RSS1Codeamp~ew,o,,smpiebiw"riCodeampmw",i.~No./JQNo./IQNo./K)M1t2001060;
M11080M21Q30934'M2837M3724777~M372dM4635644'M4532M1 D11455503.491616441.15
~M1014t25151.24M1D21466363.541626611.32IM1D24t35561.32M103l476505.B9163697t
.35M1D34146331.41M1D41487244.791647322.01M1D44J57321.43M2D1l495173.t6i65590
t.50M2D14164330.86M202l505722.411666211.56M2D241
T4510.90M2D31516133.111676412.22 ~M2D34184951.53M2D41526964.371686762.31
jM2044195422 t 5M3D11534892.78i69551t.22
!M3Dt42D4050.25M3D2i545211.931705501.62
iM3024214180.50M3D31555D43.t4t715632.06IM3D34224d70.75M3D4t565382.81172S182
.68M3D44234690.73M4D1157415t.74173_
4871.96M401424371021M4021584d72.177744952.22M4D24253870.42M4D3l594663.13175
5052.99M4D34263820.30M4D41604692.93!765263.37M4044273960.56 I Table 20 ~ !
Table 2t18) N! 10/55phrl0TS6740I55phd0RSS1SMRCV 'SMRCVCodeamp~ew",.amp
aw,o,.Codeamp~ew,e,.No.(K)No. -(K) -~No.(K)M1937730~M1878M2764.-
653'M2754M3569541iM3574M44.49463iM44.44M1D73693601.243853341.28
~M1D14284330.25M1D23704262.503863391.60M1D24294.410.36M7033714902.fi938T372
1.42M1D34304670.34M1D43T26184.6B3884t32.80
~M1D443t5400.B4M2D13T33400.693893090.72
~M2D14323990.35M2D2374356D.853903141.17M2D24333990,41M2D33753950.903913421.
27M2D34344220.62M2043764331.173923802.94IM2D44354690.44M3D13772950.81393271
0.94M3D14363400.44M3D2378313t.273942920.93M3D24373630.81M3D33793331.2039531
41.43M303438377Q.89M3D438D3531.353963511.77M3044394030.86M4D13812551.123972
600.74M4014403630.65M4D23822691.143982670.93M4D244i3281.05M4033832B71.30399
2841.49M4D34423421.52M4D43843161.674002971.83M4D44433601.99 Blends-CIP 68
SUBSTITUTE SHEET ~~u~E Zs~   WO 99/16600 Table 22(A) PCT/US98/20279  riSS1
-Rega1680I55p rI0 SMRCV ~ SMR10Codeamp ab1w"o,am
sw",,emp~ew",No.(I~No.(lQ!No.(JQM
11110836i746M2844T09i632M360958d492M45225t3' '416M1 D1i776748.35'f93564~
1.872095019.54M1D21787927.B919461ti2$021057Z6.6BM 103179891B.53195708j
3.082i !6817.37M1D41806767.46l96671;
2312i259d7.18M2D118Z5988.56197520!5.2B2i34632.82M2D2t826023.H9198558!4.8521
44834.57I M2031836976.40199603;2.8S2155653.92I M2D4
~1846595.71200541`4252i65505.68i
M301i854732.0320~486'2792i73952.13M3021865061.66202482;
2.762183937.98M3D31875621.94203504.3.542l94432.49M3D41885594.33ZOd526e2.412
204491.90M4D1189:.4012.18205415;3.16Z213351.49M402. ~ t90' '
4261.72206418Q2922223451.71M403.1914661.48
'207446Q2.802233631.78M4D41924493.572084653.132243742.35 Table 2Z(B)
Regal660/45I0Regal660I6Regal660/65B0RSS1RSS1~RSS1Codeamp
aw,a,.amp~ew",,.amp aw,o,.No.(ICJHo.(IQ!No.(1CfM1124512451245M2 , ~,
.876876876M3625-625625M4482482!482M1D12256463.45241563i4.55257B39t.63MiD222
66973.042426384.092586993.55M 1 D3Z277627.70243691'~ 3.64~
2598145.44M1D4ZZ88306.75244790112626076411.25M2D1229~
5744.792454696.882615722.77M2D2230'5893.022465077.312625804.39MZD3~
2316366.412475589.722636105.51M2D42326756.55248543'~
0.592646387.29M3D12334712.66249420.482654744.10M3D22344815.17250426~.972864
855.72M3D32355t07.782514685.812675026.24M3D42365187.89252471~.552684957.13M
4D1Z373B83.20Z53335Q5.19269390S.02M4D22383925.65Z5434.4~.06Z703655.88M4D323
93975.14255344.592T14107.45M4D42404037.54256361.542723887.59 Blends-CIP 69
SUBSTITUTE SHEET (MULE 25)   WO 99/1G600 ~ PCT/US98/ZOZ'r9 Table 23(A)
CodaSample No.Mw", (I pD ('.~.)sampW No.IYIw"a, (p ~ampm No.w,o,
(JQ,)M11060845 !743M2'8117t2621M3595577 ~445M4466477
i388M101ZT33501.882893I2 '0.613053250.78MtD22744763.40290317
ii0.643083631.66M1D32754592.l0291361 i1.033074001.89M1D42766652.T02924t9
i1.56308459t.73M2D1Z773230.40293304
~0.763092940.54M2D22783710.T32943060.72310321t.24M2D3ZT93980.742953180.7431
13541.28M2D428D46d1.d2Z96357 j1.30312363t.39M3D1Z812780.47297260
~0.53313260O.fi9M3D22823040.83298272 j,0.653142680.48M3032B33230.8Z299295
j0.583l52891.38M3D4284360t.06300302
11.143153030.78M4012852510.61e3012440.533172361.00M4D22882660.51302253j0.81
3i82390.77M4D32B72730.643032fi6Q0.623I92570.72M4D42B82820.533~4296'0.B83202
681.30Table 23(B)' NZ34J45/0N234/65/0N234/65N0RSS1RSS1RSS1Codeamp aw,o,.amp
aw",,amp~ew",No.(K)No.(K)No.(K)M111851185 T1185M2 ~8Z8828 ~828M3623623
~623M4462_462 ~462M1 Di3275077.33337336i.443533955.51M1D23225988.1533B45B
i.093544787.68M 1033Z37318.97339479 i.173555559.46M1D432477212.0234D706
~.903566378,39M2013254863.4B341255 ~.223572950.58M2023264795.44342288
~.343583521.Z3M20332T5275.51343295
4.653593941.35M2043285667.70344393.453604492.37M3D1,
3294t90.88345237.503612920.B6M3D23304231.24346252.783622861.14M3D33314312.5
5347270.883633132.19M3D43324584.03348304.923643402.51M4013333410.62349ZZ6.1
83652650.B3M40233433B1.13350214.81366273Q.99M4D33353191.37351Z33.973672911.
3SM4D43363542.0635225B.833683072.41 
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Preferred Embodiment F"~xamples Additional samples of elastomer compositds
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 iwas produced using apparatus and 5 procedures
generally in accordance with those of example A above. The elastomer
composites comprised natural rubber field latex from alaysia with the
properties shown in Table 24 below. The elastomer composites each er
comprised carbon black with morphological properties (structure and surface
are ) of Regions I, II or III in Fig. 8. Specifically. the following carbon
blacks were used:l Regal  660, N234, N326, N 1 I 0. 10 Regal  250. N330,
Black Pearl  800, Sterling  Q740 and N31. The carbon black loadings ranged
from 30 to 7~ 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 15 composites no. 1 - 32 were generally in accordance
v~ith those of Example A, including the masterbatch formulation additives
shown in Tabl~ 2. A more detailed description of the apparatus and
procedures used for elastomer composites no. 1 - 32 is set forth below. 1.
Apparatus Invention samples no. 1 - 32 were preparled using masterbatch
production 20 apparatus substantially in accordance with the invention
apparatus described above with reference to Figs. 1, 4 and 7. The diameter
of the slurry 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 Blends-CIP -71 SUBST1TUTE SHEET had four
zones of progressively 25) V   WO 99/16600 PCT/US98/20279 larger diameter
from the mixing zone to the discharge etld. 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 Ta le 25.
There were axially short, faired interconnections between the zones. 5 10
15 20 2. Carbon Black Slurry Preparation Bags of carbon black were mixed
with deioniz~d water in a carbon black slurry tank equipped with an
agitator. The agitator broke thd pellets into fragments to form a crude
carbon black slurry. The carbon black concen~ation (as weight percent) in
the carbon black slurry for each of the sample is given in fable 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 then fed
into a progressing cavity pump to a r Model M210 from Microfluidics
International l a finely ground slurry. The slurry flow rate from the t was
set by the microfluidizer pressure, the microflt positive displacement
pump. Slurry flow rate was mon flow meter. The pressure at which the carbon
black s and the homogenizes output pressure (a11 pressures are in Table 25.
From the homogenizes the carbon black to reduce any fluctuation in slurry
pressure at the slw The slurry nozzle tip pressure and flow rate at which
zone for each sample are given in Table 25. pump to a colloid mill which
specifically, Microfluidizer The microfluidizer produced ~fluidizer to the
mixing zone acting as a high-pressure with a Micromotion mass was fed to
the homogenizes are set forth for each sample was fed to an accumulator by
nozzle tip in the mixing zone. khe slung was fed to the mixing Blends-C1P
7~r I SUBSTITUTE SHEET (R LE 2fi)   WO 99I16600 PCT/US98/20279 3. Latex
Delivery The latex was charged to a 55 gallon feed drurp. Antioxidant
emulsion was then added to the latex and mixed in prior to charging.
Antioxidants were added consisting of tris nonyl phenyl phosphite (T'N~'P)
and 5 diamine mixture) in the amounts shown in Table prepared as a 40 wt%
emulsion using 4 parts along with potassium hydroxide to adjust the 134
(alkylaryl p-phenylene Each of the antioxidants was oleate per 100 parts
antioxidant to a pH of approximately 10. Extender oil, if any, was added in
the amount shown irk Table 25. A peristaltic pump was used to move the
latex from the feed_dnun to the mix~ng zone of the coagulum reactor. 10 The
latex flow rate and velocity are shown in Table ~5. Latex flow was
automatically I metered with a Endress + Hauler mass flow meter. Th ~
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 15 The carbon black slurry and latex were mixed by
entraining the latex into the carbon black slurry. During entrainment, the
carbon b ack was intimately mixed into the latex and the mixture
coagulated. Soft, wet spongy I"worms" of coagulum exited the coasulum
reactor. 5. Dewatering 20 The water content of the wet cntmb discharged
from the coagulum reactor is shown in Table 25. The wet crumb was dewatered
j with a dewatering extruder (The French Oil Mill Machinery Company; 3'iz
in. diamete$~). In the extruder, the wet crumb  Blends-CIP - 73 ST1TUTE
SHEET 1~ULE 26) SUB   WO 99I16600 PCT/US98/20:79 was compressed and water
squeezed form the crumb and through a slotted barrel of the extruder. The
final crumb moisture content is sh wn in Table 25 for each of the invention
samples. 5. Drying and Cooling 5 The dewatered crumb dropped into a second
extruder where it was again compressed and heated. Water was flashed off
upon a~cpulsion of the crumb through the die plate of the extruder. Product
exit temperature attd moisture content are shown in Table 25. The hot, dry
crumb was rapidly cooled (approximately 20 seconds) to about 100F by a
forced air vibrating conveyor. 10 Table 24 Natural Rubber LatFx Properties
Latex TypeSourceAdditives% Dry Rubbe r%T Sol~otal ds% AshNitrogen
ppmVolatile Fatty AcidConcentrateT1TI Latex0.35% NH,6062 40 I S0.290.0Z2SDN
BHDZnO. TMTD0 1 % HHSFteld LatexRRIM`, 9I940 15% HNS`28
434.,0.380.3660.052_ 0.3% NH3.ZnO. TMTD a. RRIM is the Rubber Research
Institute of Ma~aysia 15 b. ZnO/TMTD: used for biological preservatio ,
typical 0.02% of 1:1 mixture c. HNS: hydroxylamine neutral sulfate. Moone~
viscosity stabilizer Blends-CIP i 94 SUBSTtTUTE SHEET ( ULE 26) I 



N G m N m J ,N ~n_ N t m _ ._ _ ~n v Tshta Ze Invention 8amole Production
Details  fnvsntlonC - ~ "abot Elastomer Com - Caibon BIte lack ~ ~ O11
loadingSluNoule TI Lend ienptt~MlcruF nlet pressureluldlze~ Outiat
pressureSam li No.LateX aT aLoadln h h Dla, aIn111field latex'
N3305500.0250.519030002field latex_ N3305500.039130003Held latexN330
.5500.03A130004held latexREGAL 2505500.0250.51A03500_ 5Held latexREGAL
2508500.0250.5300100008field latexREGAL 250T500.0250.5200130D07field
latexREGAL 25085100.0250.5250120008(leld latexBLACK PEARL
8005500.0250.52000009(leld latexN328 ~550 -0.0251250300010Geld latexREGAL
8805500.0251--11Held latexREGAL B8045_ 00.0250.52001250012lfeld ialexREGAL
8808500.02$0.52801500013field latexREGAL 88085100.0250.52001200014field
telexN2345500.0251180550015Ileki latex- N234550 ~0.0250.51450018field
latex_ - N234 `' ~550 ~ ~0.0250.5-145001 Theld latex_ _ _
N2345500.0250.5-14500- ~~.__.__ ~._.~~...__ . _ '_...__ ._~_._ _.._.__.
_~_____~~._.~_~. _ _ .._. _. _~.. _.___ _.____ _.__.. 19__ field latex;~ .
N234850 ~ ~0.0250.52201300020Oeld telexN23485100.0250.53001450021Oeid
latexN1105500 0251120A50022latex concentrateN35133200.0250.52501250023(leld
latexSTERLING 8T405500.0250.52501200024(leld
latexN2344850.0230.52501100025field latexN2345350.0230.52501100028held
latexN2345850.0230.5250110002Theld latexN2348350.0230.52501100028Held
telexN2348850.0230.52501100029latex concentrateN2344A50.0230.5--30latex
concentrateN2345450.0230.5-1100D31latex concentrateN234835 ,0
0230.5-1100032fetex concentrateN2348550.0230.5-11000 O a o, 0 0 n ~o N 0 J
~O   CmNJ da n-oxm_ C -._.rrnN Table I6
fnvenflon1strtionendortlon3rdortlon~thrflonC8 conc.Sam le Ho,Dla. InLen fh
InDla. InLen fh InDla. InLen fh InDla. InLen th
In10.193.00.271.80.382:30.533.2.15.220.1A1.10.271.80.382.30.533.214.930.191
.10.271.80.382.30.533.2
_14.940.193.00.271.80.382.30.533.219.050.193.00.271.80.382.30.533.221.080.1
93 00.2T1.80.382.30.533.22t.0 'T0.193.00 271.80.3d2.30.533.221.080.193.00
271.80.382.30.533.215.0A0.191.10.271.80.382.30.533.214.8100.1A1.10.271.80.3
82.30.533.214.A110.193.00.271.80.382.30.533.215.2120.193.00.27
~1.80.382.30.533.215.2130.1A3.00.271.80.382.30.533.215.2140.1A1.t0.271.80.3
82.30.533.214.8150.193.00.2Tt.80.382.30.533.213.7180.193.00.271.8b.382.30.5
33.213.7170.1A3.00.2T1.80.382.30.533.213.7'__ _ ._.__._. ~. ....__. .. _g~
. _ ._.~ .._____~______ ._ ...~._. _.____ ~___._._ _..._~_._.__ . .~~.. _.
.. __ ..
_~.___~190.193.00.271.80.382.30.533.214.8200.193.00.271.80.382.30.533.214.8
210.191.10.271.80.382.30.533.211.8220.193
00.271.80.382.30.533.215.0230.193.00.271.80.3A2.30.533.214.T240.1A3.00.2T1.
80.382.30.533.213.5250.193.00.271.80.382.30.533.213.5280.193.00.271.80.382.
30.533
213.5270.193.00.271.80.382.30.533.213.5280.1A3.00.271.80.382.30.533.2t3.529
0.1 A3.00.271.80.382.30 533.2t 2.8300.1A3.0D.271.80.382.30.533.212
8310.193.00.271.80.382.30 533.212 8320.193.00.271.80.38 ,2.30.533.212.8 O a
a 0 0 o .o N 0 ~o    N C m N a J 'N. J m N Z m C m N ... table 26
(Continued) Slurry NozzleMlxln ZoneInventionT1p PnssunSlurry Row rateSlurry
velocityAnHoxldantLatex Raw rateLatex velocHySam h No.1 r 4/mlntt/secTNPP
hSsntoR htrs/mln
rIt/sec114004.83380.30.44.78.824258.224T0.30.48.913.234258.22470.3_
0.48.913.2415004.83440.30.48.t9.7515005.23700.30.48.89.8815755.23700.30
45.98.5715505.2. 3700.30.48.910.0818005.23800.30.44.97.198004
230A0.30.44.05.810-4.02A30.30.43.85.211t5005.13730.30.47.0t0.112t 3004.8'
3510.3~ 0.44 88.71313754.93580.3
~0.44.88.914A005.33880.30.44.88.91514005.74200.30.45.47.81814005.7420'
0.30.45.47.81714005.74200.30.45.47.8_.___~8._____.__ _._..__-1800 _.. ....
......._..__.~2 _.__.._ . _._.__.._~._.....~.___..._..~:~.... . __
__....._~_.._... .___. _.._.._.. ~__.. .... ....._... _~_...
__..1918505.33880.30.44.58.52018255.33880.30.44.88.72190D5.33A40.30.44.15.9
2215505.13730.30.45.17.82315505.23810.30.45.78.32422705.14440.30.48.18.8252
2505.14140.30.45.57.928.Z2705.14440.30.45.07.22722805.14440.30.44.88.828-5.
14440.30.44.28.12923505.34830.30.42.83.83023805.34830.30.42.33.43123505.34d
30.30.42.13132Z4205.34830.30.42.03.0 O V a 0 0 ~o n a .o 00 N O J ~O   N C
m N ~ n. m N -d x m ___ C ~n N m Table 26 IContlnuedl DewaterinD In and
Coollninvention_ Inlllal crumb moistureFinal cnrmb moistureProduct
temperatureProduct moistureSam Is No) nF177.88.53120.3278.7-4500.2378.l.
7.84000.2474.g-3500.35T8.27.A3100.2878.411.4-0.2775.88.83350.3877.78.53100.
2977.A8.A3450.21077.8--0.41178.7A.72850.51279.7-3350.213TA.1-
~-O.A1477.g8.43300.1151A.2-oven dried-1879.210.3oven dried-1 T7A.211.2oven
dried-____ .__~g _ .._._...__.. ... . _ ~A.O_ _ . _ _ .. __..._ _... . . .
_ 15 0_ ~ _ .__ _. ._. .. _.3_ZO _. ._ __.._ .. ... 0.4_ .._ . . .. _ .. _.
__1
A80.03.83250.3207A.5A.43450.52180.5A.53500.22285.1A.12800.32378.1B3300.8247
7.4-3800.32577.8-3A00.42e7s.1-400o.T2778.4-4100.42878.7-4201.
t2971.2-4000.83072.3-4200.43173.3- ~400-450O.A32T4.1-400-4500.2 O o. o. 0 0
~o 00 N O N J ~D   WO 99I16600 ; PCTNS98/20??9 It should be noted that
samples 2 and 3 were produced with approximately no outlet pressure at the
Microfluidizer outlet, etc.. to determinel macro-dispersion under adverse
process conditions. The excellent carbon black dispersion in the 5
demonstrated by their macro-dispersion quality and rr portion MW,o,. Table
26 below shows the MWsa, and invention samples 1 - 32, along with the
carbon black the samples. The carbon black loading and oil loadin, Table
26. masterbatches is r weight of the sol values for oil (if any) used in
each of are shown as phr values in 



Blends-C(P '19 SUBSTITUTE SHEET ( ULE 2fi) I i   W O 99I16600 Tabis 26 Sol
Mc.._.:ular Wslpht end Undspersed A of ln.~rttion PCT/US98/202'9 Samples
Invention Samph Ho.C82oadinQ/OII M", (IQ C (~,~)1N330155J0 !305
0.262N33015510 j726 0.543N33015510 ;544 0.404R25015510 I876 0.085R250IB5J0
;670 0.166R250IT510 .655 0.037R250165110 i519 0.028HP80015510 13g4 0.149
~N32615510 ;666 0.2010R660!5510 ;678 0.12' 1 tR660!4510 j733
0.Q512R660!6510 I568 0,0413R660165110 j607 0.0214N234155J0 i433 0, t515.
N234!5510 .;1000 0.1016N234!5510500 0.1517N234155ro ;55o a.lo., 18
~N23414510 i495 0,t719N23416510 I359 0.Z020N2341fi5110 ~350 0.1121N11015510
!612 D.1722N351I33~0 ~800 0,10235674015510 1630 0.1024N23414815569
0.0525N23415315 I485 0) 1226N23415815 i447 0.1227N23416315 ~403
0.1328N23415815 i378 0.1629~ N23414915 !618 0.t230N234/5415 ~482
0,1631NZ34I6315 i390 0.1732N23416515325 0,20 B fends-Cf P 80 Su8STITUTE
SHEFf t u~ zs~   WO 99I16600 PCT/US98/20279 The results for a11 invention
samples having carbon lack loading of  phr are shown in the semi-log slot
of Fig. 9 along with macro-dis ersion and MW~, values for a corresponding
series of the above described natural ru ber control samples produced by
dry mixing techniques. At least one data point for invention sample
comprising 5~ 5 phr loading of each carbon black is shown in Fig. 9, al ~
ng with all of the control samples having carbon~black loading of 55 phr.
(Control samp es 401 to 412. also shown in Fig. 9, used 33 phr N351 carbon
black and 20 parts extend r oil.) It can be seen in Table 26 and in Fig. 9
that the invention samples have excellent macro-dispersion. Specifically,
the invention samples have D(%) values generally blow 0.2%, even at MWso,
values 10 above .85 x 106 whereas the control samples neve~ achieve such
excellent macro .I dispersion at any MWsy. Thus, the data shown in Figs 9
clearly reveals that the macrodispersion quality of the novel elastomer
composites o er a wide range of MW~, values is significantly superior to
that achievable using comp~able ingredients in prior-known dry mixing
methods. The symbols used for the various data points shown in Fig. 9 and
15 those used in subsequently discussed Figs. 10 - 2~ arQ explained in the
legends below. Blends-C1P ~81 SUBSTITUTE SHEET ( ULE 26)   WO 99/16600
Fipuro Captiopns Figure 9 Dispersion Duality and MW Sol of NR Ma' Figure 10
Dispersion Dualityr and MW Sol of NR (Regron !) Figure 11 Dispersion
Quality and MW Sol of NR (Regron II )  Figure 12 Figure 13 Dispersion
Duality and MW Sot of NR Masterba es (Region III ) Dispersron Duatrty and
MW Sot of NR Masterbatdies (N330 Carbon Black) 55 phr) PCT/US98/20?"9 z
tontrot samples 177 to 224 1 control samples Z73 to 320 e:controf samples
145 to 176 a control samples 369 to 400 o control samples 33 to 64 >K
control samples 1 to 32 ~ control samples 113 to 144 o control samples 412
to 443 ~ control samples 401 to 412 t mention samples scontrol samples 177
to 224 c~ kvention sample 10 ~r control samples 145 to 176 invention sample
9 O control samples 33 to 64 O invention sample 4 x control samples 1 to 32
O invention sample 1 ~ control samples 113 to 144 ~ invention sample 8 ~
control samples 273 to 320 ~ invention sample 14 a control samples 369 to
400 O invention sample 21 ~ control samples 401 to 412 t invention sample
22 o control samples 412 to 443 O Invention sample 23 ~ control samples 1
to 32 ~ invention samples 1 to 3 Blends-CIP 82 SUBSTITUTE SHEET ( , Ut.E
26)    WO 99I16600 Figure 14 Dispersion lQuady and MW Sot of NR (REGAL 250
Carbon Biacfc) PCT/US98/20279  control samples 33 to 64  invention sample 4
o control sample 65 to t10 p invention sample 5 I o control samples 81 to
96 j a invention sample 6 o control samples 97 to 112 ~ I  invention sample
7 Figure 15 Dispersion Duality and MW Sol of NR Masterbatche# (BLACK PEARL
800 Carbon Blade) 55 phr) Figure 16 Dispersion Duality and MW Sot of NR
Masterbatche~ (N326 Carbon Btacfc, 55 phr) _ Figure 17 Dispersion Duality
and MW sol of NR (REGAL 660 Carbon Black)  control samples 113 to 144
invention sample 8 ~ control samples 145 to 176  invention sample 9
Masberbatch Figure 18 Dispersion Duality and MW sol of NR Masterbatche (
N234 Carbon Blade )  control samples 177 to Z24 ~ invention sample 10 o
control samples 225 to 240 p invention sample 11 o control samples 241 to
256 p invention sample 12 ~ contr~o( samples 257 to 272  invention sample
13  control samples 273 to 320  invention samples 14 to 17 p control
samples 337 to 352 p invention sample 19 o control samples 321 to 33E a
invention sample 18 o control samples 353 to 36f  invention sample 20
Blends-CIP 83 SUBSTiTUT>= SHE? (RULI~ 26) a   WO 99/16600 F~gurc 19
Dispersion Gual~~:zd MW So! of NR Masterbatdtes (N110 Carbon Blade) 55 phr)
PCT/LS98/20279 ~ control sart~les 369 to 400 ~ invention sample 21 Figure
20 Dispersion Cuality and MWsol of NR MasterbaEch ( N351 Carbon Bfadc, 33
phr ~ control samples 401 to 412 ~ invention sample 22 Figure 21 Dispersion
Duality and MW Soi of NR Masterbatdxs (STERLING 6740 Carbon 8iadc, 55 phr)
1 eorttrot umplh 4i2 to 443 ~ invention sample 23 Figure 22 MW sol Effect
on Crack Growth Rate  (NR Compounds Containing N234 Carbon BtaGc  5~ phr
Loading) ~ control samples 273 to 288 I o invention sample 16 Figure 23 MW
sol Effect on Crack Growth Rate (NR Compounds Conlainmg N326 Carbon Stack
(c~ 5~ phr Loading) ~ control samples 145 to 160 p invention sample 9
Figure 24 MW sol Effect on Crack Gr~rth Rata (NR Compounds Containing REGAL
660 Carbon Black  55 phr Loading) ~ control samples 177 bo 192 p invention
sample 10 Figure 25 Max. Tan b (Stain Sweep (8360 C) of NR Compounds
iContaining N234 Blade at Different Loadings 



invention samples 24 to 28 invention samples 29 to 32 control sample 444 to
450 Blends-C1P 84 SUBSTITUTE SHEET ( ULE 26)   WO 99/16600 Figure 30 Fignn
tapHopers Macro-dispersion Duality and MW of Sol Porton of I~R MastertsaGc~
Contammg Dual Phase (Carbon BladclSitica) Aggregates PCT/US98/20279 ~
control samples 451 to 458 t invention sample 33 o control samples 459 to
466 I o invsrttion sample 34 Figure 31 Macro-dispersion Duality and MW of
Sol Port<on of NR Masterbatch Contammg Hknd of Carbon 8tadc and Silica I, ~
control samples 491 to 498 t Invention sample 38 o cantroi samples 483 to
490 o invention sample 37 o control samples 475 to 482 o invention sample
36 ~ oorttroi samples 467 to 474 ~i invention sample 35 Blends-CIP 85
SUBSTITUTE SHEET (R LE 26)   WO 99/16600 PCT/US98/202'9 . The
macro-dispersion values for the elastomer composites of the invention shown
I in Fig. 9 are described by the following equations: D (%) < 0.2% when
MW,oi is less than 0.45 x 106; and (1) 5 log (D) < log (0.2) + 2.0 x
[MV~.'fo, - (0.45 x 106)] x 10'i (2) when 0.45 x l06 < MWso, < 1.1 x I06.
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 >ro 0.2% is the threshold macro 10 dispersion quality for all carbon
blacks in Regions I. ~I and III for natural rubber dry masterbatches. That
is, none of the dry masticated m~sterbatches achieved macro dispersion
quality of 0.3% at any MVG fo, , even after yxing sufficiently to degrade
MW,o, below 0.45 x 1 O6, as described by equation ( 1 )I above. When the
MWS, of the dry masterbatch control samples shown in Fig. 9 is b~tween 0.45
x 106 and 1.1 x 106, 15 the dispersion quality is even poorer while, in
contra t, the dispersion quality of the invention samples having MW~, in
that range remain excellent. None of the preferred embodiments shown in
Fig. 9 having MWS 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 embodin!~ents which are seen in Fig. 9
20 (and in other Figures discussed below) to lie on the ~ axis (i.e., at
D(%) value of Blends-C1P 86 SU9STtTUTE SHEFf (F~ULE 26)   WO 99I16600
PCTNS98/20279 0.1 %) may have macro-dispersion quality of 0.1 % r an even
better (i.e., lower) D(%) I value. 5 Region I Carbon Black Samples
Invention samples comprising carbon biack~ 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 Soy values of the
invention samples and corresponding control samples comprising the carbon
blacks Regal 660. N326, Regal 250, N33 ~ , and Black Pearl 800, at carbon
10 black loading ranging from 30 phr to 7~ phr and exte der oil loading
ranging from 0 phr to 20 phr. Excellent carbon black dispersion is see in
Fig. 10 for a11 of the invention samples, representing preferred
embodiments of elast~mer composites in accordance with the present
disclosure. A11 of the invention samples advantageously are below line 101
in Fig. 10, whereas all of the control samples have Ipoorer dispersion,
being above line 15 101. In fact. the preferred embodiments shown in Fig.
10, even throueh comprising carbon blacks from Region I. the most difficult
to d'~sperse, a11 fall below a D(%) value of .3%. The most preferred
embodiments a11 have a (%) value not exceeding .2% even at an MW~, 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 20 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
~aiues for the elastomer composites of the invention shown in Fig. 10 are
described by t~e following equations: Blends-CIP 87 SU8ST1TUTE SHEET (>~ULE
26)   WO 99/16600 5 10 15 D(%) < 1.0% when MW,o, is less than 0.7 x 106;
and PCT/US98/20279 (3) log D < log (1.0) + 2.5 x [MW~, - (0.7 x 106)] x
10'i (4) when 0.7 x 106 < MW,o~ < 1.1 x 106 It will be recognized that D
(%) is the percent undisp rsed area measured for defects greater than 10
microns and I % is the threshold mac o-dispersion quality for all carbon
blacks in Region I for natural rubber masterb~tches in accordance with the
present invention. That is, none of the dry masticate masterbatches
achieved macrodispersion quality of 1.0% or better at any MWso, , even
after dry mixing sufficiently to degrade MWS, below .7 x 106, as described
by Equation (3) above. When the MWso, of the dry masterbatch control
samples shownl in Ftg. 10 is between 0.7 x 106 and 1.1 x 106, the
dispersion quality is even poorer. n contrast, the dispersion quality of
the invention samples having MW,o, in that range emains excellent. The
preferred embodiment shown in Fib. 10 having MWso, between .7 x 106 and 1.1
x 106 falls well below the preferred macro-dispersion limit of .2%. ~t 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 black: 20 (i.e., structure and surface
area) of Region II in Fig. 8, described above made with such Region II
carbon bl plot of Fig. 11. Specif cally, Fig. 11 shows the m Blends-CIP '88
SUBSTITUTE SHEET ( ULE 25) having morphological properties and
corresponding control samples ~cks are compared in the semi-log values and
MW,,   WO 99/16600 ~ PCT/US98/?0279 values of the invention samples and
corresponding control samples comprising the carbon blacks N234 and N 110
at carbon black loading! ranging from 40 phr to 70 phr and extender oil
loading ranging from 0 phr to 10 phr. E cellent carbon black dispersion is
seen in Fig. 11 for a11 of the invention samples, representing preferred
embodiments of 5 elastomer composites in accordance.with the present
disclosure. The invention samples advantageously are below Iine 111 in Fig.
11, wher 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 II fall below a D(%) value of .3%. Most preferred
embodiments have a D(%) value not exceeding .2% at any MW,a, value. The I
10 data shown in Fig. 11 clearly reveal that the macro-dispersion quality
of the novel elastomer composites disclosed here comprising Re~ion II
carbon blacks, over a wide range of MW~, values, is significantly superior
to at achievable using comparable ingredients in prior dry mixing methods.
The macro ispersion values for the elastomer composites of the invention
shown in Fig. 11 are described by the following equations: 1~ D(%) < 0.3%
(5) when MWso, is less than 0.35 x 10; and log D < log (0.3) + 2.8 x [MWso,
- (.35 x 10)] x 10'6 (6) when 0.35 x 106 < MW,i < 1.1 x 106. It will be
recognized that D (%) of .30% is the thresho d macro-dispersion quality for
all 20 carbon blacks in Region II for natural rubber mast rbatches in
accordance with the present invention, and 0.3~ x 106 is the threshold M~~,
value. That is, none of the dry masterbatches achieved macro-dispersion
quality of .30% or better at any MWso, even Blends-C1P i 89 SUBSTITUTE
SHEET ( 111.E 26)   WO 99I16600 PCT/US98/20279 after dry mixing
sufficiently to degrade MW~, below .~5 x 106, as described by Equation 



(6) above. When the MW,o, of the dry masterbatch co~uol samples shown in
Fig. 11 is between 0.36 x 106 and 1.1 x 106, the dispersion quali~y is even
poorer. In contrast, the dispersion quality of the invention samples having
MW~, in that range remains excellent. 5 The preferred embodiments shown in
Fig. 11 having ~VIW~, between .36 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 10 15 20 Region III Carbon Black
Samples ion quality and MW,, . 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 semi-log plot of Fig. 13. Specifically, Fig. 12
shov MW~, values of the invention samples and corresponi carbon blacks N351
and Sterling 6740. at carbon bl blacks are compared in the the
macro-dispersion values and control samples comprising the loading ranging
from 30 phr to 70 phr and extender oil loading ranging from Ophr t~ 20 phr.
Excellent carbon black dispersion is seen in Fig. 12 for all of the
inventio samples, representing preferred embodiments of elastomer
composites in accordance with the present disclosure. All of the invention
samples advantageously are below line i121 in Fig. 12, whereas a11 of the
control samples have poorer dispersion, being abov~ line 121. In fact, the
preferred embodiments shown in Fig. 12, comprising carbon iplacks from
Region III, fall at or below a D(%) value of .1 %, even at aut MW~, value a
and even .7 x 106. The data shown in Fig. 12 clearly Blends-C(P 90
SUBSTITUTE SHEET eously exceeding .3 x 10 thatthe macro-dispersion 26) a
WO 99/16600 PCT/US98/20279 quality of the novel elastomer composites
disclosed here comprising Region III carbon black, over a wide range of
MWso~ values, is signific$ntly superior to that achievable I using
comparable ingredients in prior dry mixing methods. The macro-dispersion
values for the elastomer composites of the invention shown iin Fig. I ? are
described by the 5 following equations: D(%) < 0.1 when MWso~ is less than
0.35 x 10b ; and (~) log D < log (0.1 ) + 2.0 x [MW~, - (0 Q30 x 10) x
10-b] (8) when 0.30 x 10b < MWsa, < 1.1 x I06. 10 It will be recognized
that D (%) of 0.1 % is the threshol~ macro-dispersion quality for a11
carbon blacks m Region III for natural rubber masterbatches m accordance
with the present invention, and 0.3 x 106 is the threshold MW~, value. That
is, none of the dry masterbatches achieved macro-dispersion quality of
.1,(o at any MWso, , even after dry mixing su~ciently to degrade MW~, below
.35 x 106, ~s described by Equation (7) 15 above. When the MWso~ 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 W,o~ in that range remains
excellent. The preferred embodiments shown in Fig. I ~ having MW,o, between
.30 x 106 and 1.1 x 106 fall well below the preferred macro- ispersion
limit of :?%, and, in 20 fact, are at or below D(%) value of 0.1%. It can
be seed that the elastomer composites of the present invention comprising
carbon blacks frorr~ Region III provide heretofore unachieved balance
between macro-dispersion quality ~nd MW~, . Blends.CIP ~ 91 SU85T1TUTE
SHEET (RWLE 26)   WO 99/16600 PCT/US98/20279 Additional Sample Comparisons
The macro-dispersion values for the inventioih samples are shown
graphically in the semi-long plots of Figs. 13 through 21, as a function of
their MW~, values, as in Figs. 8 through 12 discussed above. More
specifically, ire Figs. 13 through 21 all invention samples described above
comprising a particular carbon black (being limited to those of a specific
carbon black loading when so indicated) ante shown together in a single
semi log plot together with the corresponding control samples. (See the
legends above giving I the reference numbers of the invention samples an~
control samples included in each figure.) Thus, Fig. 13 shows the
dispersion quality alnd MWSa, of invention and control 10 samples described
above comprising 53 phr N330 car~on black. The data shown in Fig. 13
clearly reveals that the macro-dispersion quality o~ the novel elastomer
composites of the invention, comprising N330 carbon black, over. a wide
range of MW~, values, is significantly superior to that of the control
samples!. Macro-dispersion for elastomer composites of the invention
comprising N330 carhop black, as shown in Fig. 13 is 15 described by the
following equations: D(%) < 1 when MW,o, < 0.6 x 106; and log (D) < log ( 1
) + 2.5 x [MWso, -~ (0.6 x 1 O6)] x 10'6 ( 10) 20 when 0.6 x 106 < MW,o, <
1.1 x 106 Blends-CIP 92 SUBSTITUTE SHEET ( ULE 26)   WO 99I16600 None of
the dry masticated masterbatches at any MW,,, even after dry mixing
sufficiently to (see Equation 9, above). In control samples t:
PCT/US98/20279 macro-dispersion quality of 1.0% MWso, below 0.6 x 106 5~
phr N330 carbon black in which the MW,o, was maintained between 0.6 x I O6~
and 1.1 x 106, the D(%) value is 5 even higher. such as more than 4%
undispersed Fig. 14 shows the dispersion quality and I~IWso, of the
invention and control 10 15 20 samples described above comprising REGAL 25b
carbon black. Selected invention and control samples shown in Fig. 14
comprised oil, las set 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 Q50 carbon black, over a wide range of M
Wsoi values, is significantly superior to that o~ the control samples. The
macrodispersion values for the elastomer composites of t~te invention
comprising REGAL 250 carbon black, as shown in Fig. 14 are describe by the
following equations: D(%) < 1 % (9) when MWso, < 0.6 x 1 O6 ; and _ loe (D)
< log ( 1 ) + 2.5 x [MWSO, ~ (0.6 x 106)) x 10'6 (10) when 0.6 x 106 <
MWfo, < 1.1 x 10. None of the control samples achieved macro-dispersion
quality of 1.0% or better at any MW~,, even after dry mixing sufficiently
to degrade'~MW~, below 0.6 x 10 In contrast, elastomer composites of the
invention comprising R~gal 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 25~ carbon black, are set forth
in Table Blends-CIP 93 SUBSTITUTE SHEET (1~ULE 26)   WO 99/16600
PCT/US98/20279 27 below. It can be seen that invention sample No. 4i has
exceptionally good resistance 5 to crack growth, as indicated by its very
low crac~C growth rate value of only 0.92 cm/million cycles. In fact, the
invention sample is' far superior to the cotrespondine control samples.
This is believed to be due larger to the better MVJ~, and macro dispersion
of carbon black in the invention sample, ~s discussed above. Blends-CIP i
94 I SUBSTITUTE SHEET ( ULE 26) 



WO 99I16600 Table ZT Compound Properties of NR Compounds Containing REGAL
250 Carbon Blseic n 53 bhr Loading PCT/US98/20279 S~mpte
No.AlooneyN~ra~nessE00i Q00T~r~slleEgocrv~n~ ranrtunrmcontrol 33.
60.6355.351H126~
999.824090.24675.0control3473.5857.80235.14i1293.883978.24595.0control3581.
4958.65243.6611263.264t03.416I3.0control3684.0459.95244.2311215.H73960.3261
4.0cantrat 3757.3556.752t8.70A259.994119.85502.0control
3860.1057.05216.T5i1206.604023.65fi20.0control39682857.25Z25.44A256.7.34134
.06621.0contro14077.4059.10255.1511330,874059.01597.0control4l44.4056.25216
.00j1214.T8403H.68618.0contral4247.9656.50214.53.1202933944.05613.0control4
349.8457.05Z2126i1229.074018.24611.0control4450.1056.60
~210.S0i1140.904058.33638.4control
453fi.8252.90177.479B2863790.56533.0control 46382354.50198.63~ t
111.043B60.56629.0control4735.355d.60'199.03L1110.0038T1.49505.0control4840
.5855.50204.52'1t39.943961.066320invention
471.975`7.00218.18_'t230.304036.306I1.0Sample No.ReboundCrack Growth
RatsAion I~sTan bTan b/emlmillion
cy~ies)I(g)0'C80'Ccontrol3364.502.000.1910.1670.091control 3464.551.H3'
'Q.1820.1550.D83control 3563.752.3B~ ' 0.1920.1500.Q91control3663.301.42;
'0.t800.1620.091control 37~ 64.653.00 _i
0.1680.1760.100control38.63.452.99~ 0.1630.1840.099control3963.902.17;
0.1H60.1700.092control 4062.301.690.1 H20.1750.093control 4164.202.84'
0.1900. ~
890.102contro14264203.240.1B20.1680.103cantrol4364.503.520.1770.1830.101can
trol4463.903.50; 0.1790.1850.104control
4563.803.860.1990.1970.104control4664.303.94i
0.1910.1840.107corttrol47'64'.'353.81i 0.1920.106control4863.653.461
0.1800.1820.710invention 464:700.92I 0.1900,1480.096 Blends-CIP 95
SUBSTITUTE SHEET ( ULE 26) 1   WO 99I16600 PCT/US98l20279 Fig. I5 shows the
dispersion quality and M~~, of the invention and contEbl samples described
above comprising BLACK PEA~L, 800 carbon black at 55 phr loading. The data
shown in Fig. 15 clearly reveals th~.t the macro-dispersion quality of I
the novel elastomer composites of the invention 5 black, is significantly
superior to that of the values for elastomer composites of the invention
black, as shown in Fig. 15, are described by the D(%) < 1.5% Black Pearl
800 carbon equations: (11) when MWso, < 0.65 x 1 O6 ; and 10 log (D) < log
(1.5) + 2.5 x [MWS, - 0.65 x 106)] x 10' (12) when 0.65 x 106 < MWSO, < 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 sufficiently to degrade
M~ ,below 0.65 x 1 O6. In contrast, I elastomer composites of the invention
comprising Back Pearl 800 carbon black and 15 having MW~, above 0.65 x 106
have excellent macro-nispersion. such as D(%) less than 0.2%. Compound
properties and performance characteristics for the invention and control
samples shown in Fig. 15, comprising BlackIPearl 800 carbon black. are set
forth in Table 28 below. It can be seen that inventio~ sample No. 8 has
exceptionally good resistance to crack growth, as indicated by its va,~y
low crack growth rate value of 20 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~, and macro-dispersion
of carbon black in the invention Blends-CIP 96 Black Pearl 800 carbon
samples. The macro-dispersion e, as discussed above. SUBSTITUTE SHEET (RULE
26)   WO 99I16600 ~ PCT/US98/20279 Table 28 Compound Properties of NR
Compounds Containing BLACK PEARL s00 Carbon 8laeic ~t 55 phr Loading Sampis
No.~Aoon~HsninessE,00E30TsnsilsE8MLr,.4~
,ooc~tvsri~t~fpsll(.c1cantrol1131l0.566.4345.01.03878.0598control114t09.067
.3367.0142.04033.0606cornrol t15t06.46TZ363.013t;
1.03896.06I0control116105.769.0322.0120.03856.0626control 1
t7110.66T.1316.0140.04180.0616Control t 18t t 8.967,
t310.013.0396T.0607Control 1191 t
1.967.7309.013Z.04149.0634contro1120110.66T.6373.0118.04199.0653control121'
114.766.3287.0t204329.0667control t22110.665.8288.0t.04217.0659control
t23115.067.5280.0t204071.0624Cantrol124116.566.5_309.0t38.04166.0623control
1251t3.465.4281.0127a.03978.0637control126101.466.8280.0t22.04206.0656contr
ol 127105:566.42620t
15.'0416T.0670control128110.766.8292.01301.04209.0643invention
8131:362.522T.0Z29.03418.0532Sampla No.ReboundCrack Growth
RateAbrisio~tossTan 5Tan 6(eeNmllllon
cycles)(g0'C60Ccantro111344.73.140.1802810.184can>ro111445.02.72O,t50Z740.1
85control1154T.02.540.1$302330.171cantrol11646.62.410.10.2440.163control117
40.94.560,060.3Z70.214control11841.82.80-0.1120.3350.725control11941.74.330
.010.3210216control 12042.13.890.050.3010.207control
t2139.23.380.050.3120.256Contr~ol12238.74.580.1I80.34.40236control
12340.24.790. t38.3290.232control12441.73.780.120.3210209cantrvt
12538.93.400.0 60.3520.248control 12638.15.570.0 I00.3550.241control
t2738.24.T90.0? 30.3460 254controllZ83S:43.40I 0.1130.357, 023mvenhon
844.80.270.1 00.2970.199 Blends-CIP 97 SUBSTITUTE SHEET (R~JLE 26)   WO
99/I6600 PCT/US98/20279 Fig. 16 shows the dispersion quality and M ' '~, of
the invention and control samples described above comprising N326 carbon
back at 56 phr loading. The data shown in Fig. 16 clearly reveals that the
macro-dispersion quality of the novel elastomer composites of the invention
comprising N326 carbon! black is significantly superior to 5 that of the
control samples. The macro-dispersion va ues 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) 10 15 when MWS, < 0.7
x 106 ; and log (D) < log ( 1 ) + 2.6 x [MWS, - ((E1.7 x 10)J x 10'6 ( 14)
when 0.7 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 sufficiently to degrade ~W~, below 0.7 x 1 O6 In contrast. elastomer
composites of the invention comprising N326 carbon black and having MWso,
above 0.7 x 106 have excellent macro-dispersion. Compound properties and
performance samples shown in Fig. 16, comprising N326 carbon It can be seen
that invention sample No. 9 has as D(%) not greater than 0.2%. for the
invention and control are set forth in Table 29 below. nally good
resistance to crack growth, as indicated by its very low crack growth rate
value of only 0.77 cm/million i 20 cycles. In fact, the invention sample is
far superior to a con-esponding control samples. This is believed to be due
largely to the better MWS,! and macro-dispersion of carbon black in the
invention sample, as discussed above. Blends-CIP 98 I SU8ST1TUTE SHEET (
ULJr 26) i   WO 99/1 G600 ~ PCT/L~S98i20279 Table 29 Compound Properties of
NR Compounds j Containing N326 Csrbon 8lacfc n 55 phr ~dtnp Sample
No,tiAooney ML(1+d) 00'CHardnessE100 (P:i) ~00 Pst)Tensile (PailEg
('~G>coma! t45_
64.660.528917t33g2154gconbvl14688.262.434018Q240945S3cantrol14791.763.33911
9173991528cantro114896.864.332616644045572contro114962.461.531017634Q29552c
ontro115067.762.6326'l8554055g31cantrol15176.560,62B716414015575contro11527
9.463.6329'i17203980559control15357.260.128216233968579contro115457.262.835
418B93879525contcol15557.362.2323M7633975556contra!
15660.161.9310'16673918564contrnl15745.16123281748376H533control
15850.160.6_ 315;
I7403817control15953261.33Q6Q6753886563contro116050.562.6331'1752388d549inv
ention 97T.860.9 ~277A5634167593Sample No.ReboundCrack Growth RateAb ion
lossTin bTan 5(cmlmllllon cycles)~ (g)0'C60'Ccontrol 14557.82.84~0
09520.2250.129control 1465B.12520~ 08870.2170.126control 14757.62.030';
09460.2050.123cnntrol14856.31.630.09270.Z210.129control 149ST.Z3.39 ~0~
08270.2340.142control t5055.BZ.770.08660.Z340.150control 7
5155.62.610.09330.2410.149cantro115254.52.T90.08570.2490.155control
15355.43. t20~ 0911d2580.170contro115456.03.350:085B0.2410.147control
15555.43.630.081 t02540.152control15654.93.550.09060.Z610.153control
15755.53.020~ 09310.254Q.149conlrol15855.43.81009140.2d90.750control
15954.93.23Q 093302400 158contro11605523.190.09420 246. 0 163inventon
958N10.T70 0939. 0 Z25...0.136 Blends-CIP 99 SUBSTITUTE SHEET 



i ~~uLF 2sy   WO 99l16600 ~ PCT/US98I20279 Fig. 17 shows the dispersion
quality and Mi ~, of the invention and control samples described above
comprising REGAL (trade , ark) 660 carbon black. Selected ' invention and
control samples shown in Fig. 17 com~rised oil, as set forth above. The
data shown m Fig. 17 clearly reveals that the macrllo-dispersion quality of
the novel 5 elastomer composites of the invention comprising GAL  660
carbon black, over a wide range of MW~, values, is significantly superior t
that of the control samples. The macro-dispersion values for the elastomer
composites of the invention comprising REG AL  660 carbon black, as shown
in Fig. 1 ~ are described by the following equations: D(%) < 1% (15) 10
when MWso, < 0.6 x 1 O6 ; and log (D) < log ( 1 ) + '_'.~ x [MWSO, - (0.6 x
1 O6)] x 10'6 ( I 6) when 0.6 x 106 < MW~, < 1.1 x 106. None of the control
samples achieved macro-dispersion quality of 1.0% or better at any MWsoi,
even after dry mixing suffciently to degrade Iv~W~, below 0.6 x 106 In
contrast, 15 elastomer composites of the invention comprising Reg~al 660
carbon black and having MWSO, above 0.6 x 10 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 th~t invention sample No. 10
has 20 exceptionally good resistance to crack growth, as indicted by its
very low crack growth rate value of only 0.69 cmimillion cycles. In fact,
the 'I vention samples are far superior to the cosesponding control
samples. This is beiie ed to be due largely to the better ' MW~, and
macro-dispersion of carbon black in the inv ntion sample, as discussed
above. . Blends-CIP I00 SUBSTITUTE SHEET ( , ULE 26)   WO 99/I6600 Table 30
Compound Properties of NR Compounds Cor>bining REGAL 660 Carbon Black at 53
pf~~ Loading PCT/US98/20279 Sample No.MooneyMardnessE10000TensileEBMLf1+4)
100'C(psl)( ~ l)Ipsi)control i7761.02739
2T02control17887.663.2232943400269dcontrol
t7987.t64.92B51'J3440166a4cantro118085.664.02711984058618contro11B180.161,0
206Q454098661control18293.459.019Z~3539Z4733control18389.061,0215920413d698
corttrnll&t83.46Z4ZZ3~964236694control 1
B570.160.0178~943768717control18669.B60.3196Q204031666control18776.763.5166
Q66415772pcontrn11887Z162.0191!$834182704contro11B954.361.Z2Z21D794240674ca
nirol19055.761.1 -19394Z4125692control
19165.0control19261.160.4191~02418971pinvenbon 10B8.162.9 -2491
024292634Sample No.ReboundCrack Growth Rate~ Ab tan louTan bTan
b(cmimillion cycles)Ig)0'C80'Ccontrol177.54.6--0.131control 17855.62.340.
j16490.1940.
t29cantrol17953.7Z.780.i16200.2000.140contro118052.92.980.13850.Z200.153con
uol18151.03.410a11890.2670.185cantrol18249.93.110a10760.Z700.194control1835
0.13.150A08602640.192convot 18d48.03, t t0
.10850.2840.208control18547.54.590:09370.3060.209control
18648.54.060:10080.Z950.211cantro118747.73.530:10410.297Q.198canffo118847.8
3.790J09850.2B50.Z07control18947.53.710j09570.306Q.203cantra119046.84.14009
620.3000.200control 19147.40.Z26contro119246.54.78008970.3010.226mvenbon
10'4B.2Q.690 09420.Z710.178 Blends-CIP 101 i SUBSTITUTE SHEET ( ULE 26)
WO 99/16b00 PCT/US98/20?79 Fig. 18 shows the dispersion quality and
Iv,IW,o, of the invention and control I samples described 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 th~ novel elastomer composites
of the invention comprising N234 carbon black, over al wide range of
MV~'SO, values, is significantly superior to that of the control samples.
'~'he macro-dispersion values for the elastomer composites of the invention
comprising N34 carbon black, as shown in Fig. 18 are described by the
following equations: D(%) < 0.3% 10 when MWSO, < 0.35 x 106; and ( 17) log
(D) < log (0.3) + 2.8 x [MW,o, -;(0.3~ x 106)] x 10-6 (18) when 0.35 x 10b
< MWso, < 1.1 x 106. None of the control samples achieved macro-dispersion
quality of 0.3% or better at any ~`6 t MWso,, even after dry mixing
sufficiently to degrade MW So,below 0.35 x 10 In contrast. 15 elastomer
composites of the invention comprising N234 carbon black and having MWsa,
greater than 0.35 x 106 have excellent macro-dispersion, such as D(%) not
more than 0.3% or even 0.2%. Compound properties and perforrmance
characteristics for invention sample No. 14 and various control samples
shown in Fig. 18, comprising N234 carbon 20 black, are set forth in Table
31 below. It can be seed 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. Blends-CIP i 102 sues sHES-r ( u~ Zs>   WO 99I16600
Table 31 Compound Properties of NR Compounds Containing NZ34 Carbon 8lsek
at 55 phr Laad~ng I PCT/US98/20279 Sample No, lllooneyMsrdnessE100E3
0TenslieEgML(1+4) 00'C(psi)(t)(Psi)('/.)control273_
94.568.03862037t8511conirol274127.669.64642293925501control275121.47Z556425
5399d472cantrd
27613Z.27t.95112293g64520control27779.668.5468243357,figcontrol27896.370.05
31249387446gcontrol279108.669.04062113863532control
Z80120.371.54762233852502control28176.469.75562T34027451control28289.869.85
5325fi43B96465control28393.669.65062463867475cantrol284106.771.85262343T884
8deontrol28573.369.35292g63831444control28679269.5
~531243856456cantrol28777.870.754423~ control288 828 71.2 485 22 5 3T99~1
499mvenbon 148267t.5'5002'38B3531Sampls No.ReboundCrsclc Gn~wth RateAbrzsin
lossTan bTan b(cmfmiUfon
cycles)()0'C60'Ccontrol27345.92.140.0630.2B5Q.183control2744721.840.0830.27
40.173Control27546.11.700.0380.Z840.172contra! Z7646.91210.0 Z02700
173cantrol27747.12.Z2O.O280.305. 0 173control 27845.82.400.0340.299. 0. f
96control27945.42.00D.080Q.3060.198control2804.4.21.81 .0.0460.2980
198contro128146.33.100.0980293. 0 174contro128246.52.330.37D.307. 0
182control28346.42.410 0.0940.309. 0 186cantrol28444.21.990.090.304. 0
190cantrol2B547.02.990.0540.295. 0 178cantral2B645.62B50.D$510294. 0
172Control 2874S.4. 2.930.090.305. 0 187Contra! 28844.02.390. ~70.316. 0
198rnverttion 1445.12.080.980.310. 0.198 Blends.CIP 103 I SUBSTTTUTE SHEET
( ULE 26)   WO 99/16600 PCT/US98/20279 Fig. 19 shows the dispersion quality
and M ~, of the invention and control samples described above comprising N
110 carbon back at 55 phr loading. The data shown in Fig. 19 clearly
reveals that the macro-dispersion quality of the novel elastomer composites
of the invention comprising N110 carbon Hlack, over a wide range of MWfo,
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 MWS, < 0.3~ x 106; and a 



10 log (D) < log (0.~) + ?.6 x [MW Soy - S0.6 x 106)] x 10'6 (20) when 0.36
x 106 < MW~, < 1.1 x 10. None of the control samples achieved
macro-dispersion quality of 0.5% at any MWso~, even after dry mixing sub
ciently to degrade M WSO~I below 0.3 ~ x 1 O6 In contrast, 15 elastomer
composites of the invention composing N 11 D carbon black and having MWso~
above 0.3~ x 106 have excellent macro-dispersion, such as D(%) less than
0.2%. Fig. 20 shows the dispersion quality and MWso~ of invention sample 22
and the control samples described above composing N351 data shown in Fig.
20 clearly reveals that the 20 elastomer composites of the invention
comprising of MW,, values, is significantly superior to that of dispersion
values for the elastomer composites of the black, as shown in Fig. 20, are
described by the fo black at 33 phr loading. The quality of the novel
carbon black, over a wide range control samples. The macro comprising N351
carbon equations: Blends-C1P I 104 I I SUBSTITUTE SHEET (F;~ULE 25)   WO
99116600 D(%) < 0.3% when MW,~, < 0.55 x 106; and PCTNS98/20279 (21 ) log
(D) < log (0.3) + 2.0 x [MW~, ~ (0.55 x 106)] x 10'6 (22) when 0.55 x l06 <
MWso, < 1.1 x 106. 5 None of the control samples achieved macro-disperasion
quality of 1.0% at any MWfo,, even after dry mixing sufficiently to degrade
M~,~, below 0.35 x 106 In contrast, elastomer composites of the invention
comprising N51 carbon black and having MWfo~ above 0.35 x 10 have excellent
macro-dispersion, such as D(%) less than 0.2%. Fig. ? 1 shows the
dispersion quality and MWsoi of the invention sample No. 23 10 and control
samples described above comprising S'fI~RLING 6740 carbon black at 55 phr
loading. The data shown in Fig. 21 clearly reve s that the macro-dispersion
quality of the novel elastomer composites of the inventio',n comprising
STERLING 6740 carbon black. over a wide range of MWso, values, is
significantly superior to that of the control samples. The macro-dispersion
values fob the elastomer composites of the 15 invention comprising STERLING
6740 carbon bladk, as shown in Fig. 21 are described by the following
equations: D(%) < 0.1% ' (23) when MW,o, < 0.3 x 1 O6 ; and log (D) < log
(0.1 ) + 2.0 x [MW,o, (0.3 x 106)] x 10~ (24) 20 when 0.3 x 106 < MWsa, <
1.1 x 106. None of the control samples achieved at any MW,o,, even after
dry mixing sufficiently to Blends-CIP 105 quality of 0.1 % or even 0.2%
MW~, below 0.3 x 106 In suesTITUTe sHel= r c~u~ zs>   WO 99/16600
PCT/US98IZ0279 contrast, elastomer composites of the invention comprising
STERLING  6740 carbon black and having MW~, above 0.3 x 10b have excellent
macro-dispersion, such as D(%) less than 0.2% and even less than 0.1 %.
Cdmpound properties and performance characteristics for invention sample No
23 and the control samples 5 shown in Fig. 21, comprising STERLING  6740 c
bon black. are set forth in Table 32 below. It can be seen that invention
sample No. 3 has good resistance to crack growth, as indicated by its crack
growth rate value o~' only 0.91 cm/million cycles. In fact, the invention
sample is far superior to the corre ponding control samples. This is
believed to be due largely to the better MW,o, and m cro-dispersion of
carbon black in 10 the invention sample, as discussed above. Blends-CIP 106
suesTiTUT>= sHeFr t~u~ zs>   WO 99/16600 PCTIUS98/20279 Tabio 32 Compo~..~
Properties of NR Compounds Containlnp STERLING 6740 Carbon 8bck ~ 53 p~
i~dinp Sample No.~IlooneyHardnessE100. t'300TensileEBML(1+4) 100'C(Psi''
(Psi)(psi)control412T5.5065.1467.02308.0351945tcontrol41385.7065.7469.02314
.03655479control414927067.7462.p;
Z243.036t3472control41599.60fi6.9492.012260.035724T7control41674.5065.8521.
012468.03584,s45control 41778.2067.
t5020Z37203445436control41882.0066.0534.02418.0360d453control41986.1067.854
0.02330.03620475contro142066.7066.05t5.0Z38203468444cantral42176.3067.848B.
0;
2310.033754.40contro14Z278.3065.8548.6!2440.03549442control423B2.1066.5487.
0j2219.03452466contrnl42464.8066.5541.02448.03397425contrnl42567.5D66.5524.
0'2374.03474445conmol42670.3066.9
-546.0n351.03428446control42771.0068.1554.0;2340.03322435invention
23110.5064.8453.'6'Z241.03324,figSample No.ReboundCrack Growth.RateAb ion
lossTan 3Tan 5Icmlmtllion cycles j~
Ig)0'C60'Ccontro141259.85.040.1270.2020.107cantro1413'60.03.630.12802030.10
8control 41459.33.96~ 0.12602080. t 14control4155B.84.56~
0.1Z0.21?0.118control 41660.35.67~ 0. t 170.188Q.094control41760.04.67i
0.1120.Z020.104control41859.3423'
0.1250.2040.105cantrol4t957.53.2210.1Z20.2180.117contro142060.04.23~
Q.1370.20d0.099control42158.83.84~ 0.1270.2060
105control42259.83.980.1260210. 0.106control42356.83.B50.120.2130
117control424 ~58.34.54~ Q.1310.200. 0 104control 4255B.83.65! 0.1290.207.
0 100control4265B.03.07~ 0.1340.211. 0 110contro142756.9325~ 0.1260.217. 0
115invention 2357.30.91i 0.16420.20d. 0.124 Blends-CIP ' IQs i - I
SU8ST1TUTE SHEET {RI LE 26)   WO 99/16600 PCT/US98/20279 Addition Examples:
Cured Samples A number of the masterbatch samples descrilped above,
including both selected invention samples and corresponding control
simples, were cured and tested. Specifically, samples were mixed
accordingly to St~ge II in Table 8, above, using the 5 formulation of Table
9, to produce a final compound. The final compound in each case was then
cured in a mold using standard techniques gt about 150  C until
substantially complete cure was achieved. Performance characteristics of
the cured samples were determined by measuring their respective crack
grdwth rates in accordance with the measurement technique set forth above,
i.e., using a rotating flexing machine per ASTM V 10 D3629-94. The rotating
type flexing machine u~ed to measure crack growth is commercially available
and well known. It is discuss ' d, for example, in the Proceedings of the
International Rubber Conference, 1995 (Kobe, apan), Paper No. 37A - 6 (p.
472 47~). 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 gate in
such compounds is affected 15 by the molecular weight of the natural rubber
and thie dispersion quality of the carbon black i.e., by the MW~, and D(%)
values of the cotr~pounds. Higher MV~;, and lower D(%) correlate well with
reduced crack growth rates The crack growth rate and other information for
invention samples nos. 9, 10 and 16 a#e set forth in Table 33 below. The
corresponding test results for corresponding contro~ samples is set forth
in Table 34 20 below, grouped by choice of carbon black. Also, T 8m~ @ 60C
was measured for invention samples nos. 24 - 32 and for con esponding
control samples. The Tan 8m~ @ 60  C values for the invention samples are
set forth in Table 3 5 below. The corresponding test results for control
samples is set ;~orth in Table 36 below. Blends-CIP 108 SUBSTITUTE SHEET (
ULE 25)   WO 99/16600 PCT/US98/202?9 Control samples No. 444 - 450 shown in
Table ~6 were made in accordance with I the procedures described above for
control sample bode M2D1 using RSS 1 natural rubber. All used carbon black
N234 at the loading leve~ (phr) shown in Table 36, along with 5 phr
extender oil. Blends-CIp 109 SUBSTITUTE SHEET ( LE 26) a   WO 99I16600
Table 33 Creek Growrth Rate of invention Samples 



PCTIUS98/20279 Invention Samph Ho. ~ C9ILoadinalOll A1w", (I~y ! CGR
(aNmllllon cycles) ~ 10 R66015510 678 Q.69 16 ~ N234155!0 500 0.88 Table 34
Creek Growth Rab of Control Samples
N23IJ55phrIDN3Z6155phrlnRSS1RSS1CedeSampleMw",CGRCode~
SampleAlw",CGRNo.(l~(ernlmllllon cycles)~~ No.(Ip(cmlmlllion
cycles)M1D12735B5214M101~ 1455502.84M102Z746691.84.M102i
146636252M1D32757591.70M1D3' i476502.03M1D42T68961.21M1D4~
1487241.63M2D1Z775802.22 -M2D11495t73.39M2022786022.40M202I
1505722.77M2032T9631200M2D3j 1516132.61M2D428D6671.81~ M2D4~
l526962.79M3D12814573.10M301 ji534893.12M3D2282476233M302
!1545213.35M3D32834932.41M3D3
j1555D43.63M3D43844951.99M3D41565383.55M4D12853722.99M4011574153.02M4D22863
B22.85M4D2 ~1584473.81M4032873B12.93 --M4D3 I1594663.Z3M4D4288403 '2.39M4Dd
'i604693.19Regal 660I55phr/0Regal
66a155phN0RSS1RSS1CodeSampleMw",CGRCodeSampleMw",CGRNo.(X)(cmlmlllion
cycles)No.(K)(cmlmlllion
cycles)M1D1177674M3D11854734.59Mt02778792234M3D21865064.06M1D3t798912.78M3D
3I875623.53M1D41806762.9BM3D41885593.79M2011815983.41M4D1t894013.71M2D21826
023.11M4D21904264.14M2031836973.15M4D319!466MZD41846593.11M4D41924494.78
Blends-CIP 1!0 suesTwuTS sHeFr (~ur~ zs~   WO 99I16600 Table 35 Tan b at
60'C for imrentlon Samples PCT/US98/20279 Invention Sample No.N234
LoadMp~lOll (phh Mw(IQ Alax.Tsn 8~ 60'C2448l5 59 0.1692553I5 4~5
0.176265815 ~7 0.1912763l53 0.2192868l5 38 0.2272949l5 68
0.1593054l50,1713163l5 30.2283265l55 0.224 Table 36 Tan b at 60'C for
Co~rof Samples Sample No.MW (19D r~lN234 LoadinplOll (phhMsx.Tan D (~o
~J44442802537l50.1544d54090.3742l50.1704.463790.42- 46l5i
0.17g4473610.5851l5~ 0.19544836602753l5i 0.2124492900.3958l5j
0.2154502960.646315I 0.245 Blends-CIP 111 suasTirurs s~eFr c~u~s 2s~   W O
99l16600 It can be seen from a comparison of Table 33 and 3~ that
advantageously lower crack growth rate is achieved by the invention
samples. compared to the control samples. Lower crack growth rate
correlates with good durab~liry and related characteristics for
PCT/US98/20279 numerous applications, including tire applications and !the
like. In addition, it can be seen 5 from a comparison of Tables 36 and 36
that better Tin 8m~ values are achieved by the invention samples, that is,
values which are lower tha~ the values of the control sample. 10 15
Accordingly, improved performance is achieved by th~ invention samples for
numerous product applications including, for example, tire applications and
the like requiring low hysteresis for correspondingly Low rolling
resistance:. The advantageous performance characteristics lof the elastomer
composites of the invention are exemplified by the crack growth rate of
N234 carbon black and corresponding test results f shown graphically in
Fig. 22. Specifically, Fig. 22 between MWso, and crack growth rate for the
control s impact of excellent macro-dispersion in the a sample no. 16
comprising control samples nos. 273 to 288 y demonstrates a correlation .
as well as the advantageous composites of the present 20 invention. It
should be understood that the MWSOi Tables 33 - 36 are for the masterbatch
materials shown in Figs. 22 - 24 and in to cure. The molecular weight of
the cured material is understood to correlate well t~ the MWso~ value of
the uncured masterbatch. The crack growth rate of the control sarr~ples
over an MWso, range of about ?3 x 106 to .6 x 16 is seen to fit well along
a straight line correlation to MW,o,. In contrast, the invention sample no.
16 at MWso, 0.5 ~C 106 has significantly better (i.e., lower) crack growth
rate than any of the corresponding control samples, due to the better
macro-dispersion D(%) of the invention sample. This ~s further established
by the similar showing in Fig. 23, wherein the crack growth rate of
Blends-C1P 112 sample no. 9 comprising SU8ST1TUT SHET (~iUL 26)   WO
99/I6600 5 N326 carbon black is seen to be significantly lower tl control
samples nos. 145 to 160, and is well below th 24 the excellent
macro-dispersion of invention sampl crack growth value which lies far below
the and MW~, established by the corresponding control PCT/US98I20279 that
of any of the corresponding correlation Line. Likewise in Fig. no. 10 is
seen to result again in a line between crack growth rate nos. 177 to I92.
In Fig. ?~. 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 nos. 444 to 4~0. The superior crack growth results discussed 10 1~ the
present invention not only demonstrates for corresponding control samples
for elastomer composites of fatigue properties. but also indicates
advantageous fracture properties, such ads excellent tear and cut-and-chip
resistance. The superior hysteresis results discussed above for the
elastomer composites of this invention not only demonstrate advantagqously
low rolling resistance (and correspondingly higher fuel economy) for motor
vehicle tire applications, but also indicates advantageous improvement in
related heat build-up. One or more of these superior low hysteresis, low
heat build-up, etc., render invention well suited for use in commercial
apnli properties, such as reduced fatigue and fracture resistance.
composites of the present such as tire applications and in industrial
rubber products. Regarding tire applicati ns, various preferred embodiments
20 of the invention are particularly well-suited for use : tire tread,
especially in tread for radial and bias truck tires, off the-road ("OTR")
tiifes, airplane tires and the like; sub tread; wire skim; sidewalls;
cushion gum for retrea tires; and similar tire applications. The superior
performance characteristics achieve by various preferred embodiments of the
invention can provide improved tire durability, ~ead life and casing life,
better fuel Blends-CI IP 1l3 SUBSTITUTE SHEET ( ULE 26)  



WO 99I16600 economy for the motor vehicle and other products, various
preferred embodiments of the use as: engine mounts, hydro-mounts, bridge or
tread, mining belts and similar products 5 characteristics achieved by
various preferred em Pc~r/us9an0z~9 Regarding industrial rubber are
particularly well-suited for and seismic isolators, tank tracks The
superior performance of the invention can provide improved fatigue life,
durability and other advantage for such product applications. Figs. 26 - 29
are graphical representations of c , bon black morphology, structure (DBPA)
and surface area (CTAB), corresponding generally to Fig. 8. Carbon black
morphology region 261 in Fig. 26 includes carbon blac ~ currently in
commercial use for 10 OTR tire tread applications. Arrow 262 indicates the
irection in which region 261 can be advantageously extended in accordance
with the present invention. Performance characteristics such as
cut-and-chip resistance) crack gr wth resistance and tear resistance are
understood to improve generally in the direction of in the past, to
offsetting degradation of these and otl 15 molecular weight of the natural
rubber and/or poorer use of such higher surface area, lower structure
carbon the present invention can employ such lower indicated by trend arrow
262 to achieve significantly view of their excellent macro-dispersion and
MWso~. arrow 262 subject, however, characteristics due to reduced resulting
iiom the Elastomer composites of higher surface area carbon black OTR trend
materials, in 20 Similarly, carbon black morphology region 27 ~ in Fig. 27
includes carbon blacks currently in commercial use for truck and bus (TB)
tire tread applications. Arrow 272 indicates the direction in which region
271 can be with the present invention. Performance understood to improve
generally in the direction of Blends-CIP Ild extended in accordance istics,
such as wear resistance, are arrow 272 subject, however, in sues st~e~
(~ut.s Zs~   5 10 15 20 WO 99I16600 the past, to offsetting degradation of
these and molecular weight of the rubber and/or poorer mach higher surface
area carbon blacks. Elastomer co employ such higher surface area carbon
blacks PCT/US98I20:79 characteristics due to reduced on resulting from use
of such ;s of the present invention can by trend arrow 272 to achieve
improved TB tread materials, in view of their excelle' t macro-dispersion
and MWso,. Similarly, carbon black morphology regions 28 and 283 in Fig. 28
show carbon blacks currently in commercial use for tread base d passenger
car (PC) tire tread, respectively. Trend arrows 282 and 284 indicate the d
rection in which region 281 and 283, respectively, can be advantageously
extended rn accordance with the present invention. Performance
characteristics such as he t build-up (HBU) 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 ~f these and other
characteristics due to reduced molecular weight of the rubber and/or p~orer
macro-dispersion resulting from use of such higher surface area. tower
struc a carbon blacks. Likewise. performance characteristics such as
rolling resistance a understood to improve for PC tread in the direction of
trend, arrow 284 subject, ho ever, in the past, to offsetting degradation
of these and other characteristics due to 'educed molecular weight of the
rubber and/or poorer macro-dispersion resulting from use of such higher
surface area, lower structure carbon blacks. Elastomer composites oflthe
present invention can employ higher surface area, lower structure carbon
blacks indl'cated by arrows 282 and 284 to achieve improved tread base and
PC tread, respectivelyi, in view of the excellent macrodispersion and the
optional preservation of high mol, cular weight in such elastomer
composites. Blends-CIP 115 SUBSTtME SHEET 25)   WO 991l6600 PCTlUS98/20279
Similarly, carbon black morphology regions Q91, 293 and 294 in Fig. 29
shove carbon blacks currently in commercial use for si ewall, apex and
steel belt tire applications, respectively. Trend arrows 292 and 2 .5
indicate the direction in which region 291 and 294, respectively, can be
advantageousl extended in accordance with the 5 present invention.
Performance characteristics such as heat build-up (HBU) and fatigue life
are understood to improve for sidewall in the dir ction of trend arrow 292
subject. however, in the past, the offsetting degradation of the a and
other characteristics due to reduced molecular weight of the rubber and/or
poore macro-dispersion resulting from use of such lower structure carbon
blacks. Likewise, 10 as heat buildup, processing and wire adhesion are ut
elastomeric materials in the direction of trend arrow to offsetting
degradation of these and other charact~ weight of the rubber and/or poorer
macro-dispersion surface area. lower structure carbon blacks. Elas 15
invention can employ higher surface area and/or indicated by arrows ?92 and
295 to achieve imprc materials, respectively, in view of the excellent
preservation of high molecular weight in such elas 20 Additional Examples:
Preferred Embodiment Other Fillers Additional samples of elastomer
composites in embodiments of the present invention, and Blends-CIP I16
SUBSTITUTE SHEET (1 characteristics such to improve for steel belt ~5
subject, however, in the past. istics due to reduced molecular from use of
such higher composites of the present structure carbon blacks as sidewall
and steel belt rubber ~-dispersion and the optional composites. Control
Samples Comprising with certain preferred .g control samples, were
prepared. 26) 0   WO 99I16600 ~ PCTNS98/20279 A first group of these
employed a multiphase aggregate ~Iler of the type referred to above as a
silicon-treated carbon black. i Specifically, invention samples nos. 33 -
34 a ployed ECOBLACK silicontreated carbon black commercially available
from Cabot Corporation (Billerica, 5 Massachusetts). Such ECOBLACK filler
has morph logical 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. Sam le 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, or elastomer composites of the 10
invention comprising natural rubber and a blend of arbon black and silica
filler. It should be understood that the use of silica filler in the
ompositions shown in Table 37 would typically replace a like amount of the
carbon bi ck filler. Blends-CIP _ l17 



SUBSTITUTE SHEET ( ULE 25)   GanonnN xm .rN O1 V Table 3T Typical NR
Formulations for Tire Applications A licalionCarbon Black T aCarbon Black
LoadlnOII Loadin8111ca l_oadinTnrcklBus TroadN110 Nllb,Nlt1 N1 S4 NZtO
NZ8940 - 80 hr0 -:0 hr0 - t0 hrOTR TreadN110 N116 Nt=0 Nts146 - 66 hr6 -10
hr6 - Z0 hr8tee18eltN~Z160 - T6 hr0 -6 hr0 - I0 hrTrucklBus Tread BaseN30
N6b040 - 60 hr0 - t0 hrCarcass PIN326 N30 N65040 - 60 hr6 - ~0
hr8idewallN30 N61 N660~0 - i0 hr6 - ~0 hrA exN328 N~~O N861~60 -'0 hr0 - I0
hrLRR PC TreadN24 NZ89,N~~t1 N34 Ns4T N6140- 60 hr0 - 30 hr O ev 0 0 N O N
J ~O   WO 99/16600 ~ PCTIUS98/202?9 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 compris 's at least about 60
weight percent 5 of the filler to achieve good coagulation of the el ~ omer
and to reduce or eliminate reagglomeration of the silica in the
masterbatch. In p icular, in examples nos. 35 - 38. as shown in Table 40,
carbon black is used together 'th particulate SiO~ filler HiSil ~ 233
available from PPG Industries (Pittsburgh, Penns lvania. USA), having
surface area BET of 150 m2/g, surface area DBPA of 190 mils/100 , pH of 7
and a primary particulate 10 size of 19 nanometers. All of the invention
samples, i.e., additional in prepared in accordance with the procedures and
appar 32, as described above. Process and apparatus details 33 - 38 is
given in Table 38, below. The field latex or 15 nos. 33 - 38, as the case
may be, is thesame as descri 24. It will be appreciated that the data in
Table 38 F above, for invention samples nos. 1-32. The carboi Table 38 is
the ECOBLACK silicon-treated carboi lion samples nos. 33 - 38, were used
for invention samples I each of invention samples nos. ~centrate employed
in samples above with reference to Table rallels that provided in Table 25,
black filler "CRX2000" listed in black described above. Blends-CIP i 119
SUBSTtTUTE SHEET ( ULE 26)   S Tabls 38 Invention Sample Production Details
inventionCarbonmacKrtrsn ~~ru ~oaamggym.~anu mnmISampls No.Latex
typeTypeLoading ( rLoading (phr)(phr)(In)(In)I33a alex R C X200046000 0200
534field latexCRX200058000 0200 535Qeld latexN220431050 0250 538field
latexN23441900.0200.537field latexN234312000.0200.538latex
concenhateSTERLING 874292000.0200.5Coagulum ZoneInventionlstpo on~ 2n
ortlon3 ortlon4SampJd No.Dla. (!n) sng Ina. (In engt ( na. ( n ang ( nDla.
(In)3319 03 00 271.80.3B2.30.53m m34. 19 03 00.271.80 382.30.53~35. 0
193.00 271 80 38 ,2.30 530360 193 00'271.80 382.30 5337. 0.193 00.2T1.80
382.30.53m ~'380.193.00.2T1.80.382.30.53 iMlxlng ZoneMlrInventionS any flow
rate S any velocity Antlox dent stex l ow rats atax veloc tyn at peas.- _
..Sample No. _(!blmln) (ft/sec) TNPP (phr Santoliex( hr) (Ibslmln) ft/sac)
__ _ _ ____ _ -y t -( sl_~~~_~e.346 27100.30 4Field5
88.3N'355.23B00.30.4Field4.87.1365 05T60 30 4Field4 38 2374.85500
30.4Field4.15.9385.15800.30.4Conc2.23.2any ozzleDewaterlngDry ng an
CoolingProuucuiInventionTip Pressurenit al cram F ne cramProduct
ProductMixerRateSample No.(psl)molsturo (%) moisture (%)temp. ('FJ moisture
(Y)T ps(Iblhr~ 3 3 _ 77.5 >8.0 435 0 2 T-Mock 6834-78.01.64T00
3T-block52351850TT.9>4.03600 4T-block5436300079 21.04T50
5T-block3937293078.912.34350 4T-block3438280069.T4.24550.2 -T-block48 CB
conc. (%Wt) 14.5 13.9 13.5 14.0 t5.5 3.2 32 32 32 3.2 ze r atr at
ptT-nssuro _ 17000 14500 t0000 9500 9000 Invention Sampls No. 33 I 34 35 36
37 38 O ~o a 0 0 b ~C ~o 00 0 N J .o   5 WO 99/16600 The control samples
451-498 were prepared i~, and apparatus described above for control samples
nos. Table 13 above), filler loading, rubber, MW~, and m 451-466 are set
forth below in Table 39. The proces MW~, and macro-dispersion values of the
invention say filler and oil loadings for convenient reference) are sh from
Table 39 that control samples 451-466 corresp~ samples nos. 33 and 34.
Similarly, control samples nos sarnpies nos. 35-38. Blends-CIP 1?1
SUBSTITUTE SHEET PCT/US98/20?79 accordance with the procedures 1-450. The
processing code (see ;ro-dispersion for masterbatches ;ing code, filler
loading, rubber. nples nos. 33-38 (along with the own in Table 4G. It will
be seen ~nd in composition to invention 467-498 correspond to invention 25)
a   WO 99/l6600 Table 39 PCT/lJS98I202''9 CRX 200014N0CRX
20QQI5810RSS1'RSS1CodeSarrrpleAlw",0 ('.G)S~mpleAtw",D ('.G)-
No.(IQo.(!QM359059bM2D145J4813.48t593338.61M2D24524743.68~603925.T1M2034534
89T.1?f613889.48MZD44545156.28'
623948.05M3D14553932.89~6328D223M3024564Z2287I1642982.13M3D3451d354.15146S3
5D4.05M3D44384493Z34663797.Z2 Table 40 Sol fiAoleeular Weight and
Undispersed ~roa of invention Ssmpfes Invention Sample No.CBILaadIrt~IDll
~A1w", (IQ D (',G)33CRX 2000144l0380 0.1834CRX 2000158J0 '448
0.1035N2201HilsiI233143MO15 ~500 0.1436N2341H~1si1233140MOJ0' ~490
0.3637N234IHitsil 23313011010 j399 02338STERLING 6740IHilsil Z3313012010
354 0.39 Bien~s-CIP I?2 SUBSTITUTE SHEET (MULE 26)   



WO 99I16600 Tabis 41 PCTIUS98/20279 i~ orHii~il zs~l43norsNx~uh~eu
zsy4onomRSS1RSS1CodeSample81w",0 ('.G)Sa~ple4!w",D
('.G)No.(IQNo.(KyM2803~9Q9M3601j590M2D146T4931.51STS4438.74M2D2468537261~76
51710.9M2D34695Z3282~77569125M2D44T0615295~T8592825M3014714170.95~T93586.65
M3024T24381.40Q8042013.8M3034T3433215~8151613.9M3D4474485222824477.25NZ34IH
iisii 23313012010NG 6740lHilsil 2331301Z010RSS1RSStCodeSampleMw",D
('.G)SmpleMw"",D ('.G)No.(IQo.(1QM2909i909M3590i590MZD1483394 ,-
4.37~914303.77M2D24845075.6fi1924884.39MZD34855264.7
-1935175.37M2D44865685.94i945634.66M3D14873778.39i953753.5M3D24883634.49Q96
380273M3034893765.07~9T4192.72M30449D432526'98448329 Blends-CIP 123
SUBSTITUTE SHEET (i~ULE 26)   WO 99/16600 The excellent carbon black
dispersion in the 33-38 is demonstrated by comparison of the shown in
Tables 39-41. The invention samples nos. silicon-treated carbon black, and
the corresponding 5 semi-log plot of Fig. 30. Excellent carbon black
dispersion is seen in Fig. 30 for the 10 15 20 invention samples,
representing preferred accordance with the present disclosure. The
invention PCT/US98/20279 of invention samples quality and MW,i values 34
made with ECOBLACK 1 samples are compared in the of eiastomer composites in
advantageously are below line 301 in Fig. 30, whereas all of the control
samples have poorer dispersion, being above line 301. In fact, the
preferred embodiments shPwn in Fig. 30 fall below a D(%) value of .2% even
at an MW~, value advantageously a ceeding .4 x 106. The data shown in Fig.
30 clearly reveals that the macro-dispersio quality of the novel elastomer
composites. disclosed here, comprising silicon-treated carbon black 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. 30 are described by the following
equations: D(%) < 1.0% , (25) when MW,, is less than 0.4 x 106; and i log
(D) < log ( I .0) + 2.0 x [MWf, - (0.4 x 10)] x I 0'~ (26) when 0.4 x 106 <
MWS, < 1.1 x 10 It will be recognized that D(%) is the percent greater than
10 microns and 1 % is the threshold masterbatches in accordance with these
preferred That is, none of the dry masticated masterbatches area measured
for defects quality for the of the present invention. macro-dispersion
quality of Blends-CIP 124 I SUBSTITUTE SHEET (I~tULE 25)   WO 99I16600 ~
PCT/US98120279 1.0% or better at any MW~,, even after dry mixing su
ficiently to degrade MW~, below .4 x 106. The preferred embodiments shown
in Fig. 3 ~ fall well below the threshold. It can be seen that the
elastomer composites of the in ention comprising silicon-treated carbon
black provide heretofore unachieved balance ~etween macro-dispersion
quality 5 and MW,a,. Invention samples nos. 35-38 comprising carbon black
blended with silica filler and corresponding control samples are compared
tn the semi-log plot of Fig. 31. Specifically. Fig. 31 shows the
macro-dispersion values and MW',o, values of the invention samples nos. 35
- 38 and corresponding control samples nos. 467 - 498. 10 Excellent carbon
black dispersion is seen in Fig.j 31 for the invention samples,
representing preferred embodiment of elastomer present disclosure. The
invention samples whereas a11 of the control samples have poorer in
accordance with the y are below line 3 I 1 in Fig. 31. being above line
311. In fact, all of the preferred embodiments shown in Fig. 31 fall 15
data shown m Fig. 31 clearly reveals- that the macr elastomer composites,
disclosed here, comprising of MW~, values, is significantly superior to
that in prior dry mastication mixing methods. The n a D(%) value of .4%.
The quality of the novel black/silica blends over a range using comparable
ingredients values for the elastomer composites of the invention shown in
Fig. 3 I are desc~ibed by the following equations: 20 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 10'6 when 0.5 x 106 < MW~, < 1.1 x 106 Blends-CIP 1?5 ET
1"tULE 25 suesnTU~ sHic ,. (28)   5 WO 99l16600 It will be recognized that
D(%) is the percent greater than 10 microns and .8% is the masterbatches in
accordance with these preferred That is, none of the dry masticated
masterbatches 0.8% or better at any MW,~,, even after dry mixing .4 x 106.
The preferred embodiments shown in Fig. macro-dispersion value of .8%, and
even below .4%. composites of the invention comprising carbon
PCT/US98/20-79 area measured for defects macro-dispersion quality for of
the present invention. macro-dispersion quality of to degrade MW,o~ below
31 fall well below the threshold It can be seen that the elastomer blend
filler provide heretofore unachieved balance between macro-dispersion
qualitX and Mw,o~. 10 Elastomer composite blends were prepared in
accordance with the present 15 invention and compared to corresponding
blends made using prior known dry/dry mixing 



techniques, as now described. The elastomer composite blends were prepared
with elastomer composite samples referredZO below as "C~C" or "CEC
masterbatch." CEC masterbatches were made using field latex natural rubber
and Vulcan 7H carbon black (ASTM N234 carbon black) as follows: Preparing
Eiastomer Composite (wet mixing step) Elastomer masterbatch f was produced
in accordance with the present inven~ion. Specifically, an elastomer 20
masterbatch was produced comprising standard ~ tural rubber field latex
from Malaysia with 71 phr filler consisting of carbon b ack of commercial
grade N234 available from Cabot Corporation. The compoun formulation
(excluding minor ordinary latex additives) is set forth in Table 7 belo _
Blends-CIP 126 SUBSTITUTE SHEET (MULE 2S)   WO 99I16600 PCT/US98120279
Table 7A Masterbatch ormulation jl~dl~p~ Parts by Wt. Rubber 100 5 Carbon
Black ~ 71. Santoflex 134 (antioxidant) 0.4 Total I 171.7 The elastomer
masterbatch production apparatus w~s substantially identical to the 10
apparatus described above with reference to Figs. 13 and 7 of the drawings.
The slurry nozzle tip (see reference No. 167 in Fig. 7) wad .018 inch
diameter with a land (see reference No. 168 in Fig. 7) having an axial
le~gth of 0.2 inch. The coagulum zone (see No. 53 in Fig. 3) included a
first po I'on of .188 inch diameter and approximately .985 inch axial
length (being partly wi the mix-head and parry within 15 the extender
sealed thereto); a second portion of .266 inch diameter and 1.6 inch axial
length; a third portion of .376 inch diameter and .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 further
detail immediately below. 20 1. Carbon Black Slurrv Pre aration. 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
and ~a crude slurry was formed with 15.1 wt. % carbon black. The crude
slurry ~as recirculated using a pipeline grinder. During operation, this
slurry wa continually pumped by an air 25 diaphragm pump to a colloid mill
for initial dispersion. The slurry was then fed by a progressing cavity
pump to a homoge>~er, specifically, Microfluidizer Blends-C1P l27
SUBSTITUTE SHEET (t!iULE 25)   WO 99I16600 PCT/US98/20279 Model M210 from
Microfluidics 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 y the microfluidizer speed, the
microfluidizer acting as a high-pressure post~tve displacement pump. Slurry
5 flow rate was monitored with a Micromotior~ mass flow meter. The carbon
black slurry was fed to the microfluidizer at pressure of about 250 prig
and the output pressure was set at 7500 psig to accumulator set at about
1200 psig output pressure) such that the slurry as introduced as a jet into
the mixing zone at a flow rate of about 3.6 lb/m~n and at a velocity of
about 500 10 ft/sec. 2. Latex Delivery. The Iatex was charged to a ta~)
specifically, a 5~ gallon feed drum. Antioxidant emulsion was added t~ the
latex prior to charging. Antioxidants were added consisting of 0.3 phr tris
nonyl phenyl phosphite (TNPP) and 0.4 phr Santoplex 134 (alkyl-ar~l
p-phenylene diamine mixture). 15 Each of the antioxidants was prepared as a
0 wt. % emulsion using 4 pans potassium oleate per 100 parts antioxidant al
ng with potassium hydroxide to adjust the emulsion to a pH of approximately
0. A peristaltic pump was used to move the latex from the feed tank to th
mixing zone of the coagulum reactor. The latex flow rate was 3.2 to 3 .3 ~
lbs/min and about 4.8 feet per 20 second) and was metered with a Endress +
Ha~tser (Greenwood) Indiana, USA) mass flow meter. The desired carbon black
1 ading of a 71 phr was obtained by maintaining proper ratio of the latex
feed ra to the carbon black slurry feed rate. Blends-C1P 128 SUBSTITUTE
SHEET ( ut~ zs> a   5 10 15 20 WO 99/16600 3 4 5 PCT/US98/20279 ~rbon Black
and Latex Mixing. The curb n black slurry and latex were mixed by
entraining the latex into the carbon bl~ck slurry. During entrainment, the
carbon black was intimately mixed info the latex and the mixture
coagulated. Soft) wet spongy "worms" of ~oagulum exited the coagulum
reactor. Dewateriag. The wet crumb discharged from t~e coagulum reactor was
about 80% water. The wet crumb was dewatered to about 11 to 13% moisture
with a dewatering extruder (The French Oil Mill ! Machinery Company; 3'/x
in. diameter). In the extruder, the wet crumb was Fompressed and water
squeezed from the crumb and through a slotted barrel o~ the extruder.
Drvin; & 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 310F~ and moisture content was about 3 .0 to 4.0
wt. % . The hot, dry crumb was seconds) to about 100F by a forced air crumb
was completely dried to less than 0.5 oven (Aeroglide, Raleigh, North
Carolina) at cooled (approximately 20 conveyor. Partially wet % in a forced
air convector temperature of 20QF - 240F. Dry Mixing Step In the following
steps of the dryldry method used below for ~ both of the two "dry mixing"
and control purposes, and the Blends-CIP 129 SU9STITUTE SHEET ( ULE 26)
WO 99I16600 PCT/US98I20279 "dry mixing" step of the wet/dry method of the
pres~nt invention were carried out in a Farrell BR Banbury mixer. Reference
in the following procedures and th~ following examples to "natural rubber
masterbatch" refers to the product of the st dry mixing stage. The term 5
masticated natural rubber refers to the product of the "natural rubber
mastication condition" set forth below. The term NR refers to na al rubber.
The term CB refers to carbon black. In all cases, carbon black is N234 c
bon black. The full formulations for the wet and dry mixing steps is
provided in th~ formulation table immediately below. 10 It can be seen from
the foregoing examples tha excellent properties are achieved in the
elastomer composite blends of the present inve , tion. Blends-CIP 130
SUBSTITUTE SHEET t , uLE 2s) a   WO 99/16600 forrr~ufetion
fnondionbIPhrRubbers(masttcaud RSSi + Taktenje Z201o0.0or. CEC NR + Taktrne
2Z0 jor, CEC NR + rrnsticated RSS1or, masticated RSSiCarbon
8lsck(V1H)d0.0Oil(Sundex T90)5.0Arttlaxidant 1(8antoAex
134)0.4Annoxlaartt2(TNPP)0.3Zinc Cxde(Azo Od) '4.0Stearic Add(Hysffene
d016)2.0Aoceterator(Santoare NS)1.8Sulfur1.0Total164.3 Blends-C1P 131 ~ _
SUBSTITUTE SHEET ( ULE 26) PCT/US98I20279   WO 99/I6600 Mixing Procedures
oJ'CECNRlBR Blends Mixing Method 1. Blend natural robber masterbatch, in
which 811 ea butndieae rubber and oiI. The ratios of natural rubber t 8020
and 70I30; 2. Blend natural rubber aiastcrbatch, in which all carbon
butadiene rubber. The ratios of natural rubber to but 70l30; 3. Blend
natural rubber masarbatzh) in wizich 50 phr of butadiene alastcrbatcli, is
which 50 pIa of carbon b ratios of natural rubber to butadiene rubber were
8020 4. Blend nztural rubber masterbatch, is which 50 phr o1 loaded, with
butadiene ntastcrbatch, in which 50 phr o ratios of naxvral rubber to
butadiene rubber were 8020 5. Blend CEC niasterbatch, in which all carbon
black wa and oil. The ratios of n~aual rubber tc butadiene rubbe 6. Blend
CEC mastcrbatch) in which all carbon blac 



butadiene rubbzr. The ratios of natural rubber to buy 7. 70f30; - . Blend
CEC masterbatch, in which 50 phr of carboy b; maaterbatch, in which 50 phr
of carbon black wu natural rubbe: to butadiene rubbe-were 8020) 70I30,
Blend CEC mastcrbatch, in which 50 phr of carbon with butadiene
tnasterbatch, in which 50 phr of carb< of natural rubber to butadiene
rubber were 80/24, 70I3 PCTlUS98120279 Dry NBlBR Blends ~on black was
loaded, with butadiene rubber were 90l10, and oil were loaded, with a
rubber were 8020 and ;arbon black wao loaded, with aek was loaded) and oil.
The 70l30, 60144 and 5010; carbon black and all oil were carbon black was
loaded. The 70/30) 60140 and 5Q/50; load.-.d, with butadiene robber were
94110, 8020 and 70I30; and oil were leaded, with vdieaa rubber were 80120
and k was loaded, with butadiene aded, and oil. Tha ratios of I40 and
50l50; ,ack and all oil Overt; loaded, black was loaded. The ratios 60/40
and 50I50. Mining Procedures i A three stage Banbury mi.~c was used for dry
mix blends two sta8e Banbury mix for CEC blends. Natural rubber was
masticated before first ~a,ga mix for dry mix blends. Butadiene rubber was
used vrithout mastication. ;, i Natural rubber mastication co~rditio: ,, !i
Fill factor. 0.75 Rotor sue: 100 rpm Banbury Teanperdture: 30C Total batch
~r~: 9so watt-Hours '. Benbury mixing procedures: Mixing method I: Stage l:
Fill factor: Rotor ~pe_3: Banbury t~eramre: Blends-CIP l32 varied 70 rpm
30C suesT~TU~rE sl3E 2s~    WO 99I16600 TimeOperonon0"add aoasticated
NR30"add 40ghr of CHI'00"add'h raaniaing CBI'30"add rernaiaing CHQ~ tn 1
Z`awe ~nrrx~W a M nnwar rnrv~   Sampra Na_____ __ _.__ _- Fi~1 factor Marnp
bms Dump ierM, f CJ._ Energy rnput (KHM)1-1 (stage 1)0.67 8' 1d0.81.d51-2
(atag~ 1)0.66 8' 148.61.501-3 (stage 1)0.63 10' 167.3' i.BA Stage 2: Fill
factor: Rotor speed: Baabury temperature: Ttme 0" 3'00" 0.7o 70 rpm 30C
Operation add NR masterbatch) BR baled chemicals sad oil a~~ S~mpJo No.
~Dump TvmpQr~ture ('C)porgy Input (KWN)1-1 (stage 2)113.50 421-2 (stage 2}
~118.2~ 0 461-3 (sta a 2 9 )116a+D 44 Stage 3: Fill factor: Roto: sped:
Banbury temprature Time 0" 3'00" 0.65 70 rpm '. 30C Operation add stage ?
compound and curatives dump PCT/US98IZOZ79 Semcle NoDump Tomperature
('C)E~argy Input (K1NN}1-199.50.42~-2Q9.80.43t-3103.9D a3 I~iixi,ng method
2: Stage l: Fill factor. Rotor spa3: Banbury temperature: Tire 0" 30" 1'00"
1'30" 2'00" 9' to I3' 0.65 70 rpm (SOrpm when teknp. reached 160C) 30C
dperatiorr esdd masticaxed 13R add 40phr of CB add ~/z remainiag CB add
rem~,~ CB add oiI dc~p according to power curve Blends-CIP l33 SU85TiTUTE
SHEET (~ULE 28)   WO 99I16600 tune Z1 (stage 1)[ ~' 1d8 II 1.6U ~a.Z(cn4e ,
~ I o.s 1ds , l.aa Srage 1: . Fill factor. 0.70 Rotor speed: 70 rpm Baabury
temperature: 30C Time Operariorr ' ' 0" add NR masxrbatch, BR bald)
chemicals 3'00" dtan~ S~~npla NoOump Famperafure ('CJ nerpy Input (KYVN7
'2-1 (st~ga 2) 2-2 (stage 2)127 ~~ 0 d8 1~6 0.51 Srage 3: Pill factor: o.65
Rotor speed: 70 rpm Banbury temperature: 30C T'i~o pparaliorr 0" add st~e Z
compound sad ct 3'00" dumv 27 99 'I 0.42 2-2 ~ 'f 07 i 0.44 PCTN598120279
Mixing method 3:Stage l: NR masterbatch:Fill factor:0.65Rotor speed:70 rpm
~ Banbury temperature:30'CTimeOperation0"add masticatedNR30"add 40phr of
CH1'00"add remaining CBmnnms......_ '  BR master Fill factor. 0.75 Rotor
speed: 85 rpm (dOrpm when tc~p. rca; hed l60C) Eznbury eaapesature: 30C
Time Operation I 0' add HR bale 30" add 30 phr carbon black Blends-CIP '
I34 ~ _ SUBSTITUTE SHEET (R~1LE 26) I I Sample NoDump Temperature (C)erpY
Inaut (KWH)3-1 to 3.d (stage 1) 3-1 ~ 3-.4 (stage 1) 3-1 m 3-4 (atnge 1
)1d2 '~ 143 ~I 14$1.51 1.48 I 4.62batch: i   WO 99I16600 1'00" add t/s of
rest of carbon black 1'30" add tzmain~ carbon black i T 00" dtllrit) 



$ampl8 NoDuma Tempereturo ('C) ' ne Inaut (K'rVh)3-1 to 3r1 (stapa 1)159 I
1.383-1 to 3.4 (stsga 1)1.35 15B3-t !0 3-4 (ctage t )i 157 1.33 Stage l:
Fill factor, Q.70 Rotor sped: 70 rpm Hatibury temperature: 30C i Time
Operation ' 0" add stage 1 mastrrbatrha anc~ crrrnicals and oil 3'00" dump
Sampler No. I Dumb TEmperarurg ('C) nergy Input (KVV>-i7 3.1 (c~ga 2) 115 ~
0 36 3-2 (stage 2) 123 0.d0 a-a c~r~~e 2) 1~0 ~ 0.40 3~ retaee z~ 11s o.a~
Stage 3: ' Fill factor: 0.65 _ Rotar spetd: 70 rpm ; Beabtiry
teraperattzre: 30C Tirne Operarton 0" add stage 2 compound and c~ 3'00" dam
In 5amplo ID Dumr~ Tomper~turo ('C) nergy lrpc! (KWH) 31 103 ~ 0.4.4 ~-2
107 j 0.46 3-3 109 i 0,47 3-4 - 97 i 0.3D Mixing mtthod ~:Stage l:'. NR
masterbatchesi iFill actor:0.65Rotor sped:70 rpmHanbtuy
temperature:30CTimeOperations0"add masticated NR30"add 40pizr of CH1'00"add
remaininb CBa'o0''sera otl9'OO"dump Blends-C1P 135 SUBSTITUTE SHEET (MULE
25) PCT/US98120179 a   WO 99/16600 Samp~a No Dump Tempr~ 4-1 to 4-4 (cue 1
) 140 41 bo 4-4 (shg~ 1 ) 136 41 to 4~ (aEsge 1) - 137  BR masterbatch Fill
factor.0.75Rater spxd:85 rDm (64rpm wheyBanbury
temperature:30CTtmeOperation0'add BR bale30"add 30 gist carbon
blackI'00"add ~i of rest of carbon bftck1'30add rcmniniag carbon
black7'00"duzaa i atg 1.d9 1.40 PCT/L~S98120279 reached 160C) a.t to 4.d
(stage 1 ) ~ . 159 ~' 1.38 4-1 tc 4-a ( ctaga 1 ) 158 ~' 1.35 4.1 to4-4
(ctaao 1S 157 , t.33 Stage 2. Fill factor. Rotor speed: Banbury ~peranae:
Tune Stage 3: FiII h Rotor Barb 0.70 _ I 70 rpm 30C Operati0re add stage I
masterbatehes an~ chemicals dam In Sample NaDuma Temperature ('C)nerQy
Input (iCWH)a.1 (stage Z)133 ~0.524-Z (stags Z)133 [0.564-3 (stage 2)133
~0.5~4-4 /~tege 2)132Q.53ctor: 0.65sped: . 70 rpmtry ta~perature: 30C
ITinse Operation i0" add stage 2 compound and cta~tives3'00" dip 'Sampfo
NoOump Tinrperrturo ('C)orgy Input (KWH)4-11070.4842108' 0.d8~43109'
0.4744111' 0.4D Blends-CIP I36 SUBSTITUTE SHEET PULE 26)   WO 99l16600
Mixing methed 5: Stage l: Fill factor.0.75Rotor speed:70 rpa~Banbury
tampuature;30CTimeOperation0"add CEC tnasierbatch4'add BR baleTadd powders
and oiI9'dump Samale JVODvmp Temperaturo ('C)Energy Input (KWN)5-1 (Stagee
1j104.2'' 1.785-2 (stage 1)'07.1j 1.725-3 ( sta a 1 )~ 03.91.79 Stage ~:
Fill factor: 0.b5 i Rotor sped: 70 rpm Banb~:ry temperature: 30C Time
Opesation 0" add ctaae 1 compound cad c~ratives 3' 00" d~.nnn Sample NoDumb
Teri~peraarre ('C)Energy Input (KWI~5-176.70.465-281.00.48r383.30.46
PCT/L1S98/20279 Mixing method 6: '. Stage J: Fill factor. 0.?5 Rotor speed:
70 rpm Banbury temperate: 30C Time Operations 0" add CEC masterbarch add BR
belt 7' add powders 9' dump Sample IYO Dump Temperdtur2 ('C) y Input (KWH)
v"-1 (stage 1) ~ 114.8 1.67- _ 6-2 (stage 1 ) 115.6 ' 1.72 Srage 2 Fill
factor: 0.6~ Rotor ~p~ed: 70 rptn Banbury' temperature: 30C II t ime
Operation 0'' add stage 1 compound cad cu~atives 3'00" dump a Blends-CIP
f37 sues'rmrte s~as~t c>~~m 2s) V   WO 9911660 Mixing rncthcStage 1: -Fill
factor.0.75Rntar speed:70 rpmHaabury temperatcae:30CTtmeOperation0"add CfiC
masterbatch2'add BR mastarbatch5'add powders aad oii7'dutnv 5amale No Dumn
Temr~erature ('G) E orgy rnpur (tcY~rH) 7-1 (stagel) 117.4 ~ 1,33 7-2
(stage1) 112.6 ~ 1.21 7-3 (stape1 ) 106.4 , 1 14 7-d (stapel ) a 05.7 !
1,24 Stage 2: Fill factor: 0.65 Rotor speed: 70 rpm Banbury temperature:
30C T~mc Operction 0" add stage 1 compound aad 3'00" dump Simple Na Dump
Temoeraturs ('C 7-1 83.6 7-2 83.0 7-3 83.6 7-4 83.4 MixinE method 8: Stage
l: Fill factor:a.7sRotor speed:70 rgmHaabury
temperature:30CTimeOperation0"add CEC masceri~atch2'add BR masterbatch5'add
powders7'dump 0.e6 0.46 0.46 Blends-C!P - 138 SUBSTtTUTE SHEET (F 25)
PCT/US98120279    WO 99/16600 Sample ID (Dump Timpar~tu~ ('C) ~Enirgy Inaut
(KWH) ~C-t (rage 1)t08.4 I1.Z58-2 (stage 1)Z12.4 I1278.3 (stage 1)103.t
!t.t38-4 (Stage 1)177.3 jt.20 Stage 2: Fill facsar: Rotor sued: Batibtay
tempcrana~e: 0.65 70 rpm 30C Blends-C1P 139 SU8ST1TUTE SHEET (R~LE 26)
PCT/US98/20279 



N G m N . ~n. m N m C __. r m N m Table 1 Sample Description and Code for
NR1BR Btends lb/~n~DescdpfiwtSampleRatio ofBledr lorrdlrrg In8lacls loadJng
inOil baledlfefhodNo.Ho.NRIBRnatural ruderbrrddlene rubberto1_ blend
natural rubber maslerbatch, In wh ch1-1B0)1055 5 phr0 phrblendBII carbon
black was loaded, with butadiene1-28D120B2.5 phiD phrbletxlrubber and
o1.1-3T013071.4 hrD hrblend2blend naUral rubber masterbolch, in which rill
carbon2-18012DD2.5 phr0 phrnatural robberblack and ail were loaded, with
butadiene nrbber.2-270J3071. b hrD hrnahrral rabbet3blend natural rubber
maslerbatch,1n which 50 phr of3-18012050 phr50 phrblendcarbon black was
boded, wNh butadiene rubber3-270l3050 phr50 phrhterdmasterbatcir, in which
50 phr of carbon black was3-a60l4050 phr50 phrblendloaded and
oil.3-45015050 rr50 Itthlerxl4blend natural rubber maslerbatch, in which 50
phr of4-180f2050 plrr50 phtnatural rubbercarbon blnclc and all oil ware
loaded, wkh butadiene~-270I3050 pltt50 phtnatural rubberrubber maalerbelch,
In which 50 phr of carbon black4-36D14050 IfirSO phrnatural rubberas
loaded.4-45D(5050 r50 hrnatural nrbber5blend CEC maslerhalch, In which
,S190I10555 pin0 phrblerxlall carbon black was lo~dad, wHh
buladeneS280I20825 phrD phrblendr and oil. rubbc5370l3071.4 hr0 hrblenda_
blend GEC rnasterbatch, in which all carbon6-180f2082.5 phr0 phrCECdh
butadiene' rubber. black and ail were loaded, w6~70f3071.4 hr0 hrCEC7_
blend CEC tnasterbalch) In which 50 phr of7-180I2050 Nir50 plrrllerd_
_carbon black was I_o_~~d w~!-_--th b~larfl--~w o n~r~r..~r -_..__
.__~__-~~-f.-____._ _ __rnesterbalch, In whldr 50 phr of carbon black
was7-360I4050 phr30 pinblendloaded, and oil.7-450I5050 rSD phrblendBblend
CEC masterbalch, (n which 50 phr of8-18012D50 phr50 phrCECcarbon black and
all oil were Loaded, with butadieneB,27d3050 phr50 phrCECrubber
mostertratch, In wtich 50 phr o! exban blackB-380I4050 phrSD phrCECwas
Inaded.B~5015D5D hr50 hrCEC O ~o v V a. g 0 ~C .o 00 N O N J ~O   WO
99I16600 PCT/US98/20279 Tablo 1 Coenpound Charactariution of NRIB 81lttds
Mixing8srr>tpls No.Moonsy ViscositylJndfipers~d AroaSol Mollar Wugh!Bound
Rub~barMQfhcd No.M 100C!i(9G11-15D1.15 - -26407-2001.002~'7421-3642.842
~343- 2-~ 2-~s31.262a~a2-2621.28zs4~33-~-
szo.ae3~3T3-2810.5838363.3640.85363B3-484O.S4333444-170Q.6836374-~~d0.82313
74.3seo.sa3~237~-4sso.sea3s55-168343s-2 ~5830435-33826416
~O10D0.324D388-ZS9 -0.40T3777-7&50.51
_47-2sso.4s4~44z7-362Q.544~8407-4fi40.d744188-1820.5240;1408-2640.524 '
34p8.3380.654 0734&.d630.513541 Blends-C1P 141 SUHSTTfUTE SHEET (RUL' S)
WO 99I16600 Table 3. Physical Properties of NIVtSR Blanda PCT/US98/20279
5amplo
Na.NaranaasF1'00E300TenslhElonpadonRabvundRebound1?sboundMPaMPaNPaiGfi0'C,
xC, !6r.i" s.1-1fi52.916295G06Z~0521-2643.i1728462654~QS1-3O5
'3.21825404fi5~ 46~O2-1~ 092.916~ 2fi45960, 3950Z-2692.9162d43460'
41513-1652.4132sfit0_ 63i 43533.2662.4i32s5t483~
455433662.513?54886248543-4672.51 a2a46ae~4g574-1682.8142T50261~
4252d.2B92.614Z547Z61! d353a.3632,61424407EO~ 44534.d682. i14244396048535-1
'fi52.9172845ZC3416d~-2~2.8i627452 ~ee43ss5.3642916254326543Ssb-16a2.5
~1d275G562I 4Z546-Ztry2.0152848283455371t393.01729472
-6445557.2t383.0172843964i 4857 -7-3672.9162542964~ 48587-4673.0182330765!
51598-1872.6132848064~ 4658a-2s72.e~ ~z747ss447ss8-3662.874254656Z~
47558-4652.815z340os7~ 54so Blends-CIP 142 SUBST1TUT~ SHEET (RULE 26   WO
99/16600 PCTIUS98/20279 Tat~le 4 Fracture Propert~as sad Dynamio Prape I of
NRIBR Blends Sample No.cracx orowth RateTrar s~mgrhA6rasie~n RatingMax. Tan
bx? o' unlmlllione ka~a c, Wmrn~60C1-14:3212aeio.1761.2~ ~
~.11eae30.1471.3~ 1.34Sd'8O.1322-1
~4.3755~QO0.1782-22.39501350.1643.14.30107740.1D5S..Z3.869780Q.1013-33.8480
$5Q.1533.42.23?3b00.1584-1- -4.47108850.1 a8Q.y4.0~+104;
96Q.1734-33.a27013D.1754-43.7363500.1745-14.0378~140.1765-2~ 3.72(
05'j130.1505.31.99628H0,152s-i~ 1.6dT:~ofo.i es6-20.6i91~
~O70.1867-14.5970~1 T0.17H7-2d.30_
751320.lfle7-34.8156~4d0.1J1Tf43.4352J460.132D-15.0866~1Z0.186a-24.8066340.
1818-35.1958~400.165a-44.4364138Q.140 Atxasion Rating = (weight loss of
feterence sarnpielweight lou of sirnpfe) x 100 (reference sample was sample
no. 21j Blends-CIP 143 SUBSTTTUTE SHEET (i~ULE 26)   WO 99I16600 ~
PCT/US98/20279 Mixing Psocsdurer oJCErJR.SSl Blends and Dry ~lix RSSl
Corxpound Mixing a4latbod DrY: Masticated RSS1 was mixed with
otheriagrediaits;~ CEC: Blend CEC mast~rbatch, in which all carbon blac was
loaded, with taa.sticated RSS 1 and oil. The ratios of CEC natural robber
to RSS 1 nanual rubber wcre 100I0, 90l10, 80120 and 70l34. ll~ixmg
Procedures i A three stage Banbury mix was used for dry mix compo ~ and two
sta,gc Haabury mix far CEC/RSS1 breads. RSS1 natural rubber was
masticatbefore fast stage mix for dry mix compound zrd CEGRSS 1 breads.
R~Sl raastication Condition: Fill factor. 0.75 Rotor speed: 100 rpm Banbury
Temperature: 30'C Total batch energy: 950 Watt-Horns Banbury mixing
procedures: Dry: Stage l: Fill factor: Rotor speed: Banbury- ternpcraturz:
Time a" 30" 1'00" 1'50" 10' 0.6S 70 rpm 30C dperation add masticated RSS1
add 30 ghr of CB add ~/~ remeiniag CB add remaining CB dump according to m
Sample Code. I MrxinO Eme Dump temp. (`C) Energy ~~ Dry (ataoe t) ~ 10` 130
Stage Z: Fill factor: 0.70 Rotor speed: 70 rpm Baabury temperature: 30C T
ime Oparafior~ 0" add stage 1 masterbatch, oil curatives 3' 00" dlimD Stage
3: Blends-CIP l44 SU8ST1TUTE SHEET ell chemicals except 26) a   W O
99I16600 FiII factor: Rotor speed: Hanbtuy tcmperaturc: Time 0" _ 3'00"
PCT/US98/20279 0.65 ?0 rpm 30'C Operation add stage 2 compound and 91 CEC:
Stage l: Fill factor; Rotor speed: Banbury te=aperature: Time 0" 4' r 0.75
70 rpm 30C Gparation 



add CEC mn~terbatch add masticated RSS 1 add powder ~a oil GEC1 (Stage 1 )
119.9 I 1.28 6' CEtr2 (stage 1 ) 10.2 ~ I 1.78 9' CEC-3 (stage 1) ?07.1 ~
1.72 A' CEC-4 (stag 1 ) 103.9 ; 1.79 0' Stage 2: Fill factor: Rotor spcd:
Haabury tcmQerattuc: Time 0" 3'00" Q.65 70 rpm 30C Operation add stasc 1
compoctDd and cec-z ~e.r ~ a.4s CEC3 d1.0 ~ 0.46 CEC~ 83.3 i 0.4e
Blends-CIP 145 SU8ST1TUTE SHEET ( ULE 26)   Table ~ Sarnpls Dascrlpfion and
Cods for CEClRS91 Blends t(x~g MethodDostr~pHonSarrtpls CdaloRatlo of
CFC/NSSteJiacJc loadln~ In CECB~ac~ ~oid)ng !ri RSS1OD loaded toDnatural
tub6er RSS1 was mined with in redlentsll50 hrdCECbead CEC mastetbatch, in
wldchCEGI10W050 phrICECail carboe Hack ara: leaded, with
masllcatedCEC-2sDlt 055.5 phr0 phrblendRSS1 and od.CEC-3a012062.5 phro
phrblendCEC-t7Di30T1.4 hr4blend N C m N N. n -o N m -~ __ -__.___ c N O .o
0 0 0 n N O IJ J ~O   WO 99/16600 Tabl~ 2 Compound CharxZe~stics of CE
11331 Hlenda temple CodeMoonoy VJrco~rfty M !+I !00CSol Molaealar Woight
Xend Ra66or 9Gdi30438CEC1_ e3_ 3T041CL~G2013Q240CEC-3613634DCEG-4603T743
Blends-CIP 147 PCTNS98/20279 SUBSTITUTE SHEET ~RUL 26)   WO 99/16600 Table
3. Physid Properties arf CBCJRSS1 BI nds PCT/US98/20?79 Sample
CadhlardnessE100 MPa1;300 MPaTensiie MPaElon '~G'oRebound 60'C,'~GRebounb
0'C,'16Rebound rt,'!,D69Z8152747593548CEG1092.7183053623650CEC-288
-3.017304633952CEC-36328173049643853CEC-4BS28183150653854 Table 4 Fracture
Properties and Dynamic Pro~rty of CECJRSS1 Blends ple codaCnrlc Growtfr
Rite x~0'', rn~IIrfUllionTear Sbength Die C; N/mmAb I'oo RatingMar. Tan d
60'CD4.83t22800.178CEG13.4381i1Z0Q.179CEG24.3194~t
100.174CEG33.8597I1080.174CEG44.11106;980.1B8 Abrasion Rating = (v~ei~t
Loss of rr:l9rencs aampJa~4~neig~ Loss of sample) x t00 (reference sample
wzs the sample no. Z-1 in CEC in NRIBR blends application) In view of the
foregoing disclosure, it will be that various additions, modifications,
etc. can be scope and spirit of the invention. A11 such be covered by the
following claims. lapparent to those skilled in the art without departing
from the true itionsi and modifications are intended to Blends-CIP 1.i8
SU8ST1TUTE SHEET ( ULE 26)   W O 99I16600 PCT/US98/20?.79 2 7 MAR 5 We
claim: A method for producing elastomer composite particulate filler and
optionally other ingredients, feeding a continuous flow of first fluid zone
of a coagulum reactor; elastomer latex to a mixing 10 15 20 25 feeding a
continuous flow of second fluid pressure to the mixing zone of the coagulum
reactor latex, the particulate filler being effective to coagulate of the
first fluid and the second fluid within the mixi to substantially
completely coagulate the elastomer 1 comprising elastomer, zed by: rising
particulate filler under form a mixture with the elastomer he elastomer
latex and the mixing zone being sufficiently energetic x with the
particulate filler in the coaQUlum reactor; '. discharging a substantially
continuous flow of I lastomer composite from the coaeulum reactor; and 



dry mixing the elastomer composite with addit'lonal elastomer to form
elastomer composite blend. 2. The method of producing elastomer composite
iblend in accordance with claim 1 further characterized in that: the
elastomer latex and the additional elastome each is independently selected
from natural rubber, chlorinated natural rubber, homo olymer, copolymer
terpolvmers of 1,3-butadiene, styrene, isoprene. isobutylene,
2,3-dimathyl-1,3-butadiene, acrvlonitrile, ethylene, and propylene, the oil
extended derivatives off' any of them, and mixtures of any of them: and the
particulate filler is selected from carbon black, fumed silica,
precipitated silica. coated carbon blacks, chemically carbon black. and
mixtures of any of them. Blends-CIP 149 SUBSTITUTE SHEET carbon blacks,
silicon-treated 2s~ a   WO 99/16600 2 7 MAR Z002 ~, PCT/US98/2,0279 3. The
method of producing elastomer composite lend in accordance with claims 1 or
2 further characterized in that additional particulate idler is added
during the dry mixing of the elastomer composite with additional elas~omer.
5 4. The method of producing elastomer composite blend in accordance with
claim 3 further characterized in that the additional particulate filer is
mixed with the additional elastomer prior to the dry mixing of the
elastomer com~osite with additional elastomer. 5. The method of producing
elastomer composite >ilend in accordance with any of 10 claim 1 to 4,
further characterized by feeding additive t~ the mixing zone of the
coagulum reactor, selected from antiozonants, antioxidants, plasti~izers,
processing aids, resins. f flame retardants, extender oils. lubricants. and
mixturesiof anv of them. 15 20 35 6. The method of producing elastorrier
composite blend in accordance with any of claims 1 to ~ further
characterized in that: the elastomer latex and the additional elastomer I's
each independently selected from natural rubber latex, SBR rubber latex and
butadie a rubber latex; the additional elastomer is present in an amount I
qual to ~0% to 90% by weight of total elastomer in the elastomer composite
blend. andil the elastomer composite blend has 30 to 85 phr carbon black.
7. The method of producing elastomer composite blend in accordance with any
of claims 1 to ~, further characterized in that the coaguluml reactor
defines an elongate coagulum zone extending with progressively
increasinQlicross-sectional area from the mixing zone to a discharge end.
8. Elastomer composite blend comprising particul~ elastomer, characterized
in that the elastomer composite filler finely dispersed in bend m f:.~mea
b~ a m~cthod Blends-CIP I50 I SUHST1TUTE SH1=I` f (R~LE 26)   V WO 99/16600
PCT/US98I20279 2 7 MAR 20b2 comprising the steps of: feeding a continuous
flow of first fluid compri ing elastomer latex to a mixing zone of a
coagulum reactor; feeding a continuous flow of second fluid com rising
particulate filler under 5 pressure to the mixing zone of the coagulum
reactor t form a mixture with the elastomer latex, the mixing of the first
fluid and the second fluid within the mixing zone being sufficiently
energetic to substantially completely coagl late the elastomer latex in the
coagulum reactor; discharging a substantially continuous flow of~elastomer
composite from the 10 coagulum reactor: and dry mixing the elastomer
composite with additlional elastomer to form eiastomer composite blend. 9.
The elastomer composite blend of claim 8 fort er characterized by macro 15
dispersion D(%) of the particulate filler being less th 0.?% undispersed
area in a first elastomer phase of the elastomer composite blend. sai first
elastomer phase comprising essentially only elastomer from the elastomer
latex. 10. Vulcanizate comprising elastomer composite i accordance with
claim 8 or 9, 20 characterized by having a crack growth rate no more t an
1.20 cm/million cycles, measured in accordance with ASTM D3629-94. 11. An
elastomer composite blend comprising at 1 ast 30 phr particulate filler
dispersed in a multi-phase elastomer, the particulate fuller being selected
from carbon 25 black. silicon coated carbon black, silicon treated carblon
black, fumed silica, precipitated silica or a mixture of any of them, and
each phase of the multi-phase elastomer being independently selected from
natural rubber, a chlorin ed derivative of natural rubber. homopolymer.
copolymer or terpolymer of butadiene, styrene, isoprene, isobutylene, 3.3
Blends-CIP l51 SUBSTITUTE SHEET ( ULE 26)   WO 99I16600 PCT/US98/20279 2 7
MAR 2002 dialkyl-1,3-butadiene where the alkyl group is C 1 to C3 alkyl,
acrylonitrile. ethylene and ~r"~,~~~nz, an oil extend derivative of any of
them and almixture of any of them wherein macro-dispersion D(%) of the
particulate filler ~n the elastomer composite blend is less than 0.2%
undispersed area. 1 '2. A method of producing elastomer composite blend,
comprising: feeding a continuous flow of first fluid comprising elastomer
latex to a mixing zone of a coagulum reactor; I feeding a continuous flow
of second fluid comprising particulate filler under pressure to the mixing
zone of the coagulti reactor to form a mixture with the elastomer latex,
the particulate filler being ef ective to coagulate the elastomer latex and
the feeding of the second fluid against the first fluid within the mixing
zone being sufficiently energetic to substantially completely coagulate the
elastomer latex with the particulate filler in the cdagulum reactor;
discharging a substantially continuous flew of elastomer composite from the
coagulum reactor; and i dry mixing the elastomer composite with additional
elastomer to form elastomer composite blend. 1:3. The method of producing
elastomer composite bled in accordance with claim wherein the elastomer
latex comprises elastomer ~'~Selected from natural rubber, chlorinated
natural rubber, homopolymer, copolymeri terpolymers of 1,3-butadiene,
styrene, isoprene, isobutylene, 2,3-dimethyl-1,3-butadi~ne, .acrylonitrile,
ethylene, and propylene, the oil extended derivatives of any of them, ar)d
mixtures of any of them. ~4. The method of producing elastomer composite
wherein the elastomer latex comprises elastomer sel and mixtures of any of
them. ~I ~ . The method of producing elastomer composite wherein the
additional latex is natural rubber, chl in accordance with claim 1 from
natural rubber, BR, SBR, in accordance with claim 1 natural rubber,
homopolymer, Blends-CIP ST1TUTE SHEET (R>~1LE 26) SU6 i   Z 7 MAR 2002
copolymer or terpolymer of I,3-butadiene, styrene, isoprene,isobutylene,
2,3-dimethyl1,3-butadiene, acrylonitrile, ethylene, and propylene, the oil
exitended derivative of any of I them, or a mixture of any of them. j ~, .
The method of producing elastomer composite blend wherein the additional
latex is natural rubber, BR, SBR or a i 7. The method of producing
elastomer composite blend wherein the elastomer latex comprises a first
elastomer, and the same as the first elastomer. 18. The method of producing
elastomer composite blend wherein the elastomer, latex comprises a first
elastomer, comprises a second elastomer different from the first elastom I
~ . The method of producing elastomer composite blend wherein the
particulate filler is selected from carbon bla silica, coated carbon
blacks, chemically functionalized carbon black, and mixtures of any of
them. accordance with claim 1 of any of them. accordance with claim 1
additional elastomer is accordance with claim 1 the additional elastomer
accordance with claim 1 fumed silica, precipitated on blacks,
silicon-treated 



Zt) . The method of producing elastomer composite blend ire accordance with
claim 1 I wherein the particulate filler is carbon black. 21 . A method of
producing elastomer composite blend, feeding a continuous flow of first
fluid mixing zone of a coagulum reactor; ising: elastomer latex to a
feeding a continuous flow of second fluid filler under pressure to the
mixing zone of the with the elastomer latex, the particulate filler
elastomer latex and the mixing of the first fluid and silica particulate
reactor to form a mixture effective to coagulate the second fluid within
the 153   mixing zone being sufficiently energetic to subs elastomer latex
with the particulate filler in the coagul y completely coagulate the
reactor; discharging a substantially continuous flow o~ elastomer composite
from the coagulum reactor; and dry mixing the elastomer composite with
additional elastomer to form elastomer composite blend. 22. The method of
roducin elastomer composite blend i~ accordance with claim 1 p g wherein
the elastomer composite blend has 30 to 85 phr of the particulate filler.
23. The method of producing elastomer composite blend i~ accordance with
claim 1 wherein additional particulate filler is added during the dr mixing
of the elastomer composite with additional elastomer. 2~ . The method of
producing elastomer composite blend ir>i accordance with claim 12 wherein
the additional particulate filler is the same as the fluid. .z~.. The
method of producing elastomer composite blend i wherein the additional
particulate filler is carbon black, fun coated carbon blacks, chemically
functionalized carbon b black, and any mixture of them. ~ d . The method of
producing elastomer composite blend wherein the additional particulate
filler is carbon black. ~ 7 . The method of producing elastomer composite
blend wherein the additional particulate filler is silica. filler of the
second accordance with claim 12 silica, precipitated silica,
silicon-treated carbon accordance with claim I1 accordance with claim 11
154   2 7 MAR 2002 28. The method of producing elastomer composite blend
ir~~ accordance with claim 12 wherein the particulate filler the elastomer
composite blend h~s the particulate filler of 30 to 85 phr. A method of
producing elastomer composite blend, com ~ rising: feeding a continuous
flow of first fluid com rising elastomer latex to a mixing zone of a
coagulum reactor; feeding a continuous flow of second fluid lomprising
particulate filler under pressure to the mixing zone of the coagulum re I
ctor to form a mixture with the elastomer latex, the particulate filler
being effecti ~ to coagulate the elastomer latex and the mixing of the
first fluid and the second ~luid within the mixing zone being sufficiently
energetic to substantially completely coagulate the elastomer latex with
the particulate filler in the coagulum reacto i; feeding additive to the
mixing zone of the coa~ulum reactor; discharging a substantially continuous
flow o~ elastomer composite from the coagulum reactor; and dry mixing the
elastomer composite with additional elastomer to form I elastomer composite
blend. ! 3U . The method of producing elastomer composite blend i~
accordance with claim 18 wherein the additive is selected from
antiozonants, antioxidants, plasticizers, processing aids, resins, flame
retardants, extender oils, lubricants, and mixtures of any of them. 31 ~.
The method of producing elastomer composite blend n accordance with claim 1
I further comprising adding additive during dry mixing of the elastorner
composite with additional elastomer ~. l55   Z 7 MAR 2002 32. The method of
producing elastomer composite blend in wherein the additive is selected
from antiozonants, antioxi aids, resins, flame retardants, extender oils,
lubricants, and with claim 20 plasticizers, processing ~s of any of them.
33. The method of producing elastomer composite blend ini accordance with
claim 1 wherein the weight ratio in the elastomer composite blend
of'elastomer in the elastomer composite blend from the elastomer latex to
the additional elas~omer is from 95:5 to 5:95. 3~. The method of producing
elastomer composite blend irk accordance with claim 1 wherein the elastomer
latex is natural rubber latex and tlhe additional elastomer is butadiene
rubber, and butadiene rubber is from 10% to 50% by weight of total
elastomer in the elastomer composite blend.  ~5~ The method of producing
elastomer composite blend i~ accordance with claim 1 wherein the elastomer
latex is natural rubber latex and the a ditional elastomer is SBR, and SBR
is from 50% to 90% by weight of total elastomer ~n the elastomer composite
blend. 3~ . The method of producing elastomer composite blend wherein the
elastomer latex is natural rubber latex and the rubb er. 3 ~. The method of
producing elastomer composite blend wherein the elastomer latex is
butadiene rubber latex and the and SBR is from 10% to 90% by weight of
total elastomer blend. accordance with claim 1 itional elastomer is natural
accordance with claim 1 tional elastomer is SBR, I in the elastomer
composite .~~. The method of producing elastomer composite blend ~n
accordance with claim 1 wherein the elastomer latex is butadiene rubber
latex ands the additional elastomer is butadiene rubber. l56   2 7 MAR 200Z
3W , The method of producing elastomer composite blend i: wherein the
elastomer latex is butadiene rubber latex and accordance with claim 1
additional elastomer is natural rubber, and natural rubber is from 10% to
50% by weight of total elastomer in the elastomer composite blend. '~~. The
method of producing elastomer composite blend itl accordance with claim 1
wherein the elastomer latex is SBR latex and the additional el~stomer is
butadiene rubber, and butadiene rubber is from 10% to 90% by weight of tota
i elastomer in the elastomer composite blend. . , 41. The method of
producing elastomer composite blend i~ accordance with claim 1 wherein the
elastomer latex is latex SBR and the additional el~stomer is SBR. 'f.~ .
The method of producing elastomer composite blend i~ accordance with claim
1 wherein the elastomer latex is SBR and the additional Blast mer is
natural rubber, and natural rubber is from SO% to 90% by weight of total
lastomer in the elastomer composite blend. The method in accordance with
any of claims 23 to i 3I wherein the elastomer composite blend has 30 to 85
phr carbon black. ~~ . The method of producing elastomer composite blend
wherein the coagulum reactor defines an elongate coagul mixing zone to a
discharge end. '~~.. Elastomer composite blend comprising particulate
elastomer, formed by a method comprising the steps of: A) establishing a
continuous, semi-confined 



and particulate filler under pressure in a coagulum accordance with claim 1
zone extending from the filler finely dispersed in of mixed elastomer latex
forming an elongate 157   2 7 MAR z002 coagulum zone extending with
progressively incrc an entry end to a discharge end, by simultaneously (i)
feeding elastomer latex fluid conti the entry end of the coagulum reactor,
and (ii) entraining the eIastomer latex fluff by feeding the particulate
filler fluid as a co zone; cross-sectional area from ously to a mixing zone
at into particulate filler fluid uous jet into the mixing B) discharging
from the discharge end off' the coagulum reactor a substantially constant
flow of elastomer masterbatchj globules concurrently with feeding of the
fluid streams in accordance with sups A(i) and A(ii), wherein
macro-dispersion (D %) of the particulate filler in tie elastomer
masterbatch is less than 0.2% undispersed area; and C) dry mixing the
elastomer composite with elastomer composite blend. Elastomer composite
blend formed by: feeding a continuous flow of first fluid mixing zone of a
coagulum reactor; feeding a continuous flow of second fluid under pressure
to the mixing zone of the coagulum r~ the elastomer latex, the particulate
filler being effecti latex, the particulate filler being effective to
coagulal mixing of the first fluid and the second fluid wi sufficiently
energetic to substantially completely c. with the particulate filler in the
coagulum reactor; discharging a substantially continuous flow ~ the
coagulum reactor wherein macro-dispersion (D the elastomer composite is
less than 0.2% undispersel itional elastomer to form isine elastomer latex
to a ising particulate filler to form a mixture with to coagulate the
elastomer the elastomer latex and the the mixing zone being late the
elastomer latex ' elastomer composite from of the particulate filler in
area; and 158   2 7 MAR 2002 dry mixing the elastomer composite with a
ditional elastomer to form elastomer composite blend. ~-'~. The elastomer
composite blend of claim 34 or 35 wherein the particulate filler in a first
elastomer phase of the i comprising essentially elastomer from the
elastomer latex is area. ~t~'. The elastomer composite blend of claim 34 or
35 w the particulate filler throughout the elastomer composi undispersed
area. 4`I. The elastomer composite blend of claim 35 wherein black, silicon
coated carbon black, silicon treated carbon 1 silica or a mixture of any of
them. 5e. The elastomer composite blend of claim 35 wherein
macro-dispersion D(%) of er composite blend less than 0.2% undispersed
macro-dispersion D(%) of blend is less than 0.2% particulate filler is
carbon fumed silica, precipitated elastomer of the elastomer latex is
selected from natural rubber, a chlorinated derivative of natural rubber, a
homopolymer, copolymer or terpolymer of butadiene, styren~I, isoprene,
isobutylene, 3,3dimethyl-1,3-butadiene, acrylonitrile, ethylene propylene,
a~ oil extended derivative of any of them and a mixture of any of them. An
elastomer composite blend comprising at least 30 per particulate filler
dispersed in a multi-phase elastomer, the particulate filler being selected
from carbon black, silicon coated carbon black, silicon treated carbon
black, fumed si~ica, precipitated silica or a mixture of any of them, and
each phase of the multiphase el~stomer being independently selected from
natural rubber, a chlorinated derivative of n aural rubber, homopolymer,
copolymer or terpolymer of butadiene, styrene, isoprene, -'sobutylene,
3,3-dialk 1-1,3 y butadiene where the alkyl group is C1 to C3 alkyl,
acrylonit~ile, ethylene and propylene, an oil extended derivative of any of
them and a mixture of s of them wherein macro 159   2 7 MAR 2002 dispersion
D(%) of the particulate filler in the elastomer 0.2% undispersed area. 5~~
Vulcanizate comprising the wlcanization product of el accordance with any
of claims 34, 35 or 40. a3. Tire tread comprising wlcanizate in accordance
with cl 41. blend is less than composite blend in +,. Tire sub-tread
comprising vulcanizate in accordance with Maim 41. SS.' , Wire-skim for a
tire comprising vulcanizate in accordance, with claim 41. '~~~ Tire
sidewall comprising wlcanizate in accordance with Maim 41. ~~ . Cushion gum
for a re-tread tire, comprising vulcanizate inaccordance with claim 41. 5~.
A rubber component of an engine mount, comprising claim m. 5`l . Tank track
comprising vulcanizate in accordance with cla m 41. bC . Mining belt,
comprising wlcanizate in accordance with c aim 41. 61 ( A rubber component
of a hydro-mount comprising claim 41. in accordance with in accordance with
~2 . A bridge bearing comprising vulcanizate in accordance with claim 41. ~
~o A seismic isolator comprising vulcanizate in accordance Vvith claim 41.
160   ? 7 MAR 200Z ~~, Vulcanizate in accordance with any of claims 41
having a than 1.20 cm/million cycles, measured in accordance with AS crack
growth rate no more fM D3629-94. f > , A method of producing elastomer
composite blend, comprising: feeding a continuous flow of first fluid
comprising ela~tomer latex to a mixing zone; feeding a continuous flow of
second fluid comprising particulate filler under pressure to the mixing
zone to form a mixture with the elasto er latex, the feeding of the second
fluid against the first fluid within the mixing zone bei g sufficiently
energetic to substantially completely coagulate the elastomer latex with th
particulate filler; discharging a substantially continuous flow of
elastom~er composite from the coagulum reactor; and _ dry mixing the
elastomer composite with additional el~stomer to form elastomer 



composite blend. The method of producing elastomer composite blend ilh
accordance vc.~ith claim 54, wherein the additional latex is dry mixed with
the elastomer cbmposite to form elastomer composite blend. 6'7. The method
of producing elastomer composite i lend in accordance with claim 54,
wherein the second fluid is an aqueous fluid having ;10 to 30 wt% carbon
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Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()--Aoc+6Dg
Pi10%!&'()-QRSTUVWt2v Pi10%Aoc+6Dg Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-
Pi10%!&'()- Pi10%!&'()-WXYcdefgpT8 Pi10%A Pi10%!&'()- Pi10%!&'()-
Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-ghijvfF&8
Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-Aoc+6Dg Pi10%!&'()- Pi10%!&'()-cC8
Pi10%!&'() Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-
Pi10%!&'()-fF*8 Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-
Pi10%!&'()-Aoc+6Dgt28 PAoc+6Dg1 Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-c
Pi10%!&'()- Pi10%!&'()-pT8 PA Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-
Pi10%!&'()- Pi10%!&'()- Pi10%!&'()- Pi10%!&'()-kJ)8  39'`!10%q%&'()-
39'`!10%xAx&'()-( Pi10%!&'()-Aoc+6Dg Pi10%!&'()- Pi10%!&'()-vU4 3
`10%~,&'()- `10%~,&'()- `10%)&'()-10q%10q%10q% &710%q%&'()-(  710%^"&'()-
! + - aAvU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-   @10% ~, &'()-
`10%)&'()-(  `10%~,&'()-- 3 F Q U ^ _ _CvU4 3  .10% 



~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- _ k o x    _?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-       }aA?vU4 3  .10% ~, &'()-
.10% ~, &'()- Ao o#(. .10% ~, &'()-  .10% ~, &'()-        _?vU4 3  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-       ]A?vU4 3  .10% ~, &'()- Ao o#(. 



.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-     _?vU4 3  .10% ~, &'()-

.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
%}aA?vU4 3  .10% ~, &'()-  .10% ~, &'()- Ao o#(. .10% ~, &'()-  .10% ~,
&'()- %',/179_?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- 9=?@BM}aA?vU4 3  .10% ~, &'()-  .10% ~,
&'()- Ao o#(. .10% ~, &'()-  .10% ~, &'()- MRTWY_a_?vU4 3  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
aeghju}aA?vU4 3  .10% ~, 



&'()-  .10% ~, &'()- Ao o#(. .10% ~, &'()-  .10% ~, &'()- u_?vU4 3  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()- aA?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(. .10% ~,
&'()- _?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()- aA?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- Ao o#(. .10% ~, &'()- _?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3  .10% ~,
&'()-  .10% ~, 



&'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(.!%)/_?vU4 3  .10% ~, &'() .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
/02>NQbB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
Ao o#(.QSY]af_?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- fgiu|bB?vU4 3  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3
.10% ~, &'()-  .10% ~, &'()-  .10% ~, 



&'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao
o#(.%_?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()- %&)5?BbB?vU4 3  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, 



&'()- Ao o#(.BEKOSY_?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()- YZ]inqbB?vU4 3  .10% ~, &'()-  .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(.qsy{_?vU4 3  .10% ~, &'()
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao
o#(._?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()-  .10% ~, &'()- bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% 



~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- ]A?vU4 3  .10% ~, &'()- Ao o#(. .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- _?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  _?vU4 3  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  "$+=bB?vU4 3
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao
o#(.=?Q_cq_?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% 



~, &'()- aA?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(. .10%
~, &'()- _?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- ]A?vU4 3  .10% ~, &'()- Ao o#(. .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- _?vU4 3  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- }aA?vU4 3  .10%
~, &'()-  .10% ~, &'()- Ao o#(. .10% ~, &'()-  .10% ~, &'()- _?vU4 3  .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- $%(:?aA?vU4 3  .10% 



~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(. .10% ~, &'()- ?BEKOSY_?vU4 3
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()- YZ]iwzbB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()- Ao o#(.z|_?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3  .10% ~, &'()-  .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3
.10% ~, &'()-  .10% 



~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3
.10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()- (-0bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()- Ao o#(.028<@F_?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- FGJUZ]bB?vU4 3  .10% ~,
&'()-  .10% ~, &'()-  .10% 



~, &'()-  .10% ~, &'()- Ao o#(.]_eims_?vU4 3  .10% ~, &'() .10% ~, &'()-
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- stwbB?vU4 3
.10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(._?vU4 3
.10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()- bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10%
~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- bB?vU4 3  .10% ~, &'()-  .10% ~, &'()-
.10% ~, &'()-  .10% 



~, &'()- Ao o#(._?vU4 3  .10% ~, &'() .10% ~, &'()-  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- "%bB?vU4 3  .10% ~, &'()-  .10% ~,
&'()-  .10% ~, &'()-  .10% ~, &'()- Ao o#(.%'-139_?vU4 3  .10% ~, &'() .10%
~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()-  .10% ~, &'()- 9:;
=FKa@?vU4 3  y>$10%>&'()-S S>10%>&'()- `\>  10%>&'()-K .10% ~, &'()- Ao
o#(.KMOTUVWXYvZ> 3 10%>&'()-10%>&'()-10>10>10> 0y>$10%>&'()-S y>$10%>&'()-S
`y>$10%>&'()-SYZ[]^_`bnP0>
10%>&'()-'&10%>&'()-10%>&'()-010%>&'()-'10%>&'()-bcdeghijnR4>
'10%>&'()-&10%>&'()-10%>&'()-'10%>&'()-10%>&'()-jklmnopqrV:>
10%>&'()-10%>&'()-10%>&'()-'10%>&'()-10%>&'()-10%>&'()-qrstxy{|lP4>
10%>&'()-10%>&'()-'10%>&'()-10%>&'()--10%>&'()--'|}nN0>
'-10%>&'()-10%>&'()-10%>&'()-'-10%>&'()-10%>&'()-nR6>
10%>&'()-10%>&'()-10%>&'()-'10%>&'()-10%>&'()-10%>&'()-pP4>
10%>&'()--10%>&'()-'10%>&'()-10%>&'()--10%>&'()--'mO/>
10%>&'()-')10%>&'()-10%>&'()-(10%>&'()-('10%>&'()-nR4>
'10%>&'()-10%>&'()-10%>&'()-'10%>&'()-10%>&'()-sR2>  '-10%;&'()-   10%;
&'()-10%>&'()-'10%>&'()-10%>&'()-10%>&'()-_?2>  ' '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F
J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- !+3=_?2>  '-10%;&'()-  '-10%;
&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- =EOPQS[;?2>
'-10%;&'()- 



G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- SX\aejn_?2>  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- nsx}~W;?2>
'-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;
&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;
?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- _?2>
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;
&'()- W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
_?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()- W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;
&'()- 



!_?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()- !&*/02W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-
'-10%;&'()- 27;@DIM_?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()- MRV]^`W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-
'-10%;&'()-  '-10%;&'()- `einrw{_?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()- {W;?2>  '-10%;&'()- G{ F J$(!- '-10%;
&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F J$(!- '-10%;
&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()- 



'-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;
&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;
&'()-  '-10%;&'()-  $)-_?2>  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;
&'()-  '-10%;&'()-  '-10%;&'()- -26;<?W;?2>  '-10%;&'()- G{ F J$(!- '-10%;
&'()-  '-10%;&'()-  '-10%;&'()- ?DHOSX\_?2>  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- \aejknW;?2>  '-10%;&'()-
G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- nsw|_?2>  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;?2>
'-10%;&'()- G{ F 



J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F
J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- W;?2>  '-10%;&'()- G{ F
J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- _?2>  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- "W;?2>  '-10%;&'()- G{ F
J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- "'+049=_?2>  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- =BFLMNW;?2>
'-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;&'()- NOPQTZhylL,>
'-10%;&'()- 



'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;
&'()- yW;lL,> '-1 '-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  '-10%;
&'()- cG+> '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()- `@cG+> '-10%;& '-10%;&'()-  '-10%;&'()- G{ F J$(!-
'-10%;&'()-  '-10%;&'()- _?+> '-10%;& '-10%;&'()-  '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  w[;?+> '-10% '-10%;&'()-  '-10%;
&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()-  %)._?+> '-10% '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- .278;@w[;
?+> '-10% '-10%;&'()-  '-10%;&'()- G{ F J$(!- '-10%;&'()-  



'-10%;&'()- @DIMRV[_?+> '-10% '-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;
&'()-  '-10%;&'()-  '-10%;&'()- [_dehmw[;?+> '-10% '-10%;&'()-  '-10%;&'()-
G{ F J$(!- '-10%;&'()-  '-10%;&'()- mqvz_?+> '-10% '-10%;&'()-  '-10%;&'()-
'-10%;&'()-  '-10%;&'()-  '-10%;&'()-  '-10%;&'()- w[;?+> '-10% '-10%;&'()-
'-10%;&'()- G{ F J$(!- '-10%;&'()-  '-10%;&'()- _?+> '-10% '-10%;&'()-
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