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conposi tions lfcgdmlﬁF %‘Ei’e‘PPﬂW&‘PWm xi ng the carbon black or ot her
filler wwth natural rubber or other elastoner (such as in a Banbury m xer
25 or the like), any increase in macro-dispersion requires |onger or nore
intensive mxing, 1 4 OCT 2003 WO Eackge8fg PCT/ US00/ 09925 2 with the

consequent di sa&qulﬁ%toﬁ freased energy costs, manufacturing tinme, and
similar concerns cpéP Lemmerqigl osignificance rarai formed f of elatgserind

st ruct UPe compositions wherein part:culate filler is dispersed in any of various synthetic elastomers

natural rubber or elastomer blends. Carbon black, for example, is widely used as a

reinforcing agent in natural rubber and other elastomers. It is common to produce a

masterbatch, that js, elastomer coagulated with carbon black or other filler and optionally
containing various additives, such as extender oil. Carbon black masterbatch can be

15 prepared 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 manufacturing techniques, there has been a longstanding
need in the industry to develop elastomeric compositions having i.rnproved properties and

20  to reduce the cost and complexity of current manufacturing techmques In particular, it
is known for example that macro-dispersion level, that is, the uniformity of dispersion of
the carbon black or other filler within the elastomer, can significantly unpact 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

25 or the like), any increase in macro-dispersion requires longer or more intensjve mixing
L]



characteristics, dispersion beyond a certain degree has not been poss1§m§72m3
or commercially practicable using known m xi ng apparatus and techni ques.
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continuously blended with a stream of natural or synthetic el astoner | atex.
The two synthetic elastomers. In U.S. patent 4,029,633 to Hagopian et al, which like the present

20 invention is assigned to Cabot Corporation, a continuous process for the preparation of
elastomer masterbatch is described. An aqueous shurry of carbon black is prepared and
mixed with a natural or synthetic elastomer latex. This mixture undergoes a so-called
creaming operation, optionally using any of various known creaming agents. Following
the creaming of the carbon black/latex mixture, it is subjected to a coagulation step.

25 Specifically, the creamed carbon black/latex mixture is introduced as a single coherent
stream into the core of a stream of coagulating liquor. The solid stream of creamed
carbon black/latex mixture is said to undergo shearing and atomizing by the stream of
coagulating liquor prior to coagulation, being then passed to a suitable reaction zone for
completion of the coagulation. Following such coagulation step, the remainder of the

30 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
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20 analysis. Knife marks and the like preferably are removed using a numerical filtering
technique. Cut surface image analysis thus provides information regarding the carbon
black dispersion quality inside a natural rubber compound.  Specifically, percent
undispersed area D(%) indicates carbon black macro-dispersion quality. As macro-

7 dispersion quality is degraded, percent undispersed area increases. Dispersion guality can

25 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 filler. Typically, in quantitative macro-
dispersion tests used in the rubber industry, the critical cut-off size is 10 microns. Defects

30 larger than about 10 microns in size typically consist of undispersed carbon black or other

filler, as well as any grit or other contaminants, which can affect both visual and



size, by total area of such defects per unit area exanined, using an {¢gd§é 2003
anal ysis procedure. Macro-dispersion D(% is calculated as follows: 5
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treating a substantially coagulated nasterp ie:hNha—\éi"r‘\g a particulate
filler and an el astoner includes the steps Bf feeding the nasterbatch to a

feed port afhede QONEI THEM SanséREYRESredhavi Nng mul tiple rotors axially 25
oriented in an elongate processing chanber; processing the nasterbatch
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be sel ected

There has long been a need in various industries for elastomeric compounds of
particulate filler dispersed in suitable elastomer, especially, for example, carbon black
dispersed in natural rubber, having improved macro-dispersion. As discussed above,

15 improved macro-dispersion can provide correspondingly improved aesthetic and functional
characteristics. 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.

20 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 first aspect, a method of treating a substantiaily coagulated
masterbatch having a particulate filler and an elastomer includes the steps of feeding the
masterbatch to a feed port of a continuous compounder having multiple rotors axiaily
25 oriented in an elongate processing chamber; processing the masterbatch through the
processing chamber of the continuous compounder by controlled operation of the rotors;

and discharging the masterbatch from a discharge orifice of the continuous compounder.



S fromadditional filler, additional elastomer, a second masterbatch,q 9QCT 2003
and other additives. |n certain preferred enbodi nents, the continuous
conpounder dries the masterbatch. In certain preferred enbodi nents, the
cont i nuoY¥0 8¥sAIInder controls the Mooney Viscosity of pchaisomesers bat ch. In
accordance wi th another aspect, a continuous flow nethod of producing 10
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suf fici ent tRePasEsuAte fillerieiop i the disshargs epd: discharging e bubistaptiallyfcontimank Sstwoner
| atex prioff difidals & i a,.cont i nuous . conpounder having a
feed port (g’per ot Vel(%hﬁ)%ﬁ&r ﬂgmetﬂg dls@ﬂﬁige f:ndotg'tt e coagulum reactor; feeding the

20 substantialty continuous flow of elastomer composite to a feed port of a continuous

compounder having multiple paralle] rotors axially oriented in an elongate processing
chamber; processing the elastomer composite through the processing chamber of the
continuous compounder by controlled operation of the rotors; and discharging the
elastomer composite from a discharge orifice of the continuous compounder. In certain

25 preferred embodiments, the method also includes the step of processing the elastomer
composite from the discharge orifice of the continuous compounder through an open mill.

In accordance with another aspect, an apparatus for producing elastomer composite

of particulate filler dispersed in elastomer has a coagulum reactor defining a mixing zone

and an elongate coagulum zone extending from the mixing zone to a discharge end; latex

30 feed means for feeding elastomer latex fluid continucusly to the mixing zone; filler feed

means for feeding particulate filler fluid as a continuous jet into the mixing zone to form



5 connected to the discharge end of the coagul um zone for receiving te ({7 7003
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processed Q¥4 Y wg e@é‘ﬁﬁ]ﬁﬁh&éﬁo aquiygas epppd @ cogmlsmaeamer dafiningt he
addi ti on ofpeidaex ' g f i : i Ll ] j.al s may
be addi {1 onal T i SPABluntie cxRAGng HOR bk mixil P 1O Bt na Wi
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within the mixing zone is sufficiently energetic to substantially completely coagulate the

20 eclastomer latex with the particulate filler prior to the discharge end; discharging a

substantially continuous flow of elastomer composite from the discharge end of the

coagulum reactor; feeding the elastomer composite from the discharge end of the

coagulum reactor to a continuous compounder having muitiple parallel elongate rotors

axially oriented in an elongate processing chamber; processing the masterbatch through

25 the processing chamber of the continuous compounder by controlled operation of the

rotors; and discharging the masterbatch from a discharge orifice of the contimious
compounder.

In accordance with another aspect, masterbatch is processed in a continuous

compounder as described above along with the addition of other materials. Specifically,

30 the additional materials may be additional filler; additional elastomers; additional

masterbatch, comprising elastomer composite and carbon black or other filler; any of



5 I'n accordance with another aspect, a method for preparing el astonerl 4 0CT 2003
mast erbatch conprises feeding sinultaneously a particulate filler fluid
and an e@%&gﬁ[’ latex fluid to a m xing zone of a coagul um react or,

h

f ol | owed er processing in a de-watering extrudEFTARHPYAt i nuous
conpounder, as disclosed above. Mst preferably the coagul um reactor |,
de-wat eri ng extruder and the continuous conpounder operate together in a 10

ti . A i, N | un f the, | t
ot ends 1 QG IEbOEUEIA A uch et o EA APt S e 55 ooy e AbaGR B

Cr oss- sect iplusadizars, eprobesing @ids (WS LigGa P! diNadd 4 @) SRy, fiifk-t0 2
di scharge end.. The el astoner |atex nmay be either natural or synthetic and
the parti ctftagdans; extender gily; Inbeiganss. apdsa mistereof Bpy ok them; ané @rvulgaaizatiooul at e

filler eff dr){ €ort | atex. The particulate filler fluid is
s ,rﬂn&ﬂﬁggf%pg‘%rgﬁgsg

fed to the 15 m xi ng zon ly as a continuous, high velocity jet of
injected5fl uid, Invecbrdarich evithanaker dspetit,ch ingthbe torgirepa@itg \e@ds@iek Ynasttftch
velocity, fl ow.ragﬁg?.anglpﬁﬁg i cujul ate concentration of the particulate
filler flufYPRI%ES EGH7% Wy 8 papicy]atmfilderdhud andamelasipmer lates fluiktox f 1 ui d

and  f1ow bUykiRiHzSRE ofh chilfh Yeadfe?, Wiilfolell it HPSt L eam portion of
t he coagul um zor%e, SO gs 0 su astoghﬁlfgmeg bgofﬁtﬁégfégf)@eg%gg@f&flgﬁew E

el ast omer  Fxtrusier gadtdontinmoupenpioondea; #s disdldsed atidfe p M3t pieferhble o6H safaige end.
Substantially co Iete.coaﬁul at i ng‘i’é t hus achieved, in accordance with

preferred ERBSEI nEAYYTNg PREYET 2 ERNLEBOUS ATRAURLET0PCEAE dogsthes an g
ity | : oT e . i I
oo and ormans fob SoaaGN T ARSER 2hn b ERET kit Hrent {GRTTON )

owned and copending U. S Apglri cation Ser. | i shed
PCT Appl i cHei syxisgzped, prafgrabbr pragressiBely/ Oaa6ing hiot drosstseofionah asgacin the

I ncor por at | 0. by: rence. The 25.nasterbat fromthe coagul urn
react or isgé eg tcﬁir]gug °é%f8§’-%%“§?ieﬁgs%§%ﬂﬁgﬁaé8e ?Qﬁr'g{’]ﬁf}éﬂomﬁe}a[ﬁ’ﬁlnﬁy&l‘: t he
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processi ng chanber tenperature. The nasterbatc I n accordance W th
certain ppepgtorsals Femapletsly appgilateabe ylapeménlatehavitipthe pastivatiteafileer t he
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accordance with preferred embodiments, without the need of employing an acid or salt
coagulation agent. The coagulum reactor is discussed in detail in commonly owned and
copending U.S. Application Ser. No. 08/823,411 and in Published PCT Application Serial
Number PCT/US97/05276, both of which are incorporated herein by reference. The

25 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 disclosed above, preferably in a continuous flow 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 preferred

30 embodiments, control over other characteristics and performance properties of the

masterbatch via manipulation of continuous compounder operating parameters, including
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20 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.

25 In accordance with another apparatus aspect, means are provided for feeding
elastomer latex fluid to the mixing zone of the aforesaid coagulum reactor, preferably
under low pressure, substantially laminar type flow conditions, and means are provided
for simultaneously feeding particulate filler fluid to the mixing zone under pressure
sufficient to create a jet of adequate velocity or kinetic energy to entrain the elastomer

30 latex, as described above, and achieve coagulation before the product flowing downstream

from the mixing zone reaches the discharge end of the coagulum reactor. In accordance
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embodiments, novel elastomer composites are provided having macro-dispersion level of

20 the particulate filler, molecular weight of the elastomer, particulate loading level, choice
of particulate filler (including, for example, carbon black fillers of exceptionally high
surface area and low structure), controlled Mooney Viscosity and/or other physical
properties or performance characteristics not previously achieved. Additionally, a suitable
balance can be obtained between the molecular weight and bound rubber of the

25 masterbatch for a given Mooney Viscosity. In that regard, the methods and apparatus
disclosed here can achieve excellent macro-dispersion, even of certain fillers, such as
carbon blacks having a structure to surface area ratio DBP:CTAB less than 1.2 and even
less than 1, in elastomers such as natural rubber, while minimizing degradation of the
molecular weight of the elastomer and highly controlled Mooney Viscosity. In accordance

30 with yet other aspects of the invention, intermediate products are provided as welt as final

products which are formed of the elastomer composites produced by the method or
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enbodi ment's will make reference to the appended drawi ngs wherein: Fig. 1

is a sch ' |l ow chart illustration of the apparatus d for 10
preparing e débg?tarrer mast erbatch in accordance with certgeﬁgﬁ‘i@ red

enbodi ments of the present invention;,fig. 2 is an elevation view, partly
schematic, of a preferred enbodi nent consistent wth the schematic flow
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enbodinent; 20 Fig. 6 is a secltic())n vi%w%‘%ig%@ﬁ}gsﬁg%l%&rﬁéﬁﬁgﬁﬁe |dg. 5;
Fig. 7 i8 ®mbedmients. view of a nixing head suitable for use in an o
alternative preferred enbodinment; Fig. 8 is a schematic flowhart of a
portion of an alternative enbodi nent of the masterbatch production |ine of
Fig. 1 showi ng the conti nuopsjet Py rSwies| N 25 section; and Fig.
9 is a schematic flowhart o €rnative enbodi nent of the
appar atus and ndhhédlowingmisgussibn of tertalifoprefirmod embodimenis vl ke réfereneppended
drawi ngs ar, ril recisely to scale. Certain features may have
e Ao SFRERE vy

been enl ar ged 5 nveni ence or clarity 30 of illustration.
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4 OCT 2003 WD 00/ 62990 PCT/ US00109925 11 orientation of conponents
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fromthe coptextinvdsfiggeneral, apparatus in accordance with different
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15 embodiment consistent with the schematic flow 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, corresponding to the view of Fig.
4, illustrating an alternative preferred embodiment;
20 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 flowchart of a portion of an alternative embodiment of the
masterbatch production line of Fig. 1 showing the continuous compounder of Fig. 1 in
25 | section; and
Fig. 9 is a schematic flowchart of a portion of an alterpative 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

30 of illustration. Directional references used in the following discussion are based on the
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above- ment {BHEUCHEFPSF et at. patent and Hagopian et al. patent do not
even recogni ze the possibility of achieving coagul ati on w thout exposing
the latex/particulate mxture to the usual coagul ant .sol ution with its

attendat® cost and Rstailed Descriptior Liextativ Breferred Entboddimentsr nast er bat ch

hion lof A} Inefenred I
produced by thi.s. c Lauous .f | rocess have. a Money. Viscgsity and
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00/ 62990 PCT/ US0Q/ 09925 12 in greater detail below, dries the el astoner
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zone except that coagulum solids are being
levels and flow control conditions sufficient to achieve coagulation even without use of

traditional coagulating agents. In fact, it will be immediately recognized to be of great
20 commercial benefit that elastomer masterbatch crumb is achieved, that is, coagulated latex
is achieved, without the need for either intensive dry mastication of elastomer with filler
or exposing a liquid latex/particulate composition to a stream or tank of coagulant. Thus,
in routine commercial implementation the cost and complexity of employing acid
coagulation solutions can be avoided. Prior techniques involving premixing of latex and
25 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 jts attendant cost and waste
disposal disadvantages. Elastomer masterbatch produced by this continuous flow process
may have a Mooney Viscosity and moisture level which are too high for certain

30 applications. The use of a de-watering extruder and continuous compounder, described
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comprising natural rubber and carbon black. It will be within the ability of those skilled

| spersion of the particulate into

in the art, given the benefit of this disclosure, to employ the method and apparatus
disclosed here in accordance with the principles of operation discussed below to produce
masterbatch comprising a number of alternative or additional elastomers, fillers and other
25 materials. In brief, such methods for preparing elastomer masterbatch involve feeding
simultanecusly a slurry of carbon black or other filler and a natural rubber latex fluid or
other suitable elastomer fluid to a mixing zone of a coagulum reactor. A coagulum zone
extends from the mixing zone, preferably progressively increasing in cross-sectional area
in the downstream direction from an entry end to a discharge end. The slurry is fed to the
30 mixing zone preferably as a contimuous, high velocity jet of injected fluid, while the

natural rubber Jatex fluid is fed at relatively low velocity. The high velocity, flow rate and
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except that coagulum solids are being formed there and/or downstream thereof in the
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coagulum zone. Extremely high feed velocity of the carbon black slurry into the mixing
zone of the coaguium reactor and velocity differential relative the natural rubber latex fluid
feed are believed to be significant in achieving sufficient turbulence, i.e., sufficiently
25 energetic shear of the latex by the impact of the particulate filler fluid jet, for thorough
mixing and dispersion of the particulate into the latex fluid and coagulation. High mixing
energies yield the novel product with excelient macro-dispersion, together with controlled
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
30 extruder (e.g., from approximately 80% water content to approximately 15% to 25%

water content) and further processed by a continuous compounder to dry the elastomer
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typically, by simple gravity drop (optionally within a shrouded or screened flow path) into

suitable collection means, such as a hopper connected to a de-watering extruder. Thus,
the semi-confined flow results in a turbulence gradient extending axially or longitudinally
within at least a portion of the coagulum reactor. Without wishing to be bound by theory,
25 it presently is understood that the coagulum zone is significant in permitting high
turbulence mixing and coagulation in an upstream portion of the coagulum reactor,
together with substantially plug-type discharge flow of a solid product at the discharge
end. Injection of the carbon black or other filler slurry as a continuous jet into the mixing
zone occurs in on-going fashion simultaneously with ease of collection of the elastomer
30 masterbatch crumb discharged under substantially plug-type flow conditions and generally

ambient pressure at the discharge end of the coagulum reactor. Similarly, axial velocities
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conditions, .resultjng i i _ |
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appar atiss @h&6d @gg_q,skﬁ%ﬁ ﬂr&c&s‘iﬂg{ls'f rated schematically in Fig. 1. Those
skilled in the art will recognize that the various aspects of system

conf ihgur ati on, lkdhepldridsetbegedogniridom thi?aiegarmh tHat Hedmghlcne?@ﬂﬂdﬂbw IE&Eﬁsh ex]Eent
on the p ' t rjsti e intended application. Thus, for
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di scl oM esubdfifially plug flow at or before the discharge end of the coagulum reactor should be

understood in light of the fact that the flow at the discharge end is composed primarily or
entirely of masterbatch crumb, that is, globules or “worms” of coagulated elastomer
masterbatch. The crumb is typically quasi-molded to the inside shape of the coagulum
Zone at the point along the coagulum zone at which flow became substantially plug flow.
25 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
end have a fairly uniform velocity, such that they are readily collected and controlled for
further processing. Thus, the fluid phase mixing aspect disclosed here can advantageously

30 be carried out at steady state or quasi-steady state conditions, resulting in high levels of

product uniformity.
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velocity into the mixing zone; an example of a useful flow velocity is no more than about
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12 feet per second.
Suitable elastomer latex fluids include both natural and synthetic elastomer latices
and latex blends. The latex must, of course, be suitable for coagulation by the selected
25 particulate filler and must be suitable for the intended purpose or application of the final
rubber product. It will be within the ability of those skilled in the art to select suitable
elastomer latex or a suitable blend of elastomer latices for use in the methods and
apparatus disclosed here, given the benefit of this disclosure. Exemplary elastomers
include, but are not limited to, rubbers, polymers (e.g., homopolymers, copolymers
30 and/or terpolymers) of 1,3-butadiene, styrene, isoprene, isobutylene, 2,3-dimethyl-1,3-

butadiene, acrylonitrile, ctliylene, and propylene and the like. The elastomer may have
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D o SPROSRASEM R0 b5 oL et 05y Kr bl B 221
subj ect ed ketomes|methylofiny eithen Pplesetiydensdrionylicsivddsr ant the 8qére Wind tainides y st em
until i bo | thefeo gu%h 0 gcrjifl%ta?:idtarr]lg d%[k%ia%?yq{c%cid amide. Also suitable for use herein are
copolymers of ethylene and other high alpha olefins such as propylene, butene-1 and
pentene-1. As noted further below, the rubber compositions of the present invention can
contain, in addition to the elastomer and filler, a coupling agent, and optionally, various
processing aids, oil extenders and antidegradents.
25 In that regard, it should be understood that the elastomer composites disclosed here
include vulcanized compositions (VR), thermoplastic vulcanizates (TPV), thermoplastic
elastomers (TPE) and thermoplastic polyolefins (TPO). TPV, TPE, and TPO materials
are further classified by their ability to be extruded and molded several times without loss
of performance characteristics.

30 Where the elastomer latex comprises natural rubber latex, the natural rubber latex

can comprise field latex or latex concentrate (produced, for example, by evaporation,



seni - confined turbul ent flow upon encountering the extraordinarily hith0CT 2003
vel ocity and Kkinetic energy of the carbon black slurry in the m xing zone.
In certai n[ﬁ eferred 10 enbodi nents, for exanple, the natural rubber is fed

to the MAPHG*Pone at a pressure of about 5 psig, at FFEEMPRSocity in
the range of about 3 - 12 ft. per secong, nore preferably about 4 - 6 ft.
per second. Selection of a suitable |atéx or blend of latices will be well

within the b o) hose skiJled in the art given the benefit of the
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and appar aat%ﬁg{‘gi- ;ﬁgftbggoseﬁcgpe f’gaei‘?cé’oﬁ é’?ﬁc?ﬁ“%leataﬁx OFL?}'fFé‘E!I og}qn%sa\ynllg,l@ well

preci pi t atwithif itlel batity 0f Bo@skkarala M Ken b BEAERbH the preOGH HRPBMIrE &g car bon
bl acks, such as those having attached organic groups, and silicon-treated
car bon bl dbkknewlefgs ofselegtiongriteria genpraiyTwealb ogogaized i d2 9glustty. PCTI USOQ' 09925
conbi ngki on W t ' eni cal fyncti.o | zed_car bon
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PCT/ US95/ 262@4dt thy\entdbaRbaoagithive reatitercl4osia feedafne Whli The birrh iaémprise

I ncor por at ed b{tfanffg ence. In silicon-treated carbon black, a silicon
cont ai ni nd™¥ patiatig TUigr fn 3 suilable,Gargier Ppid o3eleckian of the carriep fuid; willdeperd put ed
through 5 jafselyedsdn tBe PRSiEE : e lL.pirinsic
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aggr egat esnd wontaqecouh ligeids agnbe usesh svitht watgr being preferred in many embodiments

20 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
largely upon the intended use of the elastomer masterbatch product. Optionally, the
carbon black filler can include also any material which can be sturried and fed to the

25 mixing zone in accordance with the principles disclosed here. Other suitable particulate
fillers include, for example, conductive fillers, reinforcing fillers, fillers comprising short
fibers (typically having an L/D 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,

30 precipitated silica, coated carbon biack, chemically functionalized carbon blacks, such as

those having attached organic groups, and silicon-treated carbon black, either alone or in



of a single phase,. which is carbon. This phase may exist in the form b 08T 2003
graphitic crystallite and/ or anorphous carbon, and is usually a m xture of
the two forms. As discussed el sewhere herein, carbon black aggregates nmay

be modi f MUOWA2*eposi ting 10 silicon-containing speci espepusioddssi | ica, on
at least a portion of the surface of the carbon black aggregates. The

result may be described as silicon-coat#d carbon blacks. The materials
described herein as silicon-treated carbon bl acks are not carbon bl ack
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calibrate athFegq{eQ VAT sﬂ%gﬁ:[cbr?tgirﬁn(?g sappegies deposited on their surface. Such carbon
blacks may be surface-treated in order to place a silica functionality on the surface of the

carbon black aggregate. In this process, an existing aggregate is treated so as to deposit

or coat silica (as well as possibly other silicon-containing species) on at least a portion of

25 the surface of the aggregate. For example, an aqueous sodinm 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

waler to obtain an aqueous slurry consisting, for example, of about 5% by weight carbon

30 black and 95% by weight water. The slurry is heated to above about 70°C, such as to 85-

95°C, and the pH adjusted to above 6, such as to a range of 10-11, with an alkali solution.



about 3 weight percent silicic acid, with respect to the total armunt-l I.OfiCT 2003
carbon bl ack, per hour. The slurry should be stirred during the addition,
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hours (iWE00/6398) | n contrast, silicon-treated carbon PG YRE may be
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a nodul ar ,or "staged" furnace carbon bl ack reactor_ having a comnmbustion
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may be pre-m xed with the carbon black-formng feed stock and introduced
with the f8BdSasedc FuimteCarhon black Keacton haipga comgv%m&m liowed DY 320051 i zabl e

conpound Mgy Hfedofe dRibR th o0 RE iKiQR6H AR vEANEstRERA BRhRLY, il.l'lgedl ei&ion
upstream or downsStreamfromthe feéd stock 1 njection point. 30 As noted
above, addiomneseA gnagh beneuslecktedxtvanstreamivif sher reariod zoweu pTypicaliyge neenchingf ul

for coupling.silica aor carbon bl.ack, shoul d be expected to seful with
the st TEontid el Hadch S RREEa5s waryDhomss oo Dok PRbits acks.
Car bon bl aglesimkTebn tHERERHSH RinBE in rotbcin) Sl tréated Aton BlhdkE ise Abfesaid _
comercially avail able and are known to those skilled in the art. Selection
of the par vplaticablessitiGantcoptamingrrogpoynd is intypdnesddntoshe carppn dlask wgactordgpend
largely u L nt t | ast S bat.c r t, As
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slurried aegkbbeblatiorebdier tefhperibgres. OPmiples include, but are not limited to, silicates such

20 as tetracthoxy orthosilicate (TEDS) and tetramethoxy orthosilicate, silanes such as,

tetrachloro silane, and trichloro methylsilane; and volatile silicone polymers such as
octamethylcyclotetrasiloxane (OMTS). The flow rate of the volatilizable compound will
determine the weight percent of silicon in the treated carbon black. The weight percent
of silicon in the treated carbon black typically ranges from about 0.1 percent to 25

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 imto the reaction zone.
Alternatively, the volatizable compound may be introduced to the reaction zone separately,
either upstream or downstream from the feed stock injection point.

30 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



accordance wth the principles disclosed here. Suitable particul ate f“ f,ﬂg}gnm
I ncl ude, for exanple, conductive fillers, reinforcing fillers, fillers
conprising short fibers (typically having an LID aspect ratio |ess than
40), flaRESVEEPE | n addition to the carbon black and RGIVERIHe fillers
menti oned above, fillers can be forned_of clay, glass, polyner, such as 10
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I't has an iRPé porfd37 in fluid conmunication with Iine 33 fromthe
colloid 1 4 0 CFreffRd eMBodifésis 85 RvEALSALINAIRROWRILFIE. 11l ard &spedidfly well
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particulate slurry to achieve the same coagulation efficacy as lower concentrations 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 fluid. Such mixture fluid passes through discharge orifice 20 into fluid line 22
equipped with pumping means 24, such as a diaphragm pump or the like. Line 28 passes
25 the mixture fluid to colloid 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 which is passed through outlet port 31 and fluid line 33 to a homogenizer
34. Pumping means 36, preferably comprising a progressing cavity pump or the like is
provided in line 33. Homogenizer 34 more finely disperses the carbon black in the carrier
30 liquid to form the carbon black slurry which is fed to the mixing zone of the coagulum

reactor 14. It has an inlet port 37 in fluid communication with line 33 from the colloid



commercially available and will be apparent to those skilled in the ;rl.tl]CT 0
given the benefit of the present disclosure. Typically, carbon btack in
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(2]

performance properties suited to the intended application of the product. Typically, for

example, carbon blacks of CTAB value 10 or more are used in sufficient amount to
achieve carbon black content in the masterbatch of at least about 30 phr.

The slurry preferably is used in masterbatch productionrinunediately upon being

25 prepared.l Fluid conduits carrying the slurry and any optional holding tanks and the like,

should establish or maintain conditions which substantially preserve the dispersion of the

carbon black in the slurry. That is, substantial reaglomeration or settling out of the

particulate filler in the slurry should be prevented or reduced to the extent reasonably

practical. Preferably all flow lines, for example, are smooth, with smooth line-to-line

30 interconnections. Optionally, an accumulator is used between the homogenizer and the



various additives into the el astonmer masterbatch. An additive fluid 14 0CT 2003
‘conprising one or nore additives may be fed to the m xing zone as a

separ at g4 ream One or nore additives also may -@ngd, i f

sui tabl e, \;g\'/?{tsjlﬁﬁ he carbon black slurry or, nore 10 typ%?gmsgo,’ Wth the

el astonmer latex fluid. Additives also egn be mixed into the nasterbatch
subsequently, e.g., by dry m xing techniques. Nunerous additives are well
known to  hbesezotkitd ttled MudnliGoRY {h AR B lrﬁ'&: aptioxi dants,
anti ozonants, plasticizers, pr ocespg‘%ngr allc S f{%"g% S‘?fs‘gg?"é‘g%‘b‘f‘?%%% oils
and t he | i%ein thegrixmg zofig.ane-r et ardants, extender oils, lubricants, and a

m xture of an he T. neral . use and selectjon of 15 such additives
is well knomyt]gg‘flha(l)@gkﬁﬁalxggmf?f other egaﬂo.me*l' Ei"&luﬁfs@ssieﬂ tq e miying gape
di scl osed vihdedd Bhé 12 hed ok bwcH@ﬂ:?fySﬁe%itﬁé’ixﬁjklinﬁfr%n@ﬁg%édtmﬁfl Lf}RePr esent

di scl osure. The m xing zone/coagul um'zone assenbly Is discussed In nore
“detai | BelRF@Permiecesepaamesarsras dissnssedatiordy can probdudes maelsdaitomeo corpasiteli schar ge

P the or oPesEln? SRl Bherite b Bl LARD. M1ch n b e BRSPS o
first via vaoivueaddmiveemans thélelisonferdfasviabR¢H. NAn QAdifiwORgid égmgljisliﬁg biusd ne

preferred enbodjnents consistent with that illustrated in Fig.” 1 producing
natural r JBE 34%%‘{*‘—@ ATt Renfedite BhecBPReZase 46 R SeRarate feed sineary e Ong e morey

oper ati on padithves AR @b I L9LGE Wit f Lo t -8 I ght
percent, tao _abvc?at 15 -&25 é\e?ig%t ’\A%es‘?{:%b?\'fq%@g%hgrél S |£s)°c ‘c’alt‘rZ tgr’flr%((:)ﬁlrh‘\!e

de- wat dfi rigpiexdiy. wdérythelgastdrmerdatek fleit AddithasnlédBeands nhxEdtiab|e Wesenpdel | Ng
extruders are well kno d commer ci al | vai |l abl e from for exanple, the
French O Isuklﬁecﬂ‘ff?fbrf‘%o%y(a‘%' GUEIE dngiquess ptumenons additives g Wil koWh¥sed from

de- wat er i Bosexekilled e il Qrikind iGEHMES Y exBinpR! smioﬁiaaﬂg,%héﬁbnﬁ{tggﬂmci?&&er _
suitabl e neans 101 to a continuous conpounder 100 and then to an open mll

120. In r GVWPFesEing radsefe2d liguisbaplyerrs alsradshe kel résinsh flamerétarsientst ed i n

Fig. 301 1:110 Hral terbatch mith carbon black filler,
t he COI’YDOL?%{I ngpgl%d]daﬁh |‘%&g%§$a eln%?\an 'ofﬁc?yﬁfﬁ??gruéﬁﬁ%‘gse%ﬁ‘@fo ont ent
f r om aBéutsudlbaddfiveses gl kpevic @rthosekkille@Omthe 80.3 THEY (/i AR IVs18E Hisefoddil 09925
24 to Iesist ha@ tl’ V\%hﬁ;lh%‘geercent ..In certain preferred enbodi nents,

addi ti ves TEER™Lbe & ritped, withdhs eenelit ff fhechresent dsmesiuous conpounder
100. Speci fi caltne mBsd Aohd QX i3 . i :

pl astici zers, processing aiggasgui(%’gf%bn?%ﬁ?glmygg(%gﬁgﬁ%ég%i#éﬁ%gﬁggt% like),
resins, flelastomestmastthitob cremb érpheseddidns theldisoliargeaekiof coaptilum reastbriiétoof any
of 5 them e.added in continuous c under 100, |.n certain ather
preferred "6 %gfyr'r%%'n ,005{5’81”?4]%3?935}%?@8‘?Erﬂfﬁ'?"r&lﬁ’@bﬁ%ﬁ‘ﬁ?‘r?éﬁ%ﬁ? the; he

mast er [28t aiastedbNck ErufibOl Passed first via conveying means 41 to a de-watering extruder 40.

In routine preferred embodiments consistent with that illustrated in Fig. 1 producing
natural rubber masterbatch with carbon blacl; filler, 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 effluent stream 43.

25 Suitable de-watering extruders are well known and commercially available from, for
example, the French Oil Machinery Co. (Pigua, 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.

30 1 producing natura} rubber masterbatch with carbon black filler, the compounding and

milling operation will typically reduce water content from about 15- 25 weight percent,



conpounder 100 to produce el astonmer blends. Exenplary el astoners inclhég,m 2003
but are not Ilimted to, rubbers, polyners (e.g., honopol ymers, copolymers

and/or t rs) of 1, 3-butadiene, styrene, isopre | ene,

2, 3-di mﬁ}oﬁa}%ﬂg but adi ene, acrylonitrile, 10 ethyl enef}%gﬁkf%%%égl ene and
the |ike. Continuous conpounder 100 dlrv'%‘ps the masterbatch, nmasticates the
mast er bat ch, provides control of its oney Viscosity and nol ecul ar

wei ght, angy N3 kg 6S ti : L. Suitable continuous
conpounder s aéraetmi\}\hglql “Iﬁ%gw&% c@%%%‘ib%ﬁa&eg\%ﬁgﬁgﬁcg?g’i‘ﬁ?\%ﬁﬁ P PS¢

exanpl e, t lsembiniedivith Bomastarbogh itonginudus eompbaurnided 10001 Bpucaidany, AfdighRsoni a,
CT. 15 As seen in.Fi.gs. 1 and 8 the elastoner masterbatch is fed from
coagul um r &% %Fﬂt"i’ﬂgﬂﬂb"a@-"m' URETS REPSESSING ajds (e g hdiquidipolymess pilsor t 102

formed in and BledkERt Rsind MGRSShidtheE R : %E”ﬁ ni nyous compounder 100.
In certain preferrgd enbodi nents, fee &?)gglgﬁﬁ |t§’ Iéﬁ‘ﬂ% TSt Ch ©
facilita?eshem,grayibeyaddied pin ofontibuoue |caspander 106t & hetaih bhemglefenrieri ng -
extruder 4 ort..10 also be fed via _conveyor 20 neans such as a
conveyor beF’P,E&%'gﬂtguﬁd,mo %@3‘8?“&?&@%‘&%@@&1’?%% EZSISERACIE 5 CoBHRIO Or t | g
el ast oner ' geEp&mAet T00. to B AR HsRdfehasiRe ' ' Pl usi ng
105 of cont i_fr)mous corrpgunder 100. E onga'3(ttg'lafg1?1(%1?(053}1a(s\sR’%egg glr%fg'dgeﬁéﬂla#o‘nge
paral | el t §mitgd Ho.orubbers appiymess(ezg- | homupobmessd copolpmers asdion gerpbigmeaes) of 04.

Rotors 106 & -] egq W¥e. 1 ha gear.. r. 110 and beari.ngs 112.
Rot or s 1061’23;%%%%%t e |‘r31’rgg g%]re ﬁlg%’élé']%et %‘gmﬁﬁﬁ%&bﬁ 1098, 3EYIo0BIEessi ng
mat er i al0 arthglehs; and poopylenebminbaliie. TopARES SnFladd a00 4fids BR8] Fi 0.
8, multiple rotors 106 are axially oriented in processing chanmber 104.

Rot ors 106™a81eafes, e masterbatche pravides gontygl 1of itsi MoeneynViscesjyeands mofacitlanal | y
havi ng di f {@e@Ntand MiSRHe0 ' i In a. preferred

enbodi nent p%ﬁdcessi ng chgﬁggirﬁE%f%%%dgggs%\%\bgﬂﬁ% I%FOSH %u%cé\ﬂpr%m‘aﬁrff erent
profiles. @6 waebl known cnd chétnenciallyn gvailabit e tiehidigy 61 leksmplac|thelenigfx f or
exanpl e, Cor poration of Ansonia

retor _nodel. n e 7 and 15 from Farrel
CT. In 14 go'aﬂmfﬁf)g'&%ufg‘g? g%@@&awtl%@éfq@%ﬂ% CE a preferred enbodi ment,
rotors 196 cont Ak Beed ih Fibsd1 ¥l & theClditolfRr MEHDHL a%égfﬁd ?%2'; é@ghﬁ]ﬁhrc%agtgprow de

heati ng and/or cooling to the el astoner naster
enbodi ment 14 1tp (dsrVaterng jextrydey 40gandetherh imotfesd pO6 19asformbd ristarselpnent 116

and a seco . he el ast oner t erhatch passes through
processi ng&%gésgﬁgengear 41&5 ﬁlé crogﬁ%“}p 5 r?gg]PP‘g%lséé {Olr??e ng‘i dreram lpf?férrr. y

m xi ng andembgdiments,feedoporstOaries hoppet Phioh E2{litat0f bratP dbsp X BY elS@ndef
processi ng chanpber 104 for the addition of liquid additives. Dry naterials

can be add®@asteidaichdrom depasing sdnidenddaFend Rorul92may plse be f@Dvia conveyor

20 means such as a conveyor belt, conduit, pipe, or any other suitable means for transporting

elastomer masterbatch. 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 processing 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
25 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 different thread or
screw configurations. In a preferred embodiment, processing chamber 104 houses two
rotors 106 having different profiles. Suitable rotors 106 having different profiles include,

30 for example, rotor model numbers 7 and 15 from Farre] Corporation of Ansonia CT. In



Vent 111 is provided in processing chanber 104 to allow noisture to UdnClaz]
the el astoner masterbatch dries. The el astoner masterbatch exits
processiﬁgvﬁ%@gﬁer 104 via discharge 10 orifice 114. A first tenperature
control 15 provides heating and/or cooling to oMV

conpounder 100, typically with heated ter. A second tenperature contro

devi ce 117 provides heating and/or co ng to discharge orifice 114,

typically with: chilled. water. ing.a i cal process, heat is added

during st aﬁmﬁfeng‘i\&mﬁ?fjé‘ﬁ?‘o?%‘gs %caﬂ%c‘}t%éé% YRICR GR De [mperaierg, copgalladng i s
di scont i nuesl pas\GaeaRaling idio? ca6Rk 16 the Afobied nakRiAMy, heat is 15 typically
applied specifically to processing chanber 104 and di scharge orifice 114,

and during opertseemin tecembodimentsiustpied éuFigp 8cedchaalor Y06 basf it @ordent1 02,

processi ng er_10 and .rpotqrs 106. In a typical application, with a

nomi nal t hr@ﬁ%ﬁ%ﬁ?‘ﬁ%’f“fﬁ’ﬁ‘ﬁ‘%l%g’/ As b cgﬁﬁ“’“ﬁr FEsGPAtch pAstes rt{?&!l&‘h processing

~appr oxi mat ehymBoA0POBe rotdzd haQliRete BEYNSIEriAN, ; - ' not ed
e ro e REridTBtheRBy n;ﬁ%d%ng% élﬁ%onzlégs

above, preferred enmbodi ments of continuous conp ry t
mast er bat cAnasteraeh. Bogt 18 privided dn prosesking whymbérsiddstior sheaadditivn of dighr

wei ght, whi_l.e. not ~excessi,vely. reduci ng bound rubber rtajn preferred
enbodi ment & dglftﬁg‘cbnp%%@ als 88?25%"&%&@?0 %66938@%&&%?%%&&&6%3%18% t he
el ast oner &Gt 110 pRNided BIProtRssing chafir 54 (BlRWYmeRmE IR ht RIHEEM omi© | €SS
t han approximately 1 wei ght percent. Control of the operating paraneters of

cont i nuous disies. 1i® edastompsmasserbatei exite rasessingchiutmberel04\iis dioghatge,

i st tq 4 MO ' b f. th |
mast er baf oot g AL BEHReNE LB GeRa 110 ArSPRES neik Anpf eO3Y e
cont i nuous contimousebeipourided 100, spiely with hedied @atepr iA kzendichiperitste (BAREIr at ur e,

and processing chanber tenperature, In certain preferred enbodinents, the
el ast omer (%Ce 1 HRTEY{desihsting apdier ¢ooling togiischuge pritiet 314 aymeallywith didided; s f ed

to open m | 2 : . ' ' e S engt h of
et radat o e bR e SHATROSRL KL RTbiid St 350 WeAT b0 PERE L
2003 WO 00/52919anikcvat,)Bedihg 30d somfinedanl ovolihg k2ppliddeDatiag samap, nasiser bat ch

may optional |, e fed to. nmll 120 via caonveyor 119. Conveyor 119 may
be a cor‘geﬁ%’x‘ﬂg’l %PPﬁ%mﬁfaiYﬁ? processing ghaqmber J0p1ang) dischargs qsific 414, and

open i 11 To0E Ep kRl (e BRI SRRl TN O B LOTRRMRBE K e
control théng repondf. e eupidal gpplitationewisth asioonml thesglpubef t000 Behber of 122
Y, O OBl SRR, o0 B R P oo o
of the el asbolify APiedrdbades Prefpied enbodinenty ofl @Bftinuous compounder 100 dry the
20 masterbatch as well as controlling 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 compounder 100 allows control
25 of the Mooney Viscosity, moisture content, molecular weight and bound rubber of the
elastomer masterbatch. Such operating parameters include throughput rate of the
continuous compounder, rotor speed, discharge orifice size and temperature, and
processing chamber temperature.
In certain preferred embodiments, the elastomer masterbatch discharged from
30 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



After exiting open nill 120, the el astomer nasterbatch optionally nmay@&dCT 2003
fed by conveyor 200 to cooling system 202, as seen:n Fig. 9. Cooling
system 202 may include 10 a cooling water spray 204, with its water. being

f ed frorrW@d’(’%ﬁ%% water tank 206 or other water source. PREURBYVENIST rom
cooling water spray 204 nmay be sprayed directly onto the el astoner

mast erbatch. In certain enbodi ments, ar@ntistick agent, e.g., Pronol,

manuf act ur ed bﬁ}lHéiaﬁa Bar be, of Germany, and containing silicates and
cal ci um sto85} Bk ;ﬁlbﬁeel%f*&ﬂ’éed mgsterrichyape optenally befediteeben mip|130 eviof t he
wat er spra | I t,0 terbat,ch can then be ted by
conveyor nggm?geﬂggg%u%%e}éﬂg@ ﬂﬁ’ %%oao@%‘a[@vs\bﬁ eFOIdHiL LIPS “ﬁﬁ s‘ﬁ)‘@é’% used,
opt i onal | y meansfar tkemspartifig theoslastdrhar mhxitgbateh GSsiEtBhcus BhOWRIdeP I 0PiNer

sui t abl e neans e used .to _renove any cooling water that did not
evapor at e fop%‘i"ﬁﬁ&ogl Soen mill 126 cowpnsas @ipairgfaobisrs 422 wbich furthes chatrad the: an

then opt koRgddn¥y ViRodi§ Dr ik %ﬂ%lséf 0 16. wher he el astoner
mast er bat ch cany be %é‘?e(g r?ot?e 81?;13 esééhfilg%l{%ﬂyﬁgrl%age §18@Y§’§5’6§$C§?Yng t he
dvel | ti me cotltdio pirgvide énhaymed operatioraafthpen mill 120. Halcerain hbodiflaRe BRmMEIION i ts
I nt ended Ujg? For a | oos bal e may be preferred for use in a

xanpl e, r
Banbury ni Xéy 79 T °E)WP%@W%aféﬁt%toa%mstefh@@h@@qumm 18®ounder
enbodyi ng the ; éplpg r e ' ' '
controll abl e sgngfp?%ag%g?r 0 {Eiedféﬁgﬂg%&?%ﬁ %ﬁgémﬁ %tﬁ@%fé@%g* ?%fedr%ﬁ ecul ar
wei ght, bogpaieyeri®ong cenlangdystem G0 astshen imdRig.€9. b@bslingyHeR D92 thayindlfe
conti NnUQHS CcO ouvgzggr. T%éde ee of iahan e and final value of the these
par amet gﬁsacﬁﬁ’qﬁﬂg TSBIR 18 VIt 15 SRl Pame dedufrom qopling wetenaeki 20G er other
appl i cati oRvaRf séur€e. " PR VAR rom BBSLRY @@:EP#];_T%;J %?ﬂn%*]})gﬁ‘p&%efdfﬁiﬁcﬁﬁ‘&t?mel ity of

those skilled in the art, given the benerti I'scl osure, to sel ect
sui t abl e r glastemge gnagtesbateind Inocastaino pebadimeytsc andantistioks agend  &@., pRromokt er s,

to control e SCQSi mol.ecul ar wei ght, .houng, rubber and drying

of the el adt’6 rr'é'%%aas ye)qﬁﬂ‘? gﬁ ?%%e?é?%@ﬁ%r?éﬁc B SKICR! fRigpm -~

Typi cal ly, stelgte lmiy 6 §adbd 20 thd Wﬁ&r@@fa@%ﬁ%ﬁbdpﬁﬂid@@ﬁl@%%?és&zy.wﬁ?i ly,
I's highe

Vi scosi tg( of masterbatch produced 1 n the coagul umreactor r~ 't han
f

desi r ed15 f &ie clastomsr magtadpaigh sam Bisn be fed yreonvelioe 269 it gramdater 2hplinding can

advant ageo ey Vi Sit f..t masterbaich to a,

sel ected | g’\%e{@e}l ;@%ﬁ@ l'félg&%mg/gg%héﬁgﬁ@ |"‘|“>F¥ﬁ ﬁ“ﬁ%?ﬁa%g & YED HSTEMNAES f or
i ntroduci nyleskey oadidrisuably neanScaobelused 13 Fdmavdladye@sbling iate Qatiaglf fot
cont i nuous congou der 0. Also schenaticall illustrated in Fig. 8 is

100.
subsyst em 8PP ?W%&E@F%flmﬂaﬁrﬂ%ﬁeielﬁééﬂw magehach canthen epignallyeed
port 102 i Bt Ra®)ebhveyaie1 456 TRRIPIES, iRk mEBRANt Smdsletbatch’@n bd baed Bl FOT

20 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 compounder embodying the method and
apparatus of the present invention is controllable so as to control the change in Mooney
25 Viscosity, molecular weight, bound rubber, and drying of the masterbatch processed in
the continuous compounder. The degree of change and final 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 benefit of
this disclosure, to select suitable rotor designs, and rotor operating conditions and
30 parameters, to control the Mooney Viscosity, molecular weight, bound rubber and drying

of the elastomer masterbatch processed in the continuous compounder. Typically, the



exanpl e, pipes, conveyor belts, or other suitable neans for transportif@CT 003
material fromthe respective subsystemto continuous conpounder 100.

Exenpl ary additives include, for 10 exanple, filler (which nmay be the sane
as, or dwdewaede from the filler used in the coagul um geagdhee£xenpl ary
fillers including silica and zinc oxide, with zinc oxide also acting as a
curing agent), other elastoners, other @y additional nasterbatch,
antioxidants, antiozonants, plasticizers, processing aids (e.g., stearic

acid, whi ciMoemeydVismsitp ofimeslerasich prodiked 76 RSB uIurh kGkiof gﬁ’%ﬁéff&?ﬁ LS,
resins, flama-retardantg%u 15 extoelr!\; er ol s(,iesm'.&

waxes, and t1 he | 'Lkg# ) i

| ubri cant s, R FRdsGAgPlfetianty Tdr coplimousTrmpadadericamadbnepasslppaiuse can
produce el ag¢ fn V] ' ounder 100. Exenpl ary

el astomers i ncl udg);bm%&?@gr@hﬁgﬁgqe&%&#%%gg@c?ﬁgWﬁé’?lufyol ymers (e.g.,
hormopol ynmers, cdfigl §seheanaioalyoillustta¢snobubeRsten 58 forlinBoMitiAd " -ene,

i soprene,5 i sogut ik ne, éz 3-di et hyl -1, 3- but adi en?ar,m acrzlnl%gdr{????'}lz%sy\ﬁae

et hyl ene;? &R89YHF §|a€ﬂ eethpoRt 182 |t continuous compendanp Pk ¢ iAdtoestherhaicaliny 20

conbi natio ' t , b cond ter bat.ch added in
conti nuous m]%fgr?p&lggﬁ (ﬁgeﬁgsosut %eh{ey%ﬁjéﬁlgor‘r%gmgg@Pg?%gﬁlg Byt Bﬁéd% A% he
coagul um r degs pert 192 infBhendiuves soapsundad1ar tCsdauRd 17eshgn fealypesopf the

coagul um reactor 14, incl udi ngi; the m xing zone/ coagul um zone assenbly,
sui tabl e fSFBRCNBEHICARYRYOS belts (orqthed spitable ineans fyr gransportigg|tatetish &om then par t

O Such destgRchachaeBichPiol dRuARAL tafipodtied NP AL EAPARMY el e for

sel ection of material’'s to be processe efc. One"pr
i |1 ustrdPedxpmpl; dillep (whishenay he dliea snheu ns, raradifferend &roln she filferkided iHemd 50

attached t oagul um zone.52 w th luid-tight seal at joint 54. Fig. 2

schemati c al%f)%"ﬁ‘ml ?‘E??Folr b tELIplaTy iﬁ\lﬂlg‘fs 5\5@9& BIlRe 5%5 Fpg oxide d?lﬂgﬂ@q ddeoaisy Igat ex

to the m xi £ f | ! slLurry. or ot her
aﬁﬁhgiz ufrlﬁiéib%!ﬁﬁﬁiﬁ\er elasthbrs! SHE &%dﬁ@fo% q%ag{)egb%gkcpé%]ﬂg)é}ﬁla%tg,

particulate filler d to the mxing zone, an
f eedi ng an 28He308ARLE. Rlasticidevse procgssing sideesar stk aiid, wiettceantalsotYeaused a6 Ng

zone. The g x] ! n to, have three feed channels 60, 61, 62.
Feed channg} eﬂfﬂ% %%g’zﬁ%ﬂhm%%f%ﬁlﬁo“ﬁ(‘ﬁsl’ @gﬂﬁ)g‘g%S resgnse dlamg-refadghtsied f or
t he nat dfalextenbdresils, abtericahts Jard AnektiRed a6 aNARM. GFe iaadig&p?(f' g%ﬁ&w rect
feed of gas gﬂd/or additive fluid. In connection with prefrerred enbodi nents

enpl oyi ng P ¢lastpmer-blends visrcogtinnons qasepoundes i 9. Examplaryl vlastoraere inchidechi eved
I N connect ipap apd Bvaona R hd-d r, e.gener al | non-wat er
n sci bl e addi ta}oévlie]tsh. I ce)l%l't | srﬁgﬁb&g& gﬁ%%rr P%Répr?f?ﬁ%?s’e‘ﬂ?f’é%ﬁg and/or

i nt er nedi attepolymers) efit -tmediche \seyreneLissprens isobilyihe,®, -Gimeliye1, 3thugRheg Wit h
an el astoner Iat.e>i E)t(r!}e{eerregll enbodi ments in accordance with the present
di scl osur e 2B g Sty et and prorylepmand teqkike. i Jels todie anprasiates: banay onl v

t he needof @bmbination 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
25 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 fluid-tight seal at joint 54. Fig. 2 schematically
illustrates a first subsystem 56 for feeding elastomer latex to the mixing zone, subsystem
37 for feeding carbon black shurry or other particulate filler finid to the mixing zone, and
30 subsystem 58 for feeding an optional additive fluid, pressurized air, etc. to the mixing

zone. The mixing head 50 is seen to have three feed channels 60, 61, 62. Feed channel
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enul sion internmedi ates, but also the equi pmrent such as tanks, dispersing
equi pnent, etc. previously used in form ng the emulsions. Reductions in
manuf actgydﬂl? ﬁost and 10 conplexity can, therefore, be achieved. As _
di scusse P& bel ow, the feed channel 61 through WEHSY0893Sy s fed
to the mxing zone is preferably coaxi%\hwith the m xing zone and the
coagul um zone of the coagul umreactor. ile only a single feed channel is

h t ' . | ast | at fluid, i tabl nb f feed
Chamnel o w8k ovides it R AR mBirien it i RrLiavnch Boiaror PG ch t he
slurry is ffesl &60gashh@dBr aidivelfuid OMEeondddisn wﬁtﬁ%ﬁé‘gg&t’%ﬁmdﬁrﬁc%?xgﬁ[@% ment

of Fig. 2 a fourth feed channel could be pro roug ent
air or highlifseednjgetionaof additivesh eignifmenti aivhmaget & hdhdeved Xinngonnectivh with .
Pressuri ze ' dnjected likewise with the slurry through the
central ax ?lgﬁi'orcf"ggé ?@ﬁ‘&ﬁ e B gﬁ\’ﬂ&"ﬁ i Mpywaterdpisiplg additivese sWhele 1% is b ar i |y
or per mapekhbwnieangploy eMbiRidn iiteimedtel $f erese a]&lﬁv@&ﬁ@%‘ilgﬂﬂhﬁ&%fe % p?cf:- the

coagulumreactor 48 is seen to have a first portion avi ng an “axi al
| engt h whi &lending wish aeplastpmer lispenrefener emlbodirents ipncadrfiance iwitisthe presehie

Ponst ant ¢ ARREE bRy ORI Sty cncin bR oot Ol e mepd Lot ar
| engt h. Themuldief inetmephes, tuhflso BOAMIMER SRAGE aﬁkﬂwsgﬁ%fdg uﬂa&ﬁéﬂt@’

strai ght tubular flow channel fromthe m xing zone 25 to tHe di scharge end.
Pr ef er abl y Pregfesierused dp founiag ke @mlsions eRedbesicns inmrrdamdacering icost 4ride

preferr | i r -0, the,.draw \ € CrLoss-secti | area
o the TosanP ity o el BE Bt BB B er belfv: e ek e los 1 o
di schar ge emdugBwhickistarysie i tb iteahikig 24n8qs pleRsdbiyv@akiaPRAh R dkihyespases in
t he Iongitudir{g?l direction fromthe entry end to the discharge end. In the
enbodi ment 28§ the goaguiim zepe of o Hig AoagAlum Fractor c Whilscanla @ singlecfepd sharnet isonal
area progr gskN & dckide e id, G} ' follgwi ng
constant cross-sect ilo%al é%fr?)ﬁ%g}lak%?uqkﬁgé?&ei{ﬁg%zﬁﬁlggﬁfeéﬁj%m %IF' ngaﬁyab%

cr oss- sect iabnagedanoand the d@iffal Fe@Ihee Dbt Gi2R $hidAGhe LISREY19 ¢k 38 mikirghe
coagul urrﬁreact or {, nor e , .lhe c‘oggul um zone defined within the

, |
coagul ufr r &880y g:lf r SFWP’E@ ﬁ%tr) weny, 0} Bl 2 2 Iqurthy fes (rbanied could, ke

intended t rovaadl thidugh wiRhambRat diPhirAlreduRlairl PouRP e &'rMdParsAgapay and
the inside di arreterdﬁgf such fl ow pasgshgﬁ evvay.aHS El as orrlér conposite,

speci f i cal Fgne.cBergeirined @iranayshecniepted bkessisei with the siuoyrthwigh thesteatriahadsl cr unb
v o AT B AR o o 5 Rt SR Bagut
react or at not in use.
20 The coagulum zone 52 of the coagulum reactor 48 is seen to have a first portion
64 having an axial length which may be selected depending upon design objectives for the
particular application intended. Optionally, the coagulum zone may have a constant cross-
sectional area over all or substantially all of its axial length. Thus, for example, the
coagulum reactor may define a simple, straight tubular flow channel from the mixing zone
25 to the discharge end. Preferably, however, for reasons discussed above, and as seen in
the preferred embodiment illustrated in the drawings, the cross-sectional area of the
coagulum zone 52 increases progressively from the entry end 66 to discharge end 68.
More specifically, the cross-sectional area increases in the longitudinal direction from the
entry end to the discharge end. In the embodiment of Fig. 2, the coagulum zone increases
30 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



di scharge end 68. It is adjustable so as to sel ectively pass the el ast &8&F 2003
masterbatch crunb 72 to any of various different receiving sites. This
feature advantageously 10 facilitates renoval of masterbatch crumb fromthe
product W42 or exanple, for testing or at the bediaumisg/osts a
production run when initial process instability may result tenporarily in
inferior product. In addition, the div&ter provides design flexibility to
direct product fromthe coagulumreactor to different post-processing

Bt dbs eals

paths. In GRS FRACRI dpfe mprefraenedy. Srnbodpuiomt zade Béfined lwithiaethe

mast er bat ch, | ' rged from 15 coaqul um reactor. 48 through
di verter 70 %Hgﬁ;g%a?}ggggg?g]c%lﬁ@g%&%’y “Hlsﬁsmqtﬁ &3¢ ATFodptended 19 HigaR r om

there fed ihstaposseattionalars of tlPPENEEY pakBideWiyank 98IinBRE izkRer ofREch flow
cross-sectional dinmension of coagulumreactor 48 is seen to increase at an
overal | anBt82&"3&t ween entry end 66 and discharge end 68. Angle a is

greater $han 0 | r 4 di_nen | s,.l.ess than 45 re
preferably | ess‘ﬂ%@ﬁic?aﬁ&ﬁ%@% %‘""g‘?@ ércgﬁquya - SATigmer t]"‘[tﬁx #n .ﬂ’el'lrﬁr&“hﬁﬁl eais
seen to bemasthirich snugite?2, isrsetrtaing discharpSERGM IR coakiRim tdA8tof 3B tirdhieh a

| ongi t udi na] ?tXi7 of..t he Lr?ﬁagrgllium zone to a point A at the outer

ci r cunt er eYETGF 79 Piugteg JP uham adjustahle eonduis peiachied o she: ceagulummeacmact or . | n
t hi s regar gischarbe shtPgd d . ross-sectional area of the
upstream porti o% of ?ghehb%ggfggﬁﬂ?nts‘?ggé% %?%Ctl%ﬂgtpgfss,&ctfﬁiﬁf%‘?’t’?’Bﬂerq t he
entry end @8mbpi2afteraayl of vanionsdiffesen? Tecaividgi sitegnt WiisSteatdrd/ abiParsdeb@iye

uasi - din the coagul um in accordance with the ri nciples discussed
gbove. nﬁioofaf:gi}a gées rﬁ‘ﬁ"‘é"ﬁaﬁgasﬁb@ﬁm g‘i’f“&? Rrofic e ey tnhpezt@tnelefrﬁy tesEpgul t i n
the el ast oseat MRS begihahe bf A%rokRGY i QALS ?ﬂﬁ&ltr‘%r%éésrigﬁ’t},ﬁ’m%f Ia?&lm of
u .

gl obul es or worns and sinply spraying throug e coa um-react o
| ncr easi ngePRETasBy én infgrior tpeodera gl addition.atbe divetteropol ek viesigm fleeidility to i N

certain enfpdi ' 30. cl. ing of the feeds and reaction
product into tt ﬁ%aéﬁ:?%ohgm %%éﬁ&[’ ﬁé‘*&wmd&ilfgcgeféaﬁﬁt-ﬁm?smg Pabs. (IR @ccoBdages um
zone, Wwherith thetpeefbmtdembodmehtdf Figs UD ik Ak Mhicl cAAROY ﬁéiﬁgﬂa@aﬁrgge?%nhas 14
CCT 20 VO 00/ 62990 PCTJUS00/ 09925 30 becone essentially plu | ow, the
coagul um zERE“TEY %P thequely diverigr 19 is seemite he treeivid by elesweatening extruder
Cr oss- SCCtAPRR 166 Were Ko LRIELENGHBELE: 1) HRFSOAIIHM 20ne N
preferred enbodi nents having a progressively IACT eds] ross-secti onal
area shoul d be Thederpsstsectibnalt dimemsicay offuohguhirh Iryactd® 48Ni3tse@0td irRPeadd at K
coagul um zQne erein flowis not substantially 5 plug flow The
cross- sectosgﬁgmgjee%%%tf"e?’h@"gcﬂg Gf &Fﬁ?ﬁ’éﬂ’@rﬂqﬁﬂﬂtﬁgi Single o i geeatertban Pt r eam
portion tdmdr @Opreferind GnoditRAd it WIE Haataly n@p@ifvf‘e}‘erg@l_y/ ledCHERASR ! thedt €P- W se
fashi or}, rat her than _ ’

0 preferably from 0.5° to 5°. The angle o 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
25 sufficiently 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
30 clogging of the feeds and reaction product into the mixing head. In a downstream portion

of the coagulum zone, wherein the latex has been substantially coagulated and flow has
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in the continuous fashion illustrated in the enbodinment of Fig. 2. In the
enbodinment illustrated in Fig. 3, a continuous flow system for production
of elastomer masterbatch in 10 accordance with the method and apparat us

di scl osc¥OREFRM | s seen to include a m xing head/ coaguPGRUS®E28sSenbl vy
wherein the cross-sectional area of the coagulum zone increases in
step-w se fashion. Preferably, the indP%idual sections of the coagul um zone
in such a %B‘V\n se _eﬂgodi ment have a flared connection to adjacent
sections. ¢; essentinly plug el n Eher epagwinm, zons ot extenst cigeanovigh by witbonti nuous

coagul um Zgpg,sUh A%E secBinat AredP PARE Yrerd: Slce BEATR! 6 C&HEP@H}S %oaga ﬁréﬁ{efemfﬂ e

i nst ant aneous 1 ncrease I n dianeter fromoné sectlion

coagul um zemeoduherf davi8g a poogeasieslyiincrédiing erost-efttionl Wl shhiad bé bekeRtgage four
di fferent secgcieon.s or sub-zones 74 - 77. Consistent with the design

princi pl es'odf® gxg@aﬁ” ozen 9f the soaguluphyzone whesein dlow ismet substantiadly

coagul um z&ggf@@_i ncreases fromthe entry end 66 to point A at the |
di scharge end 68 at an overall angle which achi eves the necessary 20 fl ow

control in the Tipsresssectivoaltaraarof die doagulmmagnel (ti fseadéast the Iparehmpsitionect i on
74 can be tak?n i NC udiQ% thénmcon,stant dianeter portion of the
m xi ng healeEGL; PsEL Ipmeiaiihsahox el it Inpigasein sleRgvise fashioanrthep thaphe  same

or sim | arutinawBhdiuodf rishio iHRAARA! Rlhe LRGSO Bif! B! Tin@lmbfimER! [y end

66. This first section has a constant cross-section I anme and an
axi al di melasmtedon Hig g aieontinuornflowisgstén fostproductiorof eldstdrhxer thastegbachlin 25

houl d th ti th | t DL, f bl ) t
Than 1100 SePRaB R e 560 n aPrrafs AP s S o ioekot pmee,

Typi cal | y, hdddicdagaihi 0he WhseinblynaMereth HRNISH-sedticalIOstka b fhEedhahfEsonk, _ Each
subsequent . section preferably has a constant cross-sectional dinmension and

cr oss- sect ingTases i wep-wiss feshiona t Rieferaldyiithe indivaduabsectines ofthe coatinhun Zdnee. |
upstrea ' T . , i 4 2 onst ant..cross 30
et i onal Ot ich Aiep S emblim XA B Rt o Aiaerk SR T

secti on 74theBicoinbivelty,forrh hesmoals 208 gehdralatomin@ousofoagaivhi @dhe/furfase, doubl e
t hat of  secti %g g and the cross-sectional /1 4 OCT 2003 WO 00162990
PCTI | JSB g 10 expmpleio asharp gy, Injtantageoys, ingreass podiametes Hom Q s¢@ion| n each

of _sect | on Kbnext” e iiBubiiBhBof Fig. BURIALARh Yorb S Kuck 1] (oM B thiz™es 1t

diameter, nore preferabl'y about three to seven ti ilameter and
gener al | y @ilfferemt $ctienst grrsub-zpnes i -afibt Epnsiskn withftbe desigmptisgiplesdismsteion 76

| ongi t udi na . TENSI oN i s pref.erabl bout five tines its_diagneter D3. 5
A mixi ng hERRPAtY AbeVgyihg oot eriual arms o] cougy I 89 3P FFeses e SISV ment of
Fig. 3 is &ldesetoipbinFAG té diahirpakhd/ 68 it 85QFEdal AnYlk WNichMchiehd deadeRRyi S
integral with coagulum zone extender 53 via joint 54. It defines a m xing
zone whelt eflow gontiol H} e ppggam portion of the coagulum reactor. The first section 74 can be

taken as including (a) the constant diameter portion of the mixing head 50 immediately
downstream of the mixing zone, and (b) the same or similar diameter portion connected
thereto at joint 54 at the entry end 66. This first section has a constant cross-sectional
diameter D, and an axial dimension or length L,. In this first section 74 the length L,
25 should be greater than three times the diameter D,, more preferably greater than five
times D,, and most preferably from about 12 to 18 times D,. Typically, this section will
have a length of about fifteen times D, Each subsequent section preferably has a constant
cross-sectional dimension and cross-sectional area approximately double that of the
preceding (i.e., upstream) section. Thus, for example, section 75 has a constant cross-
30 sectional dimension and a cross-sectional area which is twice that of section 74. Similarly,

the cross-sectional area of section 76 is double that of section 75, and the cross-sectional




channel s 60, 61, 62 forma junction, with an el ongate, substantially140CT 2003
cylindrical channel 80:substantially coaxial with the coagul um zone
portion within extender 53. It will be 10 recognized that it is not
essent | YO H2¥Me operability of the method and appar at BCTHM%8¥ed here,
to precisely define the boundaries of the m xing zone and/or coagul um zone.
Numer ous vari ations are possible in t he! desi gn of the flow channels
junction area,_as.will be apparent to _those skilled in the art given the
benefit ofthef S5FLAL isHoubledatt ol seqtinn /iqdn epcdiyafisections 75 - débe length is
preferred ' | | RarfiRRnke B 8 | & %q [ ks 15 4,
for exarrpllfa}%:lﬂf"?iﬁj ég'?al}?llry tip 67 gg%glrag{eﬁiqﬁ%&ﬁgeg%@gg%ﬁ&o# T eot%%éz?hﬂllesng of
cylindri cails dipuetern amd gefisralieabogt Apprimas itsadishaterc eTtusy fod examipde, tinigicted 7y i n t he

junction aof the, feed channels._In such enbodi nents, preferably, the
i i rum cr REnGisel Fierion e ds Brsfershly apgi Fvp Bmen el he 11 om the sl urry
tip 67 to the ¢i 8&RMUndRbadRdRith H@lkea:'sseﬂfbljt E@T@E&E&%‘ 89he &hbddtfent of

“cylindrical portion 80 is advantageously greater t , or at |east equal
to, the cribigs320 shewniindag. 4paialy in kectibatviow.f dddinghlmad S0 i6Gntegalewvish abl vy,

bot h channel 80 and at |ea t he, stream porti.on of the coagul one
wherein fl Wﬁﬂ?ee%?d&?gtv &g g‘? :[t eggfjg%f“é’lf'ﬂ% Zme WREEHR ul‘ggﬁéul ation
of the el agfaAnElN 60,819%2 f6ANQ jﬂnc"ﬁb%,cwitﬁﬁn eroﬁgﬁe,S%Mlﬁﬂuﬁ JRAhah

feeding carbon black slurry or other particulate filler fluid is seen to
conprise a8¢ abdantialy ®@axiakwathdhsepagulysy zone ipartign wiskinieatender\iidt Ht wilk beri xi ng

chanber,4 o . ' i | 7 i | S e rd the
coagul ulr%t ZTSBM ngﬁgg Q&k#ggeﬁﬁ%qé%aoﬁ?é@e@u@ tﬁ%%leuth\rgg o& a]lt) aéﬁ%rde}?ctéé)s\ré@d
enbodi nentiereli weprasieely hiefine thd ®osmdabien of iMeashxifig Wonie/ andir BedgalinAkenee, s

fed to the m xing zone at very hjgh velocity relative the feed veé}icity of
the | at ex, NSREFORh@risipny arg ppssivicindhe desen i thellw shaangls dupctiopage 2s Mk y| t s

in excel |l e@agﬁ&‘r%ﬁ' (8RG8 sicPlea fir fhe %ﬂ;gelgéﬂ tﬁglsgneﬁmieufém{uf‘d schosufdl Thigs channel

80 (which, 30 as noted above, era substa 3} equal to the
di anet er Aegdrd; asreeghinexally prefentd punleignepor embmdinénts eftthe grpe Musthted fireFigoagul um

ferably i | east twice the inside 1 2093 0/.62990
PN, Ushlsn oBoBE Xl ol BTG b B fepsralls SoRTERm g (oo B PRI bout
four to eigdHiod iS0F belndCapfratBhRly Q%nterﬁ&%gﬁﬂbﬁaﬁﬁ in P judRlidey ofRRUteedeven to

eight tinmes that dianeter. Feed tube 82 is seen to forma fluid-tight seal

with the efhapselsydnsugigergbodirents,preferbly, & anipfmyne expscieational area defmed kY xi ng

he 5 1 equis PR, Bineiort B ikl STRnd OREmiccled el {0 ephBBy Y,

passes t hreafuihcylingrica Iportioys 80Gz Zdvantapgpusiy graated thane onati¢asgeqahlaojrde croddhe
correct_or required volune and velocity_ can pe readil term ned by those
ski | | e nseetienaprea g\rlv@ﬁateﬁ Cegesbanea S0 Prvipb, é’eﬁcfglav%} B ord 216650 e

upstream portion of the coagulum zone wherein flow turbulence exists prior to

substantially complete coagulation of the elastomer latex, have a circular cross-section.
The means for feeding carbon black shurry or other particulate filler fluid is seen
to comprise a feed tube 82 extending substantially coaxially with the mixing chamber to
25 an opening or slurry nozzie tip 67 which is open toward the coagulum zone. This is a
highly advantageous feature of the preferred embodiments discussed here. The carbon
black slurry, as noted above, is fed to the mixing zone at very high velocity relative the
feed velocity of the latex, and the axial arrangement of narrow bore feed tube 82 results
in excellent development of flow turbulence. The diameter D, of the channet 80 (which,
30 as noted above, is preferably substantially equal to the diameter D, of immediately

following portion of section 74 of the coagulum zone) preferably is at least twice the inside



and will be a function, in part, of the concentration and choice of 14 OCT 7003
materi al s. Enbodi ments such as that illustrated and di scl osed here,

wherein the feed tube for the carbon black 10 slurry is renovabl e, provide
desi r abl wofdos2499Bi | ity in nmanufacturing different nmastertatodeonssespositi ons
at different tinmes. The feed tube used in one production run can be renoved
and replaced by a larger or snmaller boB@ tube appropriate to a subsequent
production. In view of the pressure and velocity at which the slurry exits
the feed tgBaegriof sgryieed @beB2, anore prfeaablysatopr fayr to righetimésdhe didnteter ofi Ng

one. This d nderstood to nmean.in at | east ertai_n enbodi nents,
rzn gh spelad f%ﬁqu%:t %%MF ﬁﬁh"é"’%ﬁ ﬁf?’?voic@{)n’l&'ﬁf %Fte‘g“&qt?rea%g%sﬁt:’alﬁﬁ% qoly
filled witort uiffhid-fipkSseal with ShedenSP/pdd 830t iR GpSRAT RS of fbed ér@’ﬁﬁéiie’ﬂlt&

distribution as it passes through the slurry nozzle tip, and not
necessari | Jixmgthsad $0n s Ehe fiametes of Ihei axip! fiext anbeasd2 is dietpinies langely i tel e

spreadin ector ! addi tional. .feed chapnels 60 and 62 are seen to -

forma j%ng%ﬁg%\}ﬁé%?w%?& ?aéesﬁrédgﬁwé’f: ?“X/\Pf? e Bk RASEs Byouglythe :

downst r eansiuhgndetle &P 6atintd theafiiting cﬁ’amb-EheTh"érlﬁh‘?:ctogBéﬁﬁifed %hﬁﬁé‘?ﬁrcf‘v % yment s
; v,

have a value fromgreater than 0" to less than 1 . Typica y be,
for exanpl &3 b¢ FrRfidy) determyiged by thojse skdldediin dis|ast givenahobehesit ofthistdiscdosupe,essur e,

that is, cayj ' . fluid as it is entrained b he hi gh
velocity s udr %}ﬁ/ﬁbée)%(lflﬁ;%%rpg#’%’?rfp v cﬂ%%%tfagm?f‘rbd%‘?{cc {rﬂﬁtgn hi @mcng

di sadvant agabuad that HiSRated and GissloSiathers, Whegir the f&atLBO fdrQhé BHBOR ibBicgNt
masterbmch prqoduct. Air or _ other gas can be injected or otherwse fed to

the mi xihgSHHds rEnoyables provideislesizablemiiexibity dnmanufaceuring differeapsterdatchan

expanded {&8GhdHdS af & kﬁféu'xﬂ t I . ing to the entry port
86 of feed chansnel %0 ?fg es?sr' ;‘gﬁgeepg%gggcda@togg ré@'ggo?ﬁﬂican&%eeﬁ??/v&dr. In
t he pref er rmtireplabedibye turgerfor Bingller dorel talfiecappropeied 1€ i subsequenOprodi@ioaedhs t he
m Xi ng zone. adj.acent sl urréllpg)gzzl e tip ‘%z Al ternatively, 30 however, the

| atex feed’ ERanie] PERH elostty aterhichihs sy eits thedeed Iuke jtamay: bsrrefestifist r eam
of the sl utd ¥ Negray Or jet Bt the thikitgFone 08 is AP HOZRRARETS Rl IPRAst33 The
carbon bl ack slurry or other particulate filler fluid typically Is supplied
to feedld t sesmigembgpdingenis.dighisneed sgtioradfohet sIBAY inds angares alr¢ada subdtantiallF00 t o

5000 psi g, . 00Q .psig. Preferabl.y the liquid.slurry.is fed into
the m xi ng@%‘%‘é"‘??@%gﬁé‘%shg‘ﬁ EF%PX/‘“ cosfﬁﬁeéfgﬁsﬁm%‘ ingf distribigR, J PAS¥RSe 100
ft. per sedmosgh ﬂreeilmbiozzlalﬁ?uhndlﬁ& ﬂe@es@d?l(lj’j'ﬂin 8 Qehde- of frdRefiyiRf GRAAEkial TOT €
pr ef er eabl Xr about 200 to 500 ft. per second, for exanple, abolut 350 feet

per seconddroRigtHiNa Smple sprradingdraieibsent the general direction of flow of
the el astoner gl e¥aif R fae teri t ugh f el s 60
the el astoner gl GéaiBrudidid hafolis '68oha"d! &' @bid o MV TuleRY &5

20 respectively, with feed channel 60 and downstream channel 80 at an angle §. The angle

B may in many embodiments have a value from greater than 0° to less than 180°.
Typically, § may be, for example, from 30° - 90°. It is desirable to avoid a negative
pressure, that is, cavitation of the latex fluid as it is entrained by the high velocity slurry
exiting at slurry nozzle tip 67, since this may disadvantageously cause inconsistent mixing
25 leading to inconsistent masterbatch product. Air or other gas can be injected or otherwise
fed to the mixing zone to assist in breaking any such vacvum. In addition, an expanded
feed line for the natural rubber latex leading to the entry port 86 of feed channel 60 is
desirable to act as a latex fluid reservoir. In the preferred embodiment of Fig. 4, latex
feed channel 60 intersects the mixing zone adjacent slurry nozzle tip 67. Alternatively,
30 however, the latex feed channel can imtersect the mixing channel upstream or downstream

of the slurry nozzle tip 67,



bel ow slurry nozzle tip 67. Thus, the slurry and latex fluids are fed &QCT 2003
the mxing zones at greatly different feed streamvelocities, in

accordance with the nunbers set forth above. 10 While not wi shing to be
bound bwa &R, it presently is understood that the diPCTASeMH2RI feed

achi eves | atex shear conditions in the m xing zone | eading to good

macr o- di spersion and coagul ation. An B ternative preferred enbodiment is
illustrated in Figs. 5 and 6 wherein the single axial feed tube 82 in the
enmbodi ment of Hihg carbondlacle plrer @8 oyt partieylae &llendluid typicallyss suppliettiorfepdf eed

t ubes 90 - Ve f feed tubes enpl oyed, for
exanpl e, l}'f)t%tz%z g[b%g{egéﬁgég@e%%ﬁ@-pgl éﬁc | %sga%ggtesc?ﬁﬁégg@ psgg\)ea%‘t Bousl Y,
product i ort006 Ipsigl. bPtdfenbly Shelitpiia wagol 18 iiite thl hberpeiine fiabet HPRrsf
different diameter for production of different fornulations. Al so,

nul ti pl e feade tipwéat 2 yplogity apewri1Q0 fpar sereadcproferably abeutd0@ to ghewti8d0 thw

‘turbul egee W LRI Lhe PiXLAg AR08 saPRAU, UM.Zo0E Of LLhe coagu L
reactor. 20 An al'ternati \'iégeﬁ%bgi”mant' O'f""t‘h'é"rﬁg"xf’ﬁg' WERE 1 259 tustrated in
Fig. 7. Mpet sgolkadmrobs(liis Fipe @represesiethi penaaindiveb i I dftfle elddtomed al f eed
channel 161 receives a feed tube 182 adapted to feed carbon black slurry

or other p#F* AR{ pyribiamy; fepdomaterigls dhrough feed channslsi §0and fi2qgntotthe changel R chanber
179. | : b f ¢
t C%@Pgﬁ?@g? %8% ENeTHED WAL B9 kg 1dtex fzﬁﬁfg a[rg geg @g@ hiidP fAgLes at

slurry nozz constant di aneter noz 'S ieed at el y
upst r eam 2bgrhtlsdifferant feed ztreant vebocitfes, inl aeaatidage twith chel mmbyens séxdorh abosa. 169.

Pr ef | lal. di ' | and 168 | s, about 2 , L6 . .about 5,
1 mee. 185 bl ey Bhing 50 BE R ducrecrinf pEeaibhis PBRToR Gt ARTSPHR w b
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its good flow turbulence within the mixing zone and coagulum zone of the coagulum reactor.

20 An alternative embodiment of the mixing head is illustrated in Fig. 7. Mixing head
150 is seen to define a mixing zone 179. An axial feed channel 161 receives a feed tube
182 adapted to feed carbon black slurry or other particulate filler fluid at high velocity into
the mixing chamber 179. It can be seen that the central bore in feed tube 182 terminates
at slurry nozzle tip 167. A constant diameter nozzle land 168 is immediately upstream
25 of shurry nozzle tip 167, leading to a larger bore area 169, Preferably the axial
dimension of land 168 is about 2 to 6, e.g. about 5, times its diameter. A second feed
channel 160 forms a junction 184 with the mixing zone 179 at a 90° angle for feeding
elastomer latex fluid to the mixing zone. The cross-sectional diameter of the latex fluid
feed channel 160 is substantially larger than the cross-sectional diameter of the slurry
30 nozzle tip 167 and land 168. Without wishing to be bound by theory, the axial elongation

of nozzle land 168, coupled with the expanded diameter bore section upstream of the
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preserv éi on of the nol ecul ar weight of the natural er. Moreoveéer, these
advant ag olercent, and most preferably at least about 99 weight percent is coagulated.

The method and apparatus disclosed and described here produce elastomer
composites having excellent physical properties and performance characteristics. Novel
elastomer composites of the present invention include masterbatch compositions produced
by the above-disclosed method and apparatus, as well as intermediate compounds and

25 finished products made from such masterbatch compositions. Notably, elastomer
masterbatch can be produced using natural rubber latex (latex concentrate or field latex),
along with various grades of carbon black filler, having excellent physical properties and
performance characteristics. Carbon blacks presently in broad commercial use for such
application as tire tread have been used successfully, as well as carbon blacks heretofore

30 considered unsuitable for commercial use in known production apparatus and methods.

Those unsuitable because their high surface area and low structure rendered them
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20 achieve such excellent macro-dispersion of carbon black without significant molecular
weight degradation of the natural rubber and, therefore, did not produce the novel
masterbatch compositions and other elastomer composites of the present invention.
Preferred novel elastomer masterbaich composiﬁons in accordance with this disclosure,
having carbon black macro-distribution levels and controlled Mooney Viscosity levels not
25 heretofore achieved, can be used in place of prior known masterbatch having poorer
macro-dispersion. Thus, masterbatch disclosed here can be incorporated into cured
compounds in accordance with known techniques. Such novel cured compounds are found
in preferred embodiments to have physical characteristics and performance properties

generally comparable to, and in some instances significantly better than, those of

30 otherwise comparable cured compounds comprising masterbatch of poorer macro-
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than 11Ggc/ 5119‘9&’ argr é% B dh®ure. The dispersion quality of natural rubber masterbatch

produced in accordance with the methods and apparatus disclosed here can be
demonstrated with reference to the well known characteristics of MW, (weight average)
and macro-dispersion. Specifically, the macro-dispersion level in masterbatch produced
in accordance with preferred embodiments is significantly better than that in masterbatch
25 of approximately equal MW_, produced using dry mastication. Most notably, the
dispersion quality of these preferred embodiments does not depend significantly on the
morphology of the carbon black filler. It will be recognized that other factors affecting
the level of dispersion achievable using the method and apparatus disclosed here, include
the concentration of the carbon black in the slurry, total energy input into the slurry and

30 energy input during mixing of the fluid streams, etc.
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even eliminates the need for further masncatlon in downstream processes at end user

15 facilities. Providing additional elastomers, additives and masterbatch within the
continuous compounder eliminates additional processing steps at end user facilities where
the masterbatch is used to produce end products.

The methods and apparatus of the present invention can be used to form products
which include, but are not limited to tires, tire treads, tire sidewalls, wire-skim for tires,

20  cushion gum for retread tires, rubber components of engine mounts, tank tracks, mining
belts, rubber components of hydro-mounts, bridge bearings, and seismic isolators.

Results of experiments using the invention disclosed herein follow, wherein

“FCM?” represents the continuous compounder, or Farre! Unimix Continuous Mixer, and
“OM?” represents the open mill:

25 Trial #1 Data
This trial was conducted to test the drying capability of the continuous compounder
(FCM). This trial was also designed to test the capability to add and incorporate a stream
of oil. This wet sample was made from natural rubber latex concentrate and N351 type
carbon black. The masterbatch was fed into the continuous compounder with a moisture

30 level of approximately 20 weight percent.
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Trial #2 Data

This trial was conducted to test the drying capability of the continuous compounder
(FCM). This trial was also designed to test the capability to add and incorporate a stream
of oil. This wet sample was made from natural rubber field latex and N220 type carbon
black. The masterbatch was fed into the continuous compounder with a moisture level of

approximately 25 weight percent.

Sample CB 0il Rate RPM | Orifice | Product | Moisture] MV | MW |Bound
Loading | Loading | (Ib/hr (%) |Temp(Fy| (%) Rubber
(b | b | dry) max

Bin #1 initial 54 - - - - - 25 196.0 | 707K | 76.63
product

Bin #2 initial - - - - - - "25 160.9 | 723K | 75.84
product

#12 54 4 400 425 35 325 0.25 1354 | 537K | 72.79

#13 54 3 336 375 38 340 0.08 135.9 | 510K { 70.11

Trial #3 Data

This trial was conducted to test the drying capability of the continuous compounder
(FCM). The open mill (OM) was also incorporated into this trial. This trial was also
designed to test the capability to add and incorporate streams of oil, stearic acid (SA), and



Gl / Rate Orifice Product Tenp Mi sture Sanpl eLoadi ng Loadi ng 6PPD all'bg':nlrm03

RPM% (F) (% (phr)(phr)Loading dry)max (hr) initial product50------- 22 6A
OW9------- 7@ FCMA9- 2/ 302260423500.25 1 7A OM-7217--1900. 35 8A
Fovie52/ W& Y98EA13200. 58 1 8A OM 52/ 200---0.61 1 Sanpl 8

Rubber Macr o- Di spersion initial product 84609K77. 81A-4/0. 30 6A
OML71332K69. 30A-4/0.06 7A FCML57517K74766A-4/0. 13

an antioxidant (Santoflex 6PPD). This wet sample was made from natural rubber field
Iatex and Cabot experimental carbon black A. The masterbatch was fed into the

continuous compounder with a moisture level of approximately 22 weight percent.

Sampie CB 0il SA Rate RPM | Orifice Maximum Moisture
Loading { Loading !/ (Ib/hr (%) Product Temp (%)
{phr) | (phr) | 6PPD | dry) F
Loading max
(phr)
initial product 50 - - - - - - T22
6A OM 49 - - - - - - -
7A FCM 49 - 2/ 302 260 42 350 0.25
1
7A OM - - 7 217 - - 190 0.35
8A FCM 46 5 2/ 312 265 41 320 0.58
1
8A OM - 5 2/ 200 - - - 0.61
1
Sample MV MW Bound Rubber Macro-Dispersion
initial product 194 609K 77.81 A-4/0.30
6A OM 171 332K £9.30 A-4/0.06
7A FCM 157 517K 74.66 A-4/0.13
7A OM 135 386K 66.84 -
8A FCM 138 496K 70.83 A-4/0.10
8A OM 118 440K 56.82 -
Trial #4 Data

This trial was conducted to test the drying capability of the continuous compounder
(FCM). The open mill (OM) was also incorporated into this trial, This trial was also
designed to test the capability to add and inﬁorporatc streams of oil, stearic acid (SA),
silica, and an antioxidant (Santoflex 6PPD). This wet sample was made from natural
rubber field latex and.NZZO type carbon black. The masterbatch was fed into the

continuous compounder with a moisture level of approximately 25 weight percent.




7A OML35386K66. 84-

Data This

cont i nuous conpounder
this tri 3{O00RAPY tri al
i ncorporate streans of
(Sant of | ex 6PPD) .

trial

Thi s

8A FCML38496K70. 83A-4/0. 10 SA OML18440K56. 82- Trihk 04T 2003
was conducted to test the drying capability of the

oi

was al so

(FCM. The open m |

stearic acid (SA),
wet sanpl e was e from natural

(OM was al so incorporated into
designed to test the capatyusdooyezé 0 add and

silica, and an anti oxi dant
rubber field | atex

and N220 t — . s fed into the continuo
compounder| wi tH? i §% uf e HeeSiitH |apir ofxikeit dIRPME Borifies [gktxiope 1] C Bibiture ]
C T 2003 00/ 62990 aline PORAIGAEDR P25 / (Ib/hr (%) Product (%)
Sanpl eCBQO | Si | i caSARageRPMgr) fii ealybxi ia}{%ur e :
Loadi ngLoadi ngLoading/ (1 bl hr (%) Produigt (99 (phr ) ( phi )(phr)gﬂgg&r y) Tenp
Loading hriinitial jprodugt53---- --1- A FCMp3- - 1500450421. 27 1A
OM - 240- - 2RE02 326G FCMEBE8—5—145348 39_2C 58 9--380-12400. 22
FCVB28. 5- 3] ﬁzﬂ@%mo 400. 06 3.1 3A{OW1§. 5-3. 1/540--2100. 25 31 SAsS
FCVb28. 583—14476490443300-24 3 | SAl OMR19 583 1/540--2100.34 3]1
1A FCM 53 - - 500 | 450 42 . 1.27
1A OM - - - 240 . - 200 0.23
2C FCM 53 8.5 453 | 485 35 320 0.39
2C OM 55 8.5 - - 380 240 0.22
3A FCM 52 8.5 - 3.1 487 | 500 | 40 340 0.06
3.1
3A OM 5i 8.5 3.1 540 210 0.25
3.1
SA FCM 52 8.5 8 3.1/ 470 | 490 | 41 330 0.24
3.1
5A OM 51 8.5 8 XY 540 210 0.34
3.1
Sample MV MW Bound Rubber Macro-Dispersion
%
initial product 154 688K 55.79 B-5/0.40
1A FCM 148 536K 69.33 A-4/0.07
1A OM 134 493K 69.44
2C FCM 98 557K 60.62 A-3/0.03
2C OM 108 494K 66.91 A-3/0.09
3A FCM %0 610K 36.31 A-3/0.02

us
4 0O

(F)
3A



Sanmpl eMVMABound Rubber Macr o- Di spersion % initial
product 154688K55. 79B- 5/ 0. 40 1A FCML48536K69. 33A-410. 07 | A OML34493K69. 44-
2C FCWB8557K60. 62A- 3/ 0. 03 2C OML08494K66. 91A-3/ 0. 09 3A
FCVB0610WOd0462688 3/ 0. 02 1 4 OCT 2003 WO 00/ 62990 41 PCTI BSTUSWPINS 3A
OW0636K42. 61A-4/0.11 5A FCML03573K51. 70B-410. 33 5A OW0552K48. 67A-410. 20
Trial 1/5 Data This trial was conducté& to test the drying capability of

t he conti

into this
and N234 t
conpounder
Rate Orifi

(F) (% hy)

14 0CT 2003

..,\Et.; eoRpatRaer—FCM- Thn opan Ll (O was . also incornarated
PO Thils metgéanple was Bfade ffom fatiral [ ubbér/%ilel d || at ex
pe_carborn black. The jmsterbatch was fed intp the conti nuous
with a [sture level} of approxinpately 24 wel pght percent.] CB

S&FUMKi numi Moi WBur e Sanpl elzsxadi ng| (1 b/sr70 RPM P9 Pr edics Tenp
dry) FCl1 |[FCMb62300250443400.50 FCI| OVb2----0.1p

5A OM 90 552K 48.67 A-4/0.20

Tria ata

This trial was conducted to test the drying capability of the continuous compounder

(FCM). The open mill (OM) was also incorporated into this trial. This wet sample was

made from patural rubber field latex and N234 type carbon black. The masterbatch was

fed into the continuous compounder with 2 moisture level of approximately 24 weight

percent.
Sample CB Rate RPM Orifice Maximum - Moisture
Loading (ib/hr (%) Product Temp (F) (%)
(phr) dry)
initial product 51 N : = = —
FC1 FCM 52 300 250 44 340 0.50
FC1 OM 52 - - - - 0.15
Sample MV MW Bound Rubber Macro-Dispersion
%
initial product 218 64K 72,21 A4 /0a% ]
FC1 FCM 160 467K 69.36 A-3/0.03
FC1 OM 141 335K 63.55 A4 /012
Tria) #6 Data

This trial was conducted to test the drying capability of the continuous compounder

(FCM). The open mill (OM) was also incorporated into this trial. This trial was also

designed to test the capability to add and incorporate streams of oil, stearic acid (SA), zinc

oxide (ZnO), silica, and an antioxidant (Santoflex 6PPD). The feasibility of adding

butadiene rubber was also investigated for sample FA4 during this trial. This wet sample

was made from natural rubber field latex and N220 type carbon black. The masterbatch

was fed into the continuous compounder with 2 moisture level of approximately 20 weight

percent.



Sanpl eMMABound Rubber Macr o- Di sper si on
OML41335K63. 55A-4 10. 12 Tri al

FCl FCML60467K69. 36A-3 1 0. 03 4451 2003
#6 Data This trial was conducted to test the

drying capability of the continuous conpounder (FCM. The open mll (OM
was al sé”gr?(q’ﬁ?gﬁ?)rat ed into this trial. This trial was a‘TQ%”S”g’@%gFﬁned to -
test the capability to add and incorporﬁte streans of oil, stearic acid
(SA), zinc oxide (ZnO, silica, and an™“anti oxi dant (Santoflex 6PPD). The
f easi bi li tpy %an%ddi LeTay tgifji :r‘srlshcgtbtggr WS~ ot “"MJI nc‘)v'.est gated-for-sanpl e
FA4 during this trifal . This wet sanpl’e {was KM | Bl PPt | MRBE i el d
| at ex and |N220 typd 1e4rspeedee atwdnethe’ ndsefibat ch | Wik f Betugtrit o (e
cont i nuoud conpounderrhaii | Heha frodist YreePd dveky) of apdr oxi nieess go [20 wei gh
percent. 34 O C T 4003 00/ $2990 |PCT1 YS00/ 09925 (42
Sanpl eCBA}l Si | i caSARat eRPMOr i {i ceMgxi,murtvbi st dir e :
Loadi ngLogdi ngLoadijng/ (1 pl hr ($9 Proquct (% (phf) (phr) (phr) 6PPOdry) Tenp| (F)
ZnO Loadifjg hr) iniltial produgt 74-{+=%% ) 20 FA3 :
FCM 7. 97. 12_9/400300593380 37{2 9/ |5¢f) BA3 37-97,12.9/----10.14 2.9 5.0
FA4 FCM 5.|Biiakpseders 4007001 83300. 63 2. 01 - - - - “20
FA3 FCM - 7.9 7.1 2.5/ 400 300 59 335 0.37
2.9/
5.0
FA3 OM 73 7.9 7.1 2.5/ - - 0.14
2.9/
5.0
FA4 FCM - 5.5 5.0 2.0/ 400 300 48 330 0.63
2.0/
1.5
FA4 OM 55 5.5 5.0 2.0/ . - 0.19
2.0/
3.5
Sample MV MW Bound Rubber Macro-Dispersion
%
initial product >200 611K 70.74 A-3/0.10
FA3 FCM 154 483K 70.71 A-3/0.10
FA3 OM 133 362K 54.58 A4/0.17
FA4 FCM 125 370K 44.08 -
FA4 OM 113 376K 43.68 C-6/1.36
Trial #7 Data

This trial was conducted to test the drying capability of the continuous compounder
(FCM). The open mill (OM) was also incorporated into this trial. This trial was also
designed to test the capability to add and incorporate streams of oil, stearic acid (SA), zinc
oxide (Zn0O), silica, and an antioxidant (Santoflex 6PPD). This wet sample was made
from natural rubber field latex and N220 type carbon black. The masterbatch was fed into

the continuous compounder with a moisture level of approximately 24 weight percent.



3.5 FAA OVB55.55.02. 01----0.19 2.0/ 3.5 Sanpl eMMABound 14 0CT 2003
Rubber Macr o- Di spersion initial product> 200611K70. 74A-3 / 0.10 FA3 '
FCML54483K70, 71A-3 10. 10 FA3 OML33362K54. 58A-4 10.17 FA4 FCML25370K44. 08-
FA4 oviPS3%6¥a% 68c-61 1.36 Trial #7 Data This trial wWESTUSHIEed to test
the drying capability of the continuous conpounder (FCM. The open mll
(OM was also incorporated into this trial. This trial was also designed
to test tpegapabtri-ty—trogtd—and irgerp%ealc“*r:%np gf—oit——steari£ acid
(SA), zing oxide Z%, st lilca, dnd an antifoxi ant”f@amt%"f‘l x OPPD) | This
vwet sanpl b was nadétof8eq heapize| bfdre |r ubbdr WY &l d | af e$® afdPrde2q t FE chrbon
bl ack. Thg mast er bat @ washrf gdehent|osPPI He dgont | nuols conp r wth p

noi sture |evel of approjimatgly 24 wei ght percent] 14 @CT 2043 WO 00 62990
43 PCTI USP0/ 09925 $anpl ¢CBG 1|Si | i dagAR4t eRPMOr i f i peMaxVbi st urle
Loadi ngLopdi ngLoadi ng! (l]b/ hr ({99 Prqduct (%9 (phr) (pphr) (phr) 6PPOdry) Tenp (F)

fal

ZnO Loadi hg (hr) ihitiall product5d-2m%]---24 FBI
FCMVB38. 5- B..11.400410393390 453 1 HRPBMAA] 5-13 11-1--0 31 3 1 IFB2
FCVB38. 57| 1! apdidop30293420. 44 - - - : - - K
FB1 FCM 53 8.5 - 3.1/ 400 410 39 339 0.45
3.1
FB1 OM 54 8.5 - 3.1/ - - - - 0.31
3.1
FE2 FCM 53 8.5 1.7 3.1 400 330 49 342 0.44
3.
5.4
FB2 OM 53 8.5 7.7 EXY . - - - 0.26
3.1/
54
Sample MV MW Bound Rubber Macro-Dispersion
%
initial product 189 751K 63.42 A-3/0.09
FB1 FCM 84 671K 41.04 A-3/0.07
FB1 OM 86 600K 43.91 A~ /0.06
FB2 FCM 78 609K 49.85 A-4/0.14
FB2 OM 80 468K 49.34 A-4/0.17




3.1/ 5.4 FB2 OWb38.57.73.1/----0.26 3.1/ 5.4 Sanpl eMvMABound - 140CT 2003
Rubber Macro-Di spersion initial product189751K63.42A-3 / 0.09 FBI
FCVB4671K41. 04A-3 / 0.07 FBI OvVB6600K43.91A-4 / 0.06 FB2 FCMr8609K49. 85A- 4
I 0.14 FEP BRYA68K49. 34T A-4 / 0.17 14 0 CT 2003 WO 00PEFZHA009925

PCT/ US00109925 44 In view of the foreg%{]ng di sclosure, it will be apparent

to those skilled in the art that vari s additions, nodifications, etc.

can be nade wi thout departing fromthe tru scope and spirit qof the

i nvention. All ‘"Sﬁwé%ﬁ}etftf’ﬁﬁgmﬁr‘mc Lo i ité’%{ﬁibﬁr@p%e@ oAb ktileddn g arkover ed
by the fol klﬁWvﬂﬂo@'a@ﬂi@ian,Jm(_ﬁllifﬂ:a@-ns?@@?’cm&%ﬁ@%ﬁtﬂoﬂ%k@ﬂ%ﬂ%%ﬁb wie Ve
claim 1. A nmethod of treating a substantially coagul ate sterbatch
conpri si ng seppe gad tpirgt Af shecinyantipe r Al suchaatidigions andrmodifichionyerdoderdedpr bssi ng
the steps gé\;er&ﬁé%gg l}ohe nas.t erbatch to a feed port of a continuous
conpounder "having nu 'y Eﬂ“ég Bt ors axi al | y oriented in an el ongate
processi ng chanber; processing the masterbatch through the processing
chanber of the continuous conpounder by controlled operation of the
rotors; and discharging the nmasterbatch froma discharge orifice of the
cont.i nuous conpounder. 10 2. The nethod of claim11, further conprising the
step of passing the masterbatch fromthe discharge orifice of the

cont i nuous conpounder through an open mll. 3. The method of claim 2,
further conprising the steps of passing the masterbatch fromthe open mll
t hrough a cooling system having a water spray, passing the masterbatch



formthe cooling systemthrough a granulator, and passing the nmasterbps@QT 9003
fromthe 15 granulator through a baler. 4. The nethod of claim1, further
conprising the step of conpounding additional naterial_into the

nast er bawg’r?“’i(’??”? he continuous conpounder. 5. The met hod?6FUEI4P44P 4, wherein
the additional material is selected fr additional filler, additional

el astoner, a second nmasterbatch, oil a ot her additives. 20 6. The net hod
of claim1l V\/r}ere_i n the continuous conmpounder dries the masterbatch. 7. The
met hod of OY&FM™ wherein the continuous conpounder controls the Mooney
Viscosity of the masterbatch. 1 4 O CT 2003 WO 00/ 62990 PCTI USOQ 09925 46
8. A continuous flow nmethod of producing el astoner conposite, conprising:
feedi ng a deonti Audeeshod] efytespting ras sulsstagtiallyc snagulatédn gpasterhatodneempriging at 0 a

1 Xi f def i ni . el I
ot endi ng PrORICR? o 5P ERGE, sisBoR BrPusad B BEG70 " cont 1 nuous

flow of second fdeding teQngteritidhdo Bdédd powt dFta@oftituoBd comijdBhder BABSSHGRIple0 t he
'm xi ng zone of the coagulumreactor to forma mxture with the el astoner

| at ex, X he IofPsstaxialy paisated dn aelgngashprogessins chambeti o t he di scharge end and
the particul ate L r j ect I at ex,
wher ei n m xi ng 8¥JcH}sén%ﬁh??g£%tﬁa{t%x g#c)i’yg% t thgé) pgg%gé#of %ﬁlﬂéﬂ&?vﬂ? tt%isé&t éodn% Xi ng
zone i s sufkcbmpoumdet by eonerolled omerdtwnsofiibd ondrspdrddy conpl etely 10 coagul ate
the elastoner latex with the particulate filler prior to_the discharge end;
di schargi ng a stisshasgipg aﬁthmé‘gFﬁbf“i‘fﬁo&?“? 120 \issharge aQifite Of cBfPEAHBROYS, om t he
di scharge epflr&fngkfie coagulumreactor; feeding the substantially continuous
fl ow of el astgmar conposite to a feed port of a continuous conmpounder
having nultiple parallel rotors axially oriented in an elongate 15

processi ng .cha r:. prac i.ng, the, el ast oner conposi.te through the
procesg(} ng zchagﬁﬁf “bﬁm?h C%‘8%'[4‘ﬂ{fB‘Efs“’élmﬁﬁHlﬁn‘@%EEBff@a?ﬂ%ﬁ%F_3‘8?583%‘?%i on of
the rot or s froMthe HisBira¢ ofinek dffige @Arﬁﬁlﬁ@ﬁe@'ongﬁﬁm ihrBugh AMdRnGhiBC har ge
orifice of the continuous conpounder. 20 9. The nethod of claim8, further

conprising the step of processing the elastonmer conposite fromthe

The. mot hod Jor o 3 megioarat e d8icr ARpARThe (AR Hh il AR Hhsfibten 10

mast er bat clfrom the open mill through a cooling system having a water spray, passing the masterbatch

form the cooling system through a granulator, and passing the masterbatch from the
15 grannlator through a baler.

4. The method of claim 1, further comprising the step of compounding additional

material into the masterbatch in the continuous compounder.

5. The method of claim 4, wherein the additional material is setected from additional

filler, additional elastomer, a second masterbatch, oil and other additives.
20 6. The method of claim 1, wherein the continuous compounder dries the masterbatch.

7. The method of claim 1, wherein the continuous compounder controls the Mooney

Viscosity of the masterbatch.
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fromthe open mll through a cooling system having a water spray, passing
the masterbatch fromthe cooling systemthrough a granul ator, and passing

t he maste tﬁﬁ}ggspgfromthe 25 granul ator through a bal erB%i.@g@%%ﬁgr atus for

produci ng e mer conposite of particulate filler dis
el astonmer, conprising: a coagulum reactQr defining a mxing zone and an
el ongat e coagul um zone extending fromthe m xing zone to a discharge end;

14 OCT 2008 WO QO/H2 I x feed ans for. feeding
el astomer [ at ex f%@‘é%ﬁgﬁ‘g@??@?ﬁé Fn‘%é.g”r%%”%’%?‘nﬁ’ FYPP ™ ced neans
for feeding par fdedingatoentirubhefiow bfditt Asid aorapmisingrliedfei Biexitdh titif€zdHexi Ng
zone to forma mxture w I he elastomer |atex fluid traveling fromthe
Tixing zofl6? FRPERIIR AR e IGE aR loDEAE FRRLISEFOT fHERGNE fropribe BIHnE P
di stance bgf yaRPhdrB€esd:Xi Ng 5 zone and the discharge end is sufficient to
permt substantiallTy conplete coagul ation of the elastoner latex prior to
t he di'Schar ge efrg¢dingnal cantinones flowusf sesnmb finidieconipaising gpastiduxed filer tinder '

tivel d.to th ischarge end of .the coagul um zone for
e vi ng PIEIE SoE AL ARl P SPEGNTRICHIE o o duAheE WHhFIS SAHORE

filler, a fi&chad extore fakfy ahi cOMANBR Bow TP B IRLNL COANR the gﬂ'ﬂ Ha
plurality of 10 rotors axially oriented within the processin cﬁan%er. 12.

The appar afiller bsingeefectyeite cosgplai e ehsoper Biengwhaseiv mxing oftbe fisst floid andnveyi ng

a substangi ' f el oner _conposi te fr.omthe discharge
end of theh)e%(%%%ﬁﬁﬁ% é’%“feo’%%g Z?’@%H Sgéfr‘:{e“ RS ’%%rﬂlﬁst‘ﬂ%‘ﬁ@ ampidtder .

13. ThaOappedsagulise té etdsirier latex with tiecparCaE filérgior 0RO dRPRRgdEdd; connect ed
by a conveyor tq, the discharge orifice of the continuous conpounder; mill;a

cool i ng syst em AGhangng asbstantaiya gontimgonso o af edpsiopmes commositeofromothehe open
a granul at giieRPEM SAnL Yoduf@a¥RF; 10 the cooling system and 20a bal er
[ 25

connected by a Conveyor to the granul ator.
feeding the substantially continuous flow of elastomer composite to a feed port of

a contmuous compounder baving multiple paralle] rotors axially oriented in an elongate
15 processing chamber;
processing the elastomer composite through the processing chamber of the
continuous compounder by controlled operation of the rotors; and
discharging the elastomer composite from a discharge orifice of the continuous

compounder.

20 9. The method of claim 8, further comprising the step of processing the elastomer

composite from the discharge orifice of the continuous compounder through an open mill.

10. The method of claim 9, further comprising the steps of passing the masterbatch
from the open mill through a cooling system having a water spray, passing the masterbatch
from the cooling system through a granulator, and passing the masterbatch from the

25 granulator through a baler.

1l.  Apparatus for producing elastomer composite of particulate filler dispersed in
elastomer, comprising:
a coagulum reactor defining a mixing zone and an elongate coagulum zone

extending from the mixing zone to a discharge end;
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15

20

25
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47

latex feed means for feeding elastomer latex fluid continuously to the mixing zone;

filler feed means for feeding particulate filler fluid as a continuous jet into the
mixing zone to form a mixture with the elastomer latex fluid traveling from the mixing
zone to the discharge end of the coagulum zone, wherein the distance between the mixing
zone and the discha:ge end is sufficient 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 mixture of elastomer latex and
particulate filler, a discharge orifice, an elongate processing chamber, and a plurality of

rotors axially oriented within the processing chamber.

12. The apparatus of claim 11, further comprising conveying means for conveying a
substantially continuous flow of elastomer composite from the discharge end of the

coagulum zone to the feed port of the continuous compounder.

13.  The apparats of claim 11, further comprising:

an open mill connected by a conveyor to the discharge orifice of the continuous
compounder;

a cooling system having a water spray and connected by a conveyor to the open
mill;

a granulator connected by a conveyor to the cooling system; and

a baler connected by a conveyor to the granulator.

14 0CT 2003



