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METHODS AND APPARATUS FOR 
PRODUCING AND TREATING NOVEL 

ELASTOMER COMPOSITES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue of US. patent application 
Ser. No. 11/203,568, ?led Aug. 12, 2005, now US. Pat. No. 
7,582,689 which is a continuation ofand claims the priority 
ofU.S. patent application Ser. No. 10/051,357, ?led Jan. 18, 
2002, now US. Pat. No. 6,929, 783 which claims priority as 
a divisional application ofU.S. application Ser No. 09/549, 
O5],?ledApr. 13, 2000, now US. Pat. No. 6,372,822, which 
claims priority from US. Provisional Application No. 
60/129, 79],?ledApr 16, 1999. 

FIELD OF THE INVENTION 

The present invention is directed to novel methods and 
apparatus for producing and treating elastomer composites, 
and to novel elastomer composites produced using such 
methods and apparatus. More particularly, the invention is 
directed to continuous ?ow methods and apparatus for pro 
ducing and treating elastomer masterbatch of particulate 
?ller ?nely dispersed in elastomer, for example, elastomer 
composites of carbon black particulate ?ller ?nely dispersed 
in natural rubber, and rubber materials and products formed 
of such masterbatch compositions. 

BACKGROUND 

Numerous products of commercial signi?cance are 
formed of elastomeric compositions wherein particulate 
?ller is dispersed in any of various synthetic elastomers, 
natural rubber or elastomer blends. Carbon black, for 
example, is widely used as a reinforcing agent in natural 
rubber and other elastomers. It is common to produce a 
masterbatch, that is, elastomer coagulated with carbon black 
or other ?ller and optionally containing various additives, 
such as extender oil. Carbon black masterbatch can be pre 
pared with different grades of carbon black, that is, carbon 
blacks which vary both in surface area per unit weight and in 
“structure.” 

While a wide range of performance characteristics can be 
achieved employing currently available materials and manu 
facturing techniques, there has been a longstanding 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-dispersion level, that is, the 
uniformity of dispersion of the carbon black or other ?ller 
within the elastomer, can signi?cantly impact performance 
characteristics. For elastomeric compositions prepared by 
intensively mixing the carbon black or other ?ller with natu 
ral rubber or other elastomer (such as in a Banbury mixer or 
the like), any increase in macro-dispersion requires longer or 
more intensive mixing, with the consequent disadvantages 
of increased energy costs, manufacturing time, and similar 
concerns. For carbon black ?llers of certain surface area and 
structure characteristics, dispersion beyond a certain degree 
has not been possible or commercially practicable using 
known mixing apparatus and techniques. In addition, such 
prolonged or more intensive mixing degrades the natural 
rubber or other elastomer by reducing its molecular weight, 
rendering the ?nished elastomeric compound undesirable 
for certain applications. 
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2 
In addition to dry mixing techniques, it is known to con 

tinuously feed latex and a carbon black slurry to an agitated 
coagulation tank. Such “wet” techniques are used commonly 
with synthetic elastomer, such as styrene-butadiene rubber 
(SBR). The coagulation tank contains a coagulant such as 
salt solution or an aqueous acid solution typically having a 
pH of about 2.5 to 4. The latex and carbon black slurry are 
mixed and then coagulated in the coagulation tank into small 
beads (typically a few millimeters in diameter) referred to as 
wet crumb. The crumb and acid (or saline) ef?uent are 
separated, typically by means of a vibrating shaker screen or 
the like. The crumb is then dumped into a second agitated 
tank where it is washed to achieve a neutral or near neutral 
pH. Thereafter the crumb is subjected to additional vibrating 
screen and drying steps and the like. Variations on this 
method have been suggested for the coagulation of natural 
and synthetic elastomers. In US. Pat. No. 4,029,633 to 
Hagopian et al, which like the present invention is assigned 
to Cabot Corporation, a continuous process for the prepara 
tion of elastomer masterbatch is described. An aqueous 
slurry of carbon black is prepared and mixed with a natural 
or synthetic elastomer latex. This mixture undergoes a 
so-called creaming operation, optionally using any of vari 
ous known creaming agents. Following the creaming of the 
carbon black/latex mixture, it is subjected to a coagulation 
step. Speci?cally, the creamed carbon black/latex mixture is 
introduced as a single coherent stream into the core of a 
stream of coagulating liquor. The solid stream of creamed 
carbon black/latex mixture is said to undergo shearing and 
atomiZing by the stream of coagulating liquor prior to 
coagulation, being then passed to a suitable reaction Zone for 
completion of the coagulation. Following such coagulation 
step, the remainder of the process is substantially 
conventional, involving separation of the crumb from the 
waste product “serum” and washing and drying of the 
crumb. A somewhat similar process is described in US. Pat. 
No. 3,048,559 to Heller et al. An aqueous slurry of carbon 
black is continuously blended with a stream of natural or 
synthetic elastomer latex. The two streams are mixed under 
conditions described as involving violent hydraulic turbu 
lence and impact. As in the case of the Hagopian et al. patent 
mentioned above, the combined stream of carbon black 
slurry and elastomer latex is subsequently coagulated by the 
addition of an acid or salt coagulant solution. 

Since good dispersion of a coagulating ?ller in the elas 
tomer has been recognized for some time as being important 
for achieving good quality and consistent product 
performance, considerable effort has been devoted to the 
development of procedures for assessing dispersion quality 
in rubber. Methods developed include, e. g. the Cabot Disper 
sion Chart and various image analysis procedures. Disper 
sion quality can be de?ned as the state of mixing achieved. 
An ideal dispersion of carbon black is the state in which the 
carbon black agglomerates (or pellets) are broken down into 
aggregates (accomplished by dispersive mixing) uniformly 
separated from each other in the elastomer (accomplished by 
distributive mixing), with the surfaces of all the carbon black 
aggregates completely wetted by the rubber matrix (usually 
referred to as incorporation). 

Macro-dispersion of carbon black or other ?ller in 
uncured natural rubber or other suitable elastomer can be 
assessed using image analysis of cut surface samples. 
Typically, ?ve to ten arbitrarily selected optical images are 
taken of the cut surface for image analysis. Knife marks and 
the like preferably are removed using a numerical ?ltering 
technique. Cut surface image analysis thus provides infor 
mation regarding the carbon black dispersion quality inside 
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a natural rubber compound. Speci?cally, percent undis 
persed area D(%) indicates carbon black macro-dispersion 
quality. As macro-dispersion quality is degraded, percent 
undispersed area increases. Dispersion quality can be 
improved, therefore, by reducing the percent undispersed 
area. 

A commercial image analyZer such as the IBAS Compact 
model image analyZer available from Kontron Electronik 
GmbH (Munich, Germany) can be used to measure macro 
dispersion of carbon black or other ?ller. Typically, in quan 
titative macro-dispersion tests used in the rubber industry, 
the critical cut-off siZe is 10 microns. Defects larger than 
about 10 microns in siZe typically consist of undispersed 
carbon black or other ?ller, as Well as any grit or other 
contaminants, Which can affect both visual and 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 examined, using an image 
analysis procedure. Macro-dispersion D(%) is calculated as 
folloWs: 

r11),2 
4 

l m 

Undispersed a.rea(%) : Ni 

i:l 

Where 

Am=Total sample surface area examined 
Ni=Number of defects With siZe DZ 
Di=Diameter of circle having the same area as that of the 

defect (equivalent circle diameter) 
m=number of images 
There has long been a need in various industries for elas 

tomeric compounds of particulate ?ller dispersed in suitable 
elastomer, especially, for example, carbon black dispersed in 
natural rubber, having improved macro-dispersion. As dis 
cussed above, improved macro-dispersion can provide cor 
respondingly improved aesthetic and functional characteris 
tics. Especially desirable are neW elastomeric compounds of 
carbon black in natural rubber Wherein improved macro 
dispersion is achieved together With controlled Mooney 
Viscosity, higher molecular Weight of the natural rubber, and 
higher amount of bound rubber. 

It is an object of the present invention to meet some or all 
of these long felt needs. 

SUMMARY OF THE INVENTION 

In accordance With a ?rst aspect, a method of treating a 
substantially coagulated masterbatch having a particulate 
?ller and an elastomer includes the steps of feeding the mas 
terbatch to a feed port of a continuous compounder having 
multiple rotors axially oriented in an elongate processing 
chamber; processing the masterbatch through the processing 
chamber of the continuous compounder by controlled opera 
tion of the rotors; and discharging the masterbatch from a 
discharge ori?ce of the continuous compounder. In certain 
preferred embodiments, the method may also include the 
step of passing the masterbatch from the discharge ori?ce of 
the continuous compounder through an open mill and/or the 
step of compounding additional material into the master 
batch in the continuous compounder. In certain preferred 
embodiments, the additional material may be selected from 
additional ?ller, additional elastomer, a second masterbatch, 
oil and other additives. In certain preferred embodiments, 
the continuous compounder dries the masterbatch. In certain 
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4 
preferred embodiments, the continuous compounder con 
trols the Mooney Viscosity of the masterbatch. 

In accordance With another aspect, a continuous ?oW 
method of producing elastomer composite includes the steps 
of feeding a continuous ?oW of ?rst ?uid including elas 
tomer latex to a mixing Zone of a coagulum reactor de?ning 
an elongate coagulum Zone extending from the mixing Zone 
to a discharge end; feeding a continuous ?oW of second ?uid 
having particulate ?ller under pressure to the mixing Zone of 
the coagulum reactor to form a mixture With the elastomer 
latex, the mixture passing as a continuous ?oW to the dis 
charge end and the particulate ?ller being effective to coagu 
late the elastomer latex, Wherein mixing of the ?rst ?uid and 
the second ?uid Within the mixing Zone is su?iciently ener 
getic to substantially completely coagulate the elastomer 
latex With the particulate ?ller prior to the discharge end; 
discharging a substantially continuous ?oW of elastomer 
composite from the discharge end of the coagulum reactor; 
feeding the substantially continuous ?oW of elastomer com 
posite to a feed port of a continuous compounder having 
multiple parallel rotors axially oriented in an elongate pro 
cessing chamber; processing the elastomer composite 
through the processing chamber of the continuous com 
pounder by controlled operation of the rotors; and discharg 
ing the elastomer composite from a discharge ori?ce of the 
continuous compounder. In certain preferred embodiments, 
the method also includes the step of processing the elas 
tomer composite from the discharge ori?ce of the continu 
ous compounder through an open mill. 

In accordance With another aspect, an apparatus for pro 
ducing elastomer composite of particulate ?ller dispersed in 
elastomer has a coagulum reactor de?ning a mixing Zone 
and an elongate coagulum Zone extending from the mixing 
Zone to a discharge end; latex feed means for feeding elas 
tomer latex ?uid continuously to the mixing Zone; ?ller feed 
means for feeding particulate ?ller ?uid as a continuous jet 
into the mixing Zone to form a mixture With the elastomer 
latex ?uid traveling from the mixing Zone to the discharge 
end of the coagulum Zone, Wherein the distance betWeen the 
mixing Zone and the discharge end is suf?cient to permit 
substantially complete coagulation of the elastomer latex 
prior to the discharge end; and a continuous compounder 
having a feed port operatively connected to the discharge 
end of the coagulum Zone for receiving the coagulated mix 
ture of elastomer latex and particulate ?ller, a discharge 
ori?ce, an elongate processing chamber, and a plurality of 
rotors axially oriented Within the processing chamber. In 
certain preferred embodiments, the apparatus further has 
conveying means for conveying a substantially continuous 
?oW of elastomer composite from the discharge end of the 
coagulum Zone to the feed port of the continuous com 
pounder. 

In accordance With another aspect, an elastomer compos 
ite has substantially coagulated elastomer in Which particu 
late ?ller has been dispersed by feeding a continuous ?oW of 
?rst ?uid having elastomer latex to a mixing Zone of a 
coagulum reactor de?ning an elongate coagulum Zone 
extending from the mixing Zone to a discharge end; feeding 
a continuous ?oW of second ?uid having particulate ?ller 
under pressure to the mixing Zone of the coagulum reactor to 
form a mixture With the elastomer latex, the mixture pas sing 
as a continuous ?oW to the discharge end, and the particulate 
?ller being effective to coagulate the elastomer latex, 
Wherein mixing of the ?rst ?uid and the second ?uid Within 
the mixing Zone is su?iciently energetic to substantially 
completely coagulate the elastomer latex With the particulate 
?ller prior to the discharge end; discharging a substantially 
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continuous ?oW of elastomer composite from the discharge 
end of the coagulum reactor; feeding the elastomer compos 
ite from the discharge end of the coagulum reactor to a con 
tinuous compounder having multiple parallel elongate rotors 
axially oriented in an elongate processing chamber; process 
ing the masterbatch through the processing chamber of the 
continuous compounder by controlled operation of the 
rotors; and discharging the masterbatch from a discharge 
ori?ce of the continuous compounder. 

In accordance With another aspect, masterbatch is pro 
cessed in a continuous compounder as described above 
along With the addition of other materials. Speci?cally, the 
additional materials may be additional ?ller; additional elas 
tomers; additional masterbatch, comprising elastomer com 
posite and carbon black or other ?ller; any of various knoWn 
additives used in elastomer composites, such as 
antioxidants, antioZonants, plasticiZers, processing aids 
(e.g., liquid polymers, oils and the like), resins, ?ame 
retardants, extender oils, lubricants, and a mixture of any of 
them; and a vulcanization system, or a mixture of any of 
these. 

In accordance With another aspect, a method for preparing 
elastomer masterbatch comprises feeding simultaneously a 
particulate ?ller ?uid and an elastomer latex ?uid to a mix 
ing Zone of a coagulum reactor, folloWed by further process 
ing in a de-Watering extruder and continuous compounder, 
as disclosed above. Most preferably the coagulum reactor, 
de-Watering extruder and the continuous compounder oper 
ate together in a continuous ?oW production line. A coagu 
lum Zone of the coagulum reactor extends from the mixing 
Zone, preferably progressively increasing in cross-sectional 
area in the downstream direction from an entry end to a 
discharge end. The elastomer latex may be either natural or 
synthetic and the particulate ?ller ?uid comprises carbon 
black or other particulate ?ller effective to coagulate the 
latex. The particulate ?ller ?uid is fed to the mixing Zone 
preferably as a continuous, high velocity jet of injected ?uid, 
While the latex ?uid is fed at loW velocity. The velocity, ?oW 
rate and particulate concentration of the particulate ?ller 
?uid are suf?cient to cause high shear mixing With the latex 
?uid and ?oW turbulence of the mixture Within at least an 
upstream portion of the coagulum Zone, so as to substan 
tially completely coagulate the elastomer latex With the par 
ticulate ?ller prior to the discharge end. Substantially com 
plete coagulation is thus achieved, in accordance With 
preferred embodiments, Without the need of employing an 
acid or salt coagulation agent. The coagulum reactor is dis 
cussed in detail in commonly oWned and copending US. 
application Ser. No. 08/823,411 and in Published PCT 
Application Serial Number PCT/U S97/ 05276, both of Which 
are incorporated herein by reference. The masterbatch from 
the coagulum reactor is fed through a de-Watering extruder 
to remove the bulk of the Water from the masterbatch and 
then into a feed port of the continuous compounder dis 
closed above, preferably in a continuous ?oW stream from 
the coagulum reactor. The continuous compounder dries the 
elastomer masterbatch, provides control over the Mooney 
Viscosity of the elastomer masterbatch and, in certain pre 
ferred embodiments, control over other characteristics and 
performance properties of the masterbatch via manipulation 
of continuous compounder operating parameters, including 
rotor speed, throughput rate, discharge ori?ce opening siZe, 
discharge ori?ce temperature and processing chamber tem 
perature. The masterbatch may, in accordance With certain 
preferred embodiments, optionally be further processed after 
the continuous compounder by an open mill to further con 
trol the Mooney Viscosity of the masterbatch. This is espe 
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6 
cially advantageous, since the elastomer masterbatch pro 
duced by the coagulum reactor may have a Mooney 
Viscosity Which is too high for use in certain applications. 
Further processing of the masterbatch by the continuous 
compounder and the open mill is noW found to provide 
excellent product control to achieve a desired Mooney Vis 
cosity and moisture level. 

In especially preferred embodiments, the above disclosed 
de-Watering extruder is connected to the coagulum reactor 
by a conveyor or conduit for carrying masterbatch from the 
coagulum reactor to the de-Watering extruder, and the con 
tinuous compounder is directly doWnstream of the 
de-Watering extruder, such that the masterbatch is produced 
and treated in a continuous ?oW process. Thus, a continuous 
process line is created for the formation and treatment of 
elastomer masterbatch, Which provides for signi?cantly 
enhanced economies of production. Use of the continuous 
compounder With a de-Watering extruder and coagulum 
reactor in a continuous process line can facilitate controlling 
and changing operating parameters of the masterbatch pro 
duction and treatment line Without interrupting the continu 
ous process line. 

In accordance With an apparatus aspect, a coagulum 
reactor, de-Watering extruder and continuous compounder 
described above are coupled in a masterbatch production 
and treatment line. In accordance With certain preferred 
embodiments, an open mill is provided to cool the elastomer 
masterbatch and further control its Mooney Viscosity after it 
passes through the continuous compounder. 

In accordance With another apparatus aspect, means are 
provided for feeding elastomer latex ?uid to the mixing Zone 
of the aforesaid coagulum reactor, preferably under loW 
pressure, substantially laminar type ?oW conditions, and 
means are provided for simultaneously feeding particulate 
?ller ?uid to the mixing Zone under pressure su?icient to 
create a jet of adequate velocity or kinetic energy to entrain 
the elastomer latex, as described above, and achieve coagu 
lation before the product ?oWing doWnstream from the mix 
ing Zone reaches the discharge end of the coagulum reactor. 
In accordance With certain preferred embodiments described 
in detail beloW, means for feeding the elastomer latex ?uid 
and separate means for feeding the particulate ?ller ?uid 
each may comprise a feed channel in a mixing head integral 
With a substantially tubular member de?ning the coagulum 
Zone. The mixing Zone may be provided at the junction of 
such feed channels Within the mixing head. In accordance 
With certain preferred embodiments, the mixing Zone is sim 
ply a coaxial extension of the coagulum Zone. Progressive 
increase in the cross-sectional area of the coagulum reactor 
is continuous in certain preferred embodiments and is step 
Wise in other preferred embodiments. A de-Watering 
extruder and continuous compounder are positioned doWn 
stream of the coagulum reactor to further process the elas 
tomer masterbatch, providing drying and control of the 
Mooney Viscosity and other physical properties and perfor 
mance characteristics of the elastomer masterbatch. In cer 
tain preferred embodiments, an open mill may be coupled to 
the discharge ori?ce of the continuous compounder, either 
directly or via a conveyor or other conduit, to provide yet 
further treatment of the elastomer masterbatch. Additional 
optional and preferred features of the apparatus disclosed 
here for continuous ?oW production of elastomer master 
batch are discussed in the detailed description beloW. 

In accordance With yet another aspect, elastomer compos 
ites are provided as a product of the process or apparatus 
disclosed above. In accordance With preferred embodiments, 
novel elastomer composites are provided having macro 
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dispersion level of the particulate ?ller, molecular Weight of 
the elastomer, particulate loading level, choice of particulate 
?ller (including, for example, carbon black ?llers of excep 
tionally high surface area and loW structure), controlled 
Mooney Viscosity and/or other physical properties or perfor 
mance characteristics not previously achieved. Additionally, 
a suitable balance can be obtained betWeen the molecular 
Weight and bound rubber of the masterbatch for a given 
Mooney Viscosity. In that regard, the methods and apparatus 
disclosed here can achieve excellent macro-dispersion, even 
of certain ?llers, such as carbon blacks having a structure to 
surface area ratio DBP:CTAB less than 1.2 and even less 
than 1, in elastomers such as natural rubber, While minimiZ 
ing degradation of the molecular Weight of the elastomer and 
highly controlled Mooney Viscosity. In accordance With yet 
other aspects of the invention, intermediate products are pro 
vided as Well as ?nal products Which are formed of the elas 
tomer composites produced by the method or apparatus dis 
closed here, e.g., tires and tire components. Further 
examples of such ?nal products are listed beloW. 

These and other aspects and advantages of various 
embodiments of the invention Will be further understood in 
vieW of the folloWing detailed discussion of certain preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing discussion of certain preferred embodi 
ments Will make reference to the appended draWings 
Wherein: 

FIG. 1 is a schematic ?oW chart illustration of the appara 
tus and method for preparing elastomer masterbatch in 
accordance With certain preferred embodiments of the 
present invention; 

FIG. 2 is an elevation vieW, partly schematic, of a pre 
ferred embodiment consistent With the schematic ?oW chart 
illustration of FIG. 1; 

FIG. 3 is an elevation vieW, partially schematic, of an 
alternative preferred embodiment consistent With the sche 
matic ?oW chart illustration of FIG. 1; 

FIG. 4 is an elevation vieW, partially in section, of the 
mixing head/coagulum reactor assembly of the embodiment 
of FIG. 3; 

FIG. 5 is an elevation vieW, partially in section, corre 
sponding to the vieW of FIG. 4, illustrating an alternative 
preferred embodiment; 

FIG. 6 is a section vieW taken through line 6-6 of FIG. 5; 
FIG. 7 is a section vieW of a mixing head suitable for use 

in an alternative preferred embodiment; 
FIG. 8 is a schematic ?owchart of a portion of an alterna 

tive embodiment of the masterbatch production line of FIG. 
1 shoWing the continuous compounder of FIG. 1 in section; 
and 

FIG. 9 is a schematic ?owchart of a portion of an alterna 
tive embodiment of the apparatus and method of FIG. 1. 

It should be understood that the appended draWings are 
not necessarily precisely to scale. Certain features may have 
been enlarged or reduced for convenience or clarity of illus 
tration. Directional references used in the folloWing discus 
sion are based on the orientation of components illustrated in 
the draWings unless otherWise stated or otherWise clear from 
the context. In general, apparatus in accordance With differ 
ent embodiments of the invention can be employed in vari 
ous arrangements. It Will be Within the ability of those 
skilled in the art, given the bene?t of the present disclosure, 
to determine appropriate dimensions and orientations for 
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8 
apparatus of the invention employing routine technical skills 
and taking into account Well-knoWn factors particular to the 
intended application, such as desired production volumes, 
material selection, duty cycle, and the like. Reference num 
bers used in one draWing may be used in other draWings for 
the same feature or element. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS 

The folloWing is a detailed description of certain preferred 
embodiments of the present invention and is not intended to 
limit the present invention to the embodiments described 
beloW. 

By virtue of the method and apparatus disclosed here, Wet 
elastomer masterbatch can be processed to remove moisture, 
reduce its Mooney Viscosity, and/or to compound it With 
other materials. Preferably the masterbatch is produced in a 
continuous ?oW process involving mixture of elastomer 
latex and particulate ?ller ?uids at turbulence levels and ?oW 
control conditions suf?cient to achieve coagulation even 
Without use of traditional coagulating agents. In fact, it Will 
be immediately recogniZed to be of great commercial bene?t 
that elastomer masterbatch crumb is achieved, that is, coagu 
lated latex is achieved, Without the need for either intensive 
dry mastication of elastomer With ?ller or exposing a liquid 
latex/particulate composition to a stream or tank of coagu 
lant. Thus, in routine commercial implementation the cost 
and complexity of employing acid coagulation solutions can 
be avoided. Prior techniques involving premixing of latex 
and particulate, such as in the above-mentioned Heller et al. 
patent and Hagopian et al. patent do not even recognize the 
possibility of achieving coagulation Without exposing the 
latex/particulate mixture to the usual coagulant solution With 
its attendant cost and Waste disposal disadvantages. Elas 
tomer masterbatch produced by this continuous ?oW process 
may have a Mooney Viscosity and moisture level Which are 
too high for certain applications. The use of a de-Watering 
extruder and continuous compounder, described in greater 
detail beloW, dries the elastomer masterbatch and controls its 
Mooney Viscosity, While optimiZing molecular Weight and 
bound rubber. 

Feed rates of latex ?uid and particulate ?ller ?uid to the 
mixing Zone of the coagulum reactor can be precisely 
metered to achieve high yield rates, With little free latex and 
little undispersed ?ller 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 coagu 
lum solids are being formed there and/or doWnstream 
thereof in the coagulum Zone. Extremely high feed velocity 
of the particulate ?ller ?uid into the mixing Zone of the 
coagulum reactor and velocity differential relative the latex 
?uid feed are believed to be signi?cant in achieving su?i 
cient turbulence, i.e., su?iciently energetic shear of the latex 
by the impact of the particulate ?ller ?uid jet for thorough 
mixing and dispersion of the particulate into the latex ?uid 
and coagulation. High mixing energies yield product master 
batch crumb With excellent dispersion, together With con 
trolled product delivery. The coagulum is created and then 
formed into a desirable extrudate. 

Certain preferred embodiments are discussed beloW, of 
methods and apparatus for producing the novel elastomer 
composites disclosed here. While various preferred embodi 
ments of the invention can employ a variety of different 
?llers and elastomers, certain portions of the folloWing 
detailed description of method and apparatus aspects of the 
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invention Will, for convenience, describe their use primarily 
in producing masterbatch comprising natural rubber and car 
bon black. It Will be Within the ability of those skilled in the 
art, given the bene?t of this disclosure, to employ the method 
and apparatus disclosed here in accordance With the prin 
ciples of operation discussed beloW to produce masterbatch 
comprising a number of alternative or additional elastomers, 
?llers and other materials. In brief, such methods for prepar 
ing elastomer masterbatch involve feeding simultaneously a 
slurry of carbon black or other ?ller and a natural rubber 
latex ?uid or other suitable elastomer ?uid to a mixing Zone 
of a coagulum reactor. A coagulum Zone extends from the 
mixing Zone, preferably progressively increasing in cross 
sectional area in the doWnstream direction from an entry end 
to a discharge end. The slurry is fed to the mixing Zone 
preferably as a continuous, high velocity jet of injected ?uid, 
While the natural rubber latex ?uid is fed at relatively loW 
velocity. The high velocity, ?oW rate and particulate concen 
tration of the ?ller slurry are su?icient to cause mixture and 
high shear of the latex ?uid, ?oW turbulence of the mixture 
Within at least an upstream portion of the coagulum Zone, 
and substantially completely coagulate the elastomer latex 
prior to the discharge end. Substantially complete coagula 
tion can thus be achieved, in accordance With preferred 
embodiments, Without the need of employing an acid or salt 
coagulation agent. The preferred continuous ?oW method of 
producing the elastomer composites comprises the continu 
ous and simultaneous feeding of the latex ?uid and ?ller 
slurry to the mixing Zone of the coagulum reactor, establish 
ing a continuous, semi-con?ned ?oW of a mixture of the 
latex and ?ller slurry in the coagulum Zone. Elastomer com 
posite crumb in the form of “Worms” or globules are dis 
charged from the discharge end of the coagulum reactor as a 
substantially constant ?oW concurrently With the on-going 
feeding of the latex and carbon black slurry streams into the 
mixing Zone of the coagulum reactor. Notably, the plug-type 
?oW and atmospheric or near atmospheric pressure condi 
tions at the discharge end of the coagulum reactor are highly 
advantageous in facilitating control and collection of the 
elastomer composite product, such as for immediate or sub 
sequent further processing steps. Feed rates of the natural 
rubber latex ?uid and carbon black slurry to the mixing Zone 
of the coagulum reactor can be precisely metered to achieve 
high yield rates, With little free latex and little 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 coagulum solids 
are being formed there and/or doWnstream thereof in the 
coagulum Zone. Extremely high feed velocity of the carbon 
black slurry into the mixing Zone of the coagulum reactor 
and velocity differential relative the natural rubber latex ?uid 
feed are believed to be signi?cant in achieving suf?cient 
turbulence, i.e., su?iciently energetic shear of the latex by 
the impact of the particulate ?ller ?uid jet, for thorough 
mixing and dispersion of the particulate into the latex ?uid 
and coagulation. High mixing energies yield the novel prod 
uct With excellent macro-dispersion, together With con 
trolled product delivery. The coagulum is created and then 
formed into a desirable extrudate. The bulk of the Water in 
the extrudate is then preferably removed by a de-Watering 
extruder (e.g., from approximately 80% Water content to 
approximately 15% to 25% Water content) and further pro 
cessed by a continuous compounder to dry the elastomer 
masterbatch to a desired level (e.g., beloW approximately 1% 
Water content) and control its Mooney Viscosity. In certain 
preferred embodiments, the masterbatch is then processed 
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10 
by an open mill to further control the Mooney Viscosity of 
the elastomer masterbatch. 
The aforesaid preferred apparatus and techniques for pro 

ducing the elastomer composites disclosed here are dis 
cussed in conjunction With the appended draWings, Wherein 
a continuous ?oW method of producing elastomer master 
batch employs a continuous, semi-con?ned ?oW of elas 
tomer latex, for example, natural rubber latex (?eld latex or 
concentrate) mixed With a ?ller slurry, for example, an aque 
ous slurry of carbon black, in a coagulum reactor forming an 
elongate coagulum Zone Which extends, preferably With pro 
gressively increasing cross-sectional area, from an entry end 
to a discharge end. The term “semi-con?ned” ?oW refers to a 
highly advantageous feature. As used here the term is 
intended to mean that the ?oW path folloWed by the mixed 
latex ?uid and ?ller 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 the discharge end of the coagulum reactor. 
Turbulence conditions in the upstream portion of the coagu 
lum Zone are maintained in on-going, at least quasi-steady 
state fashion concurrently With substantially plug ?oW-type 
conditions at the open discharge end of the coagulum reac 
tor. The discharge end is “open” at least in the sense that it 
permits discharge of coagulum, generally at or near atmo 
spheric pressure and, typically, by simple gravity drop 
(optionally Within a shrouded or screened ?oW path) into 
suitable collection means, such as a hopper connected to a 
de-Watering extruder. Thus, the semi-con?ned ?oW results in 
a turbulence gradient extending axially or longitudinally 
Within at least a portion of the coagulum reactor. Without 
Wishing to be bound by theory, it presently is understood that 
the coagulum Zone is signi?cant in permitting high turbu 
lence mixing and coagulation in an upstream portion of the 
coagulum reactor, together With substantially plug-type dis 
charge ?oW of a solid product at the discharge end. lnj ection 
of the carbon black or other ?ller slurry as a continuous jet 
into the mixing Zone occurs in on-going fashion simulta 
neously With ease of collection of the elastomer masterbatch 
crumb discharged under substantially plug-type ?oW condi 
tions and generally ambient pressure at the discharge end of 
the coagulum reactor. Similarly, axial velocities of the slurry 
through the slurry noZZle into the mixing Zone and, typically, 
at the upstream end of the coagulum Zone are substantially 
higher than at the discharge end. Axial velocity of the slurry 
Will typically be several hundred feet per second as it enters 
the mixing Zone, preferably from a small bore, axially ori 
ented feed tube in accordance With preferred embodiments 
discussed beloW. The axial velocity of the resultant ?oW at 
the entry end of a coagulum reactor With expanding cross 
sectional area in a typical application may be, for example, 5 
to 20 feet per second, and more usually 7 to 15 feet per 
second. At the discharge end, in contrast again, axial veloc 
ity of the masterbatch crumb product being discharged there 
Will in a typical application be approximately 1 to 10 feet per 
second, and more generally 2 to 5 feet per second. Thus, the 
aforesaid semi-con?ned turbulent ?oW achieves the highly 
signi?cant advantage that natural rubber or other elastomer 
latex is coagulated by mixture With carbon black or other 
?ller even in the absence of sub sequent treatment in a stream 
or tank of acid, salt or other coagulant solution, With 
controlled, preferably quasi-molded product delivery from 
the coagulum reactor for subsequent processing. 

It should also be recogniZed in this regard that the turbu 
lence of the ?oW lessens along the coagulum reactor toWard 
the discharge end. Substantial plug ?oW of a solid product is 
achieved prior to the discharge end, dependent upon such 
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factors as percent of capacity utilization, selection of materi 
als and the like. Reference here to the ?oW being substan 
tially plug ?oW at or before the discharge end of the coagu 
lum reactor should be understood in light of the fact that the 
?oW at the discharge end is composed primarily or entirely 
of masterbatch crumb, that is, globules or “Worms” of 
coagulated elastomer masterbatch. The crumb is typically 
quasi-molded to the inside shape of the coagulum Zone at the 
point along the coagulum Zone at Which ?oW became sub 
stantially plug ?oW. The ever-advancing mass of “Worms” or 
globules advantageously have plug-type ?oW in the sense 
that they are traveling generally or primarily axially toWard 
the discharge end and at any point in time in a given cross 
section of the coagulum Zone near the discharge end have a 
fairly uniform velocity, such that they are readily collected 
and controlled for further processing. Thus, the ?uid phase 
mixing aspect disclosed here can advantageously be carried 
out at steady state or quasi-steady state conditions, resulting 
in high levels of product uniformity. 
A preferred embodiment of the method and apparatus dis 

closed here is illustrated schematically in FIG. 1. Those 
skilled in the art Will recogniZe that the various aspects of 
system con?guration, component selection and the like Will 
depend to some extent on the particular characteristics of the 
intended application. Thus, for example, such factors as 
maximum system through-put capacity and material selec 
tion ?exibility Will in?uence the siZe and layout of system 
components. In general, such considerations Will be Well 
Within the ability of those skilled in the art given the bene?t 
of the present disclosure. The system illustrated in FIG. 1 is 
seen to include means for feeding natural rubber latex or 
other elastomer latex ?uid at loW pressure and loW velocity 
continuously to a mixing Zone of a coagulum reactor. More 
particularly, a latex pressure tank 10 is shoWn, to hold the 
feed supply of latex under pressure. Alternatively, a latex 
storage tank can be used, equipped With a peristaltic pump or 
series of pumps or other suitable feed means adapted to hold 
elastomer latex ?uid to be fed via feed line 12 to a mixing 
Zone of a coagulum reactor 14. Latex ?uid in tank 10 may be 
held under air or nitrogen pressure or the like, such that the 
latex ?uid 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 5 psig. The latex feed pressure and the 
?oW lines, connections, etc., of the latex feed means should 
be arranged to maintain shear in the ?oWing latex ?uid as 
loW as reasonably possible. Preferably all ?oW lines, for 
example, are smooth, With only large radius turns, if any, and 
smooth or ?ared line-to-line interconnections. The pressure 
is selected to yield the desired ?oW velocity into the mixing 
Zone; an example of a useful ?oW velocity is no more than 
about 12 feet per second. 

Suitable elastomer latex ?uids include both natural and 
synthetic elastomer latices and latex blends. The latex must, 
of course, be suitable for coagulation by the selected particu 
late ?ller and must be suitable for the intended purpose or 
application of the ?nal rubber product. It Will be Within the 
ability of those skilled in the art to select suitable elastomer 
latex or a suitable blend of elastomer latices for use in the 
methods and apparatus disclosed here, given the bene?t of 
this disclosure. Exemplary elastomers include, but are not 
limited to, rubbers, polymers (e.g., homopolymers, copoly 
mers and/or terpolymers) of l,3-butadiene, styrene, 
isoprene, isobutylene, 2,3 -dimethyl-l ,3 -butadiene, 
acrylonitrile, ethylene, and propylene and the like. The elas 
tomer may have a glass transition temperature (Tg) as mea 
sured by differential scanning calorimetry (DSC) ranging 
from about —l20o C. to about 0° C. Examples include, but 
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12 
are not limited to, styrene-butadiene rubber (SBR), natural 
rubber and its derivatives such as chlorinated rubber, 
polybutadiene, polyisoprene, poly (stryene-co-butadiene) 
and the oil extended derivatives of any of them. Blends of 
any of the foregoing may also be used. The latex may be in 
an aqueous carrier liquid. Alternatively, the liquid carrier 
may be a hydrocarbon solvent. In any event, the elastomer 
latex ?uid must be suitable for controlled continuous feed at 
appropriate velocity, pressure and concentration into the 
mixing Zone. Particular suitable synthetic rubbers include: 
copolymers of from about 10 to about 70 percent by Weight 
of styrene and from about 90 to about 30 percent by Weight 
of butadiene such as copolymer of 19 parts styrene and 81 
parts butadiene, a copolymer of 30 parts styrene and 70 parts 
butadiene, a copolymer of 43 parts styrene and 57 parts buta 
diene and a copolymer of 50 parts styrene and 50 parts buta 
diene; polymers and copolymers of conjugated dienes such 
as polybutadiene, polyisoprene, polychloroprene, and the 
like, and copolymers of such conjugated dienes With an eth 
ylenic group-containing monomer copolymeriZable there 
With such as styrene, methyl styrene, chlorostyrene, 
acrylonitrile, 2-vinyl-pyridine, 5-methyl-2-vinylpyridine, 
5-ethyl-2-vinylpyridine, 2-methyl-5-vinylpyridine, alkyl 
substituted acrylates, vinyl ketone, methyl isopropenyl 
ketone, methyl vinyl either, alphamethylene carboxylic 
acids and the esters and amides thereof such as acrylic acid 
and dialkylacrylic acid amide. Also suitable for use herein 
are copolymers of ethylene and other high alpha ole?ns such 
as propylene, butene-l and pentene-l. As noted further 
beloW, the rubber compositions of the present invention can 
contain, in addition to the elastomer and ?ller, a coupling 
agent, and optionally, various processing aids, oil extenders 
and antidegradents. 

In that regard, it should be understood that the elastomer 
composites disclosed here include vulcaniZed compositions 
(V R), thermoplastic vulcaniZates (TPV), thermoplastic elas 
tomers (TPE) and thermoplastic polyole?ns (TPO). TPV, 
TPE, and TPO materials are further classi?ed by their ability 
to be extruded and molded several times Without loss of 
performance characteristics. 
Where the elastomer latex comprises natural rubber latex, 

the natural rubber latex can comprise ?eld latex or latex 
concentrate (produced, for example, by evaporation, cen 
trifugation or creaming). The natural rubber latex must, of 
course, be suitable for coagulation by the carbon black. The 
latex is provided typically in an aqueous carrier liquid. 
Alternatively, the liquid carrier may be a hydrocarbon sol 
vent. In any event, the natural rubber latex ?uid 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 advan 
tageously accommodated, in that it is subjected to relatively 
loW pressure and loW shear throughout the system until it is 
entrained into the aforesaid semi-con?ned turbulent ?oW 
upon encountering the extraordinarily high velocity and 
kinetic energy of the carbon black slurry in the mixing zone. 
In certain preferred embodiments, for example, the natural 
rubber is fed to the mixing Zone at a pressure of about 5 psig, 
at a feed velocity in the range of about 3-12 ft. per second, 
more preferably about 4-6 ft. per second. Selection of a suit 
able latex or blend of latices Will be Well Within the ability of 
those skilled in the art given the bene?t of the present disclo 
sure and the knoWledge of selection criteria generally Well 
recogniZed in the industry. 
The particulate ?ller ?uid, for example, carbon black 

slurry, is fed to the mixing Zone at the entry end of coagulum 
reactor 14 via feed line 16. The slurry may comprise any 
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suitable ?ller in a suitable carrier ?uid. Selection of the car 
rier ?uid Will depend largely upon the choice of particulate 
?ller 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 suit 
ability of use in the production of carbon black and certain 
other ?ller slurries. 
When a carbon black ?ller is used, selection of the carbon 

black Will depend largely upon the intended use of the elas 
tomer masterbatch product. Optionally, the carbon black 
?ller can include also any material Which can be slurried and 
fed to the mixing Zone in accordance With the principles 
disclosed here. Other suitable particulate ?llers include, for 
example, conductive ?llers, reinforcing ?llers, ?llers com 
prising short ?bers (typically having an L/D aspect ratio less 
than 40), ?akes, etc. Thus, exemplary particulate ?llers 
Which can be employed in producing elastomer masterbatch 
in accordance With the methods and apparatus disclosed 
here, are carbon black, fumed silica, precipitated silica, 
coated carbon black, chemically functionaliZed carbon 
blacks, such as those having attached organic groups, and 
silicon-treated carbon black, either alone or in combination 
With each other. Suitable chemically functionaliZed carbon 
blacks include those disclosed in International Application 
No. PCT/US95/16194 (WO 9618688), the disclosure of 
Which is hereby incorporated by reference. In silicon-treated 
carbon black, a silicon containing species such as an oxide 
or carbide of silicon, is distributed through at least a portion 
of the carbon black aggregate as an intrinsic part of the car 
bon black. Conventional carbon blacks exist in the form of 
aggregates, With each aggregate consisting of a single phase, 
Which is carbon. This phase may exist in the form of a gra 
phitic crystallite and/or amorphous carbon, and is usually a 
mixture of the tWo forms. As discussed elseWhere herein, 
carbon black aggregates may be modi?ed by depositing 
silicon-containing species, such as silica, on at least a por 
tion of the surface of the carbon black aggregates. The result 
may be described as silicon-coated carbon blacks. The mate 
rials described herein as silicon-treated carbon blacks are not 
carbon black aggregates Which have been coated or other 
Wise modi?ed, but actually represent a different kind of 
aggregate. In the silicon-treated carbon blacks, the aggre 
gates 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 intrin 
sic part of the aggregate; it is distributed throughout at least a 
portion of the aggregate. It Will be appreciated that the mul 
tiphase aggregates are quite different from the silica-coated 
carbon blacks mentioned above, Which consist of pre 
formed, single phase carbon black aggregates having 
silicon-containing species deposited on their surface. Such 
carbon blacks may be surface-treated in order to place a 
silica functionality on the surface of the carbon black aggre 
gate. In this process, an existing aggregate is treated so as to 
deposit or coat silica (as Well as possibly other silicon 
containing species) on at least a portion of the surface of the 
aggregate. For example, an aqueous sodium silicate solution 
may be used to deposit amorphous silica on the surface of 
carbon black aggregates in an aqueous slurry at high pH, 
such as 6 or higher, as discussed in Japanese Unexamined 
Laid-Open (Kokai) Publication No. 63-63755. More 
speci?cally, carbon black may be dispersed in Water to 
obtain an aqueous slurry consisting, for example, of about 
5% by Weight carbon black and 95% by Weight Water. The 
slurry is heated to above about 70° C., such as to 85-950 C., 
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and the pH adjusted to above 6, such as to a range of 10-11, 
With an alkali solution. A separate preparation is made of 
sodium silicate solution, containing the amount of silica 
Which is desired to be deposited on the carbon black, and an 
acid solution to bring the sodium silicate solution to a neutral 
pH. The sodium silicate and acid solutions are added drop 
Wise to the slurry, Which is maintained at its starting pH 
value With acid or alkali solution as appropriate. The tem 
perature 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 the addition, and after its 
completion for from several minutes (such as 30) to a feW 
hours (i.e., 2-3). In contrast, silicon-treated carbon blacks 
may be obtained by manufacturing carbon black in the pres 
ence of volatiZable silicon-containing compounds. Such car 
bon blacks are preferably produced in a modular or “staged” 
furnace carbon black reactor having a combustion Zone fol 
loWed by a Zone of converging diameter, a feed stock injec 
tion Zone With restricted diameter, and a reaction Zone. A 
quench Zone is located doWnstream of the reaction Zone. 
Typically, a quenching ?uid, generally Water, is sprayed into 
the stream of neWly formed carbon black particles ?oWing 
from the reaction Zone. In producing silicon-treated carbon 
black, the aforesaid volatiZable silicon-containing com 
pound is introduced into the carbon black reactor at a point 
upstream of the quench Zone. Useful compounds are volatiZ 
able compounds at carbon black reactor temperatures. 
Examples include, but are not limited to, silicates such as 
tetraethoxy orthosilicate (TEDS) and tetramethoxy 
orthosilicate, silanes such as, tetrachloro silane, and 
trichloro methylsilane; and volatile silicone polymers such 
as octamethylcyclotetrasiloxane (OMTS). The ?oW rate of 
the volatiliZable compound Will determine the Weight per 
cent of silicon in the treated carbon black. The Weight per 
cent of silicon in the treated carbon black typically ranges 
from about 0.1 percent to 25 percent, preferably about 0.5 
percent to about 10 percent, and more preferably about 2 
percent to about 6 percent. The volatiZable compound may 
be pre-mixed With the carbon black-forming feed stock and 
introduced With the feed stock into the reaction Zone. 
Alternatively, the volatiZable compound may be introduced 
to the reaction Zone separately, either upstream or doWn 
stream from the feed stock injection point. 
As noted above, additives may be used, and in this regard 

coupling agents useful for coupling silica or carbon black 
should be expected to be useful With the silicon-treated car 
bon blacks. Carbon blacks and numerous other suitable par 
ticulate ?llers are commercially available and are knoWn to 
those skilled in the art. 

Selection of the particulate ?ller or mixture of particulate 
?llers Will depend largely upon the intended use of the elas 
tomer masterbatch product. As used here, particulate ?ller 
can include any material Which can be slurried and fed to the 
mixing Zone in accordance With the principles disclosed 
here. Suitable particulate ?llers include, for example, con 
ductive ?llers, reinforcing ?llers, ?llers comprising short 
?bers (typically having an L/D aspect ratio less than 40), 
?akes, etc. In addition to the carbon black and silica-type 
?llers mentioned above, ?llers can be formed of clay, glass, 
polymer, such as aramid ?ber, etc. It Will be Within the abil 
ity of those skilled in the art to select suitable particulate 
?llers for use in the method and apparatus disclosed here 
given the bene?t of the present disclosure, and it is expected 
that any ?ller suitable for use in elastomer compositions may 
be incorporated into the elastomer composites using the 
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teachings of the present disclosure. Of course, blends of the 
various particulate ?llers discussed herein may also be used. 

Preferred embodiments of the invention consistent With 
FIG. 1 are especially Well adapted to preparation of particu 
late ?ller ?uid comprising aqueous slurries of carbon black. 
In accordance With knoWn principles, it Will be understood 
that carbon blacks having loWer surface area per unit Weight 
must be used in higher concentration in the particulate slurry 
to achieve the same coagulation e?icacy as loWer concentra 
tions of carbon black having higher surface area per unit 
Weight. Agitated mixing tank 18 receives Water and carbon 
black, e.g., optionally pelletiZed carbon black, to prepare an 
initial mixture ?uid. Such mixture ?uid passes through dis 
charge ori?ce 20 into ?uid line 22 equipped With pumping 
means 24, such as a diaphragm pump or the like. Line 28 
passes the mixture ?uid to colloid mill 32, or alternatively a 
pipeline grinder or the like, through intake port 30. The car 
bon black is dispersed in the aqueous carrier liquid to form a 
dispersion ?uid Which is passed through outlet port 31 and 
?uid line 33 to a homogeniZer 34. Pumping means 36, pref 
erably comprising a progressing cavity pump or the like is 
provided in line 33. HomogeniZer 34 more ?nely disperses 
the carbon black in the carrier liquid to form the carbon 
black slurry Which is fed to the mixing Zone of the coagulum 
reactor 14. It has an inlet port 37 in ?uid communication 
With line 33 from the colloid mill 32. The homogeniZer 34 
may preferably comprise, for example, a Micro?uidiZer® 
system commercially available from Micro?uidics Interna 
tional Corporation (Newton, Mass., USA). Also suitable are 
homogeniZers such as models MS18, MS45 and MC120 
Series homogeniZers available from the APV HomogeniZer 
Division of APV Gaulin, Inc. (Wilmington, Mass., USA). 
Other suitable homo geniZers are commercially available and 
Will be apparent to those skilled in the art given the bene?t of 
the present disclosure. Typically, carbon black in Water pre 
pared in accordance With the above described system Will 
have at least about 90% agglomerates less than about 30 
microns, more preferably at least about 90% agglomerates 
less than about 20 microns in siZe. Preferably, the carbon 
black is broken doWn to an average siZe of 5-15 microns, 
e.g., about 9 microns. Exit port 38 passes the carbon black 
slurry from the homogeniZer to the mixing Zone through 
feed line 16. The slurry may reach 10,000 to 15,000 psi in 
the homogeniZer step and exit the homogeniZer at about 600 
psi or more. Preferably, a high carbon black content is used 
to reduce the task of removing excess Water or other carrier. 
Typically, about 10 to 30 Weight percent carbon black is 
preferred. Those skilled in the art Will recogniZe, given the 
bene?t of this disclosure, that the carbon black content (in 
Weight percent) of the slurry and the slurry ?oW rate to the 
mixing Zone should be coordinated With the natural rubber 
latex ?oW rate to the mixing Zone to achieve a desired carbon 
black content (in phr) in the masterbatch. The carbon black 
content Will be selected in accordance With knoWn principles 
to achieve material characteristics and performance proper 
ties suited to the intended application of the product. 
Typically, for example, carbon blacks of CTAB value 10 or 
more are used in suf?cient amount to achieve carbon black 
content in the masterbatch of at least about 30 phr. 

The slurry preferably is used in masterbatch production 
immediately upon being prepared. Fluid conduits carrying 
the slurry and any optional holding tanks and the like, should 
establish or maintain conditions Which substantially pre 
serve the dispersion of the carbon black in the slurry. That is, 
substantial reaglomeration or settling out of the particulate 
?ller in the slurry should be prevented or reduced to the 
extent reasonably practical. Preferably all ?oW lines, for 
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example, are smooth, With smooth line-to-line interconnec 
tions. Optionally, an accumulator is used betWeen the 
homogeniZer and the mixing Zone to reduce ?uctuations in 
pressure or velocity of the slurry at the slurry noZZle tip in 
the mixing Zone. 

Natural rubber latex ?uid or other elastomer latex ?uid 
passed to the mixing Zone via feed line 12 and carbon black 
slurry fed to the mixing Zone via feed line 16 under proper 
process parameters as discussed above, can produce a novel 
elastomer composite, speci?cally, elastomer masterbatch 
crumb. Means may also be provided for incorporating vari 
ous additives into the elastomer masterbatch. An additive 
?uid comprising one or more additives may be fed to the 
mixing Zone as a separate feed stream. One or more addi 

tives also may be pre-mixed, if suitable, With the carbon 
black slurry or, more typically, With the elastomer latex ?uid. 
Additives also can be mixed into the masterbatch 
subsequently, e.g., by dry mixing techniques. Numerous 
additives are Well knoWn to those skilled in the art and 
include, for example, antioxidants, antioZonants, 
plasticiZers, processing aids (e.g., liquid polymers, oils and 
the like), resins, ?ame-retardants, extender oils, lubricants, 
and a mixture of any of them. The general use and selection 
of such additives is Well knoWn to those skilled in the art. 
Their use in the system disclosed here Will be readily under 
stood With the bene?t of the present disclosure. 
The mixing Zone/coagulum Zone assembly is discussed in 

more detail beloW. The elastomer masterbatch crumb is 
passed from the discharge end of coagulum reactor 14 to 
suitable drying and compounding apparatus. In the preferred 
embodiment of FIG. 1, the masterbatch crumb is passed ?rst 
via conveying means 41 to a de-Watering extruder 40. In 
routine preferred embodiments consistent With that illus 
trated in FIG. 1 producing natural rubber masterbatch With 
carbon black ?ller, the de-Watering operation Will typically 
reduce Water content from about 70-80 Weight percent, to 
about 15-25 Weight percent. Water is discharged from 
de-Watering extruder 40 via ef?uent stream 43. Suitable 
de-Watering extruders are Well knoWn and commercially 
available from, for example, the French Oil Machinery Co. 
(Piqua, Ohio, USA). 
The masterbatch is passed from de-Watering extruder 40 

via conveyor or simple gravity drop or other suitable means 
101 to a continuous compounder 100 and then to an open 
mill 120. In routine preferred embodiments consistent With 
that illustrated in FIG. 1 producing natural rubber master 
batch With carbon black ?ller, the compounding and milling 
operation Will typically reduce Water content from about 
15-25 Weight percent, to less than 1 Weight percent. In cer 
tain preferred embodiments, additives can be combined With 
the masterbatch in continuous compounder 100. 
Speci?cally, additives such as antioxidants, antioZonants, 
plasticiZers, processing aids (e.g., liquid polymers, oils and 
the like), resins, ?ame-retardants, extender oils, lubricants, 
and a mixture of any of them, can be added in continuous 
compounder 100. In certain other preferred embodiments, 
additional elastomers can be combined With the masterbatch 
in continuous compounder 100 to produce elastomer blends. 
Exemplary elastomers include, but are not limited to, 
rubbers, polymers (e.g., homopolymers, copolymers and/or 
terpolymers) of 1,3-butadiene, styrene, isoprene, 
isobutylene, 2,3-dimethyl-l,3-butadiene, acrylonitrile, 
ethylene, and propylene and the like. Continuous com 
pounder 100 dries the masterbatch, masticates the 
masterbatch, provides control of its Mooney Viscosity and 
molecular Weight, and minimiZes the reduction of bound 
rubber. Suitable continuous compounders are Well knoWn 
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and commercially available, including for example, the Uni 
mix Continuous Mixer from Farrel Corporation of Ansonia, 
Conn. 
As seen in FIGS. 1 and 8, the elastomer masterbatch is fed 

from coagulum reactor 14 to de-Watering extruder 40 and 
then into feed port 102 formed in an elongate processing 
chamber 104 of continuous compounder 100. In certain pre 
ferred embodiments, feed port 102 is a hopper Which facili 
tates a gravity drop of the elastomer masterbatch from 
de-Watering extruder 40. Feed port 102 may also be fed via 
conveyor means such as a conveyor belt, conduit, pipe, or 
any other suitable means for transporting elastomer master 
batch. Processing chamber 104 is contained Within housing 
105 of continuous compounder 100. Elongate rotors 106 are 
seen to be parallel to each other and axially oriented in pro 
cessing chamber 104. Rotors 106 are driven by motor 108 
via gear reducer 110 and bearings 112. Rotors 106 are 
adapted in accordance With knoWn designs for processing 
material axially through elongate processing chamber 104. 
As seen in FIG. 8, multiple rotors 106 are axially oriented in 
processing chamber 104. Rotors 106 preferably are 
segmented, With different segments optionally having differ 
ent thread or screW con?gurations. In a preferred 
embodiment, processing chamber 104 houses tWo rotors 106 
having different pro?les. Suitable rotors 106 having differ 
ent pro?les include, for example, rotor model numbers 7 and 
15 from Farrel Corporation of Ansonia Conn. In a preferred 
embodiment, rotors 106 contain a ?uid Which can be tem 
perature controlled to provide heating and/or cooling to the 
elastomer masterbatch. 
As seen in the embodiment illustrated in FIG. 8, each 

rotor 106 has a ?rst segment 116 and a second segment 118. 
As the elastomer masterbatch passes through processing 
chamber 104, the rotors masticate the material, thereby mix 
ing and drying the elastomer masterbatch. Port 109 is pro 
vided in processing chamber 104 for the addition of liquid 
additives. Dry materials can be added to the elastomer mas 
terbatch via feed port 102. Vent 111 is provided in process 
ing chamber 104 to alloW moisture to vent as the elastomer 
masterbatch dries. The elastomer masterbatch exits process 
ing chamber 104 via discharge ori?ce 114. A ?rst tempera 
ture control device 115 provides heating and/or cooling to 
continuous compounder 100, typically With heated Water. A 
second temperature control device 117 provides heating and/ 
or cooling to discharge ori?ce 114, typically With chilled 
Water. During a typical process, heat is added during startup, 
and then, once the process is fully underWay, heating is dis 
continued and cooling is applied. During startup, heat is 
typically applied speci?cally to processing chamber 104 and 
discharge ori?ce 114, and during operation, cooling is 
applied speci?cally to feed port 102, processing chamber 
104 and rotors 106. In a typical application, With a nominal 
throughput of 1000 lbs/hour of elastomer masterbatch, 
approximately 250,000-500,000 BTU/hr may be removed 
by cooling. As noted above, preferred embodiments of con 
tinuous compounder 100 dry the masterbatch as Well as con 
trolling its Mooney Viscosity and molecular Weight, While 
not excessively reducing bound rubber. Certain preferred 
embodiments of continuous compounder 100 can reduce 
Water content of the elastomer masterbatch from up to 
approximately 25 Weight percent, to less than approximately 
1 Weight percent. 

Control of the operating parameters of continuous com 
pounder 100 alloWs control of the Mooney Viscosity, mois 
ture content, molecular Weight and bound rubber of the elas 
tomer masterbatch. Such operating parameters include 
throughput rate of the continuous compounder, rotor speed, 
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discharge ori?ce siZe and temperature, and processing 
chamber temperature. 

In certain preferred embodiments, the elastomer master 
batch discharged from continuous compounder 100 is fed to 
open mill 120. The elastomer masterbatch is discharged as a 
length of extrudate and may be cut into smaller lengths prior 
to entering open mill 120. The elastomer masterbatch may 
optionally be fed to open mill 120 via conveyor 119. Con 
veyor 119 may be a conveyor belt, conduit, pipe, or other 
suitable means for transporting the elastomer masterbatch 
from continuous compounder 100 to open mill 120. Open 
mill 120 comprises a pair of rollers 122 Which further con 
trol the Mooney Viscosity of the elastomer masterbatch. 
Rollers 122 may optionally be heated or cooled to provide 
enhanced operation of open mill 120. In certain 
embodiments, open mill 120 may reduce the temperature of 
the elastomer masterbatch approximately 1000 C. 

After exiting open mill 120, the elastomer masterbatch 
optionally may be fed by conveyor 200 to cooling system 
202, as seen in FIG. 9. Cooling system 202 may include a 
cooling Water spray 204, With its Water being fed from cool 
ing Water tank 206 or other Water source. The Water from 
cooling Water spray 204 may be sprayed directly onto the 
elastomer masterbatch. In certain embodiments, an antistick 
agent, e.g., Promol, manufactured by Hans W. Barbe, of 
Germany, and containing silicates and calcium stearate, may 
be added to the Water spray or used in place of the Water 
spray. Optionally, the elastomer masterbatch can then be fed 
by conveyor 208 to granulator 210. If cooling Water spray 
204 has been used, optionally an air knife 212 or other high 
pressure air bloWer or other suitable means can be used to 
remove any cooling Water that did not evaporate from the 
elastomer masterbatch. The elastomer masterbatch can then 
optionally be fed by conveyor 214 to a baler 216, Where the 
elastomer masterbatch can be baled more or less tightly or 
densely by varying the dWell time, that is, the pressure and 
time in baler 216, depending on its intended use. For 
example, a looser bale may be preferred for use in a Banbury 
mixer or the like. As indicated above, the continuous com 
pounder embodying the method and apparatus of the present 
invention is controllable so as to control the change in 
Mooney Viscosity, molecular Weight, bound rubber, and dry 
ing of the masterbatch processed in the continuous com 
pounder. The degree of change and ?nal value of the these 
parameters Will be selected in accordance With the intended 
use application of the resultant masterbatch. It Will be Within 
the ability of those skilled in the art, given the bene?t of this 
disclosure, to select suitable rotor designs, and rotor operat 
ing conditions and parameters, to control the Mooney 
Viscosity, molecular Weight, bound rubber and drying of the 
elastomer masterbatch processed in the continuous com 
pounder. Typically, the Mooney Viscosity of masterbatch 
produced in the coagulum reactor is higher than desired for 
certain end use applications. The continuous compounder 
can advantageously reduce the Mooney Viscosity of the 
masterbatch to a selected loWer value. 

FIG. 8 schematically illustrates a subsystem 58 for intro 
ducing dry additives via conduit 171 and feed port 102 into 
continuous compounder 100. Also schematically illustrated 
in FIG. 8 is subsystem 59 for introducing liquid additives via 
conduit 172 and feed port 102 into continuous compounder 
100. Conduits 171, 172, 173 may be, for example, pipes, 
conveyor belts, or other suitable means for transporting 
material from the respective subsystem to continuous com 
pounder 100. Exemplary additives include, for example, 
?ller (Which may be the same as, or different from, the ?ller 
used in the coagulum reactor; exemplary ?llers including 
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silica and zinc oxide, With zinc oxide also acting as a curing 
agent), other elastomers, other or additional masterbatch, 
antioxidants, antiozonants, plasticizers, processing aids 
(e.g., stearic acid, Which can also be used as a curing agent, 
liquid polymers, oils, Waxes, and the like), resins, ?ame 
retardants, extender oils, lubricants, and a mixture of any of 
them. The addition of elastomers can produce elastomer 
blends via continuous compounder 100. Exemplary elas 
tomers include, but are not limited to, rubbers, polymers 
(e.g., homopolymers, copolymers and/or terpolymers) of 
1,3-butadiene, styrene, isoprene, isobutylene, 2,3-dimethyl 
1,3-butadiene, acrylonitrile, ethylene, and propylene and the 
like. It is to be appreciated that any combination of 
elastomers, additives and second masterbatch may be added 
in continuous compounder 100 to the elastomer masterbatch 
produced in the coagulum reactor 14. 

The dimensions and particular design features of the 
coagulum reactor 14, including the mixing zone/coagulum 
zone assembly, suitable for an embodiment in accordance 
With FIG. 1, Will depend in part on such design factors as the 
desired throughput capacity, the selection of materials to be 
processed, etc. One preferred embodiment is illustrated in 
FIG. 2 Wherein a coagulum reactor 48 has a mixing head 50 
attached to a coagulum zone 52 With a ?uid-tight seal at joint 
54. FIG. 2 schematically illustrates a ?rst subsystem 56 for 
feeding elastomer latex to the mixing zone, subsystem 57 for 
feeding carbon black slurry or other particulate ?ller ?uid to 
the mixing zone, and subsystem 58 for feeding an optional 
additive ?uid, pressurized air, etc. to the mixing zone. The 
mixing head 50 is seen to have three feed channels 60, 61, 
62. Feed channel 60 is provided for the natural rubber latex 
?uid and feed channel 62 is provided for direct feed of gas 
and/or additive ?uid. In connection With preferred embodi 
ments employing direct injection of additives, signi?cant 
advantage is achieved in connection With hydrocarbon addi 
tives or, more generally, non-Water miscible additives. While 
it is Well knoWn to employ emulsion intermediates to create 
additive emulsions suitable for pre-blending With an elas 
tomer latex, preferred embodiments in accordance With the 
present disclosure employing direct injection of additives 
can eliminate not only the need for emulsion intermediates, 
but also the equipment such as tanks, dispersing equipment, 
etc. previously used in forming the emulsions. Reductions in 
manufacturing cost and complexity can, therefore, be 
achieved. As discussed further beloW, the feed channel 61 
through Which slurry is fed to the mixing zone is preferably 
coaxial With the mixing zone and the coagulum zone of the 
coagulum reactor. While only a single feed channel is shoWn 
to receive the elastomer latex ?uid, any suitable number of 
feed channels may be arranged around the central feed chan 
nel through Which the slurry is fed to the mixing zone. Thus, 
for example, in the embodiment of FIG. 2 a fourth feed 
channel could be provided through Which ambient air or 
high pressure air or other gas is fed to the mixing zone. 
Pressurized air may be injected likeWise With the slurry 
through the central axial feed channel 61. Auxiliary feed 
channels can be temporarily or permanently sealed When not 
in use. 

The coagulum zone 52 of the coagulum reactor 48 is seen 
to have a ?rst portion 64 having an axial length Which may 
be selected depending upon design objectives for the par 
ticular application intended. Optionally, the coagulum zone 
may have a constant cross-sectional area over all or substan 

tially all of its axial length. Thus, for example, the coagulum 
reactor may de?ne a simple, straight tubular ?oW channel 
from the mixing zone to the discharge end. Preferably, 
hoWever, for reasons discussed above, and as seen in the 
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preferred embodiment illustrated in the draWings, the cross 
sectional area of the coagulum zone 52 increases progres 
sively from the entry end 66 to discharge end 68. More 
speci?cally, the cross-sectional area increases in the longitu 
dinal direction from the entry end to the discharge end. In the 
embodiment of FIG. 2, the coagulum zone increases in 
cross-sectional area progressively in the sense that it 
increases continuously folloWing constant cross-sectional 
portion 64. References to the diameter and cross-sectional 
area of the coagulum reactor (or, more properly, the coagu 
lum zone de?ned Within the coagulum reactor) and other 
components, unless stated otherWise, are intended to mean 
the cross-sectional area of the open ?oW passageWay and the 
inside diameter of such ?oW passageWay. 

Elastomer composite, speci?cally, coagulated elastomer 
latex in the form of masterbatch crumb 72, is seen being 
discharged from the coagulum reactor 48 through a diverter 
70. Diverter 70 is an adjustable conduit attached to the 
coagulum reactor at discharge end 68. It is adjustable so as to 
selectively pass the elastomer masterbatch crumb 72 to any 
of various different receiving sites. This feature advanta 
geously facilitates removal of masterbatch crumb from the 
product stream, for example, for testing or at the beginning 
of a production run When initial process instability may 
result temporarily in inferior product. In addition, the 
diverter provides design ?exibility to direct product from the 
coagulum reactor to different post-processing paths. In 
accordance With the preferred embodiment of FIG. 1, the 
masterbatch crumb 72 being discharged from coagulum 
reactor 48 through diverter 70 is seen to be received by 
de-Watering extruder 40 and from there fed into continuous 
compounder 100 via feed port 102. 
The cross-sectional dimension of coagulum reactor 48 is 

seen to increase at an overall angle 0t betWeen entry end 66 
and discharge end 68. Angle 0t is greater than 0° and in 
preferred embodiments is less than 45°, more preferably less 
than 15°, most preferably from 0.5° to 5°. The angle 0t is 
seen to be a half angle, in that it is measured from the central 
longitudinal axis of the coagulum zone to a point A at the 
outer circumference of the coagulum zone at the end of the 
coagulum reactor. In this regard, it should be understood that 
the cross-sectional area of the upstream portion of the 
coagulum reactor, that is, the portion near the entry end 66, 
preferably increases suf?ciently sloWly to achieve quasi 
molding of the coagulum in accordance With the principles 
discussed above. Too large an angle of expansion of the 
coagulum zone may result in the elastomer masterbatch not 
being produced in desirable crumb form of globules or 
Worms and simply spraying through the coagulum reactor. 
Increasing the bore of the coagulum reactor too sloWly can 
result, in certain embodiments, in backup or clogging of the 
feeds and reaction product into the mixing head. In a doWn 
stream portion of the coagulum zone, Wherein the latex has 
been substantially coagulated and ?oW has become essen 
tially plug ?oW, the coagulum zone may extend either With 
or Without increase in cross-sectional area. Thus, reference 
here to the coagulum zone in preferred embodiments having 
a progressively increasing cross-sectional area should be 
understood to refer primarily to that portion of the coagulum 
zone Wherein ?oW is not substantially plug ?oW. 
The cross-sectional area of the coagulum zone (that is, at 

least the upstream portion thereof, as discussed immediately 
above) may increase in step-Wise fashion, rather than in the 
continuous fashion illustrated in the embodiment of FIG. 2. 
In the embodiment illustrated in FIG. 3, a continuous ?oW 
system for production of elastomer masterbatch in accor 
dance With the method and apparatus disclosed here, is seen 
















