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PCT/ US98/ 20279 ELASTOVER COVPCSI TE BLENDS AND METHODS FOR PRODUCI NG THEM
Field of the Invention 5 The present invention is directed to
novel nethods’wnggkgbucing el astoner conposite bl ends and E&EVHSPEP

el astomer conposite bl ends produced using such nethods. Mre particularly,
the invention is directed to nethods for producing el astonmer conposite

bl ends having particulate filler finely dispersed in elastonmer, and to

el astomer conposite bl ends such as curative-free conpositions,
curative-bearing 10 conpositions, and vul cani zed rubber materials and
products fornmed of ELASTOMERIOMPOSITE BUENDSBRGKGEDLLIE AYPROBUSINBr@EMCT S Of
comercial significance are formed of el astomeric conpositions wherein
particulate filler is dispersed in any of various synthetic 15

el astoners, natural rubber or elastoner blends. Carbon black, for exanple,
is wdely used as a reinforcing agent in natural rubber and other

el astomers. It is common to produclicidekdbelnvepioth that is, a prem xture of
filler, elastomer and various optional additives, such as extender oil, and

then in sdne cases {The praseny invgntipmia direeterhtoctovel métheds fort produdinge¢lassamerer in a
subsequent m xi ng step. Carbon bl ack nasterbatch is 20 prepared with

di ff erent gradesmpésitc ciends andlth ynowel ssldswinlee compdsite Hnds lprottedhusigy Yuchot h i n
surface area per unit weight and in "structure.” Nunerous products of

commer ci al  si gihdthadsNCMofY ParficlaByl thY invbiitidn G AKLASE (d fe®BI Y| frbdiidigOf
carbon bl ack particulate filler dispersed in natural rubber. Such products
include, for expsRher corpidkife!tienid ftthg particulate filler finely dispersed in elastomer, and

to elastomer composite blends such as curative-free compositions, curative-bearing

10 compositions, and vulcanized rubber materials and products formed of such

compositions.

Background

Numerous products of commercial significance are formed of elastomeric

compositions wherein particulate filler is dispersed in any of various synthetic

15 elastomers, natural rubber or elastomer blends. Carbon black, for example, is widely
used as a reinforcing agent in natural rubber and other elastomers. It is common 1o

produce a masterbatch, that is, a premixuure of filler, elastomer and various optional
additives, such as extender oil, and then in some cases to blend such masterbatch with
additional elastomer in a subsequent mixing step. Carbon black masterbatch is

20 prepared with different grades of commercially available carbon black which vary both
in surface area per unit weight and in “structure.” Numerous products of commercial
significance are formed of such elastomeric compositions of carbon black particulate

filler dispersed in natural rubber. Such products include, for example, vehicle tires
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wherein different elastoneric conpositions nmay be used for the tread
portion, sidewalls, wre skimand carcass. O her products include, for

exanpl e, engi unt bushi ngs, conveyor belts, w ndshield w pers and the
li ke. Wil e%&\?\ﬁsg@ range of performance characteristics &TY5822H eved

enpl oying currently available materials 5 and manufacturing
Lechni ques, viaRi difkterabidind ConiHoRRE8"tha WRClel fof Gnd BAHE phtich® devel op
el astoneric conpositions having I nmproved properties and to r &QUCE” t he cost

and conpl exi I C ' lques. In particular, it is
known for egfg)r'{r‘g?ies’t af nmacr o- di g'p?#[se% glg’d{mgg/’}é&&u ’ﬁ%&exf‘“??l%t PRGNS i ¢y of
di spersion of .the carbon .black.qr.other filler within the elastoner, can
si gni fi cant fgvsquh%aggnv&q:flﬁ%w@gshi wipers E‘T‘fiaﬁlﬁ(,llkér Ml%é.“%ﬁnﬁ 8t oneri c
conposi tions prepared by intensively mXxing the carbon black or other
filler with ?"&%&Fe? Fistigs cap he achiqvad espleying sumentlyavailable Batetials y i xer
or the like), any increase in macro-dispersion requires |onger or nore

i nt ens? ve naRd mgnufpgtuning taehniques; dhpoehas bdemsatbng standieg nedd in derindweas tener gy
costs, manufacturing tinme, and simlar concerns. For carbon black fillers

of certain sdevelopcalasidineric compositiona havisg nurbvsdepropeatica Ghe td &lideShe SdsEPer i on
beyond a certain degree has not been possible or coomercially practicable

usi ng known aiid somiple SRP6H liftefit RithficRe{AR itthRRues! Mnfetichiap Nie isskifb@n%?' onged or

nore intensive m xing degrades the natural rubber by disruption of the
pol ymeri ¢ Cleginiste Mht thitfo-BidferdicH 1evet HRAY r jts
nol ecul ar wei ght, render-‘i“% tlhe fini sﬁség{egﬁ%@@#e?@%g%%ﬁggﬁﬁg%%ﬁ%%si rabl e
for certain I Chi e.ln.ti.re tread, for, exanple,
reduced ol ggaglfé)rr (\’At/%%gﬁl{léri S '2%3&%“%%‘%%3‘:3%595%@%@* MRBAcL PEFRIMANE, iy t he
so-caid ed r%l | . r.esi Lance of .the tire.. It is 5’” known to enpl oy carbon
bl acks® havi RG RTgher of of SREPMER: GePRRsHons, frepared hyintensively sixingithe)| ate t he
per f or mance Car bon bl acks of

teristj f | ast i i tion,
R gher " Sur 1 SO AAE o Pt T S BEGREOADE 95 OHPF s e baF

Banbury mixer or the like), any increase in macro-dispersion requires longer or more

intensive mixing, with the consequent disadvantages of increased energy costs,

manufacturing time, and similar concerns. For carbon black fillers of certain surface

15 area and structure characteristics, dispersion beyond a certain degree has not been

possible or commercially practicable using known mixing apparatus and techniques.

In addition, such prolonged or more intensive mixing degrades the natural rubber by

disruption of the polymeric chains of the natural rubber elastomer, and so reduces its

molecular weight, rendering the finished elastomeric compound undesirable for certain

20 applications. For use in tire tread, for example, reduced molecular weight is known
to cause an undesirable increase in the so-called rolling resistance of the tire.

It is well known to employ carbon blacks having higher or lower structure and

surface area to manipulate the performance characteristics of an elastomeric

composition. Carbon blacks of higher surface area and lower structure are known to
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2 i nprove, crack growh resistance and cut-and-chip resistance as well
as, generally, abrasion resistance, and ot her performance qualities.
Commerci al ly avai:l e m xi ng techni ques have been unable tq achi

excel I'ent uni f'9 'g?"ﬁ%&”of di spersion of carbon bl acks thr oughgﬁ?%ﬁ’@&

el astonmer, however, w thout unacceptabl e degradation of the 5 nat ur al

rubber. 1n fact g Eid EraWwiE RkidGHend Clit-draadi i {23 well f3absHepdy! Ubber,
such as 45 phr g[n(x)ﬂr%e prhr,gtgnd 1(?irsl | oadi ngtfrge?gpggspl%lt?%?o 10‘:mphr,E Ieowy

b . f -
11000/ 1000, - par rRsTarTsmEh 3 SR Reifhne; ke cthtcaf huliiimirnr |
| ose than sbout bty Be fabie 8 iR 2Réellent sl o imsioR O SBod ' "

di spersion, as descrjbed below) regardl ess of the duration and intensity

| evel of m xi ngblagksrthyeughayt the elgsiomer. ihowsyes: withqut unagrapiable degradation of theq
desirabl e inprovenents in certain performance characteristics of

el ast orer iSc  compiirakmbles. Infactofor typicakeathon black ordinglevéls ipmaturalymbbgr.csuel ea and
| ower structure, it has not been possible using known physical mlling or
ot her nmasti cat i sx#5pho ccBophs, and oil idading fromdhphe k@ H) phyplowetreange@aibba biacks15

I n which both the nol ecul ar wei ght of the natural rubber is well preserved

and sati sfact or sachacdacbolibEEKky FIDBPA lessehan 106cc!106g, partivalakpihakihavine sidfabe eved.
Generally, it has been found, for exanple, that the el astonmer reinforcing

properties of a;ganboR fHoBCASHANE (L8R /PECTAB), Rehds! fok B sible oRnfe

PLER & ous
bl ack decreases. However, with extrenely fine carbon blatks an anonal ous

ck decreases. _ ety
ot ovenent i n- arpade SBAEDERMETRER 12 bkt S blek copns BB bR, o

least in part g thel nablLh LY gl SOmKaR bARR kSl T AR g

Furthermore, while theoretical analysis has indicated desirable improvements
in certain performance characteristics of elastomeric compositions employing carbon
blacks of higher surface area and lower structure, it has not been possible using known
-physical milling or other mastication processes to obtain such elastomeric compositions

15 in which both the molecular weight of the natural rubber is well preserved and
satisfactory macro-dispersion levels of the carbon biack are achieved. Generally, it has
‘been found, for example, that the elastomer reinforcing properties of a carbon black
increase as the particle size of the carbon black decreases. However, with extremely
fire carbon blacks an anomalous condition is known to be encountered, in which the
20 expected improvement in properties is not achieved. This is understood to be due at
least in part to the inability of conventional elastomer compounding methods to
adequately disperse the carbon black in the natural rubber without undue breakdown

of the elastomer polymer. There has been, therefore, consequent inability to take full
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adequat el y di sperse the carbon black in the natural rubber w thout -undue
breakdown of the el astoner polyner. There has been, therefore, consequent
inability t‘g é@{}% full Blends-CIP 3 advant age of the natural affinity of
the carbon Bf W\d the natural rubber for each other i PGWES¥AY of such
carbon bl acks. Since good dispersion of carbon black in natural rubber

conmpounds hagvhage of ﬁ{é%ﬁkﬂagug@rofmﬂo}macﬁ%n@ﬁﬁ rifurdl HaouEP $or égﬁﬁgfr tant

obj ectives for achieving goo gquality and consistent pro

per for nancergngs@lgk&gﬁfcmE)ﬁbﬁa&_ been devoted to the devel opnent of
or

procedur es assessing dispersion quality in rubber. Methods devel oped

I ncl ude, e.g. thg, t, D spersi.on,Chart. and variqus i nage apalysis
procedures. Di spgw(sg‘? g?%’dqdl%zgﬂ%fo)? o&'gﬁrngég%glf %B“@é“ écgtf‘ﬁ‘g@dﬁ)gasrﬁéﬂ ng

achi eved. An ideal nfcgiis ersion of ¢ rbon plack is ,the state in which the
carbon bl acREQgYredfar sAmeime 3s ofg of the most jmportant objestiygs Spicarhisying geed o
aggregates (acconplished by dispersive mxing) uniformy separated from
each ot her @sali&h#andconsistent pipdynt erformande, eonsidscable pffortvhasibeertdeveted fotbes of al |
t he carbon bl ack aggregates conpletely wetted by the rubber matrix (usually
referred todeeclipment pb pedcedimgs. foCmssessing) dispéreion quality Hia mblEser Methiddst ry whi ch
are often related to poor 15 macr o- di spersion can be classified into
four major deteluped iisdudepreagiuhé Gubof DispeRA, Chdt hRT Sasifsciiage asalydiace

appear ance and di spersion efficiency. The functional performance and

durabi | ty_gfocaas bDIiphiiAlquileg o B EinkdlbbAE skl dPubiaidg e RCTAS Tensi | e

Su

strength, fatigue life and wear resistance, are affecte stantrally by
macr o- ideal dispersion of carbon black is the state in which the carbon black agglomerates (or
10 pellets) are broken down into aggregates kaccomplished by dispersive niixing)

uniformly separated from each other (accomplishéd by distributive mixing), with the
surfaces of all the carbon black aggregates éompletely wetted by the rubber matrix
(usually referred to as incorporation).
Common problems in the rubber industry which are often related to poor
15 macro-dispersion can be classified into four major categories: product performance,
surface defects, surface appearance and dispersion efficiency. The functional
performance and durability of a carbon black-containing rubber formulation, such as
tensile strength, fatigue life and wear resistance, are affected substantially by macro-
dispersion quality. Undispersed carbon black can also cause surface defects on finished
20 products, including visible defects. Eliminating the presence of surface defects is of
critical importance in molded thin parts for functional reasons and in extruded profiles
for both aesthetic and functional reasons.
A commercial image analyzer such as the IBAS Compact model image analyzer

available from Kontron Electronik GmbH (Munich, Germany) can be used to measure

Blends-CIP
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di spersion: guality. Undispersed carbon black can al so cause surface defects
on finished 20 products, including visible defects. Elimnating the

presence of surface defects is of critical inportance in parts
for functlonawar@é‘%%s and in extruded profiles for both g&?ﬁl‘ﬁ’g?’;}zghgnd
functional reasons. A comrercial inmage analyzer such as the | BAS Conpact
model image anal yzer ayail able from Kont ron El ectroni k GrbH ( Muni ch,

Ger many) can ’Bécrﬂﬁé%e‘is{?nr?é&é’i’i%bﬁﬂ‘éﬁﬂgmﬁﬂﬁ*% Typirally.on JUENEIWE SRRSER car bon
black or other filler. Typically, uantitative macro- dispersion tests
used in the rdishreyion fegigdeed/in thh@lhbp'-i By, hetcrisical eni-off size i3 A0 mietoBhs
Defects larger than about 10 microns in size typically consist of

undi sper sed ‘bDefiedis Targeotian abdut 10 enicromssin wizk kypialipognsist of undispersddetilack or

contam nants, which can affect both visual and 5 functional

per f or mance. ' GihdrillerTRs Well ia Gy @it o olbrSioatamirats | WMEN aIfER A6MMNisiEl daf ect s on
a surface (generat ed by mcrotom ng, extrusion or cutting) greater than 10

m cronssi n SkgigiRtuilyekeimanés Ak, rﬁédﬁﬂmgﬂ{a%tcﬁspeﬁfon%%ﬁe@ﬁl Fg;ggdgree@d usi ng

an i mage anal ysi's procedure Macro-di spersion D(% 1s cal cu

foll N
S Number of o2 ARHECE el E) °fﬂ?ﬂﬁ%?“?$f°%ﬂ&%8f§sﬁ%@ﬁﬁw& Bing the
sane area as fnhs%e t?yf toui' greg %E glfch d@?e%'p\éla area(f 'te{a%llfeddds%réea{[nexm)age analysis

-'proz':‘edure. Macro-dispersion D(%) is calculated as follows:
% Undispersed area (%) = m 0
ndispersed area (%) = "—'Ez=1
10
“where A,, = Total sample surface area examined
N; = Number of defects with size D,

D; = Diameter of circle having the same area as that of the defect
(equivalent circle diameter).

15 m = number of images

"‘Macro-dispersion of carbon black or other filler in uncured natural rubber or

“other suitable elastomer can be assessed using image analysis of cut surface samples.
Typically, five to ten arbitrarily selected optical images are taken of the cut surface for

‘image analysis. Knife marks and the like preferably are removed using a numerical

20 ‘filtering technique. Cut surface image analysis thus provides information regarding the
¢arbon black dispersion quality inside a natural rubber compound. Specifically,

betéent undispersed area D(%) indicates carbon black macro-dispersion quality. As

‘macro-dispersion quality is degraded, percent undispersed area increases. Dispersion

Blends-CIP
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15 m = nunber of inmages Macro-di spersion of carbon black or
other filler in uncured natural rubber or other suitable el astoner can be
assessed using i mage anal ysis of cut surface sanples. Ty 'ﬁ?; ive to
ten arbitrdW?g?“§gﬁected optical images are taken of thegtu g%??é%e f-or

i mge analysis. Knife marks and the like preferably are renmoved using a
numeri cal 2Quatiry cah e oM, BB 9 redéing Hé pércen ufiigerRA eS| As { hus
provi des inflormation regardi ng the carbon bl ack dispersion quality inside a

natural r Ubb? eg%ﬂ%{égg-{%qﬁ%@ggy_ﬁ%ﬁ&ﬁlhh% a %?F:ﬁk{ac%ﬁﬂﬁgr e¥ficlerty @ad bk X9

i ndi cates caf spersion quality. As nmacro-di Spersion
quality is degraded, .pergcent ' ' S A hen
3'ends, o p Tabgrereryoh: Jf egertl RO SRRk SRcloAERRAS, clitRrkpneT
undi spersed area. As noted  above,  t m Xi erations .have.a direct

i npact on niclasiEeniipy example,n éﬂﬁ“@h“’gg‘?rr@ﬁ?&gﬁg’r i Ignger W“ﬁﬂ@r"%‘?wﬁet ter
carbon bl ack macro-di spersion is achieved in the_ elastoner, fqr exanple in
a nat ubal r ibtsasiversixing.bJdnfprungiely, diagereryiaghipying, Rettesymacg-dispersion bY; ¢ ansj ve
m xi ng. Unfortunately, however, achieving better macro-di spersion by

| onger, nor clohger,ancrewmensive imixing,cisgradesabe ¢lassomerdntoovhich the carbomblagk ¥he car bon
bl ack is being dispersed. This is especially problematic in the case of

nat ural rubbging didpesskd.i Thib isgspegially probletmitid in theocaseaf matira abbbehevhiel is
degradati on. Longer and nore intensive m xing, using known m Xxi ng

techni ques %Qm?%ﬁ.@?ﬁﬁl& to fid6HAnR &/ tBerBAl Beprakatibn e Longde? and more datersivet he
nol ecul ar wel ght of the natural rubber nasterbatch-conposition. Thus,

i mproved mact-di ' xR BdRi dppafadks Unith as WoBMibulySmikepwn to be
achieved wt éﬁgd?}?fg?g%ﬁrgﬁﬁgfi@g;enerqg{:f?hur%esi rabl e reduct}mgflmi n the

ol ec ulloar V\Bxi'egl?ées (t-He ntlagcular weight of the natural rubber masterbatch-composition. Thus,

improved macro-dispersion of carbon black in natural rubber is known to be achieved
with a corresponding, generally undesirable reduction in the molecular weight of the
rubber.
In addition to dry mixing techniques, it is known to continnously feed latex and
15 a carbon black slurry to an agitated coagulation tank. Such “wet” techniques are used
commonly with synthetic elastomer, such as SBR. The coagulation tank contains a
coagulant such as salt or an aqueous acid solution typically having a pH of about 2.5
to 4. The latex and carbon black slurry are mixed and coagulated in the coagulation
tank into small beads (typically a few millimeters in diameter) referred to as wet
20 crumb. The crumb and acid efﬂﬁent are separated, typically by means of a vibrating
shaker screen or the like. The crumb is then dumped into a second agitated tank where
it is washed to achieve a neutral or near neutral pH. Thereafter the crumb is subjected
to additional vibrating screen and drying steps' and the like. Variations on this method
have been suggested for the coagulation of natural and synthetic elastomers. In U.S.

Blends-CIP
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rubber. In additjon to dry mixing techniques, it is known to continuously
feed | atex and 15 a carbon black slurry to an agitated coagul ati on
tank. Such "wet.. techni ques are used commonly with synthetj r,
such-as SBR “ﬁ"i%”’@ﬂ’ﬁgul ation tank contains a coagul ant such&é@gg%?z?ﬁgr an
aqueous acid solution typically having a pH of about 2.5 to 4. The | atex

and carbon bl %@dém%,m,&saacbmgb?me@ldwﬁieﬁm HeGeseRt hi6P AMdtigddas t ank
into smal |l beads, (typically a few milineters in di aneter) referred to as

o o S PGl e S e )
Lo, Second L ikg Rl AR, /ot BRRCR Ot SR PAIABERD o "

screen and drying steps and the like, Variations on this nethod have been
suggest ed for Of ﬂ?&%\'g‘ﬁ"}t%ﬁ“?’éﬂe"of SIFUIE uBdereoes, A forealied crepmng GREFALOL, | [y . S,
Bl ends-CI P 6 _patent 4,029,633 to Hagopian et al _ which |ike the present
i nventi o i s spSengHp ysipyawyefonrious mewa cresmingagemsnt Follaying the seemingiadr ¢ he
preparation of elastonmer nmasterbatch is described. An aqueous slurry of
carbon bl ack itise qartop ditackilatendnintuses it insubfected nns coaghlaton stapnt Specificalky| thst oner

| atex. This m xture undergoes a so-called cream ng operation, 5

optional | y usicrgmedyarbin bleckilaesmisnoes intreincsdry adigit cdherkstl streanh figo thae
cream ng of the carbon black/latex m xture, it is subjected to a

coagul ation SicgR of 2Rk dfeddgulating ifhof. ' PIR/FBH fRAMQP clehmdddattdh ShciPlatek Ur € i s

I ntroduced as a single coherent streaminto the core of a stream of

coagul ating | iite is Lo blidro ok Wl buofeiAifY B ik SO orUofuldhuh ifior

10 prior to coagulation, being then passed to a suit;xble reaction zone for completion of the

coagulation. Following such coagulation step, 'the remainder of the process is

substantially conventional, involving separation of the crumb from the waste product

“serum” and washing and drying of the crumb. A somewhat similar process is

"described in U.S. patent 3,048,559 to Heller et al. An aqueous slurry of carbon black

15 is contimmously blended with a stream of natural or synthetic elastomer or latex. The

. two streams are mixed under conditions described as involving violent hydraulic

turbiflence and impact. As in the case of the Hagopian et al patent mentioned above,

- the combined strcarn. of carbon black slurry and elastomer latex is subsequently
.coagulated by the addition of an acid or salt coagulant solution.

20 There has long been a need in various industries for elastomeric compounds of

‘particulate filler dispersed in suitable elastomer having improved macro-dispersion,

especially, for example, carbon black dispersed in natural rubber blended with another

elastomer.  As discussed above, improved macro-dispersion can provide

correspondingly improved aesthetic and functional characteristics. Especially desirable

Blends-CIP
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m xture is said to undergo shearing and atom zing by the stream of ,-
coagul ating liquor 10 prior to coagul ation, being then passed to a

suitable re ' one for conpletion of the coagul ati on. i such
coagul at i onakg{’g%{,ks ll':‘gjf‘}sgmog‘g’ :

he remai nder of the process is substanti
conventional, involving separation of the crunb fromthe waste product

"serunt and s bévd @lasidtheflé ¥6tﬁgnﬂﬁs b earbéri/black i £ GIFRIMdA nathtalirhsber RAPCESS i S
described in U S. patent 3,048,559 to Heller et al. An aqueous slurry of

car bon bl ack olmnetic elastoiner OWhéremOiproved infidrgispikdich ﬁ_a}%ﬂ%@ﬁ{]ﬁggrmﬁa&iﬁi al or

: s h 4
synthetic el astoner or latex. The'two streans are m condi tions

descri bed as,Lnvol vi ' Wl QI ' C in the
case of the rp'{ngﬁé%x%%e?éhgg{%%%j{#’%ﬁéz{ 1§§%§§?&to§§g é&%ﬁn‘é‘éﬁnﬁﬁ? eam of
carbon bl ack slurry and gl ast oner tex, i s subsequently coagul ated by the
addi tion of éﬁ“’&ﬁﬁ%“’&PfgﬁP?a‘Eﬁg‘é‘Eﬁ éﬁtmgqﬁl ution. 20 There has

| ong been a need in various industries for elastoneric conpounds of
particulate filler dispersed in suitable el astoner having inproved

macr o- di spersion, especially, for exanple, carbon black dispersed in

nat ural 5rubber bl ended with anciummary of¢he:Invention As di scussed above,

I nproved nacro-di spersion can provide correspondingly inproved aesthetic

and functional chaaacorance withs firlisaspect, al thethaliefer preparingRilastonkeer CoriRpasite ar e
new el ast onmeri ¢ conpounds of carbon black in a blend of natural rubber and

syntheti c el ajdnasesompides fiest PrépainMadorar GhadtepbatdhbySfeding Simaftiiedistyla t oget her

wi th higher nolecular weight of the natural rubber. It is an object of the
present i nvenhpRiafillGSinid P aPEladtbrherQbtek FARLto! LRAKiKgEIdne ¥ & EDagulum

reactor. Preferably, the coagulum reactor has an elongate coagulum zone extends from
10 the mixing zone, most preferably having a progressfvely increasing cross-sectional area
in the downstream direction toward a discharge end of the coagulum reactor. The
elastomer latex may be either natural or synthetic and the particulate filler fluid
comprises carbon black or other particulate filler effective to coagulate the latex. The
particulate filler fluid is fed to the mixing zone preferably as a continuous, high
15 velocity jet of injected fluid, while the latex fluid is fed at low velocity. The velocity,
flow rate and particulate concentration of the particulate filler fluid are sufficient to
cause mixture with high shear of the latex fluid and flow turbulence of the mixture
within at least an upstream portion of the coagulum zone so as to substantially
completely coagulate the elastomer latex with the particulate filler prior to the
20 discharge end. Substantially complete coagulation can thus be achieved, in accordance
with preferred embodiments, without the need of employing an acid or salt coagulation
agent. The coagulated product of such wet mixing step then is dry mixed with

additional elastomer to form an elastomer composite blend. Such additional elastomer
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5 S . Sunmmary of the Invention In accordance with
a first aspect, a method for preparing el astomer conposite blends conprises
first prepari % onmer nasterbatch by feeding sinul taneousIX'

particul ate fi P UId and an el astoner latex fluid to a ®CXURY2Re of a
coagul umreactor. Preferably, the coagulumreactor has an el ongat e coagul um

zone extends fram glme smetapeorrﬁlfférgxﬂowethe %&m&rtﬁwgﬂ%& t i g

pr ogreSS| vel y I ncreasi ng cross-sectional area 1nt di r Ct i on

toward a di sch LO ) rray be
ei t her natur aI ﬁ:dﬁ&’({méntﬁ%%??%,éﬁ c%%d%@ . {hg 1xv 6'01& ‘%‘?

carbon bl ack or ther particul at N fective to coagul ate the Iatex
The particul at em%f ‘ﬁﬁlﬁf”ﬁa? é"s’ff% ’g@#m%&s‘iﬂﬁ%ﬁé%@fﬂ& a
continuous, high 15 velocity jet of injected fluid, while the |atex
fluidis fed atS%Pew vel ocity. The velocity, flow rate and particul ate
concentration of the particulate filler fluid are sufficient to cause

m xture wdth hi gh sHesgcordance withyettapathér aspedt, elasiorhdrcompasité blendsaee movitddde

m xture within at | east an upstream portion of the coagul um zone so as to
substantial |y campreiuet of tiepageisaliselotddder| df harbRance it preférida chibedip@att,i cul at e
filler prior to the 20 di scharge end. Substantially conplete

coagul ati on camngvbiUdaskitned eoihFoéRE blehds ai‘@ﬁx%ﬂ@c!‘ﬁﬁnﬂﬁ“ Mbr@ﬂﬁﬁﬂx&?ﬂvﬁ@%‘ ments,

wi t hout the need of enploying an acid or salt coagul atioh agent.

gggig?! g;:? glrg torrcg‘raietfg&fcorm an ‘?ﬁaéﬁtg%ﬁebgag%%%s#%eg% maéﬁgle L tho % i onal
el astomer Bl en R%n %lgte ﬁpeﬂr@}\)éllugﬁgs@F e}?amnﬁ 2arbon tr)laogc fIﬂIers (?fnexcepno mlly&ug%

el ast oner used 1

()

10 surface area and low structure) and/or other characteristics not previously achieved.
In that regard, preferred elastomer composite blénds disclosed here have excellent
matro-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
‘ds natural rubber, etc. with little or no degradation of the molecular weight of the

15 ‘elastomer. In accordance with yet other aspects of the invention, intermediate p}oducts
are-provided as well as final products which are formed of the elastomer composite
blends produced by the method disclosed here. Macro-dispersion here means the
‘micro-dispersion D(%) of the particulate filler measured as percent undispersed area
for defects larger than 10 microns. In elastomer composite blends disclosed here

20 - comprising natural rubber, thé molecular weight of the natural rubber, that is, the
MW, (weight average) of the sol portion, preferably is at least about 300,000, more
preferably at least about 400,000, being in certain preferred embodiments between
400,000 and 900,000. The elastomer composite blends optionally comprise extender

oil, such as about 0 to 20 phr, more preferably about 0 to 10 phr extender oil, and/or

Blends-CIP
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Optionally, additional filler can be added during the dry m xing step. Such
additional filler can be the sane as, or different from the particul ate
filler used in the wet mxing step. 5 In accordance with yet
anot her asp®eP¥189;st oner conposite bl ends are provi ded EETASVHEUct of the
process disclosed here. In accordance with preferred enbodi nents, novel

el ast oner comRoLiehl SAdSnane IR o AR B Cohanals Mrkevel of

the particu ecul ar wel ght e elasto articul ate

1001 10 | ©Vchner SA0IF B0 R Whip bk ol OCAHE i, R SHGIR! o, cor bOT

bl ack fillers of exception surface area ‘an )W St ructure)
and/ or ot he haracteristics no reviously aghieved. In that regard,

pref or rad SREBE BRI (saamesion Vi SRGH araaredui sarey. sbomgteots, B,

macr o- di spersion, even of certain fillers, such_ as _carbon blacks having a
structure tRPVEiplastpmer compositeblengs digslosedhere ¢ap peovideighly desisale pysial| ess t han
1, in elastoners such as natural rubber, etc. with little or no degradation
of thé nol eprapestiesandgperfognancy characteristics. o |Agcordingly, theninyersionpueseris i t h yet

ot her aspects of the invention, internediate products are provided as well
as final prsighifitant tebhmologicabadvanceed of t he el ast oner conposite bl ends
produced by the nethod discl osed here. Macro-di spersion here neans the

macr o- di sper si orTHeé&/and fothieh easpetst aglubdvaftagds! bfe variths SeaitRdinatspef aRnt

undi spersed area for defects larger than 10 mcrons. In el astoner conposite
bl ends di scinQ&Rdnlvll De3hrther undetRORT inSi&We of a{e%ﬂéwi]hg' (B&ﬁi_ied distissin gyl ar

wei ght of the natural rubber, that is, the MNerr wel ght average) of the

sol portion i Si: east about 300,000, nore preferably at |east
about 400,0‘5)66',9 erlgﬁgp#%miéo;dr%ﬁéﬁéﬁ preferred enbodi nents between 400, 000 and

900, 000. The el astoner conposite bl ends optionally conprise extender oil,
such as about 0 to 20 phr, nore preferably about 0 to 10 phr extender oil,

and/ olr0 Bl ends-CIP 9 . . e .
Brief Description of the Drawings

The following discussion of certain preferred embodiments will make reference

to the appended drawings wherein:
Fig. 1 is a schematic flow chart illustration of the apparatus and method for
preparing elastomer masterbatch in accordance with certain preferred embodiments;
15 Fig. 2 is an elevation view, partly schematic, of a preferred embodiment
consistent with the schematic flow chart illustration of Fig. 1;
Fig. 3 is an elevation view, partially schematic, of an alternative preferred
embodiment consistent with the schematic flow chart illustration of Fig. 1;
Fig. 4 is an elevation view, partially in section, of the mix head/coagulum
20 reactor assembly of the embodiment of Fig. 3;
Fig. 5 is an elevation view, partially in section, corresponding to the view of
Fig. 4, illustrating-an alternative preferred embodiment;

Fig. 6 is a section view taken through line 6-6 of Fig. 5;

Blends-CIP
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other ingredients _such as are well known for optional use in conpounding
nat ural rubber and/or other elastonmers with carbon bl ack and/ or other
fillers. As di : further below in connection with certain red
and exenplary‘gﬁggﬁgﬂ%nts, t he novel el astoner conposite blgﬁay&%ﬁggFosed
here can provide highly desirable physical 5 properties and
performance charact gfg, 3id CBetiofiViedr of a ik Nead Siidble PtSUSE inQR aRErBAFE befetred
significant technol ogi cal advance. These and ot her aspects and advant ages

of various errbgg{bgag& ,of the invention will be further understood in view
of the follow ng detaliled discussion of certain preferred enbodi nents. 10

Brief Description of.the Draw ngs. The fall ow n I scussion.of certain
preferred enbodi 'nén%gg‘ gn‘ﬁ%ﬁ?@?@?@ﬂ@?eﬁafﬂ%aﬂlﬁquﬁségﬁ% erein:
Fig. 1 is a schematic flow chart illustration of the apparatus and nethod
for preparing Q)or‘r‘*ércaﬂﬁ’gt gl"’f)"a?t empioyeds i ofegtainc bighiy: Rreéerradamesistbately 1 ed
enbodi nents; 15 = Fig. 2 is an elevation view, partly schematic,
of a pref&rred comBeRHiang in aceerdancs withithe gresent ineentietierat i ¢ f| ow chart
illustration of Fig. 1; Fig. 3 is an elevation view, partially schematic,
of an alternative pFighet+2chregbpidishevitg the mecreidispersion t daturdl eubberactedular f | ow
chart illustration of Fig. 1; Fig. 4 is an elevation view, partially in
section, of t haveighkartterdtienecigrdcteristiéd of novel dlB e EorfstRid¥binyactdrddnbe with
enbodi nent of Fig. 3; Fig. 5is an elevation view, partially in section,

c%rj r S_sponfli NG tegs inentiéh Bxsitfsing icakbortbladkk kiewhnliREigh8, iA SorAd da84sfthnp WathRAET er r ed
e oal nent,

- relating to control samples for comparison, exemplifying the significant improvements
10 in+physical characteristics and performance ‘properties achieved by the elastomer
‘caniposites;
Figs. 26 - 29 are graphs showing morphological properties of carbon blacks,
i.e., structure (DBPA) and surface area (CTAB), and identifying regions or zones of
carbon blacks (by such morphological properties) which are suitable for specific
15 ‘product applications; and
Figs. 30 and 31 are graphs showing the macro-dispersion and natural rubber
molecular weight of novel elastomer composites in accordance with this invention,
along with control san;ples for comparison.
1t should be understood that the appended drawings are not necessarily precisely
20 to scale. Certain features may have been enlarged or reduced for convenience or
¢latity of illustration. Directional references used in the following discussion are based
on the orientation of components illustrated in the drawings unless otherwise stated or
othierwise clear from the context. In general, apparatus in accordance with different
embodiments of the invention can be employed in various arrangements. It will be

Blends-CIP
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Fig. 6 is a section view taken through line 6-6 of Fig. 5; Blends-C P 10
Fig. 7 i1s a section view of a mx head suitable for use in an alternative

preferred e o%bg&gt; Fig. 8 is a graph showi ng the surface area and
structure p I"es (CTAB and DBPA) of carbon bl acks enpP&VEFP¥%ertain

hi ghly preferred masterbatch 5 conpositions in accordance with the

present i nvewithianhe 4Hilgp of Blose skilled infthe ir, HcenTObWneR of (R pidiehtAndichitey Si on,
nat ural rubber nol ecul ar wei ght and/or other characteristics of novel

el ast oner coppsibrhise igyi)rq’b?iﬁ@@ﬁ&%ﬁ:ﬂaﬁ&oﬁié]ﬁaiioh@ﬁﬁ%ﬂgﬂh& liffVefiort 27 DON

bl acks shown in Fig. in some cases along with data relating to control
ol o3, 107 EAABAR Rfor EARIE i aablf ) S0 SO EALE BRI,
ol act orer_COBP R iR lbas sict Bt Bl AR SR
ror phoi“ogi caPu iR AEY B e Relfrede s 4prdds s raps mep Se 48 i O ocluct
applications; and Figs. 30 and 31 are graphs show ng the macro-di spersion
and natural fmpings fordhe same featyge; o ielement. novel el ast omer conposites in
accordance with this invention, along with control sanples for conparison.
It should be understood that the appended draw ngs are not necessarily
precisely Detat . ) e i
By virtue of the method and apparatus disclosed here, elastomer composite
blends are produced, comprising (i) elastomer masterbatch produced in a continnous
10 flow process involving mixture of elastomer latex and particulate filler fluids at
turbulence levels and flow control conditions sufficient to achieve coagulation even
without use of traditional coagulating agents, and (ii) additional elastomer added to
such elastomer masterbatch in a dry mixing step. In fact, it will be immediately
recognized to be of great commercial benefit: (A) that elastomer masterbatch crumb
15 is achieved, that is, coagulated latex is achieved in accordance with the “wet mixing”
step of the present method, without the need for either intensive dry mastication of
elastomer with filler or exposing a liquid latex/particulate composition to a stream or
tank of coagulant, and (B) that elastomer composite blend is then achieved by the “dry
mixing” step involving dry mixing such masterbatch with additional elastomer. Thus,
20 in routine commercial implementation the cost and complexity of employing acid
coagulation solutions can be avoided. Prior techniques involving premixing of latex

and particulate, such as in the above-mentioned Heller et al patent and Hagopian et al

patent do not even recognize the possibility of achieving coagulation without exposing

Blends-CIP
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20 to scale. ,Certain features may have been enl arged or reduced for
conveni ence or clarity of illustration. Directional references used in the
foll owi ng di scyssi; re based on the orientation of conponents illustrated
in the drawi ng@%h’?@gog otherwi se stated or otherwi se clear FCEHSIIR2Y
context. In general, apparatus in accordance with different enbodi nents of

the invention &ﬁﬂa@ﬁ&ﬁ@lﬁrﬁ&uﬂr@m@éﬁsﬁﬂ%&wﬂ&ﬁﬂﬁﬂm its Gpiédbiic B& and

Bl ends-CI P 11 within the ability of those skilled in the art, given the

benefit of thewggtgagﬁgsaldd@g{,@# £, to determ ne appropriate dinensions and
orientations for apparatus o e invention enploying routine technical

skills and taking i . - known.factor articul he

i nt ended applicati o§§&£%g§°%g§ Eﬂﬁ@&r%ﬁ%‘?"%h&&%"ﬁ&g mm%ﬁ?ctﬁfci?sed
selection, 5 duty.cycle, and the like, Reference nunbers used in one
drawi ng may beh?fgé‘?f'ﬂ‘%“lgt ?ﬁ‘ﬁ*%ﬁpﬂiﬁ}?& - fparticylag, Hexibility & Rrpvidadeasdo |
Det ai |l ed Description of Certain Preferred Enbodinents By virtue of the

nmet hod artl appHieaheice ficlastomerés) employed in thedluida “ webmising” step phdsindie chpige
produced, conprising (i) elastonmer masterbatch produced in a continuous 10
f1 ow process i af/elastomer(syiusad insheofubseiquent §dmyrmixing stepn Theaame ekastaher Gt | | er
fluids at turbulence levels and flow control conditions sufficient to

achi eve coagul naiixtame of elastomers)antbe used inthel weddhd &i9aiking GRfsbA bitdtgatheBNt S, and
(ii) additional elastonmer added to such el astoner nmasterbatch in a dry

m xing step. | giffefsit elaitbmi chn BRused WPy 3hiibte feBGRIWE%RTDr %5&?&1. Oﬁiugfe? at

commerci al benefit: (A) that el astomer masterbatch crumb .

achy eved,  tNat a8 Ptk i ' AR Y Shub i 1 U Wifiod bl ) N 7Vt

10 mix step. Such additional filler can be the same as or different from the particulate

- filler used in the wet mixing step. Advantageousl&, in preferred embodiments of the

method disclosed here, the excellent macro-dispersion of particulate filler achieved in

the ¢lastomer masterbatch produced by the wet mixing step is maintained or even

“further improved in the subsequent dry mixing step. Without wishing to be bound by

15 theory, it presently is understood that, at least in certain preferred embodiments, a

multi-phase elastomer composite blend is produced by the wet/dry method disclosed

here. That is, although difficult to identify or observe using techniques currently in

general use in the elastomer industry, the elastomer composite blend is understood to

comprise at lease one elastomer phase produced during the wet mixing step and a

20 subsequent elastomer phase prbduced during the dry mixing step. The degree of

intermingling of the two phases and the degree to which boundary layers between the

two- phases are more or less distinct will depend on numerous factors including, for

example, the mutual affinity of the elastomer of the wet mixing step and that of the dry

mixing step, the level of particulate loading, the choice of particulate filler(s) and

Blends-CIP
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step of the present nethod, w thout the need for either intepsive dry
mastication of elastoner with filler or exposing a liquid |atex/particul ate
conposition_to a streamor tank of coagulant, and (B) that el astoper
conposi te b‘lvgﬁ‘c'flﬁsiothen achi eved by the "dry mxing" stepPT¥WBPAR dry

m xi ng such masterbatch with additional elastonmer. Thus, 20 in routine
commer ci al  iyRIRFRAdiAédaP Bllér \WasCAAdEd GRIRNChiKing Qép, SRPeRivE Weiht d

coagul ation solutions can be avoi ded. Prior "techni ques invol ving prem Xxing

of 12t ex angriiBisdrot i G S o didobBPaBRAY By BRI ! 2!

pat ent and pran et a 0 not even r € possibility of
achi evi ng coagul at i | | l.ends-Cl P 12 . the,.

| at ex/ parti cul at %g&%a%&%ghfﬁgﬁgzﬁ% o"é’&g? Rigsent bl}vﬁ?tfo(?na% Pusee
attendant cqst and te.di.spo dj sadvant a . Adyvant agepus flexibility
i s achi eved %B¥eTt W&ﬁ?ﬁﬁ@“ﬁ??ﬁ ?ﬁbe‘hb?tﬁﬁ?i‘ By 81%%5%‘8 elastomer ghasgs, i} AR

el astomer conposite blend. In particular, flexibility is provided as to 5
the chdi ce &lasOmes composite plead iy sepn dn the expmple|ofijag elpstomge composite hlendt ep and
in the choice of elastoner(s) used in the subsequent "dry m xi ng" step. The
same el ast oreempfising matural rubbst, itadieno mublsy (refierradeinubisdliscusside imsomeand dry
m xi ng steps or, alternatively, different elastoners can be used in any
sui t abl e r elinstinces, aefBRM) apd cqrisort blavk fillex) r Fdreertdih applications ¥t is preferreditdled i n
that additional filler may optionally be added during the dry 10 m X
step. Such aglgé tesasonf blddkefilles primagilyt AQhS aafRral subber phaké Of Rieleldstondrt he
particulate filler used in the wet m xing step. Advantageously, in

preferred erpghiibiond’ 1d REofdEAd Whnlhrar 9B dF/Ey mbdify BXRGICS Yhe

macr o- di spersi on of particulate fil eve
10 carbon black can be mixed with the natural rubber using a dry mixing technique,

followed by the addition and further dry mixing of BR. A disadvantageously large
portion of the carbon black will migrate into the BR phase, due to its affinity for the
BR phase and the less than desirable macro-dispersion of the carbon black in the
natural rubber phase. In mmpaﬁmn, improved performance properties of comparable
15 elastomer composite blends prepared by the wet/dry mixing method disclosed here
indicate that more of the carbon black is retained in the natural rubber phase when the
carbon black is mixed with the natural rubber in the initial wet mixing step, followed
by the addition of BR in a subsequent dry mixing step.
In accordance with the wet mixing step of the method disclosed here, feed rates
20 of latex fluid and particulate filler fluid to the mixing zone of the coagulum reactor can
be precisely metered to achieve high yield rates, with little free latex and little
undispersed filler in the product crumb at the discharge end of the coagulum reactor.
Without wishing to be bound by theory, it presently is understood that a quasi-mono-

phase system is established in the mixing zone except that coagulum solids are being

Blends-CIP
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the el astoner nasterbatch produced by the wet mxing step i s naintained or
even further inproved in the subsequent dry m xing step. Wthout wishing to

be bound by 15 ... eory, it presently is understood that, in
certain pref erwgaslé%?@odi ments, a nulti-phase el astoner corrp(@%’tl’%&%ﬁ}g%d S
produced by the wet/dry method di sclosed here. That is, although difficult

Lo identify or GRaae keyiiobBilith BURDE GHA Sflhimizind) o Bairahel a2 eed! e

el astonmer industry, the astomer conposite i's understood to conprise

igbéiiﬁini’ e SL%%%‘R*&E@%P%@%SQE@J@F%"5%%‘92?&%%%“%%5&?%?? d Flgngge
bet voen {ho- 1 voiE el BUE e x i F o et AR oy 1S

factors including, for exanple, the mutual affinity of the elastonmer of the
wet mixing st eReBigying sufficignt tprhulence, l-ﬁi-ﬁpﬁglegftbéa}ers%e sheay of therlatgx by they| at e

| oadi ng, the choice of particulate filler(s) and Blends-CIP 13 whet her
addi tionals fil |igasteef theipesticwate ifiller fiwd jetrfor thoxgush neixing and dispersipmof the wei ght
proportion of the wet m xing step elastoner and the dry m xing step

el ast omer, et c. paftimlaeinenthe drexfuid beicdaglation, difb arixing Energiéreyield psaiott

i nvention, and its use to better control distribution of filler between two

di fferent el astpifibapihandsh with extellent dispersioh A64cEH¥P with EdiORdd fRoddbRielvery. Seen
in the exanple of an el astonmer conposite bl end conprising natural rubber,

but adi ene r Ubbe£he(¢{o @Corédled! dhid Shedl| FSmEATNE 3. dedifhbR PFRuddlS | B GHRicufi ~ BR')

and carbon black filTer. For certain applications it is preferred to have

the carbon bl ackyel bl Gha BiIHRF lateX aleled (H6reRRY ritimududyOREanfiRARE af bndolts

el ast oner
10 flow of coagulated masterbatch is established from the mixing zone to the discharged end

'of the coagulum reactor while an uninterrupted flow of the feed fluids is maintained.
Typically, the uninterrupted flow of the feed fluids and simultaneous discharge of
congulated masterbatch are maintained for one or more hours, preferably, for example,
mote than 24 hours, and ever perhaps for a week or more.

15 Certain preferred ¢gmbodiments are discussed below, of methods and apparatus
for- producing the novel elastomer composite blends disclosed here. While various
preferred embodiments of the invention can employ a variety of different fillers and
elastomers, certain portions of the following detailed description of method and apparatus
aspects of the invention will, in some instances, for convenience, describe masterbatch

20 : comprising natural rubber and carbon black. It will be within the ability of those skilled

" ‘in"the art, given the benefit of this disclosure, to employ the method and apparatus
disclosed here in accordance with the principles of operation discussed here to produce
masterbatch and elastomer composite blends comprising a number of alternative or

additional elastomers, fillers and other materials. In brief, preferred methods for
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conposite blend. In accordance with prior known dry/dry m xi ng techni ques,
the 10 carbon bl ack can be m xed with the natural rubber using a dry
m xi ng technique, followed by the addition and further dr 1 X] of BR A
di sadvant ag‘@Bﬁ%{}‘g"‘ﬁ arge portion of the carbon black wll %@%Me}’gpm.o t he
BR phase, due to its affinity for the BR phase and the | ess than desirable
macr o- di Sperﬁ%ﬁngfel Sdfef RiafterBath AFIve Teddiif dﬁﬂﬁl%@énsfylwgﬁfr{%%ﬁﬁonl n-
conparison, °I Mpro eél performance properties of conparable 15 el ast oner
conposi te bl,ends \ § % ' fere
T Sor P 1B et daifal iibtef iafex ot BodE fftehiC efaGih

i ndicate that nore o I's retalned 1n the natural rubber

phase when the carbon black is mxed w,t e naturg ber in dhe initial
wet ni xi ng <P @JRIXing 48 WE@H@‘ %&rt i%goaé&uﬂﬁ%hg’gé%déﬁ%ﬁ'grﬁaxﬁgy M Xi ng
step. In accordance with the wet, m xi ng, step of, the net htgd di scl osed here,
feed rates Z29ne, prefegbly progiessivelyj WoTeaving,in, rossiipctionalrares 1o the AOWRFEdn 1o

m xi ng zone of the coagul umreactor can be precisely netered to achieve

hi gh yPel d rdixeetion fygme pn enteytend tq 3 dischaggeepd o nFhe styrry i Tedhto) By BixXREZAOE | | er i n
t he product crunb at the discharge end of the coagulumreactor. Wt hout

Wi shing to beefoxrablychs byontinpousy high velpeitygesrof injecied flwid] evhile sheinatral rubber

quasi - nono- phase systemis established in the m xing zone except that
coagul um sol jads fiaids fo an@laBven e velotid. 4The hiflovebavity | fivew eatecand/particalatenst r eam
thereof in the coagulum zone. Extrenely high feed velocity of the

particul ate %&n&énﬁ'ﬁt_iéﬂ of the filldrQidryCardbutfifient 30 BfisOmiktie a6@ Afkk!sHeir bEAgt or and
velocity differential relative the latex fluid feed are believed to be

si gni fi cant ﬂagxqﬁu,mﬂgy%gi ?ﬁg&ﬁh’k%ﬁﬁﬂ"&%ﬂl afupstreath bbetiofi BF ¥

energetic shear

10 coagulum zone, and substantially completely céagulate the elastomer latex prior' to the
discharge end. Substantially complete coagulation can thus be achieved, in accordance
with preferred embodiments, without the need of employing an acid or salt coagulation
agent. The preferred continuous flow method of producing the elastomer composites
comprises the continuous and simuitaneous feeding of the latex fluid and filler slurry

15 to the mixing zone of the coagulum reactor, establishing a continuous, semi-confined
flow of a mixture of the latex and filler slurry in the coagulum zone. Elastomer
composite crumb in the form of “worms” or globules are discharged from the
discharge end of the coagulﬁm reactor as a substantially constant flow concurrently
with the on-going feeding of the latex and carbon black slurry streams into the mixing

20 zone of the coagulum reactor. Notably, the plug-type flow and atmospheric or near
atmospheric pressure conditions at the discharge end of the coagulum reactor are highly
advantageous in facilitating control and collection of the elastomer composite product,
such as for immediate or subsequent further processing steps. Feed rates of the natural
rubber latex fluid and carbon black shurry to the mixing zone of the coggulum reactor
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5 i npact of the particulate filler fluid jet for thorough m xing and
di spersion of the particulate into the latex fluid and coagul ati on. High

m Xi ng ener gi M product masterbatch crumb with excell | rsion,
t oget her Wthal?o%{lgg?l ed product delivery. The coagulumis ‘cr easgée riL’a?"nd t hen
formed into a desirable extrudate. The particulate filler fluid and

el astomer | at emdkGré@liPhnabel b hohicve Mghlas tiws, wilaiHidfed Rk A8 1RO Ng 10
fl ow of coagul ated nasterbatch is establi'shed fromthe m xing zone to the

di sch d Fgrggl &ﬁ,}g : ' 'th?‘é f th
f:azg ?Irgiedseinglrﬁgs ntal ne .Lﬁhypl cgl?%@{l%t\@%ﬁ?tﬁﬁee#&%uup e%ﬁ#‘%ﬁgﬁdg{t e feede
fluid d si i S i.nt ai ned
for one or morSNidr & iboft JERIEL RFoe bordByhhs s PRSLRY IEhEDR SR "
ever perhaps for .a week or nore. . . .. Certain preferyed .,
e\r/rbodPrrent gsar‘ﬁ’aﬂT‘%‘E‘B? SE&%W,CS%@SPF&%B‘&%%&%‘E%°?%§+J“Blr5889fci ng the

novel el astomer conposite bl ends disclosed here. Wile various preferred
enbodi nedt s of arehing fopme thers apd{pr davwmsteam-therenfiinthe cosgulnt one o nExtremelYer s and
el astonmers, certain portions of the follow ng detailed description of

met hod and apphigihfesd velopitcofsthe tarbéreblacky/slurty omo thielnhixing zossoofithe neaguluges, for
conveni ence, describe nasterbatch 20 conpri sing natural rubber and
carbon bl ack. febctoriant vélecityidiffdrentihlveladivei the hapurall mibted keex Slald feelaré belichal art ,
given the benefit of this disclosure, to enploy the nethod and apparat us

di scl osed her el sRARARATCRhINIE sﬁﬂﬁeieﬂrmmeﬁéet?ﬁg.?fsumeﬁtgt dritfpeld Septssed
here to produce masterbatch and el astoner conposite bl ends conprising a

nunber of a1 Y s 2l 0N pEkESARTRES 5 Qe SO ot

10 dispersion of the particulate into the latex fluid and coagulation. High mixing energies

- yield :the novel product with excellent macro-diépersion, together with controlled
-product delivery. The coagulum is created and then formed into a desirable extrudate.

- 'The elastomer composite prepared by the above-described wet mixing technique

- and apparatus is formed into elastomer composite blends of the invention by subsequent

15 ‘dry mixing with additiona} elastomer. Thus, the present invention can be described as
involving a wet/dry method, whereas prior-known techniques employed a dry/dry

method in which a masterbatch first is formed by dry mixing and additional elastomer

is added by further dry mixing. The dry mixing step of the wet/dry mixing method of
the-present invention can be carried out with commercially available apparatus and

20 techniques including, for example, Banbury mixers and the like. The additional
elastomer added during the dry mixing step of the wet/dry mixing method disclosed

here can be one or more elastomers which are the same as or different from the
elastomer(s) employed to form the masterbatch. Other ingredients aiso may be added

along with the additional elastomer during the dry mix step including, for exampie,
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preparing el astoner masterbatch involve feeding sinultaneously a slurry of
carbon bl ack or other-filler and a natural rubber latex fluid or other

suitable elastonmer fluid to a m xing zone of a coagulumre 9(?5%@%02% coagul um
zone ext end¥OPPHIH% he ni xi ng zone, preferably progressi ve‘l’% rhereéeasing in

cross-sectional area in the downstream5 direction froman entry end

to a di SChare%fFeaﬁe?gil :ﬁﬁiﬁoﬁa{niﬂaﬁi&xh@fmé‘r%hﬁiv%ﬂfadﬁ it tifdle &R WHeRdth Y as a

cont i nuous, velocity jet of injected fluid, while the natural rubber

latex fluid a'g?*g]; ﬁ% ﬁ@‘?ﬁ?‘%%f*’g' a?ﬁdétcﬁw:ﬁér&m;rﬁ ;E,tegisgéh ¥tﬁﬁ£ltfmerf low rate

and parti cul ratron o re sufficient to cause

' d high_sh f f L Ui f '
W thin at | B R R N B ol Guuset 'l R fnfla SR T K111 €

substantially conpletely coagul ate the el astoner |atex prior to the
di scharge erWEtMSXMEEBPt i al |y conpl ete coagul ati on can thus be achieved, in
accordance with preferred enbodi nents, w thout the need of enploying an

acid o6 salt coadikafarespidagefenred apperafys andsteghniques faripredvciee therlpstafsfiod of
produci ng the el astoner conposites conprises the continuous and

si mul t aneouscofnpeslienblemds disudosedithere dre (distussed! in iconjunction uwithy thesappendedt o t he
m xi ng zone of the coagulumreactor, establishing a continuous,

sem - conf i negakin@yy @heréinnd XbatirRowf flbWewktaintxingtkpf fof | ppodusingr elystonmert he
coagul um zone. Elastoner conposite crunb in the formof "worns" or gl obules

are di schar geeki bR dnipfoys b S6HERGES, seRilcdifinéd o OPQAdATEr 126G fo? exdifiple)
substantially constant flow concurrently with the on-going feeding of the

patex and capal Bhas gﬁ%i;ﬂ 1Yt G Bl kPt X 01 SRy, for exaiifle OF the

coagul um reaC , the plug-type ow and at nospheric or near

t [ | LI t th Lsch

enot OB ar o G SLcatpen Bt In 4 e R FePROPoRRE R b SRPRUE T
th | ast i t t, . h for: i di at b t

furt her pr oceu8 Hsh xens. preiely WP QRS IE ARG FORCSERAPE B BRI Ui g and

carbon bl ack slurry to the m xing zone of the cQagylumreactor, Bl ends-Cl P
an entry an to a discharge end. The term “semi-co e%u iﬂ)w re?ers to a hngE'

advantageous feature. As used here the term is intended to mean that the flow path
followed by the mixed latex fluid and filler slurry within the coagulum reactor is closed
15 or substantially closed upstream of the mixing zone and is open at the opposite,
downstream end of the coagulum reactor, that is, at the discharge end of the coagulum
reactor. Turbulence conditions in the upstream portion of the coagulum zone are
maintained in on-going, at least quasi-steady state fashion concurrently with
substantially plug flow-type conditions at the open discharge end of the coagulum
20 reactor. The discharge end is “open” at least in the sense that it permits discharge of
coagulum, generally at or near atmospheric pressure and, typically, by simple gravity
drop (optionally within a shrouded or screened flow path) into suitable collection means,
such as the feed hopper of a de-watering extruder. Thus, the semi-confined flow results

in a turbulence gradient extending axially or longitudinally within at least a portion of the
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16 can be precisely nmetered to achieve high yield rates, with little
free latex and little undi spersed carbon black in the product crunb at the
di scharge end of.:the coagul umreactor. Wthout w shing to be_boun

theory, it pr e‘g‘é’?\%ﬁ?‘mi s understood that a quasi-nono-phase g?’é’f’%"ﬁg?zgy.
established in the m xing zone except that coagul umsolids 5 are being

formed there a%ﬂﬁg?%g%raﬁtwmmﬁﬁ %b@&hﬁm@ﬂ@,@%&%ﬁ%&eﬁa&w?ﬁg y high

feed velocity of "{ on black sTurry intot Xi'ng zone of

coagul um r eact e bty eH | A ' he. T er

| atex fluid fe@% cgil‘égmé‘e ?géfes#n?%g%gﬁ g%ﬁnl?‘#% ’E:‘@ln@‘%“xﬁa‘%ﬁ e@?“‘%’g E@&P{a{lf'@?e nt
turbul ence, i.e., sufficientl nergetic shear of the latex by the inpact
of the particuliAngRFampoRiqn o 41 sopevivsn apsr. dopsther bl sabsiappliygpive pe

di spersion of the particylate info the latex fluid and coagul ation. Hi gh

m xi ng ener gi edisarige dowied 2 selidarodyet sy the disghargs cadc ection ofihg.gaghoniblask P5i on,
together with controlled product delivery. The coagulumis created and then
formed i ko a ofbeifillepblumpeas @ oegineous T énte:thg muising zonemepys in en-gnisgofashien by t he
above-descri bed wet m xi ng techni que and apparatus is formed into el astoner
conposi t e bl ensisinldnetisty, with exst ioDevllegtios obthe eflastomerirhasterbatcharymbndischargedy t h
addi tional elastoner. Thus, the present invention can be described as

i nvol ving a wefddf YubsRhig, phd2§pe 86w RbhdMionk RAIVBereRdll Ninfbika pREREOMaRe a
dry/dry nethod in V\hichﬁggr?asterbatch first is forrrgd by d?y m xi ng and

additional el agbaiie ehoriHBHpiNm rebtbd) Simflinly, KlidtlvBRoidd it il Yorh) dilollgh St ep of

the wet/dry m xing nethod of the present 1 nvention can be car out with

comercially I {88 T <) [ i i n r
exanpl e, Ban,bﬁﬁggl@%%églﬁgﬁ?de %g?@h%p %%%1#?@?%5@%%&%‘&%8 duri ng
the dry {B X ngzasntegl[% sgl];statngﬁly% /er at )éldggharn&tegg.dAgil ‘?ello%xst)? gf the slurry will

. typically be several hundred feet per second as it enters the mixing zone, preferably from

a small bore, axially oriented feed tube in accordance with preferred embodiments
discussed below. The axial velocity of the resultant flow at the entry end of a coagulum

- reactor with expanding cross-sectional area in a typical application may be, for example,

15 5 to 20 feet per second, and more usually 7 to 15 feet per second. At the discharge end,

in contrast again, axial velocity of the masterbatch crumb product being discharged there

"will in a typical application be approximately 1 to 10 feet per second, and more generally

2 to 5 feet per second. Thus, the aforesaid semi-confined turbulent flow achieves the

hightly significant advantage that natural rubber or other elastomer latex is coagulated by

20 mixture with carbon black or other filler even in the absence of subsequent treatment in
a stréeam or tank of acid, salt or other coagulant solution, with controlled, preferably
quasi-molded product delivery from the coagulum reactor for subsequent processing.

It should be understood in this regard that reference to the coagulum reactor as

being “open” at the discharge end is not intended to mean that the discharge end is
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here can be one or nore elastoners which are the sanme as or.-different from
the el astoner(s) enployed to formthe nasterbatch. OQther ingredients also

may be added al ong with the additional elastomer during t step
i ncl udi ng, Wﬁ’r”é??g'hpl e, Blends-ClIP 17 ext ender oil, gﬁ’ﬁ%’é&w

particulate filler, curatives, etc., in those enbodi rrents wherein

addi ti onal ]B? %%W%&eﬁid%@&of&sﬁﬁ%&s% v Hafld.t R fhal ?'iﬁéteﬁhﬁéﬁéimﬁﬁe%ﬂ ysuch

addi ti onal canh be the sanme as or di'fferent fromthe filler(s) used

in the maste P&éﬁ&é}aﬁmm chiEtidPievid ¥t Ssehét proges sging devios, uch §

af oresai d preferred apparatus and techni ques produ ast oner

conposite bI nds scl ape SS C n t he
appended dr @meég%&&%ubus% d\%%\%?“ﬁ)%ﬁ'g%#@“#%&&OdUCl ng
el ast oner naster batch e ys a_.continu seni-confined fl ow of el astomer
latex, for o%8Rat mpgggr SWBB@F"I‘F&FQQE”(@PQI‘H@% >‘<'°?¥|“P REtSt e) i xed
with a filler slurry, for_ exanple, an aqueous slurry, of car bon

bl ack, 5in a magwnumqt@awhuy‘h is gpdar d@gme@mmtseﬂe%aw% Py sigaifigantc h
extends preferably with progressively increasing cross-sectional area,
from an ent rrgaread ({.©, upstriasg travel &t thardixinglzene, isipemiitteskto establish the dfordshidw r ef er s
to a highly advantageous feature. As used here the termis intended to nean

that the fl oeqsadeland/or Velouitst giadienbas itiraseld tdwodré ¥nd éxits tronvthe disdcharpe ead.ur ry
within the coagulumreactor is closed 15 or substantially closed

upstream of the g shoild a6 BEredd}hizes inARiS Fegard thal the ARBalEAce B thd AORIéss@rM end of
the coagulumreactor, that is, at the discharge end of the coagul um

reactor. Turfuleme Godg AR ek Gokdtd HR RS LS GRAMSAORIRpIA) ALWSE £GAAU! Um Zone

are

10 product is achieved prior to the discharge end, d;:pendent upon such factors as percent of
capacity utilization, selection of materials and the lik'e. Reference here to the flow being
substantially plug flow at or before the discharge end of the coagulum reactor should be
understood in light of the fact that the flow at the discharge end is composed primarily
or entirely of masterbatch crumb, that is, globules or “worms” of coagulated elastomer

15 masterbatch. The crumb is typically quasi-molded to the inside shape of the coagulum
zone at the point along the coagulum zone at which flow became substantially plug flow.
The ever-advancing mass of “worms” or globules advantageously have plug-type flow
in the sense that they are traveling generally or primarily axially toward the discharge end
and at any point in time in a given cross-section of the coagulum zone near the discharge

20 end have a fairly uniform velocity, such that they are readily collected and controlled for
further processing. Thus, the fluid phase mixing aspect disclosed here can
advantageously be carried out at steady state or quasi-steady state conditions, resulting
in high levels of product uniformity.
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mai nt ai ned in on-going, at |east quasi-steady state fashion concurrently
with substantially plug flowtype conditions at the open discharge end of
t he coagul um 2Q .. . reactor. The discharge end is "open" at_least jn the
sense’ t hat it%&éﬁgﬂﬁ"g di scharge of coagulum generally at o?mﬁlésﬁ’?’mﬁg :
atmospheric pressure and, typically, by sinple gravity drop (optionally
within a shrouded op préreR@ @fbodintift Hthder MM Stépio? BleGnéid 28 Tabitarieans,
such as the feed hopper of a de-watering extruder. Thus, the sem -confined
flow results i Rbulenge | : | aqql al |lynof - ' jnal |y
@s&osﬁzw hBie!i§ %Fuﬁggﬁgé%tggﬁ%ﬁgg%q ol sMpQJ il SRt Wl

within at |east a portion o coagul umreactor. Wt hout

w shing to be bound heor It presently.is understoo hat t coagul um
zone is significar ’”Bﬁt %Wﬁ?ﬂﬁ“ﬁ?@ﬁ”ﬂﬁ%%?%‘é’& WP%%Q%F%%&%’A‘QS’FM ion in
an upstream portion of the coagul umreactor, together wth_substantjally

pl ug-type di schks yil dersad o9 s‘éﬁng&ﬁeﬁt Eﬂg&uﬂ‘“ a"t%é"“‘éff’%“é‘ﬁ%l"&éheew&“g?% ection
of the carbon black or_5 other filler slurry as a continuous jet into
the mixi dy zontwpbeation sThus, ferexgmplsgsuciafapioras maximumbsysisndhrpughmput ganseitie of

coll ection of the elastonmer masterbatch crunb di scharged under

subst anti al | y sdmpterigizelettionlexibilit)i will influeraa the gizeadddyioyt of systeartomporessur e at
the di scharge end of the coagulumreactor. Simlarly, axial velocities of

the slurry thrRygherhiDeuch totsideralOBAVE be Wel withia the abilitg oZdisse skilled intthedrcal |y,
at the upstream end ofthe coagul um 10 zone are substantially higher

than at the di %ﬁ&@{hG%e&ﬁ@mﬁéh%Lenmga&smey oS s%% Slostrdiod WFg, 16y Rer@l | Y be

several hundred feet per seco as It enters the mxing zone, preferably
froma small b | al i | s ferred
erbod; ments. i Seqide B Y Bl Bk hEER b bR RREREAP A Ml e BOEL S

h ntr n f I \ . .
the ent % end gresa%reca% ﬂ)l\J;v xlrJeTgmty continuously to a mixing zone of a coagulum reactor. More

-particularly, a latex pressure tank 10 is shown, to hold the feed supply of latex under
pressure. Alternatively, a latex storage tank can be used, equipped with a peristaltic
pump or series of pumps or other suitable feed means adapted to hold elastomer latex
fluid to be fed via feed line 12 to a mixing zone of a coagulum reactor 14, Latex fluid

15 in tank 10 may be held under air or nitrogen pressure or the like, such that the latex fluid
is fed to the mixing zone at a line pressure of preferably less than 10 psig, more
preferably about 2 - 8 psig, and typically about 5 psig. The latex feed pressure and the

flow lines, connections, etc., of the latex feed means should be arranged to cause shear
in the flowing latex fluid as low as reasonably possible. Preferably all flow lines, for

20 example, are smooth, with only 'large radius turns, if any, and smooth or faired line-to-
line interconnections, The pressure is selected to yield the desired flow velocity into the
mixing zone; an example of a useful flow velocity is no more than about 12 feet per

second.
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reactor with expandi ng cross-sectional area in a typical applicati.on nmay

be, for exanple, 15 - 5 to 20 feet per second, and nore usually 7 to 15
feet per second. At the discharge end, in contrast again, ' ocity of
the mast er b¥P1%PUnb product being di scharged there wil Ipﬁﬁ%b%d;?i cal

application be approximately 1 to 10 feet per second, and nore generally 2

to 5 feet per seqRjfisble diitbmer labR fiafds incRaé BbtisRifral GRASynthetc dlastdmer Rbitest | ow
achi eves the highly significant advantage that natural rubber or other

el ast omer | aﬁnﬂ)fat%)éblgr%ggﬂﬁtggm &*Qourse, be Mitabld 6 cohdullation 'thQRe it or ot her

filler even int ence of subsequent treatnent Tn a streamor tank of

acid, salt or other ' - \M . y

guasi - nol dedpaﬁ?%g%cql&ggﬁ%@%/e%{oﬁ@e éﬁ(gée{‘ggq ﬁ%urség{:ﬁﬁmfng{‘ géﬁégte%luent
processing. It shou]d he der,stood j.n thi.s r rd that reference to the
coagul um rea’&'ﬁ’B"r’Pé ug _Bﬁﬁlﬁ%ﬁ@ﬁ“nﬁfdpﬁg%ﬂ%ﬁ% ’Ehﬁ t°ﬁﬂ?°tf‘ﬂfa§ﬁded to
mean that the discharge end is Blends-CIP 19 . necessarily exposed to view
or easiSly acelasterner lnipx 1gn acpuitable hlgnd phelagtemerlaticss forause AR the methedy andsp) y
attached to a collection device or subsequent processing device, such as a
di verter (disppamssdisclosedbare, (givenhe bm‘p@teﬂ',mietdis_clom Bkeneplary glastomdrsof t he
coagulumreactor is open in the inportant sense that the turbulent flow

wi t hi n the cixodd, bt ansot diinitet @o, Tubbers, polyasts! (a., hemopalymensheapblymersunder

hi gh pressure and seal ed agai nst any significant rearward (i.e., upstrean)

travel at thg,diirtipalyfeRyof I, Shiafidhe] itRend, Ropehe) Bobutflehd)2,3adimewglal 3 pressure
and/or velocity gradient as it travels toward and exits fromthe discharge

T | ool RS U Rt e A8 Tl My of (1
Subst aﬂ)t al R lg&’ags %Wio%fterﬁpe?&luiech‘g) as measured by differential scanning caloriinetry
(DSC) ranging from about -120° C to about 0°C. Ea'camples include, but are not limited
to, styrene-butadiene rubber (SBR), natural rubber and its derivatives such as chlorinated
rubber, polybutadiene, polyisoprene, poly(stryene-co-butadiene) and the oil extended
derivatives of any of them. Blends of any of the foregoing may also be used. The latex
15 may be in an aqueous carrier liquid. Alternatively, the liquid carrier may be 2
hydrocarbon solvent. In any event, the elastomer latex fluid must be suitable for
controlled continuous feed at appropriate velocity, pressure and concentration into the
mixing zone. Particular suitable synthetic rubbers include: copolymers of from about
10 to about 70 percent by weight of styrene and from about 90 to about 30 percent by
20 weight of butadiene such as copolymer of 19 parts styrene and 81 parts butadiene, a
copolymer of 30 parts styrene and 70 parts butadiene, a copolymer of 43 parts styrene
and 57 parts butadiene and a copolymer of 50 .parts styrene and 50 parts butadiene;

polymers and copolymers of conjugated dienes such as polybutadiene, polyisoprene,

polychloroprene, and the like, and copolymers of such conjugated dienes with an

Blends-CIP
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10 product is achieved prior to the discharge end, dependent upon such
factors as percent of capacity utilization, selection of materials and the

| i ke. Referenge, to the flow being substantially plug flow at bef ore
t he di schar ge%g’r??gﬁgﬁothe coagul um reactor should be under st%&ﬂ@%ﬁ#ght of
the fact that the flow at the discharge end is conposed primarily or

47 S, RS S0 S o R
06, shehe el ERARMLIRASARE ST IO sHADR\ ISsRapebum Eone

"wornms" or gl gbul es vant agequsl.y have plug-type flow.in the sense that
they are trav%‘f‘?ﬂépﬁ& gl’q‘ 3@' "bﬁ/Y.‘W}“FyalggrSaﬁ?W?‘{)mla‘% Y, *EOR%r ge end
and at any point in tinme in a given cross-section of the coagulumzone near
t he di schar ge Taftiyl isopropsmyl ketope methyhyipyl githen; sinbamethdens caogrylic acids apd e t hey
are readily collected and controlled for further processing. Thus, the
fluid phlse niesierscandsamides thérsefl sughess deeylic achinand dliallatlzegdisiasidyantide. c Alsei ed out
at steady state or quasi-steady state conditions, resulting in high levels
of product unishitdhie foy uselleriittae Edpblytidrs of ethyleneindrotet highhlphi oltefids sach 4she wet
m xi ng step of the nethod and apparatus disclosed here is illustrated

schematically grébﬁng,.buame,mg&?mggﬁulj ed inthe art will recognize that the
vari.ous aspects of system configuration, conponent selection and the |ike

ill d d j C g
11 depend (0 somciltbalghht SR 8L S MERCLEIAL GOl
Syt om LY oL il AR 0GR B0 bl £ of LRI ik e

10 interided use or application, including those listed above for use in the wet mixing step.

In accordance with certain preferred embodiments, the elastomer latex employed in the

wet mixing step is natural rubber latex and the additional elastomer employed in the dry

- mixing step is butadiene rubber (BR). In such preferred embodiments, the butadiene

- rubber preferably forms the minor phase or constituent of the elastomer composite blend,

15 most preferably being from 10% to 50% by weight of total elastomer in the elastomer
composite blend. In accordance with certain other preferred embodiments, the elastomer

latex emnployed in the wet mixing step is natura] rubber latex and the additional elastomer
'emiployed in the dry mixing step is styrene-butadiene rubber (SBR). In such preferred
embodiments, the SBR preferably forms the major phase or constituent of the elastomer

20 ' comniposite blend, most preferably being from 50% to 90% by weight of total elastomer
in the elastomer composite blend. In accordance with certain other preferred
embodiments, the additional elastomer is natural rubber. In accordance with certain other
-preferred embodiments, the elastomer latex employed in the wet mixing step is butadiene

rubber latex and the additional elastomer employed in the dry mixing step is SBR. In
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In general, such considerations will be well within the ability of those
skilled in the art given the benefit of the present disclosure. The system
illustrated | ' 1 is seen to include nmeans for feedin %#f |..rubber

| at ex or ot h‘gﬁ%(kﬁggn[ oner latex fluid at | ow 10 pr essg'F([e]r 5{28%‘/\/

vel ocity continuously to a m xing zone of a coagulumreactor. Mre

particul arl yeych phedérfof eRib8&iRiehS, tha BER breférablp RO 1094 155094 6y Whighd drestaisuppl y of
| at ex under preSsure. Alternatively, a |atex storage tank can be used,

equi pped wit!aag’{;c : | ' IR [ g%h Lrtait |table feed
nmeans adapte téﬂﬁ[g}tgge agrtﬁ%rrer ?gttég%ﬁ | u?aa{r%ﬁge eg Vi aaﬁégggi’rl}%e 12 to a
m Xxi ng zone of, a.cQ | um.,L kg 15 . N f 0 may be
hel d under aﬁnboﬁn%g%ﬁgm%%gss@%? eﬁ1 %ehﬁgl)é I“ltekl'e l’g%éc? ‘Fﬁg?b eeg‘{i’gfréx fluid
is fed to the m xin ne a line pressure of, preferably | ess than 10
psig, nore p ?ﬁ@%@gﬁiﬁ%@a& meé“ﬁ%‘&ﬁ %ﬁaﬁvﬁﬁx@mﬂ?% BORSLi ! The

| atex feed pressure and the flow |ines, connections, etc., of the |atex
feed ndans s#ushipefeeedambadients; the aatymbrubber preferably Abthe mipgnrgnstigteator | ui d as
| ow as reasonably possible. Preferably all flow lines, for 20 exanpl e,
are snooth, phask of)thle;eldsamgecomitnsblslug most préfepbly, beingdrammd %o §0%fhkyi r ed
line-to- line interconnections. The pressure is selected to yield the
desired fl owweightasfitdtyl elastomet inahadlastonier zaipositablenk afat@rdinceawitls edrtain f | ow
velocity is no nore than about 12 feet per second. Blends-CIP 21

Sui t abl e el agherpRéfelraf @nbokiinvtnfenplsyingtaaRhbnibBérlitat intheweoHukiAg step,

el astoner latices and | atex blends. The | atex nust, of course, be suitable

for coagul at 2R 48Horal'laskither fs4RGiERM butsdidn@ Hibbe:. |1+ corRfbe Withlceltdin Stk 20! € for

the intended purpose or application of the fina
10 preferred embodiments, the elastomer latex employed in the wet mixing step is SBR and

the additional elastomer is butadiene rubber. In such preferred embodiments, the
butadiene rubber preferably is from 10% to 90% by weight of total elastomer in the
elastomer composite blend. In accordance with certain other preferred embodiments, the
elastomer latex employed in the wet mixing step is SBR and the additional elastomer is

15 natural rubber. In such preferred embodiments, the natural rubber preferably is the major
constituent or phase, most preferably being from 50% to 90% by weight of total
elastomer in the elastomer composite blend. Certain other preferred embodiments SBR
is employed in both the wet mixing and dry mixing steps, thus being essentially 100%
of the elastomer in the elastomer composite blend.

20 As noted further below, the rubber compositions of the present invention can
contain, in addition to the elastomer and filler, curing agents, a coupling agent, and
optionally, various processing aids, oil extenders and antidegradents. In that regard, it
should be understood that the elastomer composite blends disclosed here include

vulcanized compositions (VR), the_rmop]astic vulcanizates (TPV), thermoplastic
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rubber product. It will be within the ability of those skilled in the art
to select suitable 5 el astoner latex or a suitable blend of el astoner

| atices for -u%ﬁd%ﬁlg@ge nmet hods and apparatus di scl osed hergﬁ?ggﬁ\gg)g?%z?e‘

benefit of thi's osure. Exenplary el astoners incl ude,
limted to, ‘rubbers, polyners (e.g., honopol yners, copol yners and/ or

ter pol ynmers) Olastorferd (ITB) I Bermdh MR MlyoleBRTPOF., TPWOMPHE, ¥idETFD materials
2,3-dinmethyl -1, 3-. but adi ene, acrylonitrile, ethylene, and propyl ene and the

like. The el aspQifhdiRlsdifeaty ifeir ability o @:ﬁrﬁdetdza%g lolde@ @ev?e&if{?@&@&uﬁ&t (Tg) as

measured by differential scanning calorinetry rangi ng trom about

-120[err] C to_ah LOG! v . | to,

st yr ene- but adi g%@%l%%ﬁ@%’%ﬁ%%‘%&b@&%%%g{gg eré’fl/%tc% S'8uch as
chl orinated rubber, pol ybutadi ene | yi sopreng, | y(,st r.yene- cp- but adi ene)
Gnd the of I exPIERIRAIE QLG SRpagty ot Bf Semals bk KBS g9 gt
foregoi ng may al so be used. The | atex 15 may be in_an aqueous carrier
li quid. Al ter nateeigeatoys, perrides, and athex systemsusadety effect woleapizatinncafithsrelastomeent . I n
any event, the elastomer latex fluid nust be suitable for controlled

cont i nuous f eedompositiopmAyiveased. vel ocity, pressure and concentration into
the m xing zone. Particular suitable synthetic rubbers include: copol yners

of from about 10 toWhbrithe dlastqierdaied eniployett igtht wetf midingy stepecofiptisds mamiahbout 90
to about 30 percent by 20 wei ght of but adi ene such as copol yner of 19

parts styrene aifbeSihteXa tHeSnabiddl AAbIRP PatexBoah UBRIpHSESicl® latOoPBick TodetfrtBe and
70 parts butadi ene, a copolyner of 43 parts styrene and 57 parts butadi ene

R e i T
polychl ogopr eng o andt ek Se dittie AR ObaglliSn B) wl bk BMbLIE kg
provided typically in an aqueous carrier liquid, Altématively, the liquid carrier may be
a hydrocarbon solvent. In any event, the natural rubber latex fluid must be suitable for
controlled continuous feed at appropriate velocity, pressure and concentration into the
mixing zone. The well known instability of natural rubber latex is advantageously
15 accommodated, in that it is subjected to relatively low pressure and low shear throughout
the system until it is entrained into the aforesaid semi-confined turbulent flow upon
encountering the extraordinarily high velocity and kinetic energy of the carbon black
sharry in the mixing zone. In certain prefén'ed embodiments, for example, the natural
rubber is fed to the mixing zone at a pressure of about 5 psig, at a feed velocity in the
20 range of about 3 - 12 ft. per secoﬁd, more preferably about 4 - 6 ft. per second. Selection
of a suitable latex or blend of latices will be well within the ability of those skilled in the

art given the benefit of the present disclosure and the knowledge of selection criteria

generally well recognized in the industry.
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et hyl eni ¢ group-contai ni ng nonomer copol yneri zable therew th, such as
styrene, nethyl styrene, chlorostyrene, acrylonitrile, 2-vinyl-pyridine,
5-met hyl - 2-vinyl pyri di ne, 5-ethyl- 2-vinylpyridine,

2- met hyl - 5- VPO I‘%i dine, alkyl-substituted acrylates, vihGVUREEBHe, nethyl
| sopropenyl ketone, nethyl vinyl either, al phanethylene carboxylic acids

and the 5 e%;erp%rﬁd%ﬁz@ﬂil&emamf Redmp! Charttn KiadkYdhrey, 3§ ifsh ke

di al kylacrylic acid amde. Also suitable for use herein are copol yners of

ethyl ene and,gidiSiondhdtl dhelRid 8f &hbiin 2EHr PEvRTARNIE 16, THULIERE whyand

pent ene- 1. e |"ast one ded during the dry m XxI ng s?ep of the

wet/dry m xi ng net hod discl.osed h an ] S r.4n xture of
el astoners s‘iﬂ?‘fpélﬁ‘f @ytsggbff %bmasu(ﬁ{bﬁq (gaﬁrécéwg?é eﬁaaé]p%:tiﬁeca | orrflmﬁl%%q udi ng
those |isted above for use in.the wet m xing step. | n accordanc i th
certain prefprriargsly npnibe choice of pagticulate Siller and Bppn, SYSIEH RHARPLETS; wet

m xing step is natural rubber latex and the additional elastonmer enployed
in the5dry ndqueens andmeniagueous Higidsnmay bpbed, withywater heing preferreds i mpany

enbodi ments, the butadi ene rubber preferably fornms the m nor phase or
constituent efbddimens in viewnafiits costprysilabilith ngrstiitability of use imthetproduetianrefbl y bei ng
from1l0%to 50% by wei ght of total elastoner in the el astonmer conposite

bl end. | n acegpshtlack ant icbrtfir bthad fillep istuetiespr ef erred enbodi nents, the

el astonmer | atex enployed in the wet mxing step is natural rubber |atex and

the additional elwWhtPEeirbSABlask/Allkeriifludel SsefbictionTdpthé) CarbérERladkSwill depend
styrene-but adi ene rubber (SBR). In such preferred enbodi nents, the SBR

preferably f Js | el I 40
Compos t e bl ArERy B BRlRERBIREE of e hitfines (BRbodtk s, T HEORIR: 020 o1

omposi te” bl €Kl | _ _
ot ner B et er b TACHRE R SSRERA Gty via JEEBE HRRER i kA G0 B0 |
aral oyel | n TROR.REe L 3cFRyaeie S GE P B A GCRER o HRIS FAEet

addi tional el astoner_enployed _in the dry m xi step i S.SB I
particulate ﬁllerrgphlclxdc, for example, cg/nductx)ire illers, rcpmilorcmg 5lers,r}illers

Q¥

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
15 masterbatch in accordance with the methods and apparatus disclosed here, are carbon
black, fumed silica, precipitated silica, coated carbon black, chemically functionalized
carbon blacks, such as those having attached organic groups, and silicon-treated carbon
black, either alone or in combination with each other. Suitable chemically
functionalized carbon blacks include those disciosed in International Application No.
20 PCT/US95/16194 (W0O9618688), the disclosure of which is hereby incorporated by
reference. In silicon-treated carbon black, a silicon containing species such as an oxide
or carbide of silicon, is distributed throigh at least a portion of the carbon black
aggregate as an intrinsic part of the carbon black. Conventional carbon blacks exist

in the form of aggregates, with each aggregate consisting of a single phase, which is
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Bl ends-ClI P 23 such preferred enbodi nents, the SBR preferably from 10%to
90% by wei ght of total elastonmer in the elastoner conposite blend. In
accordance W {h & in other preferred enbodi nents, the el at ex
enpl oyed in th‘;ea."-‘@v\‘/gi ?rixi ng step i s butadi ene rubber | atex a@%‘)ﬁg

addi tional el astonmer enployed in the dry mxing step is natural rubber. In
S such preafihr %M%a?&ﬁfsﬁn te! T f 4/fraphific/ ORSAIRI MERE albiphtnss t he

m nor constituent or phase of the el astoner conposite blend, nost

preferably beigghoh! o8 il%ﬁa’il? 2Rl of VBE BYY foths. t Al Wiscds@P LI WhErel Herdifl©

el astonmer conposite blend. Tn accordance with certain other preferred
tbodi ¢ : . : ey i xi e “th
i t1 onal el Attt ufiek Stak g betnigfed b ol jlin ephuaing it o8, | 1°
t ai th 10,,. f di ts, th t I I d
o the vt | m JFdliesong e Saptan el B st e sion SRk R, AR P ene

rubber. I n such preferred enbodi nents, the butadi ene rubber preferably is
from 10%t o O0mERe dessribad apfiligagregateeashondyiacks. he materials deserified hersipisi t e
bl end. In accordance with certain other preferred enbodi nents, the

el ast omer | at estlicondfrieatgcbenrhon blagks are notreasbion flack agerégatesiich have: heen gopthdt i onal
el astoner is 15 natural rubber. In such preferred enbodi nents, the
nat ur al r ubberorptbdrevisabhodified, bitcachmilyrepresers tai diffieredt kind ¢frapgregaterodh the
preferably being from50%to 90% by wei ght of total elastoner in the

el ast onmer conp@sdoh fretbPéibonGRicks2 k2 a@irb@ies Ro1RAiR twEsha®R D ORk PRAE & cBBbn, S

enpl oyed in both the wet m xing and dry m xi ng steps, thus being
essential |y 10084 W‘Hﬂiﬂb‘é Fesdie bitic! s ealic® ShOE4m Sirbén, WiB the 20
As noted further bel ow, tlr!l)e rug%%r?ﬁ cgrrpoﬁltt?ons of the gr esent inveention
can

10 second phase is silica (and possibly other si]icoﬁ-containing species). Thus, the silicon-
containing species phase of the silicon-treated carbon black is an intrinsic part of the
‘aggregate; it is distributed throughout at least a portion of the aggregate. It will be

. appieciated that the multiphase aggregates are quite different from the silica-coated
carbon blacks mentioned above, which consist of pre-formed, single phase carbon

15 “black aggregates having silicon-containing species deposited on their surface. Such
.. carbon blacks may be surface-treated in order to place a silica functionality on the
surface of the carbon black aggregate. In this process, an existing aggregate is treated

so 5 to deposit or coat silica (as well as possibly other silicon-containing species) on

at Jeast a portion of the surface of the aggregate., For example, an aqueous sodium

20 silicate solution may be used to deposit amorphous silica on the surface of carbon
black aggregates in an aqueous slurry at high pH, such as 6 or higher, as discussed in
Japanese Unexamined Laid-Open (Kokai) Publication No. 63-63755. More
specifically, carbon black may be dispersed in water 10 obtain an aqueous slurry

consisting, for example, of about 5% by weight carbon black and 95% by weight
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contain, in addition to the elastoner and filler, curing agents, a,coupling
agent, and optionally, various processing aids, oil extenders and

ant i degr ade that regard, it should be understood that th ast omer
conposite b&é&%’l@?nscl osed here include vul cani zed corrposi'TqT()l}?é’g’f“%Jﬁ},

t her nopl asti c vul cani zates (TPV), thernoplastic Blends-Cl P 24 el astoners

(TPE) and t hey 1P| e sherrp @ heated fth Gove hBSd 707€ VsucH BEto 85195°0, GndtieqgH al s- ar e
further classified by their ability to be extruded and nol ded several tines

Wi thout substapikiedho hsa9e 605uch @8 tPd ARECEF 100AY, A5thGihi 2Bali GSlutidd) UR sepafatd®Ki NQ
the el astonmer conposite bl ends one of nore curing agents such as, for

exanpl e, sulf :!hdg Y , - rat. ner oxi des,
and ot her sysp?é’rzfrsaﬁgé;es o%ggﬁgﬁg%#c%iﬁﬁégﬁogtﬁ%g tthﬁg&e agrtg)lﬁéafw%lgﬁposition
may be used. Were,the el astoner | atex,enpl qyed .in.the t. m Xxing step
conprises nat'¥ ﬁMﬁH’Bé‘Fpﬁsi?dg%J‘? ?ng%é’éqﬁg’gﬁ“a%ﬂﬂ‘ﬂgfdmﬂ“&mg%%ﬁ?f@ﬂ‘se field
| atex or |atex concentrate (prqQduced, for exanple, by evaporation,

centrifdgati diicate soRuignity aneutryl oH,,dhe sadiym siligate and acid sqlugions aps added o
course, be suitable for coagul ation by the carbon black. The latex is
provi ded typidsenwise tpthessinrgy veilids maintained aq ifscparang pif valpe withaeidyor akkale | qui d
carrier may be a hydrocarbon solvent. In any event, the natural rubber

| atex fluid rsobsiohes spproptiste. f Tire teopenatukd efi theosvlutionds alsbaraintainedpph opri at e
vel ocity, pressure and concentration into the m xi ng zone. The well known

instability chggestedtad for abditon dbfthe Xoditen sitlvaeiohgdalUS loycalibrate the driepwisenodat ed,
in that it is subjected to relatively | ow pressure and | ow shear throughout

]E lthSﬁ;E) ﬁm Unisliitioh to 403 aBit et pérbdn® silitle a@li OWRIS fsplct R the foRitaindEAt drur bul ent
10 carbon black, per hour. The slurry should be stirred during the addition, and after its
completion for from several minutes (such as 36) to a few hours (i.e., 2-3). In
contrast, silicon-treated carbon blacks may be obtained by manufacturing carbon black
in the presence of volatizable silicon-containing compounds. Such carbon biacks are
preferably produced in a modular or “staged” furnace carbon black reactor having a
15 combustion zone followed by a zone of converging diameter, a feed stock injection
zone with restricted diameter, and a reaction zone. A quench zone is located
downstream of the reaction zone. Typically, a quenching fluid, generally water, is
sprayed into the stream of newly formed carbon black particles flowing from the
reaction zone. In producing silicon-treated carbon black, the aforesaid volatizable
20 silicon-containing compound is introduced into the carbon black reactor at a point
upstream of the quench zone. Useful compounds are volatizable compounds at carbon
black reactor temperatures. Examples include, but are not limited to, silicates such as
tetraethoxy orthosilicate (TEDS) and tetramethoxy orthosilicate, silanes such as,
tetrachloro silane, and trichloro methylsilane; and colatile silicone polymers such as
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encountering the extraordinarily high velocity and kinetic energy of the

carbon black slurry in the mxing zone. In certain preferred enbodi nents,

for exanple, the natural rubber is fed to the mxing zone at_ a pressure of
about - 5 psi g, “29‘993%@8% velocity in the 20 range of ab%??f’”@s’-”z b ft.

per second, nore preferably about 4 - 6ft per second. Selection of a

suitabl e | atex e@&m@&,ﬁe&:&éﬁsﬂ%ﬂaﬁ@@wgﬂf ?ﬂe R4 Fatd'bft e Dotk '&aﬁ@bbﬂxﬁdﬁn@‘;] those

skilled in the art given the bene e present disclosure and the
know edge of sel. L nS il ' . | i gpﬁi' L.pdustry.
Bl ends-ClI P 25 %ﬁ%% par?‘%éﬁw&ﬁgﬁ Q?SP\S;FQE u;'%t?'&)gﬁ[%arrp eé,kpc'g@%g)érl\ | ack
slurry, is fed to the mxing zone at th ntry .end of _coaqul reactor 14
via feed line "f@{cl:ﬂfﬁgs@‘m]}lp & fEspted SARhpR Elégl%p{??égl | 1Agss from %"Em R i t abl e
carrier fluid. Selection of the carrier fluid will depend | argely upon the
choi ce of part t®%} Bgresnt,Rreferably ahout Ot Pessrat oabpnf 19 petcants andperg preferably
aqueous and non-aqueous |iquids may be used, with water being preferred in
many enbofli mentabout 3 peicestt@dbolnt Gpazeent. | Thewslatizdble dompoenddnay betpedsinixed withf use
in the production of carbon black and certain other filler slurries. Wen a

carbon bl ack fithd earbors blaslefbrming| feed stock ard inredwad with the Fedd ssodkl insbehend
| argely upon the intended use of the elastoner conposite blend. Optionally,

the 10 caréRfodkéiek Altdrhfivelyathel vildtidsile Bbifound YnafeeCiniraduck i thecan be

slurried and fed to the m xing zone in accordance with the principles

di scl osed her €.roaatide @Qb S‘egaﬁéiyt, Eﬁ’ﬁ?‘{lps% BPdeﬁ'&@eaH itr&fi bR et Snjedtioh
exanpl e, conductive tilléers, ‘reinforcing fillers, fillers conpri'sing short
fibers (typica%h%nhaving an L/D aspect ratio |l ess than 40), flakes, etc.

10 - As noted above, additives may be uséd, and in this regard coupling agents
useful for coupling silica or carbon black shouldl be expected to be useful with the
silicon-treated carbon blacks. Carbon blacks and nmnefous additional suitable
particulate fillers are commercially available and are known to those skilled in the art.

Selection of the particulate filler or mixture of particulate fillers will depend

15 ‘largely upon the intended use of the elastomer composite blends. As used here,
-particulate filler can include any material which can be slurried and fed to the mixing
zone in accordance with the principles disclosed here. Suitable particulate fillers
‘include, for example, conductive fillers, reinforcing fillers, fillers comprising short

. fivers (typicaily having an L/D aspect ratio less than 40), flakes, etc, In addition to

20 the carbon black and silica-type fillers mentioned above, fillers can be formed of clay,
"glass, polymer, such as aramid fiber, etc. It will be within the ability of those skilled
in the art to select suitable particulate fillers for use in the method and apparatus
disclosed here given the benefit of the present disclosure, and it is expected that any

filler suitable for use in elastomer compositions may be incorporated into the elastomer
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Thus, exenplary particulate fillers which can be enpl oyed in. produycing
el astoner 15 mast erbatch in accordance wth the nmethods and appar at us

di scl osed here, are carbon black, funed silica, precipita LLi.ca, coated
carbon bl acWO%M¥M cal Iy functionalized carbon bl acks, su%‘g'q'é@k)?é%g%e havi ng

attached organic groups, and silicon-treated carbon bl ack, either alone or

in conbi nat E%p%t&@uﬁgg:ﬁle%&ﬁihgs_ of e ?ﬁﬂ?&rﬁ discREire Al OfcoliiB ChiemBafitEeed car bon

bl acks inclu ose disclosed in International Application No. 20

PCT/ US9S! 163 onk WoRAAGAlers diftGectlh BEEASHLGIB bAEEN 18 her eby incor por at ed

by reference."Tn*siTrcon-treate arbon ack, a silicon containing species
such as an oxide_or. carbi.de. of silicon, .i.s distr] t : | east a
portion of the cgp&fFF%bq'%b(?E“%f rogélgtrgveé\gméﬁmisﬁ P% ﬁgﬁ%&?{é’g&%@ﬁg car bon
bl ack. Conventi onal A carbon bl a(%ks exist_jn_the form of aggregates, with
each aggr egdtedl adapisd 1 Prepargon ot particplate filex fuid Gomprising agy ﬁ%@‘-%aefv%a
carbon. This phase may exist in the formof a g[aghitic crystallite and/or
anmor phdus ¢ sabom blagi dlnjascosdaneg Wigh knawnprineiples; it Wilkbg ypslerstoghat garbeR scussed
el sewhere herein, carbon black aggregates may be nodified by depositing

si | i con- contbiscks myingdewerasrfacs arch parsunit weight musirbearsed ipdighencongentration of t he
surface of the carbon black aggregates. The result 5 may be descri bed
as silicon- gpajhedpaticdine reeks. achivee nht evainel coagalator leffitatierasi lowes
silicon-treated carbon bl acks are not carbon bl ack aggregates which have
been coat ed caﬁc&&&%nwhﬁ&rﬁa%lmm”mgmghaﬁwﬂ&é Mred pRTORSMig. MNgitited ent ki nd
of aggregate. In the silicon-treated carbon bl acks, the aggregates contain

two phases. &ﬁggm% }éﬁﬁ@sr faTalaM %m%wdeékf E‘?U dptiBRaIR' feieiled R8rbBA 2RI ti C

crystallite an - anor phous car bon,

10 black, to prepare an initial mixture fluid. Such mixture fluid passes through discharge
port 20 into fluid line 22 equipped with pumping means 24, such as a diaphragm pump
or the like. Line 28 passes the mixture fluid to colloid mill 32, or alternatively a
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
15 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 liquid to form the carbon black sturry
which is fed to the mixing zone of the coagulum reactor 14. It has an inlet port 37 in
fluid communication with line 33 from the colloid mill 32. The homogenizer 34 may
20 preferably comprise, for example, a Microfluidizer® system commercially available
from Microfluidics International Corporation (Newton, Massachusetts, USA). Also
suitable are homogenizers such as models MS18, MS45 and MC120 Series
homogenizers available from the APV Homogenizer Division of APV Gaulin, Inc.

(Wilmington, Massachusetts, USA). Other suitable homogenizers are commercially
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10 secqnd phase is silica (and possibly other silicon-containing
species). Thus, the silicon- containing species phase of the
silicon-treateg ¢ black is an intrinsic part.of the aggregate: it is
di stri'buted thﬂ@@%ﬁ%@? at least a portion of the aggregate.qF?ﬂG?V@Tﬁe
appreci ated that the nulti phase aggregates are quite different fromthe

silica-coated GaghpR JRh akse agpgg:}(:%ﬁgse%mx&m %ﬁv&%ﬁéﬁn&ff R preskatr med,

si ngl e phase carbon 15 aggregat es g silircon-contwal ning

spec o2 dpos! et 1S RCLAGE ) 5 SRR RS W e s o
(1 o000 ol o RN SO i o KBRS 0 BB HRLF

si | i con-cont ai ning speci es} on at least a portion of the surface of the
aggr egat e. For TESIRSH mere pigtesblyc dpastabet 4% Agelomerates jess than aboyb?Qmicsensnay be
used to deposit anorphous silica on the surface of carbon bl ack aggregates
in an aqulous’ dhiizey Prgfemablyh thelearbon black ds Broken dawghioran average sizeiefBd 15n
Japanese Unexam ned Lai d- Qpen (Kokai) Publication No. 63-63755. More
specifically, ouitions) ely. cablutrfepicions.d Exip pors 88! passesubs @irbdnblaeR sRirty fidin gigueous
slurry consisting, for exanple, of about 5 % by wei ght carbon black and 95

% by wei ght Bl epgh®gdaisr #/the mixifg Sone ﬁb@%]mkwmﬁe 165 TRakeH k) RRAVIS,coOUt
70[err]C, such as to 85-95[err]C, and the pH adjusted t0 above 6, such as

to a range of 1913beo Witk ﬂfarho?dogedaer b uﬁd%mﬁ\g&g%g}ggﬁa%&ﬁ%baggi 'S

made of sodiumsilicate solution, containing t t of silic ich is

desired to be S t. ..an n_Aci olution tao bring
the sodi um 5 mgsﬁel?egaabt?% 3 u‘%ﬁ%’ﬁ%{%‘p‘%’%ﬁ t s%ﬁ% ‘§|!ff“‘i%§‘° i%% f’t%vin?c ate
and acid 18 ol ut 'ReSs Water 0611'%%1%9 carrier. Typically, about 10 to 30 weight percent carbon black

‘ispreferred. Those skilled in the art will reéognize, given the benefit of this
disclosure, that the carbon black content (in weight percent) of the sturry and the slurry
flow rate to the mixing zone should be coordinated with the natural rubber latex flow
rate to the mixing zone to achieve a desired carbon black content (in phr) in the

15 ‘masterbatch. The carbon black content will be selected in accordance with known
principles to achieve material characteristics and performance properties suited to the
intended application of the product. Typically, for example, carbon blacks of CTAB
value 10 or more are used in sufficient amount to achieve carbon black content in the

“masterbatch of at teast about 30 phr.

20 The shurry preferably is used in masterbatch production immediately upon being
prepared. Fluid conduits carrying the slurry and any optional holding tanks and the
like, should establish or maintain conditions which substantially preserve the dispersion
of the carbon black in the slurry. That is, substantial reaglomeration or settling out of

‘the -particulate filler in the slurry should be prevented or reduced to the extent
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dropwi se to the slurry, which is maintained at its starting pH value with
acid or alkali solution as appropriate. The tenperature of the solution is
al so nai nt a.\»{beﬂl ﬁ% suggested rate for addition of the sodiumsilicate
solution i s o 08%brate the dropwise addition to add aboBFTESHRRIGR.
percent silicic acid, with respect to the total anount of 10 car bon

bl ack, per heisbrablystackicall ' Brefefudiyl 4l iy Filek ! fof Exathiple, B sid@thadhith binSsth and

after its conpletion for fromseveral mnutes (such as 30) to a few hours

(1. 2-3) inkloHAl!ib@fonne2fibnsC Oyptiofilly® hn® RcBRaRl: 3% \Seoll Benhitn Ak a1 ned bY

manuf acturi ng carbon black 1n the pr nce of volatiza

si | i con-cont@aini nds ref e | roduced in
2 modul ar _ortiomSeiet AR Bing 2341 SARHeiEdn el f SR e B
conmbustion zone fallgwed b . 2.0 of .converging dianeter, a feed stock

i nj ection chﬁmﬂi*tﬂﬁﬁ?‘é’HP?%thP‘&Fi%ﬁgﬁmaﬁd a reaction zone. A quench zone
Is | ocated downstream of the reaction zone. Typically, a _quenching fluid,
gener aPly wat er, Naturalyubbes Jatex,fyd of gther ¢lastomesilatee firid mresedsthe KBS 1| ack
particles flowing fromthe reaction zone. In producing silicon-treated

car bon bl ackzone wa fegddined2iagd ¢erben blacksharripfed to the mixing zore via fieediline 4§ conpound
I's introduced into the carbon black reactor at a point upstream of the
guench zone.undeeproperquoqesspaianeiere ay disaussed abdee, cammodue s mivelogdasiomer bl ack
reactor tenperatures. Exanples include, but are not limted to, silicates

such as t et roagipbsiteyspecifitullp] dlaseonies mastérbiith criib] Mkdns MRl ARY Ye Proviaesfori cat e,
- silanes such as, tetrachloro silane, and trichloro nmethylsilane; and

colatile silj atdR) VATRRS addifiVesAfitoBthe RSt maSterbatch. An additive fluid
oct anmet hyl cycl otetrasi |l oxane (OMIS). The flow rate of the volatilizable

conmpoygd comprising one or more additives may be fed to the mixing zone as a separate feed

stream. One or more additives also may be pre-inixed, if suitable, with the carbon

black slurry or, more typically, with the elastomer latex fluid. Additives also can be

mixed into the masterbatch subsequently, i.e., during the dry mixing step. Numerous

additives are well known to those skilled in the art and include, for example,

15 antioxidants, antiozonants, plasticizers, processiﬁg aids (e.g., liquid polymers, oils and

the like), resins, flame-retardants, extender oils, lubricants, and a mixture of any of

them. The general use and selection of such additives is well known to those skilled

in the art. Their use in the system disclosed here will be readily understood with the

benefit of the present disclosure. In accordance with certain alternative embodiments,

20 curative also can be incorporated in like manner, to produce a curable elastomer
composite which may be referred to as a curable base compound.

The elastomer masterbatch crumb is passed from the discharge end of coagulum

reactor 14 to suitable drying apparatus. In the preferred embodiment of Fig. 1 the

masterbatch crumb undergoes multi-stage drying. It is passed first to a de-watering
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w || deternjne the weight percent of silicon in the treated carbon bl ack.
The wei ght percent of silicon in the treated carbon black typically ranges
from about 0. 1, t to 25 percent, preferably about 0.5 about
10 percent, anjwdtpsr?rg%@ﬂpr eferably 5 about 2 percent to ag‘gt’ﬁﬁgﬁ%zfcent.
The vol ati zabl e conmpound may be pre-m xed with the carbon bl ack-form ng

feed stock andeitéramism@ dhetividconéyof Befmple @edvity aiec? driohef Qfiable Aean e

Al ternatively, the volatizable conpound may be i ntroduced to the reaction

zone separ at el b, o Qi exihReF UEA nOfoud BrafdrS Uohbilchtd Sohdfith i tat

b
I nj ection point. not ed ove, additives may be used, and

In this regard., li-ng. a S | [ L bl ack
shoul d be ex pelcl:1§ ge%%tddﬂ gg gg@ﬁﬁ?ﬂ%%t 6eﬂ’ers ﬁ#@#ﬁ%@a%g%%cbg%%ﬁfegﬁg% Ks.

Car bon bl acks and nu ous additiopal.suitable particulate fillers are
comrercial ly a@%‘f’?‘?ﬁ@‘&‘ﬁ@%@mﬂH’glgﬂp’tcag'trﬁ%%w&f ‘F@?B‘ﬁ"ﬁg‘?"ﬁgt%h ®188| ecti on
of the particulate filler or mxture of particulate fillers will depend 15
| argel y dpon tPiEcemh masepEfembly Qo (hweight percente Suitablesiexers are svell kaewn agd ysed
here, particulate filler can include any nmaterial which can be slurried and
fed to the m x¢omgmercially dvailables tnchiding doneixample hextpder deyepd, dlniddbed clirvess dioher e.
Suitable particulate fillers include, for exanple, conductive fillers,

rei nforcing fi it erctherfoved dryers,camdtei likee neycis iscFrench iMiidls svaihible froad thy Fleasi ng an

L/ D aspect ratio |l ess than 40), flakes, etc. In addition to 20 t he
carbon bl ack agg Michinea ¢o.P@idual DRIos USRNt i oned above, fillers can be formed
of clay, glass, polyner, such as aramd fiber, etc. It will be wthin the

ability of those sk ' ; ' l; Ko ul illers
for use in the net hk%{iéflﬁ‘é*‘g}}%‘g?é@ g%éﬁ%@%gxmgﬁgixﬁgﬁﬁﬁgﬁ%G%Tgﬁn% of the

o oSt 8 ool BB g P S 38 Al B 02
apparatus of Fig. 1, wherein the dried masterbatch crumb is compressed within a
chamber into fonn—stablc compressed blocks or the like. Tybically, 25 to 75 pound
quantities of the elastomer masterbatch are compressed into blocks or bales for
transport, further processing, etc. Alternatively, the product is provided as pellets,

15 for example, by chopping the crumb.
The dimensions and particular design features of the coagulum reactor 14,
‘including the mixing zone/coagulum zone assembly, suitable for an embodiment in
‘accordance with Fig. 1, will depend in part on such design factors as the desired
throughput capacity, the selection of materials to be processed, etc. One preferred
20 embodiment is illustrated in Fig. 2 wherein a coagulum reactor 48 has a mix head 50
attached to a coagulum zone 52 with a fluid-tight seal at joint 54. Fig. 2 schematically
illustrates a first subsystem 56 for feeding elastomer latex to the mixing zone,

subsystem 57 for feeding carbon black shurry or other particulate filler fluid to the

mixing zone, and subsystem 58 for feeding an optional additive fluid, pressurized air,

Blends-CIp
33

SUBSTITUTE SHEET (RULE 26)



conposites using the teachings of the present disclosure. O, coursg, blends
of the various particulate fillers discussed herein may al so be used.
Preferred enbodinents of the invention consistent with Fi

especi al |y WOAP1%%pted to preparation of particulate fi I?%V&?%&(? .

conpri sing aqueous slurries of 5 carbon black. . In accordance with
known princi gt&s the rhixiigl Zond) ETh IR i SWis IsEe! to haveree lftsd ThanneR \6ONEL,| ower

surface area per unit weight nmust be used in higher concentration in the

particul ate g} UpEed chshnBIcdl i pRovidhe® for ¥EthareA Ghbet ia@R MR 4nd 34 cRfmbiGaer
concentrations of carbon black having higher surface area per unit weight.

Agi tated m xj . ' W46 ; : Do &!uﬂ{c : i onal ly
pelletized cgaﬁ%‘;rll&é%?o}&é&%?%éﬁ?ast 0 pf %‘g@g’equ‘?]&i irh tia E?ﬁl%tgpéef%i d. Such
m xture fluid passes through..di scharge .t 20.imto fluid line 22 equipped
w th punpi ng%g‘gﬁga’%ﬁ“‘g %{Ee“;‘“]&ﬁé"gr?f E‘%{W‘ﬁﬁ ca?tl*?gvarn%g s ﬂ“ﬁgedZB passes
the mxture fluid to coJloid mll 32 . or alternatively a pipeling, grinder
or the dike, It FRTOECHOD %B&‘E'B‘E?F'P“S : mf"ﬁ%%a‘?‘%nge&f"&ﬁ?'c pon-yiat pE‘fsg’gH’ in the
aqueous carrier liquid to forma dispersion fluid which is passed through
outl et port additives. While ifisiwell knoyn tp eeiploy emylsipntisermediates &¢ crsage additiy ng neans
36, preferably conprising a progressing cavity punp or the like is provided
in line 33. Eimmisignssuitable B¢ prechlendingrwithanchlastoees katext preferred bmhodinemkin n t he
carrier liquid to formthe carbon black slurry which is fed to the m xing
zone of the qfagiahtewitkaled poesehd distibsube employing | didectpinjettich/of aiditives dan

comuni cation with line 33 fromthe colloid mlIl 32. The honobgeni zer 34 may
20 pr ef efiinhté nGPdFﬂPj][ 1he Qeed(fB¥ e AGPInRrmaidvésC bl alsdith eeiphRht suclS¥st em

commercially available from Mcrofluidics International Corporation

(Newtogy Ve gahaghirting Bflpmefl, 8o Yroaih 84l P THGRAL 464 SobiMdhsas Model s

Reductions in manufacturing cost and complexit;} can, therefore, be achieved. As

discussed further below, the feed channel 61 through which slurry is fed to the mixing
zone is preferably coaxial with the mixing zone and the coagulum zone of the
coagulum reactor. While only a single feed channel is shown to receive the elastomer
15 latex fluid, any suitable number of feed channels may be arranged around the central
feed channel through which the slurry is fed to the mixing zone. Thus, for example,
in the embodiment of Fig. 2 a fourth feed channel could be provided through which
ambient air or high pressure air or other gas is fed to the mixing zone. Pressurized air
may be injected likewise with the slurry through the central axial feed channel 61.
20 Auxiliary feed channels can be temporarily or permanently sealed when not in use.
The coagulum zone 52 of the coagulum reactor 48 is seen to have a first portion
64 having an axial length which may be selected depending upon design objectives for
the particular application intended. Optionally, the coagulum zone may have a constant

cross-sectional area over all or substantially all of its axial length. Thus, for example,
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honogeni zers avai,l abl e fromthe APV Honobgeni zer Division of APV Gaulin,
Inc. (WImngton, Massachusetts, USA). O her suitable honbgenizers are
comercially -Cl P 30 avai l able and will be appare e
skilled in th‘gbgﬁ%%@l ven the benefit of the present discl O?JF’@.Q”%’%?Cm ly,
carbon black in water prepared in accordance with the above described
system wi | | h@yecabulbihctdis dsiieta0Gabie TREAHE TbufS Flo Gl B

m crons, nore preféerably at |east about™ 90 % aggl onerates | ess than about
20 microns 5 _ . . | | "Eiia?% b i own to
an average Ssi zmem oF %%'e-% d?% Ccr ﬁeg:&‘ %ﬂ%g&ﬁ%ﬁgﬁ%{)g@% d E%glg@l%gg‘r’ét? 38
passes the carban black slurry fromthe honpbgenizer to the m xi one
Phrough feed: P e ofecpriFd oRipeduaRe S Saings e Pisarelop, ne
honogeni zer step and exit the hogpgeni zer at about 600 psi or nore.

B of orabl y. oSG 8RR ZORE b EHOH ROBESRSD B Bk SR, 604 B840 o
renoving 10  excess water or other carrier. Typically, about 10 to 30
wei ght p&r centlisshargo €nd|63¢c k Mase (specificallys dthe Turessweational | avep iimereasgs by thew | |
recogni ze, given the benefit of this disclosure, that the carbon bl ack
content (i n.wdenpithdipa diventipl) from théentryl end to/the didchange enti udn thefelnbodimebtcoft 0 t he
m xi ng zone shoul d be coordinated with the natural rubber latex flowrate
to the nixi ng HQNE tHexosguhinesde incrtases irectossaetivialtir@PfoeniveNtin fietemsr ) in
the 15 mast er bat ch. The carbon bl ack content will be selected in

accordance Wi teye kiiehsdd chit B Tol iR QiR cr¥Bd- REdahl poRh 36! Refefdnbss and

performance properties suited to the 1ntended application of the product.

Typi cal Iy, for, - di
V910 L e CRRDARK b Rk (3F ol rofiy oo |1

suf ficient anoun conten

10 the coagulum zone defined within the coagulurix reactor) and other components, unless
stated otherwise, are intended to mean the cross-sectional area of the open flow
passageway and the inside diameter of such flow passageway.

Elastomer composite, specifically, coagulated elastomer latex in the form of
masierbatch crumb 72, is seen being discharged from the coagulum reactor 48 through

15 a diverter 70. Diverter 70 is an adjustable conduit attached to the coagulum reactor at
discharge end 68. It is adjustable so as to selectively pass the elastomer masterbatch
crumb 72 to any of various different receiving sites. This feature advantageously
facilitates removal of masterbatch crumb from the product stream, for example, for
testing or at the beginning of a production run when initial process instability may

20 result temporarily in inferior product. In addition, the diverter provides design
flexibility to direct product from the coagulum reactor to different post-processing

-paths. In accordance with the preferred embodiment of Fig. 1, the masterbatch crumb
72 being discharged from coagulum reactor 48 through diverter 70 is seen to be

received by a drier 40.
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mast er bat ch of at |east about 30 phr. 20 The slurny pref,erably
I's used in masterbatch production i medi ately upon being prepared. Fluid
conduits cargyi he slurry and any optional hol ding tanl%: i ke,
shoul d est ab‘l"?‘gg&gé" mai ntai n condi ti ons whi ch substanti all TZ[?E&@/%&?@E t he
di spersion of the carbon black in the slurry. That is, substanti al

reagl oneration or Thetdobs-deetichif diMEnsidh®f BaiptilumUtbatc? 4Biid $e@h td Mclell abhn!l 1Y’
shoul d be prevented or reduced to the extent Blends-Cl P 31 reasonabl y

practi cal . F’f&éﬁﬁ%ﬂ%}x cHebwdeh Qitry 'aﬁok?és aﬁaﬁ{iscsa&@mcﬁas.a 16 B9 fatetinbh Snoot h

line-to-line Interconnections. tionally, an accunul@ator T's used between

t he honogeni zgr,_and t e C i L NPl ure or
vel oci Ty o (haniitpryfad b O ub R Rote WeRB IR may] D32

Nat ural rubber Jatex.fluid, or pther elastoner |ajex fluid passed.t.o the

m xi ng zone \H'%fjeﬁag@dfrf"?‘megl? arrdh@ﬁr %Stk 9 ?PWhé’&gleo“’c ﬁ@t Hi%i ng zone
via feed line 16 under proper_ process paraneters as di scussed above, can
producela novagasyed SomEs C%ﬁb@&ﬁ‘?@}“akﬁ%ﬁ’ﬁ‘h%ﬁ?w}‘mem&% toohRHnt A 3t 88 bat ch
crunb. Means may al so be provided for incorporating various additives into
t he el ast oneroutes siremifenende. of the coagnlumn yanefat e gnd of the coagulymovengtomgndhie or nore
additives may be fed to the m xing zone as a separate feed stream One or
nore addi ti veasgand,Soshoald be angersect thatdhe drésssedtibedd hrea ofiiht lopstieam partioaref bl ack
slurry or, nore typically, with the elastomer latex fluid. Additives also
can be ni xed th@&&g&lbﬂl 18RH0r¢ BafisC the PoRoatieithe ¥ntry end-66, Préferatly inbfeagtsy M Xi ng
step. Nunerous additives are well known to those skilled in the art and
include, for &RfEk§ siowly to achieve quasi-molding of the coagulum in accordance with the

10 principles discussed above. Too large an angle. of expansion of the coagulum zone may
result in the elastomer masterbatch not being prc;duced in desirable crumb form of
globules or worms and simply spraying through the coagulum reactor. Increasing the
bore of the coagulum reactor too slowly can result, in certain embodiments, in backup
or clogging of the feeds and reaction product into the mix head. In a downstream

15 portion of the coagulum zone, wherein the latex has been substantially coagulated and
flow has become essentially plug flow, the coagulum zone may extend either with or
without increase in cross-sectional area. Thus, reference here to the coagulum zone
in preferred embodiments having a progressively increasing cross-sectional area
should be understood to refer primarily to that portion of the coagulum zone wherein

20 flow is not substantially plug flow.

The cross-sectional area of the coagulum zone (that is, at least the upstream
portion thereof, as discussed immediately above) may increase in step-wise fashion,
rather than in the continuous fashion illustrated in the embodiment of Fig. 2. In the

embodiment illustrated in Fig. 3, a continuous flow system for production of elastomer
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15 antj oxi dants, antiozonants, plasticizers, processing aids (e.g.,
liquid polynmers, oils and the like), resins, flane-retardants, extender
oils, lubricants, and a m xture of any of them The general use and

sel ection of SYRMISMAi tives is well known to those skilled PRVPSE2GHY
Their use in the systemdisclosed here will be readily understood with the

benef it of the ypseanith if hXohARM i tnd rRRRATAR ISR dechBE Alcdl Blsbeiligat i ve

enbodi nents, 2 curative al so can be incolporate e manner, to

produce a cur aq‘ﬁ“ed%l aﬁﬁ%&?&%ggﬁgﬁcg gﬁ{@?u mb,(ﬁe El%fsse_g Eﬁ&a{ &te%éf%{?cur abl e

base conpound. &l 'adtone 'S passe rom schar ge
end of coagulumreactor 14 to suitable dryin ratus...l.n the preferred
enbodi ment of PO F45E TEEeeRes i SRS {eRiony PargaN il SEHOHAS g 1 ¢
is passed first to a _de-watering Bl ends-ClI P 32 extruder 40 and then via
conveyor or si M ceagplumzans infueihd #PP-Wisk epbodimenghave a fared sonngctiop toadjacsnt ng
extruder 42. In routine preferred enbodi nents consistent wth that

i |l ustrat®d i n seitigns. 1That wdthey eognbingtte fomin arsoiobibrand-gerteeally xputinuens deagiiron
black filler, the de-watering/drying operation will typically reduce water
content to abowbnelutface]asvapposad, for example o aGRAYp or MBurRanesRfinoreasd in didheted . 5

wei ght percent. Suitable dryers are well known and commercial ly avail abl e,

i ncluding for exIBaesection! b dekoiext" TIRY coagulir z6heRF FiglriBErSase R threk ktepy, Ot her

oven dryers, and the |like, such as French MIls available fromthe French
G| Machinery ' | ,IEJ‘%A%E ' 3 of drying
extruder 42 i sgg%hr??tgtgé}g? ea@ocgrffng o b?&&?%@%%r % Art%&oﬁgg%a‘f’%t?%& The

e B Optdles%gx? lpfmc:ap % éc%&e Pn?mécﬁzﬁél)lrj by vg,f thté r(gref\ms—sectional area of coagulum

10 zone 53 increases from the entry end 66 to poixit A at the discharge end 68 at an overall
-angle which achieves the necessary flow control in the upstream portion of the
coagulum reactor. The first section 74 can be taken as including (a) the constant

diameter portion of the mix head 50 immediately downstream of the mixing zone, and

(b) the same or similar diameter portion connected thereto at joint 54 at the entry end

15 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, should be greater than

thiree times the diameter D,, more preferably greater than five times ) , 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-

20 sectional dimension and cross-séctional area approximately double that of the preceding
(i.e., upstream) section. Thus, for example, section 75 has a constant cross-sectional
dimension and a cross-sectional area which is twice that of section 74, Similarly, the
cross-sectional area of section 76 is double that of section 75, and the cross-sectional

‘area of section 77 is double that of section 76. In each of sections 75 - 77, the length
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apparatus of Fig. 1, wherein the dried masterbatch crunb is gconpressed
within a chanber into formstable conpressed blocks or the like. Typically,

25 to 75 pound guantities of the elastomer masterbatch arg sed into
bl ocks or b‘gpé’%/%‘?ﬁ transport, further processing, etc. Aﬁqrzl?%q%\%el.y, t he

product is provided as pellets, 15 for exanple, by chopping the crunb.
The di mensi Esgﬁeﬂm fer ftiah MredGifids QR dlafidteriste plefdrilly OROMEEHO fe9@act or 14,

i ncluding t m X1 Ng zone/ coagul um zone assenbly, suitable for an

enbodi nent i, EQQ@F ' | tivefirhds i | FrHRa b ng?!&kh desi gn
factors as Pﬁggﬁég. re ﬁ?\r,!oeit}%ﬁ@ufﬁmgaﬁ‘ém tyg,l t he sél ect?’onro t(lari als to
be processed, et @] referred 20, ' s 1S | ed in Fig.
2 wherein asg%lggflmqngpefgﬁgﬁgpm%gmﬂig lsaprﬁﬁ?%%%gh@géﬁ%é él(k]a&{? (E)é?’coagul um
zone 52 with a fluid-tight seal at joint 54. Fiq. .2 sche icall
illustrates a fi ﬁs‘?"‘sh&ffg%"@?ﬁ“g@m M @M‘tﬁf gf%f%‘%ﬂe i Xi ng
zone, subsystem 57 for feeding carbon black slurry or other partjculate
fillerSflui Fig.o3 isnshommnyin Fig. Zbpurtiallihin section Wewm MiX hesd 508 dptegrala®it® pt i onal
additive fluid, pressurized air, Blends-CIP 33 ~ etc. to the mxing zone.
The ni x heado#&ghlurs zerrextendernid, Wa fdintcid. fI¢ defingh a muizing zowe wigreingmultigle o
channel 60 is provided for the natural rubber latex fluid and feed channel
62 is provi desll fannek 6@, 62 famaf jugationawith an elorghitd, isubstdntiallydcylindricabnnect i on
with preferred enbodi ments enpl oying direct injection of additives,

si gni fi cant REvRANRE Sifbsiafitia tbMiA dvifh the coaghRmOARE P6itibR Withint dxtdiietr 53¢ ar bon
additives or, nore generally, non-water mscible additives. Wiile it is

wel | known 4o JQiRle Qécdpisb® i if {30dok Wodhedi 85 dieCoferief oRAE hiettd and

10 apparatus disclosed here, to precisely define the boundaries of the mixing zone and/or
coagulum zone. Numerous variations are possiblé in the design of the flow channels
junction area, as will be apparent to those skilled in the art given the benefit of the
present disclosure. In that regard, as a generally preferred guideline, in embodiments
of the type illustrated in Fig. 4, for example, the slurry tip 67 generally is upstream of

15 the beginning of cylindrical portion 80, being approximately centered longitudinally
in the junction of the feed channels. In such embodiments, preferably, the minimum
cross-sectional area defined by the imaginary cone from the slurry tip 67 to the
circumferential perimeter at the beginning of the cylindrical portion 80 is
advantageously greater than, or at least equal to, the cross-sectional area of the latex

20 feed channel 60. Preferably, both channel 80 and at least the upstream portion of the
coagulum zone wherein flow turbulence exists prior to substantially complete
coagulation of the elastomer latex, have a circular cross-section.

The means for feeding carbon black slurry or other particulate filler fluid is seen

to comprise a feed tube 82 extending substantially coaxially with the mixing chamber to
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enul sions suitabl,e for pre-blending with an el astoner |atex, preferred
enbodi nents in accordance with the present disclosure enploying direct

i nj ection of s can elimnate not only the need for '

i nt er medi at es%&géd’?l6 ﬁso t he equi pment such as 10 tanks,l?%%g{?@f@ng

equi pnent, etc. previously used in formng the enul sions. Reductions in
manuf act uri ng aﬁ; nifif 6 shefitlogxé tiy 67avhichtihEpenftewAd the Qoapultintaonel. TS isdl scussed
further bel ow, e feed channel 61 through which slurry is fed to the

m xing zone | smgnfwaa@ pebus R thel Eére&eh%nmﬁnaﬂs ai@aﬁseamgmt e SRR UM

zone of the coagulumreactor. Wile onIy a single feed channel i's shown to
receive the eI }ﬁgl

channel s may be arra geg"tg‘rlgunggfﬁg%%{%gna %/ ggc an %‘e{yé%?é%%ﬁe&ﬁl ch the
slurry is fed Th for ole t he egbodi.nent of
Fig. 2 a fourt edfv 8’%?@\#&5 ‘Eeﬁhamﬂé B{;" gﬁﬁ?ﬁ*‘? gzﬂqglfﬁ air or
hi gh pressure air t her gas to the m Xi ng zone, Pressurijzed air
may be i Aj ect A 8‘°9H‘?’H°€¢f§”%‘?q&}e? frh?@@@ﬂertﬁé’fg\?M? 1 §Q(Whichs eeq
channel 61. 20 Auxiliary feed channel s can be tenporarily or

per manent | y seasinstedvitbere, v preferablysaubstatially caupl kauthe Adiamstes D, off impmedigtslygul um
reactor 48 is seen to have a first portion 64 having an axial |ength which
may be sel ect efdilowing pditiog ofi geptiordBsofthe cdagelamizons) phaferaliinis ap foastitwice alie
application intended. Optionally, the coagul um zone nmay have a const ant

Cross-sect i 0nghsidé Giamereeof hirty fed £86 3D, afbre phdfdtally hbodf fout fo @pitdimes @Rgt h.
Thus, for exanple, Blends-CIP 34 the coagulumreactor may define a

sinpl e, Strai GfiimdHurtal uite @Y GhaNYabod 58 td\e Tt a0 Pl Schar ge

end. Preferably, however, for teasons di scussed ove
10 82 is seen to form a fluid-tight seal with the entry port 83 at the upstream end of feed

charmel 61 of mix head 50. The diameter of the axial feed tube 82 is determined largely
by the required volumetric flow rate and axial velocity of the slurry as it passes through
the slurry nozzle tip 67 into the mixing chamber. The correct or required volume and
velocity can be readily determined by those skilled in the art given the benefit of this
15 disclosure, and will be a function, in part, of the concentration and choice of materials.
Embodiments such as that illustrated and disclosed here, wherein the feed tube for the
carbon black slurry is removable, provide desirable flexibility in manufacturing different
masterbatch compositiens at different times. The feed tube used in one production run
can be removed and replaced by a larger or smaller bore tube appropriate to a subsequent
20 production. In view of the pressure and velocity at which the slurry exits the feed tube,
it may be referred to as a spray or jet into the mixing zone. This should be understood
1o miean in at least certain embodiments, high speed injection of the shutry into an area

already substantially filled with fluid. Thus, it is a spray in the sense of its immediate
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and as seen in the preferred enbodinent illustrated in the draw ngs, the
cross-sectional area of the coagul um zone 52 increases progressively from
the entry e 5 di scharge end 68. Mbre specifi e
Cross-secti ﬁ%?ﬁladr;@a i ncreases in the longitudinal direct ipﬁ}qﬁym{;he entry
end to the discharge end. In the enbodi ment of Fig. 2, the coagul um zone

i ncreases i NditribeGons fipasiBrthrofgifible S¢S iy ¢ hnd noandcaﬁa:ﬂ? e kdadé of t

i ncreases continuously follow ng constant cross-sectional portion 64.

Ref erences t gred-Nging initiRlaPdrofltd irfd Sl SHrehdif@djectdrpa Of the coagul um
reactor (or, nore properly, 10 t he coagulum zone defined within the

coagul um r eact or)l-ﬁyeg%%@?:%gdg?maf]g@ an&'@ﬁ%?ets%e%ﬁ% ?o‘ilmosfﬁﬁ&mnsﬁt g3re

i ntended to nean t lonal area o e open flow passageway and

t he i nside dianet.ern  of. h, f| ageway. .El a r c osite

speci i cal |y ™SPESHEY ’&%ﬁl%@gg%‘?g?w ?hﬁ’énef %)é)%]ea&anﬁg@t B3 crunb
72, is seen Bei ng, di scharged fromthe coagul um re%gtporo 48 throu%‘,lS a
di vertet 70. Popdkin wany;empediments, aave & vahieotrem garsfer thani 0y dqdessithan RO coagul um
reactor at discharge end 68. It is adjustable so as to selectively pass the
el ast omer nadypicallt Srmast heafer ezameple. fiop HF° A20°; duis desimble tepvoid 2 pedativhg si tes.
This feature advantageously facilitates renoval of masterbatch crunb from
t he product gptessaeaythafis cavisatiopdfahe latox fluid 9s it mentmined byt the higb yelocityndurgf  a
production run when initial process instability may 20 resul t
tenmporarily egitihgaesiuoy npazdedie t67, sinceatdiidi hayodisadiittagdonstyr ke Meensisttas desi gn
flexibility to direct product fromthe coagulumreactor to different

post - pr 0Cess infiging Rhdifg tolifoRGaet R Matth bbdh&e AR @ lofief & calbOrljebRAbr Of Fi g.
1, the masterbatch crunb 72 bei ng di scharged from coagul umreactor 48

throughy di velhgryddhed & BiEEkidgSoMfto hEHEINHREKRY afly Sk Hcuit): MRl & P 35

expanded feed line for the natural rubber latex leadiﬂg 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, however, the latex feed channel can intersect the mixing channel upstream

15 or downstream of the slurry nozzle tip 67.
The carbon black sturry or other particulate filler fluid typicaily is supplied to feed
tube 82 at a pressure above about 300 psig, such as about 500 to 5000 psig, e.g. about
1000 psig. Preferably the liquid shurry is fed into the mixing zone through the slurry
nozzle tip 67 at a velocity above 100 ft. per second, preferably about 100 to about 800
20 ft. per second, more preferably about 200 to 500 ft. per second, for example, about 350
feet per second. Arrows 51 in Fig. 4 represent the general direction of flow of the
elastomer latex and auxiliary feed materials through feed channels 60 and 62 into the
channel 80 below slurry nozzle tip 67. Thus, the slurry and latex fluids are fed to the

mixing zones at greatly different feed stream velocities, in accordance with the numbers
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The cross-sgctional dinmension of coagulumreactor 48 is seen to increase at
an overall angle [err] between entry end 66 and di scharge end 68. Angle
[err] is grea 0 and:in preferred enbodinents is |es err],
nore prefer ab?’@i?gpelgéat han 15[ err], nost preferably from 0.5§?%/G§.9,2‘#ﬁ1e angl e
[err] is seen to be a half angle, inthat it is 5 measured fromthe

central | ongit sidihlabevel Wiile nbtasHuRRE Yt botind BY'@edrp, ifpr@@htiitis Andaéstdol ehaout er
ci rcunference of the coagulum zone at the end of the coagulumreactor. In

this regard, iiheiftntaltEed REVeS 1A Ahih indithEs A RSRLMRGohORMIngR0OT the

upstream portion of the coagulumreactor, that is, the portion near the

entry end 66, p 4 i sufficiently slowy to achi eve
Bl RiAgstn oLy

guasi - nol di ng n accordance with the 10 princi pl es

di scussed above. TogQ |ar an_angl e of..expansi on of t.he_.coagul,um zone nmay
result in-the el ast e"%éé’?@?%&?éﬁmﬁ“&‘nﬂgfsﬂgu%ﬁg&%ﬁs' isr?n‘gg?fhfﬁﬂ’l crunb
form of gl obules or ) ngd_sinply, spraying. through the coagul um reactor.
| ncr easi my theﬁﬂélFé"’\(gf Fﬁ@%ﬁg%&%ﬁmp%“g@? of Figo 4 ds @Rﬂaﬁjedclﬁ’rmﬂgg'ﬁlai‘g]h(n
certain enbodi nents, in backup or clogging of the feeds and reaction
product into t kdending ferddubes P L. Fyomereates aumbes of feed tyhes may be efiployed, opagul um
zone, wherein the | atex has been substantially coagul ated and fl ow has
becone essent i akamplehptp dboun ort8raziaip-extending fealtebayndeantapashsky] production t h or
wi t hout increase in cross-sectional area. Thus, reference here to the
coagul um zone KexibiliffidchRded by eftkent oo tubes oF diffeRat Gambteiby profsctiemsi ng
cross-sectional area should be understood to refer primarily to that

portion of the,gaf@nt frAQRGonN EAI8d, Mdfiple feed tite® Wl B B sﬁﬂhéﬁ&%&l%%' y plug
flow. The cross-sectional area of the coagulum zone (that is, at Teast the

upst ream gor t i Qg dae S8l aouP Bl St LITRSIA'ELY AP XS Yordee GiESE 11

step-wi se fashiron, er t e continu rated in the

enbodi nent of lgl g'lu%ireécrt]or:[ he

An alternative embodiment of the mix head is illustrated in Fig. 7. Mix 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

15 the mixing chamber 179, It can be seen that the central bore in feed tube 182 terminates
at slurry nozzle tip 167. A constant diameter nozzle land 168 is immediately upstream

of slurry nozzle tip 167, leading to a larger bore area 169. Preferably the axial
dimension of land 168 is about 2 to 6, e.g. about 5, times its diameter. A second feed

channel 160 forms a junction 184 with the mixing zone 179 at a 90° angle for feeding

20 elastomer latex fluid to the mixiﬁg zone. The cross-sectional diameter of the latex fluid
feed channel 160 is substantially larger than the cross-sectional diameter of the slurry

nozzle tip 167 and land 168. Without wishing to be bound by theory, the axial
‘elongation of nozzle land 168, coupled with the expanded diameter bore section upstream

of the nozzle land, is believed to provide advantageous stability in the flow of slurry
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enbodi nment illustrated in Fig. 3, a continuous flow system f.or production
of elastomer Bl ends-CIP 36 mast erbatch in accordance with the nethod and
appar at us d here, is seen to include a m x head/clgﬁ%g ne
assenbly md‘g@’ﬁ‘% %e cross-sectional area of the coagul um zonegy’?ﬂrﬁzfeases in
step-w se fashion. Preferably, the individual sections of the coagulum zone
In such a stggy éé‘d B3I B e i 8nd P9l Sl BOYRDEfebd fibe 182 REhAALHNT S

sections. That Ts, ey conbine to forma snooth and general | y continuous

coagul um zong, gafa “QBRARE Shet s UoriEA1 HBA 6 whith SoRIREPRD el ant ancous

I NCrease |n one §ect|on tO e next coagu um zone of

Fig. 3 incregses ip.thr S ch t

sections or ‘@ﬁ‘ﬂ‘%&f‘@g ?ﬁ a“/g‘;epﬁ%’ovﬂ’g? Ogat'mﬁ E%;n?ﬁ é‘é?‘é{’ agér%éﬁ‘ﬁ?

di scussed |mTed| at el | he, cr.oss tion area of coagul u

zone 53 i ncrZent d<ongi ?leéﬁ’dc"ﬁf%tag°"ﬁoquﬁl?°°ﬂg‘§’t““tzﬂ% W@E %‘ﬂ]ﬁe end 68
at an overall angl e whi ch achl eves the necessary flow control .in_ the

upst r eAm pormarginalbyelongatec Bhag is) itsaxiabdimenyion nerd b only marginally lopger thag #8 pe t aken
as including (a) the constant dianeter portion of the m x head 50

i medi at el y dismeiat Pesferall, Howeverj agrogressively, enlarged cbggulunezapgasused. si mi | ar

di aneter portion connected thereto at joint 54 at the entry end 15 66.
This first secti qqx distussed absve} cagulations tiecelistonne masierbareh ds subjtentiallyand an
axial dinmension or length L[err]. In this first section 74 the length
L[err] shoul &nﬁm‘eta hEGH Kefork AR e F e EdaBREm!BRt6H IR B[ cdap@atidn oddmis e

preferably greater than five tines Dlerr], and npost preferably from about

12 to 18 ti ’Wﬁ-ﬂg[e”fxlcegl% gd%gl Yo strbdth 3f G2 hﬁ@ol%édorhﬁé’lﬁceadoﬁélﬂﬂd%no‘c about

fifteen ti equent seclion prefer ably has a constant

Cross 10 may occur in the mixing zone. The mixing zone may be considered all or portion of the

coagulum zone for this purpose. Also, reference to' substantially complete coagulation
prior to the elastomer masterbatch exiting the coagulum reactor is not meant to exclude
the possibility of subsequent processing and follow-on treatment steps, for any of various
purposes appropriate to the intended use of the final product. In that regard, substantially
15 complete coagulation in preferred embodiments of the povel method disclosed here
employing natural rubber latex means that at least about 95 weight percent of the rubber
hydrocarbon of the latex is coagulated, more preferably at least about 97 weight percent,

and most preferabiy at least about 99 weight percent is coagulated.

The masterbatch (or other elastomer composite) produced by the wet mixing step

20 optionally undergoes any suitable further processing prior to addition of additional
elastomer in the dry mixing step of the wet/dry method disclosed here. Suitable
apparatus for the dry mixing step is commercially available and will be apparent to those

skilled in the art given the benefit of this disclosure. Suitable dry mixing apparatus
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20 sectional ,di mensi on and cross-sectional area approxi mately double
that of the preceding (i.e., upstream section. Thus, for exanple, section
75 has a const%@gﬁg s-sectional dinension and a cross-sectional area
which is twce tha section 74. Simlarly, the cross-sectB@HPRYa of
section 76 is double that of section 75, and the cross-sectional area of
section 77 is Gadidesfof Sainplf BB nfers/ Riills! BII&HERerOlercS ARE bURIADom e T he
| ength Bl ends-ClI P 37 is preferably greater than’ethree trrmes |?n§
di aneter, mre%ﬁﬁﬂww@%ﬂb firBerSRNaR: .ﬂ% Ld: I -and

' Waﬁfer.e@%s, diaor efg%‘%l‘g,&%%werd’

general ly about five tines its di ane _ I'n Section 76
| ongi t udi nal di ' ] 4l .ef erably about five tinmes its, dianmeter
orepe A"« HEBBANY o SRt Vi e ik
enbodi nent of 5. i g. .S shown in .4 partially in section view.
M x head 50 is SF‘F?PE&’%I' g‘WP “Vc?&&g’ﬁ’r‘%s‘i‘@ms%éﬁ'ﬁé‘ﬁwd% op applicaion; Iomll | ¢

defines a_mixing zone wherein multiple feed channels 60, 61, 62 forma
junction,3wit h bgwithinthg ability of these skillednin) the ey |given thechehefit lof hiedis@gsure to
substantially coaxial with the coagul um zone portion within extender 53. It
wi || be recognidgtenninhsuitable oider of aiditersand rélativetpeopbhien dgralieodt mikiyg pfodhdre

nmet hod and 10 appar atus di scl osed here, to precisely define the
boundari es of takthendditivgaletasemen dilesvise gl b MiGHTE abllityEiRuse MRl ONs ar e
possible in the design of the flow channels junction area, as wll be

apparent to theagivesite bafi of tidEschkire & KRA shibBle AEREH in?ﬁddi%r{?sefop&ﬁﬁﬁﬂt
guf de I'n

disclosure. In that regard, as a generally preferre I ne,

nmbodi f .. ' | 4. of | h I [
crbod ent s of il YR PRIk o B L PR, bl 2

67 generally is upstream o

bei ng appg oxi magel 4. 8&,@‘1&&9&, 4rQHet SEALRAL kYown for use in elastomer composites and

elastomer composite blends of the general type disclosed here.

The method and apparatus disclosed and described here produce elastomer

composite blends having excellent physical properties and performance characteristics.

Novel elastomer composite blends of the present invention include masterbatch

15 compositions produced by the above-disclosed method and apparatus, as well as
intermediate compounds and finished products made from such masterbatch
compositions. Notably, elastomer masterbatch can be produced using natural rubber

latex (latex concentrate' or field latex), along with various grades of carbon black filler,

having excellent physical properties and performance characteristics. Carbon blacks

20 presently in broad commercial use for such application as tire tread have been used
successfully, as well as carbon blacks heretofore considered unsuitable for commercial

use in known production apparatus and methods. Those unsuitable because their high

surface area and low structure rendered them impractical to achieve acceptable levels of

macro-dispersion at routine commercial loading levels for the carbon black and/or to
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in the junction of the feed channels. In such enbodi ments, preferably, the
m ni mum cr oss-sectional area defined by the inaginary cone fromthe slurry
tip 67 to the circunferential perineter at the beginning of the cylindrical
portion 80 VO%#ht ageously greater than, or at Ieast eqt@VPH2%he
cross-sectional area of the latex 20 feed channel 60. Preferably, both
channel 80 and at r | RAH wherein
fl ow turbul eﬂﬁ%sgngilhg'?@&ﬁé’?%rwgglhsﬁgg%egﬂﬁdﬁyag%éﬁr%?ye?e coggﬁ thg‘fe%’r‘] of the
el astoner | atey, .hav circul ar cross- i Qn,. n 0 i ng
carbon bl ac I@PBEWP‘)’IS rtﬁ%{l?lvgféiﬁsi(?’?'?rcc ﬁﬁ“g?sitg% ?ep&e?ls‘ﬂgg‘li g&?s §%%‘e%”§°o gorrpri se a
feed tube 82 extendjng, substantially cgaxially.w th the nm xing.chanber to
Bl ends- Cl P 3@mposite,bignd. are {gung; todyaye %Ve‘ﬂwg‘i%’e‘%}"ﬁ of Fhe,Fthop f’(lgcrl%H‘e t owar d

t he coagul um zone. This is a highly advantageous, featyre of the_preferred
enbodi nent s elistomes.sMarepearshesy pdvaptageoysresplisweraachieved withoyitheeed f88e i s fed
to the mxing zone at very high velocity relative the feed velocity of the
| at ex, 5and tdvagulatioalstep invalvingarreatmeht tankror sygamnf @cid sedutionipp ethgroagidant-t s 5

i n excell ent devel opnent offl ow turbul ence. The dianeter D err] ofthe
channel 80 (1HiisGlot oil§ caitheebsednd ¢omplesitysfatic whgulant tréatmhents bedviojdedgoal to the
dianeter D, of immediately follow ng portion of section 74 of the coagul um
zone) prefef@@'ﬂs{ hed ¥ hArRRSEMN SRamb GommtlSpeitRABAISS isQboighb sl¥o fseed t ube
82, nore pre eraebly about four to eight tinmes the dianeter of feed tube 82,
typically abg%g ?even to eight tines that diameter. Feed tube 10 82 is
seen to forma tluid-tight seal with the entry port 83 at the upstream end

of feed channel 6%&19’ g1WI)l( dlt}el‘ggng%bn mﬁm&&e‘? @8’&18 rnoPeIchfeb@etﬂlﬁ &&pe‘s‘?&p Of{ ube 82

is determ ned | ar

10 fillers in elastomer composite blends without signiﬁcant molecular weight degradation
and, therefore, could not produce the novel natural rubber compositions made in
accordance with certain preferred embodiments of the present invention. In that
regard, novel elastomer composite blends are disclosed here having excellent macro-
dispersion of carbon black in natural rubber, even of carbon blacks having a structure

15 to surface area ratio DBPA:CTAB less than 1.2 and even less than 1.0, with high
molecular weight of the natural rubber. Known mixing techniques in the past did not
achieve such excellent macro-dispersion of carbon black without significant molecular
weight degradation of the natural rubber and, therefore, did not produce the novel
masterbatch compositions and other elastomer composites of the present invention.

20 Preferred novel elastomer composite blends in accordance with this disclosure, having
carbon black macro-distribution levels not heretofore achieved, can be used in place of
prior known elastomer materials having poorer macro-dispersion. Thus, elastomer
composite blends disclosed here can be used as cured compounds in accordance with

known techniques. Such novel cured compounds are found in preferred embodiments
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by the requjred volunetric flow rate and axial velocity of the slurry as it
passes through the slurry nozzle tip 67 into the mxing chamber. The
correct or Q?I%DXOI ume and vel ocity can be readily determ ned DY) t hose

skrlledrnthe ven the benefit of this 15 di scl oBTHVESS2RE wi | |
be a function, in part, of the concentration and choice of rraterlals

Embodi ment s Suralaa %&iﬁlcﬂdaﬁdﬁsiﬁf:%ﬁ%eﬁéﬂaﬁ@e??dp E‘sdgehﬁilﬁsco}ﬁ@%ﬁéfb fze feed

tube for the carbon black slurry is renovab provi de deS|rab e
flexibility i fﬁ%ﬁ:&% r t a GRRO, §!n£!
different ti rrgsn&%hé ee éIg%fg'{eﬁc d&?t%r gﬁg %&%d%ﬁ?tlhon run
and repl aced

t ub b t
20 br oductrBRuR: %orwr@wzaras{errg&w S ?&ﬁtgr*w Mg
slurry exits t efee t ub ber ferred to as ray of jet into
the m xi ng zon esﬂ%‘ﬁ*ﬁilﬂéc eP’B‘“’r‘f‘E‘&h"“i“ﬁn’ R‘i fd WERE, n

e reaned

enbodi nent s, hrgh eed injection of the slurry into an area al r eady
subst ant iSal | y #me,reduceg anprey fnpiiandforether ¢ast saxings.spray in the sense of its
i medi ate Bl ends-CI P 39 distribution as it passes through the slurry

nozzle tip , and ndisweihesste cirbon black smuctrersn bo medsured as thy dibgtyhphthmtatea|
droplets in a sinple spreading trajectory. The additional feed channels 60

and 62 are seegisérptidn(DBPA) ydlutCdxpessedds cubio centifBRRoF DBRA yer 100 plamk e£borchannel

60 and dovvnstream channel 80 at an angle [err]. The angle 5 [err] may
in many enbodi fRR! schiamg t@ih!il}o!é&héer Lffofth SPASTMTANM. O cadboh BlabiePradd1an
180[err]. Typrcalfy [err be, for exarrple from30[err] - 90[err] It

d ble t igﬁgﬁ%s @é% he | at
:‘Isw Sse;al tel sﬁlen rar ne H éﬁ Hﬂ{ s{y urrg? ?ﬁ%"%;’ Errey : ex‘
nozzle i 67, . RLR%E 1l Bl Srolld gez?c?‘rﬁxvaﬂh‘?ﬁ%% X5 SRYEFoe DSt Q{her

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 energy input during mixing of the fluid streams, etc.
The macro-dispersion quality of carbon black in natural rubber masterbatch
15 disclosed here is significantly better than that in previously known masterbatch of
approximately equal MW, (weight average). In some preferred embodiments excellent
carbon black distribution is achieved with MW,,, approximately equal to that of natural
rubber in the field latex state, (e.g., approxixi\ately 1,000,000) a condition not previously
achieved. The dispersion quality advantage is especially significant in the above
20 mentioned preferred embodimente using carbon black with low structure and high surface
area, e.g,, DBPA less than 110cc/100g, CTAB greater than 45 to 65 m?%g, and

DBPA.CTAB less than 1.2 and preferably less than 1.0.

EXAMPLES
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m xi ng | eading to inconsistent masterbatch product. Air or other gas can be
I njected or 10 ot‘herwi se fed to the m xing zone to assist in breaking
any such vacuu addi tion, an expanded feed line for the natural rubber

m_ |
| at ex | eadi r’@o?%mf‘ﬂe entry port 86 of feed channel 60 is J&IUSHAE o act
as a latex fluid reservoir. In the preferred enbodi ment of Fig. 4, latex

feed channelﬁ@#&mcts the m xi ng zone adjacent slurry nozzle tip 67.
Al ternatively, however, the |atex feed channel can intersect the m xing

channel upstream . O lyurrv.nozzle ti . The
carbon bl ack sl urlgtlg f8‘#°%‘?§é‘fspﬁ}§‘?€‘{.“§e§f‘g%’gn’ﬁ%e‘?’e #f‘ﬁ?{pdest Véi %%PP@”. suppl i ed
to feed tube 82 a% glparessure above about 300 psig, such as about 500 to
5000 psig, PTEFMERBEPV1000 psig. Preferably the liquid slurry is fed into
the m xing zone through the slurry nozzle tip 67 at a velocity above 100
ft. per secohd, Wé%&‘ﬂb‘;“dbéﬁﬂpl"lﬁ@gme?tﬁauf-@é@-m”ﬂghedaﬂ‘ipa?ﬁgrmsecond,
nore preferably about 200 to 500 ft. per second, for exanple, about 350
feet pér seck@dnl. raluenein Hsealethilmkgnd stored at ambient terhperayane dordpprtixinately on  of
flow of the elastomer latex and auxiliary feed materials through feed
channel s 60 Zhout? The colteme ix them replacB&Dwitk1100vml| freshytolwerez @ the fladk7is Thus,
the slurry and latex fluids are fed to the m xing zones at greatly

di fferent fegsted fdrepdayy.cTae bdnphSis theh rem6RICRdIR theWolventlaR@ aftliied ufided! ends- CI P
40 set forth above. VWhile not wishing to be bound by theory, it

presently i S el Skt tdiflershlte 161 24 SRR TRl shflhs A UGS diith G gshear

conditions in the mxing eading to good | spersion an

coagul at i on. o gl & bl REBhAREEHbr JRBE L shipik 4 54 hEbSSh 4ol FT 05 5

and 6 wherein

10 the bound rubber is calculated from the weiglit loss data.

2. MW,,: As used in this disclosure and in the claims, MW, refer to weight
average molecular weight of the sol portion of the natural rubber. Standard GPC
techniques for molecular weight measurement were followed in accordance with the
following:

15 2.1 Two 10um 10° A columns, a 10um 500A column and a 10um mixed
bed column from Polymer Laboratories, UK.

2.2 UV detection at 215nm.
2.3  Solvent: Tetra hydro furan (THF)
2.4  Concentration, nominally 2mg/ml in THF.
20 2.5  Samples are left to dissolve in THF for 3 days, stabilized with BHT.

2.6  Solutions are centrifuged to separate any gel and the supernatant is
injected onto the column.

2.7 Sample Preparations Sample preparation is designed to prepare sol
concentrations in the range of 0.5 to 0.05 percent by weight to provide
25 a good detector response for accurate measurement of the molecular
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5 singl e axi,al feed tube 82 in the enbodinment of Fig. 4 is replaced by
multiple axially extending feed tubes 90 - 92. Even greater nunbers of feed
tubes may be eppl oyed, for exanple, up to about 6 or 8 axiall extendlng
feed tubes. Aﬂggﬁgéﬁ%ously, production flexibility is achlévgél |ng
different feed tubes of different dianmeter for production of dlfferent

formul ations. Also, %@h@dﬂu%@loﬁ Ub@p%n&ﬁ@ of?ﬁxe‘{ﬂﬁflloiﬂnﬁk"sﬁﬁﬁﬁ%élﬂ igo 10
achi eve good fl ow turbu;uﬁ €t‘; 3 mgw#ggfo coagul um zone of
er nat [ n‘g t

t he coagulumreactor. An~alt the m x head is

axi ol foed channel 161 1 coel YRLE ﬁg'(Wzggleﬁg@&%@ggggo@g&@ggfgge 339 "

bl ack slurry or other pgrticul at f|UId at . hi hve|OCjt nt

the nixing chanmber 179. g‘i‘?l’?,sa?{el? c te"‘FFE"@@r?P& Sissgjyed.im, m{legtﬁ t ube
182 termifnates at sl urr Hzed| detrah 9 m mﬁsﬁm afdBld Pylsed- | and

168 is imediately upst ydoluene, (BTN f0F Ahese tdays. 1 he sppegpatany from dhg ar ger

bore area 169. Pr eferabﬂl,‘lsqmt@nasﬁﬂPapommmsmgﬂYdieSohnwlmmgslmm tQ to 6,
e g. about 5, tines itsTeflementrifugeAubescanddcehizifuped limamavaitb 30 f(Beckman) unct i on
184 with the m xi ng zoneentrifagait fon 60 mingtee &Or26{000direvglufions per miimset oner
Hit e>0<I ;Imijd L 0 thfa m Xi (UgniﬁBﬁlmtherﬁxﬁﬁfnﬁaﬂtsirﬁggofdgwg)eukmnstﬁ%ﬂi I alt ex
ui eed channel 160 k@engtlhst Asjblig! dfytht FeOHasd BBindnBCallndss a gL fréONa
diameter of the slurry gg it | I Zel&fb@%oﬁ%ﬁl@%ﬂutwtahqtﬂ A@agﬁhﬁikto be
bound by theory, the aXb@ﬂﬂWtA%s% %Z:Jaﬁplké‘ﬂ t'eped;ad th the

expanded di aneter bore %cf 1@ HAsd Ee@ gfﬂw&m&wﬁ%@f“ved to

provi de gdvant ageous st U ¥abddct %) B prsi

Molecular Weight Determination The weight average molecular weight
of the sol portion MW,,, is then determined. Using Millenium software
(available from Waters Corporation, Milford, Massachusetts, USA) a
baseline is defined using a valley-to-valley mode within the time
20 increments of 15 and 35 minutes. This time increment is appropriate
for the column set described above in paragraph 2.1 with the mobile
phase flow rate set at 0.75 mL/min. Once a reasonable baseline is
established the distribution can be determined. The elution time is
converted to molecular weight. Polystyrene solutions made from
25 commercially available standards (EasiCal : Polymer Laboratories,
U.K.) are prepared containing a series of molecular weights with very
narrow distributions. The conversion of polystyrene molecular weight
to polyisoprene molecular weight equivalents is based on the universal
calibration method of Benoit and coworkers. The hydrodynamic radius
30 - is proportional to the product of the molecular weight times the intrinsic
viscosity. After converting the polystyrene molecular weights to
polyisoprene equivalents, the calibration curve relates absolute
molecular weight to elution time. The standards are run under
conditions identical to the samples, and the standards are integrated to
35 assign the appropriate molecular weight for a given elution time, based
on a best fit to the standards data. Once the time based distribution is
properly converted to molecular weight, the appropriate molecular
weight averages are calculated by the Waters’ Millenium software.

—'-D

3. Mooney Viscosity:  Standard procedures were followed for ML
40 (1+4)@100°C. 4. Test Sample Cure Conditions: Test pieces were cured to

150°C for the time periods indicated below:
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t hrough feed tube 182 into the m xing zone 179. The bore of feed tube 182
is found to function well with a 20[err] chanfer, that is, conical area 169
whi ch expands in e upstreamdirection at about a 20[err ﬁ@%’s@

Downst r eam 8’99341%?’&9 zone 179 is an el ongate coagul um zon]éc. ns?zg% ent with
t he principles discussed above, such coagul um zone need be only 5
marginally el ongs:tle. Taiile Sieet: 2bmiaxi al di mensi on need be only nmarginally

| onger than its diameter. Preferably, however, a progressively enlarged
coagul um zone i s4@sedResilisneli: 238 miBed above, coagul ation of the el astomer
mast erbatch is sgb:.sta Eﬁidgéslsyr’c“ jpl ete at or before the end of the coagul um
reactor. That is,'coag i o ‘'0Octurs without the necessity of adding a
stream of coagul gpf SHe4tBuild-Up: 25 lanl| | ke. Coagul ation 10 may occur in

the m xi ng zone. _The nm xing zone be considered.all .or. portion of the
coagul 8m zorke fopiﬁm@’ﬁur'lg&éb"%ﬁa ?“PBf@P&E‘&_ 1§, g Witk suly ’@“’Eorrpl ete
coagul ation prior to the elastomer nmasterbatch exiting the coagul umreactor
i s not meantevalvationcaf 58% optical missegranhs; (ASTEY 132663 Matad)- processi ng and

foll ow-on treatnent steps, for any of various purposes appropriate to the

i nt ended uses.of iShess-Stoain: Tested ot BSI0A: A2hand IS@PAr d, substantially 15

conpl ete coagul ation in preferred enbodi nents of the novel nethod discl osed

here enpl oying najdraindssy TeRE 1ol ISOSS (1993 Ieperhuii23°€ast about 95 wei ght
percent of the rubber hydrocarbon of the latex is coagul ated, nore

preferably af | eqglaahaliredd WHKI0: ARRISHON MethREA Riberkfif] 21B@nAL | cast

about 99 wei ght percent is coagul at The ‘masterbatch (or ot her el astoner

conposite) produced Lllgbwet m xi ng step 20 optional |l y undergoes any
sui t abi% fur‘f’ﬁ@?&%ﬁ%%gts%? prior to addition of additional elastoner in

the dry m xi ng st f the wet/dry ~discl osed here. Suitable

appar at us f of- thﬁ%‘%"ﬂft‘&?’n e%%ﬂﬁﬁ@%ﬂéf@# “avail able and will be
apparent to those skilled in the art given the benefit of this disclosure.
Suitable dry nixihy afpattemprapreddLc p 42

9.2  Static load: 24 1bs.

9.3  Stroke: 0.225 inches.
15 9.4  Frequency: 30 Hz.
9.5  Run for 30 minutes.
10. Tan 8: Measured on Rheometrics® model RDS II. Reported values are
maximums from strain sweeps. Strain sweeps at 0°, 30°, and 60°C, 1 Hz, and 0.1%
to 60% strain. |

20 11. Crack Growth Resistance: Measured in accordance with ASTM D3629-94

Example A

Elastomer masterbatch was produced in accordance with the present invention.
Speciﬁcally, an elastomer masterbatch was produced comprising standard natural
rubber field latex from Malaysia with 52.5 phr filler consisting of carbon black of
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i ncl ude, for., exanple, Banbury mxers, mlls, roller mxers, etc. The
coagulum fromthe wet mxing step, with or without any further internediate
pr ocessi ng, is“hﬁgﬁaﬂyced into the Banbury m xer or other mxing device
along with the additional elastomer in any suitable order af§TUSP802e
proportion suitable to the intended use or application. It wll 5 be
wi thin the abi lcbifieftialt NBY FvhifBiel r ] e benefit. of this
di sclosure to determ neémsaﬁi t%gldgblgﬁgeﬁo%@gﬁﬁ%?%«%gdweePlgpflsgs f)frtg‘ ortion
for the wet m xj PUEBELG, j 4 l, el astomer. Likewise, it wll
be within the ?%i?%lty of t%g‘%gag%&f)ﬁg%i{"rﬁpﬁé ba?hc_’[w'gi ven the benefit ofthis
di scl osure to select suitable additional ingredients for addition during
the dry mixing step suitable to the intended use or application, for
exanpl e, 10 extender oil, curatives, and other additives known for use
in elastoner conposites and el astoner conposite bl ends of the general type
di scl osed here. The nethod and apparatus discl osed and descri bed here
produce el astoner conposite bl ends having excell ent physical properties and
performance characteristics. Novel elastonmer conposite blends of the
present invention include masterbatch 15 conposi tions produced by the
above- di scl osed net hod and apparatus, as well as internedi ate conpounds and
fini shed products made from such mast erbatch conpositions. Notably,

el astomer nmasterbatch can be produced using natural rubber latex (I|atex
concentrate or field latex), along wth various grades of carbon bl ack
filler, having excellent physical properties and performance
characteristics. Carbon bl acks 20 presently in broad comrercial use
for such application as tire tread have been used successfully, as well as
carbon bl acks heretofore considered unsuitable for commercial use in known
producti on apparatus and nethods. Those unsuitabl e because their high
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surface area and | ow structure rendered theminpractical to achieve
acceptabl e | evel s of nmacro-di spersion at routine comerci al Ioading | evel s
for the carbon bl ack and/or to Bl ends-Cl P 43 SUBSTI TUTE SHEET (RULE 26)
preserve the‘,y(?r%’(ég’ﬂl ar wei ght of the el astomer are highly PoF&Pe%d for
certain applications of the novel elastonmer conposite bl ends disclosed

here. Such el astoner corrpggm% Na@'ﬁg’ﬁk,@’&%@& & excellent dispersion
of the carbon bl ack in the el ast oner reover ese advant ageous results
wer e achi evege=wi=t=he r=the—nget—otra———T——0agu-at=eageien=ay 0l ving a

treatnent taj
only can the
so too the nf also is
avoi dabl e al ja , s coul d not
achi eves equajjzsh), sper sj on of 5 conposi fe bl ends

] ' ' : ' eforej)] could not
produce the nove 3 conpositions nmade In accor dance with
certain pref err edH¥Sribpidompiemitesnewdal sulfpee, Mpaaeyeviscosirstabitier.on. | n that regard,
novel el ast ofer cHMPBYTR: ascp fos bigjegicalnesseryation) ypieally H@25 & ofi il misyreexcel | ent macr o-
di spersion of carbon black in natural rubber, even of carbon bl acks havi ng
a structure 15 to surface area rati o DBPA: CTAB Iess than 1.2 and even

i gt e g bl Sl bRl T LGP i B il b

macr o-di's Per3 IC?)IQ]IXPC;CI %ﬂl%g tire érea%lim\cl)mw}l ?OOH;[VC Se'x&ﬂ'exit'r&s?s g?(l tee(\:rgrswn dunng

us, not
b avoided,

cure.
Table 2 Masterbatch Formulation
Ingredient Parts by Wt.
15
Rubber 100
Carbon Black 52.5
ZnO 4.0
Stearic acid 2.0
20 6PPD (antioxidant) 2.0
Sunproof Improved (wax) 2.0
25 The elastomer masterbatch production apparatus was substantially identical to the

apparatus described above with reference to Figs. 1 and 7 of the drawings. The shurry
nozzle tip (see reference No. 167 in Fig. 7) was .039 inch diameter with a land (see
reference No. 168 in Fig. 7) having an axial length of 0.2 inch. The coagulum zone

was 0.188 inch diameter and had .985 inch axial length of constant diameter between
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wei ght degradation of the natural rubber and, therefore, did not produce
t he novel masterbatch conpositions and ot her el astonmer conposites of the
present inventjon. Preferred novel elastoner conposite blends in
accor dance w MP?W@ i scl osure, having carbon bl ack nacr o- B¢ EY¥FB%T on

| evel s not heretofore achleved can be used in place of prior known

el ast oner g,g&,gr? @mg ot h &R BEE]

conposite bl eﬁg | scl ose ere ca e h% as cur s%%%oun%s l\ign .

accordance wt kg uch novel cured conpounds are found in
AT - o

preferred enbo en to have physical characteristics and
per f or mance propertres general ly conparable to, and in sone instances
significantly better than, those of otherw se conparable cured conpounds
conpri si ng nast erbat ch of poorer nacr o- di spersi on. El astoner corrposrte

bl ends can be Ybr od§aeken Blagk Slgrry Bireparationn, Hage of carbem blagk, wers: migd with; h
reduced m xing 5 tinme, reduced energy input, and/or other cost

savi ngs. As used hdeienized wateriniasarboh blakk suary tink equipped With amsgiateredTies t he

di butyl phthal ate adsorption (DBPA) val ue, expressed as cubic centineters
of DBPA p&r 100 gr angitaer troke the gelless inndeagdienty ahd a thde plutrg anhs fermedtwithor t h i n
ASTM D2414. The carbon bl ack surface area can be neasured as CTAB expressed

as square neters pap 50429 carboCBladRO gaﬂmﬁbﬁ thxsslun?%@&?ﬂnﬂﬂ\llz
procedure set forth in ASTM D3765-85. be recogni zed that ot her

factors affecting E?E}herev‘ﬁi %%%'cgﬂmﬁ%ﬁil‘?mn‘é‘l«ﬁp'c i czﬂb d and

appar at us di scl ose I nc ude the concentration o on bBlack in

the slurry, total Sﬂl@r&éﬁ fe&]B}l'lS pr&}e%srﬁggavﬁb%ﬁ% t@gﬂox‘ﬁgfeﬁx%r, SB&’HCEW“ ng

m xing of the fluid'stre

model M3 homogenizer from APV Gaul'm, Inc. The homogenizer produced a
10 finely ground slurry. The slurry flow rate ﬁ:om the homogenizer to the mixing
zone was set by the homogenizer speed, the homogenizer acting as a high-
pressure positive displacement pump. Slurry flow rate was monitored with a
Micromotion® mass flow meter. The carbon black slurry was fed to the
homogenizer at a pressure ranging from 50 to 100 psig and the homogenization
15 pressure was set at 4000 psig, such that the slurry was introduced as a jet into
the mixing zone at a flow rate of 4.1 to 4.4 Ib/min and at a velocity of about

130 ft/sec.

2. Latex Delivery. The latex was charged to a 100 gallon pressurized feed tank.
Antioxidant emulsion was added to the latex prior to charging. Amtioxidants

20 were added consisting of 0.3 phr tris nonyl phenyl phosphite (TNPP) and 0.4
phr Santofiex® 134 (alkyl-aryl p-phenylene diamine mixmure). Each of the

antioxidants was prepared as a 15 wt. % emulsion using 3 parts potassium oleate
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The macro-di spersion quality of carbon black in natural rubber nasterbatch
15 di scl osed here is significantly better than that in previously

known masterbatch of approximately equal MNerr] (weight In some
preferred eWROH¥Bhts excel | ent .carbon bl ack distributi ongﬁ{@ %2 Yed with

MN err] approximately equal to that of natural rubber in the field |atex

state, (e.0., appLO% BRkSinodunPRodi iR fouR a1 AARADR adRstid aHBlivn aChi eved
The dispersion quality advantage 1s especially significant in the above 20

mentioned prefer [oegepqg%?qwtgx'wg ﬁ%’bjjglﬁ%’é "-'é‘]-iei"%i}f\w{s%déé.r ygt ure and

hi gh surface area, t'han 110 AB greater than 45 to

65 nmerr]/g, and_DBPA: CTAB | ess t han f S 3ahs 1. 0.
EXAMPLES Bl ends- 8fFY%% W*L!P%F‘Q@&%’Fi’éﬂ%g’éﬁ?gﬂ‘ﬁ%%@&né“{fﬁs eo}g&g%dures
were used in the exanpl es and conparjsons esent ed | 1. . ound
Rubber: A sanpl eZ0Réi %S fgaguium reactog , Ehe latex Hoy ratrias 3%@%@%@@“?{1‘?5

100 m. toluene in a sealed flask and stored at anbient tenperature for
appr oxBnat el y 24 abawti BB festiper sespnse ad was awtematically metergd and ontrodled,itht  eshy
toluene and the flask is stored for 4 days. The sanple is then renoved from
t he sol vent and aiMicrtmotion®messiflo mesemandta rubipsr auhe pinehyyalvet The desined 24 hour s.
The sanple is then further dried in a vacuum oven at anbient tenperature
for 24 hours. Theaanblack loadihgefa 525 pliravhs abdinédby maintaining proped ratiolfer i s
cal cul ated fromthe weight | oss data.

the latex feed rate to the carbon black slurry feed rate.

3. Carbon Black and Latex Mixing. Tixe carbon black slurry and latex were

10 mixed by entraining the latex into the carbon black slurry. During entrainment,
the carbon black was intimately mixéd into the latex and the mixture

coagulated. Soft, wet spongy “worms” of coagulum exited the coagulum

reactor.

4. Dewatering. The wet crumb discharged from the coagulum reactor was about

15 79% water. The wet crumb was dewatered to about 5 to 10% moisture with
a dewatering extruder (The French Oil Mill Machinery Company; 3% in.

diameter). In the extruder, the wet crumb was compressed and water squeezed

from the crumb and through a slotted barrel of the extruder.

S. Drying & Cooling. The dewatered crumb dropped into a second extruder
20 where it was again compressed and heated. Water was flashed off upon

expulsion of the crumb through the dieplate of the extruder. Product exit
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2. MNerr]: As used in this disclosure and in the clainms, MNerr] refer
to wei ght average nol ecul ar wei ght of the sol portion of the natural
rubber. Standard GPC techni ques for nol ecul ar wei ght neasurenent wer

e
fol l oned in actBrU¥f®% with the following: 15 2. YCTUSRREY D errm
10[err] [err] colums, a 10[err]m500[err] colum and a 10[err]m m xed bed

col um from Pol ynerehababateia ﬁih!ételyzsc@ﬂ: ahd/mORRAE Lnfit #hs U 1+ 3

Solvent: Tetra hydro Turan (T ncentration, nomnally 2ng/m in
THF. 20 Sfv 3L | eft t. i ' [ ays,
stabilized with Bl-ﬂl.zwg.%G 'ﬁ?eggﬁk ’u'ﬁ' ons ba‘rgaes r%é@?’ %P@g‘géﬁgﬁogﬂls%egg%% é’°’g’r§€ gel
and the supernatant is inj ed onto the colum. 2.7 Sanpl e, Preparati ons
Sanpl e preparation tPﬁ%E@%é’éf atfgmﬁ‘?élbgﬁ’éatg‘gIm'&vﬁ}ﬁ?fen?PeafeF 3 eI |+ ange
of 0.5 to 0.05 percent by weight to provide 25 a good

det ect or response fh3d 23BRE 6 W% Fubber selids ard grout He wWih subemblagh. ends- CI P 46
wei ght distribution. Depending on the filler |oading, sanple weight is

adj usted according to the following forrmula: sanple wt. = (100 + filler
| oadi ng (phr))*20/100 ng +/- 2 ng Sanples are placed in W protected vials
and di ssd ved ‘EganiplelB of 5 stabilized tetrahydrofuran

(THF) containing 0.02% butyl ated-
A control masterbatch was prepared by dry mastication. The control employed

the same formulation as Example A (see Table 2 above), except that the natural rubber
was SMR 10 rather than latex. It was prepared by premastication of the rubber in 2
OOC Banbury mixer (approximately 3 kg) at 50 rpm using 10 phr carbon black. The

10 premastication was performed for approximately 3 min. to a total of 800 MJ/m?.

The masterbatch of Example A and the control masterbatch of Example B were
compounded in a two-stage mixing operation in a OOC Banbury mixer (approximately
3 kg). Table 3 below sets forth the mixing schedule for the first stage. It can be seen

15 that the Example A masterbatch followed a modified mixing schedule.

Table 3 Stage 1 Mixing Schedules

| Time Example A ' Example B
(min) Dry Mix Control
0.0 All ingredients Pre-Masticated Rubber
20 0.5 Carbon Black and Qil
1.0 Sweep
1.5 Remaining Ingredients
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hydr oxyl t ol uene (BHT) for three days. The supernatant fromthe dissol ution
step, containing nostly the sol portion, is transferred to Teflon
centrifuge tubes and centrifuged in an Avanti 30 (Beckman}) centrj)fsyge for
60 ni nutes HO24%8H0 revol utions per minute 10 CT/US82027
(corresponding to a maximumfield strength of 57,500 g). At this field
strengtlL, a yrefroertty—o e—get-rihrase—spdrments—attow g el -free
supernat ant .|21hi s gel-free solution is Hiluted at 1:5, agailp using
stabilized F.. Al thrs point, the sarr3$§$ are transferredffto GPC vials
and pl aced i Jde al Waters 717 Auto- Sanh pepgwn er _Corporatfon, 15

M I ford, Madsag ts, USA) in preparation for the GPC tesfji ng. Mol ecul ar
Wi ght Det erjp-pati-op—Fhe—weght—averagetroreettat—wetrght—ef]t he sol portion
MNerr] is tlfen det pdummacpprosi 70§ MI/if e hdump atcapproxr &,00Qvai | fbl e from Waters
Corporation,f MIford, Missachusetts, USAMIimbaseline is deffined using a

val | ey-t o-vartey node w e ZU I ncrenments of 15
and 35 mnutes. This-tine increment is appropriate for the colum set

075 i m n. el isoark e A thelt Tl ol MAROGul RMEARRART, O

be determ ned. Tr}esgﬁ%pn time is converted to nol ecul ar wei ght.
' d

Pol yst yr ene S6l&R e from25 comercial ly avail abl e
standards (Easi Cal : Polyner Laboratories, U K ) are prepared containing a

series of nolecular weights with very narrow di stributions. The conversion

of polystyrene nolecular wei ght to polyisoprene nol ecul ar wei ght
equi val ents is based on thﬁa&lﬂvmgmam@eimm hod of Benoit and

cowor kers. The hydrodynam ¢ radi us 30 I's proportional to
t he product of the nolecul ar Imgredientti mes the i nt rRaxtsiby Wt,
10 Stage 1 compound 165.5
Goodyear Winstay 100 (antioxidant) 1.0
TBBS (sulfur accelerator) 1.8
Sulfur L0
Total ' 169.3
15 Thus, Banbury mixing energy for the compounding of Example A masterbatch was

about 53% of the Banmbury mixing energy required for the premastication and
compounding of the control material of Example B. Despite the reduced energy input,
the Example A material was found to have very good macro-dispersion, and the
molecular weight (weight average) of its sol portion MW, was substantially higher

20 than that of the control. These data are summarized in Table 5 below.

Table 5 Compounding and Curing Data

Sample Mix Energy (MJ/m*) ML (1+4, MW
100C)
Pre- - Stage 1 | Final Total Stage | Final wt. av.
Masticate - 1
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viscosity. After converting the polystyrene nol ecul ar weights to

pol yi soprene equi val ents, the calibration curve rel ates absol ute nol ecul ar
wei ght to el utywBByigese- The standards are run under conditi | Lcal to
the sanples, and the standards are integrated to 35 ?’B'?/Uk&%%b
assign the appropriate nolecular weight for a given elution tinme, based on

a best fit to. bﬁmﬁﬁmgards dpgeg. Inge thelfige Q@zse%l st pubydn is
+ l Lbe i ' i 1ol

properly convertet—tetrotreectt-pr—weHght—thp—aidpropti ecllad wei ght
averages are chfemeR ¢80y t hE%hat 4580 M | | ap6Suhos of t Weir e. | 327,000 [Mboney
Vi scosity: Standard procedures were followed Tor M 40

(1+4) @OO0[err]C. 4. Test Sanple Cure Conditions: Test pieces were cured to
150[ err] C for tAdditiohateesting rosults fontie cared (hragdd Bxarile Adsd Chiktrof faterialtard
Tensile Sheet: 20 min. 4.2 Resilience: 23 mn. 4.3 Har dness: 23 min.

4.4 Heat Bui lset-fhith in2Bablie Gbeidw. 5. Di spersion: The Cabot D spersion
Chart nmethod is used with subjective evaluation of 50x optical m crographs.
(ASTM D2663 Met hod). 6. Stress-Strain: Tested to BS903: A2 and | SO 37. 7.

Har dness: g5 Tested to 1 SO 48 (19 e rr]C. 8. Resi | i ence:
Tested to BS903: A8 (1990), Met ﬁg%"% E‘@%@?‘%{'ﬁeﬁéﬁ% err]C (8 mm

-1 Sample Hardness 100% Modutus 300% Modulus Tensile (MPa)
(MPa) (MPa)
"Example A 71 2.8 16.1 28.7
Example B 7 3.12 16.2 28.5
Sample Elongation at Resiliance (%) . | Heat Build-Up Max Tan Delta
: Break (%) *C) 60°C 30°C
_ 0°C
10 Example A | 526 56.5 70.5 0.203 | 0.240 | 0.290
Example B | 511 57.6 76.5 0.206 ] 0.236 | 0.286
Example C

Elastomer masterbatch was produced in accordance with the present invention.

Specifically, an elastomc;r masterbatch was produced comprising standard natural

15 rubber field latex from Mal;lysia with 55 phr filler consisting of carbon black of
commercial grade Regal ® 660 available from Cabot Corporation. The compound
formulation (excluding minor ordinary latex additives) is set forth in Table 7 below.

Table 7 Masterbatch Formulation

20 .
Rubber 100
Carbon Black 55,
Santoflex 134 (antioxidant) 04
ioxi 03
25 Total 155.7
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10 nol ded di sc test piece). 9. Heat Buil dup: Tested to ASTM D623,

Method A 9.1 Start tenperature: 23[err]C 9.2 Static load: 24 Ibs. 9.3
Stroke: 0.243 obi¥eheS: 15 9.4  Frequency: 30 Hepn%oaezzdRun for
30 mi nut es. ?8 lgbeTan [err]: Measured on Rheonetrics[err] m)"%e?hRDS 1.

Reported val ues are maxi nuns fromstrain sweeps. Strain sweeps at 0, 30,
and 60[ er r] @helelidtomeanlastertiat®lh prodiifidn appararas wa substantidlly. identiCilawkthés owt h

Resi st ance:
mast er bat ch

Measured in accordance with ASTM D3629-94 Exanple A El astoner
ApParaidl AEUEFBEl dbove GRR refaRaR t/Fidt. 1% DATSethe drawRigh The

Specifically, an el astoner nasterbatch was produced conprising standard

natural r Ub%ﬂ{qf 1';839%15 ib N8 YerbreRONG 16V i g W) Was T25indi Hiarhdtdr! vith #RAG! St i ng of

carbon bl ack o

Cor por.ati on.

s-CI P 48 comer ci al grade N234 avail abl e from Cabot

cor porat 1 on. («ENGrlRP Kol 168 in0Fig " Hhalid Uh Bhiaf 14RRAbr b29heh. | RleVbadiifhn P OV1 ded

5

10

15

20

zone (see No. 53 in Fig. 3) included a first portion of .188 inch diameter and
approximately .985 inch axial length (being partly within the mix-head and party within
the extender sealed thereto); a second portion of .266 inch diameter and 1.6 inch axial
length; a third portion of .376 inch diameter and 2.256 axial length; and a fourth
portion of .532 inch diameter and 3.190 inch axial length. In addition, there are
axially short, faired interconnections between the aforesaid portions. Preparation of

the masterbatch is described in further detail immédiately below.

1. Carbon Black Slurry Preparation. Bags of carbon black were mixed with
deionized water in a carbon black slurry tank equipped with an agitator. The
agitator broke the pellets into fragments and a crude slurry was formed with
14.9 wt. % carbon black. | The crude slurry was recirculated using a pipeline
grinder. During operation, this slurry was continually pumped by an air
diaphragm pump to a colloid mill for initial dispersion. The slhurry was then
fed by a progressing cavity pump to a homogenizer, specifically, Microfluidizer
Model M210 from Micrdﬂuidics International Corporation for pressurizing and
shear, to produce a finely ground slurry. The slurry flow rate from the
microfluidizer to the mixing zone was set by the microfluidizer speed, the
microfluidizer acting as a high-pressure positive displacement pump. Slurry

flow rate was monitored with a Micromotion® mass flow meter. The carbon
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Table 1 Natural Rubber Latex Properties %Dry % Tot al Ni t rogen

Vol atil e M.(1+4) Additives Rubber Sol i ds % Ash ppm Fatty
Acid @00 C woldedddNS[ err] - 28. 4 34. 2 0. 38 0. 3ferrusos/th2s2

68 0.3% NH3, 5 ZnO, TMID[err] a. HNS: hydr oxyl am ne neutral

sul fate, Mooney viscosity stabilizer. b. ZnQ TMID: used for bi ol ogi cal

preservation, typicelpdkshonowas fd o the micrafluidisereat a pessure of afout F30Ipsigapdpound
formulation is set- forth in Table 2 below, and is representative of a
commercial truck tithe cutppagdresseoswas set lae8@00epsigetol amndccumasinmt ssvae 45@psigver si on
during cure. Table 2 Masterbatch Fornul ati on I ngredient

Parts by W. 15 Rub@gput pressure, such that the shurry was intkéthcéPdshiOet Pk gk mixing

52.5 ZnO 4.0 Stearic acid 2.0
20 e at a flow rate of atohl 520 (67id i 2818 9E1deity of about 300 fi/sec- O
Sunpr oof | nproved (zv\?artlx)a e2. 0 Ennerf?'(iadx 7éf (aror%gtci' c ol f3) 3.0
Tot al 165.5

5 2. Latex Delivery. The latex was charged to a tank, specificaily, a 55 gallon feed

drum. Antioxidant emulsion was added to the latex prior to charging.
Antioxidants were added consisting of 0.3 phr tris nonyl phenyl phosphite
(TNPP) and 0.4 phr Santoplex® 134 (alkyl-aryl p-phenylene diamine mixture).
Each of the antioxidants was prepareci as a 40 wt.% emulsion using 4 parts
10 potassium oleate per 100 parts antioxidant 'along with potassium hydroxide to
adjust the emulsion to a pH of approximately 10. A peristaltic pump was used
to move the latex from the feed tank to the mixing zone of the coagulum
reactor., The latex flow rate was 3.2 to 3.3 lbs/min and about 3.9 feet per
second, and was metered with a Endress + Hauser (Greenwood, Indiana, USA)
15 mass flow meter. The desired carbon black loading of a 55 phr was obtained
by maintaining proper ratio of the latex feed rate to the carbon black slurry feed

Tate.

3. Carbon Black and Latex Mixing. The carbon black slurry and latex were

mixed by entraining the latex into the carbon black slurry. During entrainment,

20 the carbon black was intimately mixed into the latex and the mixture
coagulated. Soft, wet spongy “worms” of coagulum exited the coagulum

reactor.
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25 The el astoner masterbatch production apparatus was substantially
identical to the apparatus descri bed above with reference to Figs. 1 and 7
of the drawygdsiesdohe sl urry nozzle tip (see reference No.pcifaikosmzfsi 9. 7)
was .039 inch dianeter with a |land (see reference No. 168 in Fig. 7) having
an axial length of 0.2 inch. The coagul um zone was 0. 188 inch di anmeter and
had . 985 i ndh axDewaterngyt Theoret cumbtdisgharghd-firam the coagulwe reagioe wasatonpP 50

the m xing zone and its discharge end. Preparation of the masterbatch is
descri bed in fur 78%rwatet Jhe wenoremb saedewarédio. abut 12 to CAFbmeistBteagith Sl urry
Preparation. Bags of carbon black were m xed with deionized water in a
carbon bl ack sl ugrgewhfilig esaidep €TheFiefchrOilagill Madkinery 'Corfipany; 3% in.
agitator broke the pellets into fragnents and a crude slurry was fornmed

with 12.5 wt. % ggpep. th akexrdder, ROwRRARRY W bomphisfed Shd Watér Wase@Nt i nual |y
punped by an air di aphragm punp to-a colloid mIl for initial dispersion.

The slurry.was t 1 I a honogeni zer,
speci f#lcal ly, a % e QWO%%%%?@?%‘%%#%W&%H I n,&?nc. The honobgeni zer

produced a 10 finely ground slurry. The slurry flowrate fromthe
honogeni zer to the m xi ng zone was set by the honobgeni zer speed, the

honogeni zer acting as a high- pressure positive displacenen unp. Slurry
flow rate wes mmgﬂ-a%m @F‘BWPEGHF@? froppeds Wtg Fé%"ﬂét"’gﬁm@eﬁ'he car bon
black slurry was fed to the honogenizer at a pressure ranging from50 to
100 psi g and t he wherenijewdszagainoepmypsessed and heated. pWates was flasbeds eff upon 4000

psig, such that the slurry was introduced as a jet into
expulsion of the crumb through the dieplate of the extruder. Product exit

temperature was approximately 280°F to 370°F and moisture content was abouit
10 0.3 to .4 wt.%. The hot, dry crumb was rapidly cooled (approximately 20

seconds) to about 100°F by a forced air vibrating conveyor.

ExamplesD and F
Two dry mix control masterbatches were prepared by dry mastication. The
controls employed the same formulation as Example C (see Table 7 above), except that
15 - in Example D the rubber was RSS1 NR rather than latex. In Example E the rubber
was SMR 10 NR. Each was prepared by premastication of the rubber in a BR Banbury
mixer. The rubber of Example D was masticated at 118 rpm for 10 minutes. The

rubber of Example E was masticated at 77 rpm for 4 minutes.
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the mxing zone at a flowrate of 4.1 to 4.4 Ib/mn and at a velocity of

about 130 ft/sec.

2.

Latex Delivery. The |l atex was charged to a 100

gal | on pressurygeagetgeed tank. Antioxidant emnul sion was addegcfgsdsh®rd at ex
prior to charging. Antioxidants 20

phenyl

phr tris nonyl
(al kyl -aryl

51

p S ,l .’.,_‘.A
prepared as a 15 Wt .

wer e added consisting of 0.3

3 phr extender oil

phosphlte (TNPP) and 0.4 phr Santoflex[err] 134
XBm i d E Each of the antioxi dants was
% emJI sion usi ng 3 parts potassium ol eate Bl ends-CI P

per 100 part sThevastesbathrif Exarople Cvint heterb @simtial maktybatodds b€ Example] ust
the emul sion to a pH of approximately 10. Al so,

was

added. Air pressyieE (wete BSthitbunddSin WSB! BafbutP Yifixek NerabRtedeldw 98t Fdith theed tank

to the m xing zone of the coagul umreactor.

3.4 | bs/mn an

automatical ly net
nmeter and a rubber tube pinch valve.

52.5 phr

gmndiog

) s obtained by naint g
t he carboé?lmvabl ack slurry feed rg?lﬂ 9 CO

carbon bl ack s
|atex into the
was intinately
spongy "worns"

urry and | at

ox B e_’lﬂ

W

The latex flowrate was 3.2 to
schedule@bout 3.8 feet per second, and was

nd controlled with a Mcronotion[err] mass fl ow

The desired carbon bl ack | oadi ng of a
f the latex feed rate to
ﬁ( and Latex M xing. The

ed hy entraining the

carbon bl ack pré-MdsticatibMr SQg@nMﬁ;mhgm Stage fh@imBr bon bl ack
meéﬁO tjlhe | atex and{the m xture mg,gl ated. [Soft, wet
hr\ann A y| + ad +hr\ n'\annlJ_lm Lr\ani'
I No No BR Banbury 77
Example C rpm, 4.5 min.
BR Banbury BR Banbury BR Banbury 77
Example D mixer 118 rpm, | mixer 77 rpm, 3 | rpm, 4.5 min.
10 min. min.
BR Banbury BR Banbury BR Banbury 77
Example E mixer 77 rpm, 4 | mixer 77 rpm, 8 | rpm, 4.5 min,
min. min.

10 The compounding formulation is given in Table 9 below.
Table 9 Stage II Curative Addition
Ingredient Parts by Wt.
Example 4 Masterbatch or
15 Example 5 or 6 Stage 1 Dry Mix 155
Azp 66 (zinc oxide) 4.0
Hystrene 5016 (stearic acid) 2.0
Santoflex 13 (antioxidant) 2.0
" Sunproof Improved (wax) 2.0
20 Wingstay 100 (antioxidant) 1.0
Santocure NS (sulfur accelerator) 1.8
Sulfur 1.0
Total: 163.8
All three compounds exhibited well-behaved cure with minimal reversion, Despite the
25 reduced energy input, the Example C material was found to have significantly better
Blends-CIP
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4. Dewat eri ng. The wet crunb di scharged fromthe coagul umreactor was
about 15 79% wat er. The wet crunmb was dewatered to about 5 to
10% noi st ur guoMohbgog dewat ering extruder (The French G| Mtrypbfasbisery
Conmpany; 3 in. dianeter). In the extruder, the wet crunb was conpressed and
wat er squeezed fromthe crunb and through a slotted barrel of the extruder.
5. Dr yi ngm#&r&dispdrsign thiinthe dovwmixsonpls andrihe drotesplariweightdweightawerage) ext r uder
20 where it was again conpressed and heated. Water was fl ashed
of f upon expsfligisolpondont MW, ¢ wasdabdtintialiyoliighdn ehathi thqlofithe coftrélfie Thest dader .
Product exit Blends-Cl P 52 tenperature was approximately 300[err] F and
MDi St ur e Condre BhmMaszea W Thbl® 1&bélew]l WM. % The hot, dry crunmb was rapidly
cool ed (approximately 20 seconds) to about 100[err]F by a forced air

vi brating conveyor. The resulting dry cr urrb had about 66. wt. % rubber

solids and about 33. ahpR &fﬁit@ﬁ’ Ffﬁg{m* ontrol masterbatch
was prepared by dry W&Stlgatsl on. e control “enp oy@éﬁ1 e sane formulation

as Exanpl e A-{see—Fableq2—abover—epeept—that—tRe—raturadl—f ubber was SMR 10
rather than |latex. It wjExsmplefared pixappleRast i ddixpomleBf t he rubber in a OOC
Banburyj m x€& m Eggg&g;ﬁg%gfy 3 kg) at 50 rpmusing 10 phr ¢arbon bl ack. The
10 pre va-s—perf-orread—for—approximately-—3-mn. to a total of
800 M/ ni er r||MocaeyNisusits qrizs of Exanp| B4A and Exgnigée B The fpmasterbatch of
Exanpl e A andMbGed@IMWCr I nast er batfh of Exanplle B were
Bound Rubber 50 32 44
(%)
10 MW sol (x10¢) 0.678 466 463
Percent J2 1.48 2.82
Undispersed Area
%)
Compound Properties
15 Hardness 62 65 62
100% Modulus 239 315 270
(psi)
.300% Modulus 1087 1262 1216
(psh)
20 Tensile strength | 4462 4099 4344
(psi)
Elongation, % 675 591 600
Max. Tan Delta 0.189 237 184
@ 60 C (Strain
25 Sweep)
Crack Growth 0.8 5.0 5.8
Rate
{cm/per million
cycles)

Highly preferred elastomer composites in accordance with the present invention

were produced in accordance with the method and apparatus disclosed above. In
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conpounded in a two-stage m xing operation in a OOC Banbury m xer
(approximately 3 kg). Table 3 below sets forth the m xing schedule for the

first stage. e seen 15 that the Exanple A nasteg $hebpl | oned
a nodified m %on%ﬂgkgﬁedul e. Table 3 Stage 1 M xi ng Schedul esé%}k}Sg 0

Example A Exanple B (m n)
Dry M x Cont r oparficdlar, novel Alaktefbagh esthpositidns were formed of nithesl Mibbbr Rk &8d Rubber
20 0.5 Carbon Black and Gl 1.0

Sweep 1.5 carbon black filler, having significantly betté?%ioodxﬁlﬁrskd?ﬂéﬁ‘i’d Rt nRupds- Cl P
53 2.0 2.5 . dunp at

222{)(;)(; Szggewcurg{xlhl\’/lg%mﬁql st egh@ﬂ#&%ﬁe %)“%P?‘OW wer e gdé(}éas fm}nﬁlgft?lurt her
mxing ovele o200 MMAM! Sibhe mbBfiE. 6 @@aho SRS Gurfil Bk Y6 S0ELL

| ngr edi ent

Stage 1 conpound
g 5 P various carbon black fillers used ]in these preferred masterbatch compositions,

speciﬁcal@y, the CTAB surface area expressed as square meters per gram of carbon
black per ASTM D3765-85 and dibutyl phthalate absorption (DBPA) value expressed
as cubic centimeters of DBP per hundred grams carbon black per ASTM D2414 are
sliown. Fig. 8 is seen to be divided into three different regions of carbon blacks.
10 Region I contains carbon blacks having lower structure and higher surface area, being
those most difficult to disperse in natural rubber and other elastomers using traditional
dry nﬁx’mg techniques. Hence, carbon blacks of Region I are not used commercially
as widely as other carbon blacks. Masterbatch and cured elastomeric compositions
made with Region I carbon blacks using traditional dry mixing techniques have poorer
15 macro-dispersion and typically lower MW,,,. The carbon blacks of Region II have
higher structure than those of Region I. Typically, they achieve reasonably good
dispersion in natural rubber for vehicle tire products and the like if subjected to such
extended dry mixing that the MW, of the natural rubber is significantly degraded.
The carbon blacks of Region HI of Fig. 8 have lower surface area relative their
20 structure. Accordingly they have been used with acceptable dispersion in natural
rubber via dry mixing, but again, with undesirable degradation of MW,,. The
dispersion of carbon blacks of all three regions of Fig. 8, specifically, macro-

dispersion, is significantly improved in the elastomer composites disclosed here, and
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Goodyear Wnstay 100 (anti oxi dant) 1.0 TBBS (sul fur, accel erator)
1.8 Sul fur 1.0 Total

169.3 15 . Thus, Banbury m xing energy for the conmpoundi ng of Exanple A
mast er bat svo E6@bout 53% of the Banbury mi xi ng ener gy RERESB™X or. t he
premastication and conpoundi of the control material of Exanple B.
Despite thecareum@@pveﬁwtgwgm%mﬂy higher MWappfchonsrabrubher MASCHIRY to have
very good nmacro-di spersion, and the nol ecul ar wei ght (wei ght average) of
its sol porMithreriredeprmemubstantialIy hi gher 20 than that of the
control. These data are summarized in Table 5 below. Table 5 Conpoundi ng
and Curing Data Sanple - Conithok S&mpleg ¥ - @43/ nferr]) M. (1+4,
MN 100C) Pre- Stage 1 Final Total Stage Final wt. av.

Masti cat e Bl ends cehtid] 8dinples dE@asEbacH wer® prepared by 9 fhixing mGBcordance with , 194

102 72 444,900 Exanple B 800 965 500 2,265 92

67 327 11%0R>né€$ﬁigt irGt3dtred, ?&tﬂuﬂﬂisé's%?% ?arfsgﬁ td él&t&iﬁr%ﬂmfzbmﬂﬁme Exanple A

and control material are set forth in Tab below. 5
Tabl e 6 Ad%'res nq@gjena'&s.t Dat a

1. Mastication of Natural Rubber
In order to produce dry masterbatches with a wide range of molecular weight,
commercial natural rubber (RSS1,SMR CV, and SMR 10) bales were pre-masticated in
10 a BR banbury mixer using the following conditions (fill factor: 0.75):

Table 11 Natural Rubber Mastication Conditions

Sample Mastication | Rotor Speed | Cooling Mastication
Code (rpm) | Water time (min.) _
“ M1 No
15 w2 Yes 77 On 4
M3 Yes 118 On 6
l M4 Yes - 118 [é)n 10 |

2, Mixing Carbon Black with Pre-Masticated Natural Rubber
In order to prepare natural rubber dry masterbatches with different levels of
20 macro-dispersion quality, the following mixing procedures were used ina BR Banbury
mixer. The fill factor was 0.70. The masterbatch ingredients and mixing procedures are

described as follows in Table 12.
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Sanpl e . Har dness 100% Modul us 300% Modul us Tensile (MPa)

(MPa) (MPa) Exanple A _ 71 2.82 16.1

28. 7 Exanpl e Bwo 99n6600 2 _ 3.12 16. 2 8.5
Sanpl e El ongati on at Resiliance (% Heat Buil d- Uppmﬁggmpéﬁ Delta
Break (% ([err] Q) 60[err] C 30[err]C 10
Exanpl e A 526 Table 1 6Natural Rubber Dry M@stérbatch Formulation203 0. 240
0.290 Exanple B__ 511 57. 6 76.5 0. 206 0. 236
0. 286 Exanpl e ( El ast oner ﬂ;@ﬁ{,igﬁbatch was produced Th _accordance Jith the
present inventipn. Specifically, an el astormr(Pg@@;ﬂgé%iﬁgomﬂ%ocuced
conprising stanflard natural 15 rubber |field Iat %Ilighft)rOT Val aylsi awth

55 phr filler cprsisti a19) of—Tcartombtrack—of—correrctat Ot-arere—egtn [err]

660 avail abl e f}om Cabot NewrabBebher on. The ¢onpound foldul ati on (excl udi ng
m nor ordinary |atex additlve LS set forgh 1n D 7 Tow., T1alle 7
Mast er bat ch For hulation |¢%¢°§§$@% IS%EIT% .Peim’by W . |20 Rubber

100 Car borg Bl ack 0il 55. Sajt ¢hhieBeld (antifoxi dant)
0.4 TNPP (anti op-ehar= 0-3.25 aat
Tot al Santofex (antioxidant) 155. 7Bl ends- Cl Po&5

TNPP (antioxidant) 03

Mixing Procedures:

0 minute: Add pre-masticated natural rubber (77 rpm, 45 C)
10 } 1 minute; Add black, oil and antioxidants

Different levels of macro-dispersion were produced by dry mixing samples of M1

through M4 pre-masticated natural rubber for different mixing times, as shown in Table

13, below. For example, sample code M2D1 in Table 13 indicates a control sample of

premasticated natural rubber M2 (see Table 11, above) mixed for 10 minutes in
15 accordance with the formulation of Table 12.

Table 13 Mixing Times

Dry NR Masterbatch T Pre-Masticated NR | Mixing Time
| Sample Code L

M1D4 M1 4
20 M1D3 M1 6

MID2 M1 8

M1D1 M1 10

M2D4 M2 4

M2D3 M2 6
25 Mz2D2 M2 8

M2D1 M2 10
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The el ast omer

drawi ngs. TR
i nch diameter w

|l ength of 0.2 inch. The coagulum5

o9héths Y nozzle tip (see reference No. 167 i npdiGsosdozrdvas .

mast er bat ch producti on apparatus was substantially identi cal
to the apparatus descri bed above with reference to Figs.

1, 3 and 7 of the
025
th a land (see reference No. 168 in Fig. 7) having an axi al
zone (see No. 53 in Fig. 3)

I ncl uded a ffirst %64] on off . 188 iggh di amefer and approxinptely .985 inch
axi al | engtjh—(he Na apthin the mix-head and party wifhin the

ext ender se 3 secondeortlon bf . 266 snch di apeter and 1.6

i nch axi al et 8 mme or-tromr—of——3+%6 lr(,:| orareter—anyl 2. 256 axi al

| ength; andl a fouM3®2portidh of .5M8 inch diameter &nd 3.19p inch axial

l ength. In aucuu&mﬁere 57e 10 axially shﬁor@ Talreg

I nt er conneck.ions en the af oreé’g d portions paratiop of the

mast ergpat chl i s dewm;bed | furtheM‘plet ai |l rmedl at,g:ly below 1. ~ Carbon
Bl ack Sl ur rh—-Preg oR . : Mth deionized
water in a g

broke the pg
14.9 wt. %

arbonMﬂmck. THE crudeMﬂ urry

The agitator
red with 15
Isi ng a pi peline

hs reC|r§uIated

grinder. Du
di aphragm p
then fed by a pr
M crof | ui di zer

l I Ng OEEA’QI I on., ![ h! S Sl M‘{

Mbdel

yvvas

Ll t i

ed by an air

b slurry was
specifically,

M210 from M crofluidics International Corporation for

font T nuaf [y punpg
r 0. |

ogressi ng cavi ty punp to a hom)gen-i zer,

pressuri zi nd andFingl mixing of Natural Rubber MastenbatehZongrol Samplgs gr ound sl urry.

The slurry flow

rate fromthe mcrofluidizer to the m xing zone was set by

t he mer of | ui di 86 ewhaeconphendpetformiancs, ddditsnabinpredignta svere dddghtoieessur e

positive displac

ement punp. Slurry flow rate was nonitored with a

M cr onot i OnkgfhdstibBEFPndntrAubBRE fbsterbitéh ContrblAmples of Table 13 in accordance

with the formulation shown in Table 14.

Table 14 Additional Ingredients for Final Mixing

Ingredient Amount (phr)
15 Azo 66 (zinc oxide) 4.0

Hystere 5016 (stearic acid) 2.0

Santoflex 13 (antioxidant) 2.0

Sunproof Improved (wax) 2.0

Wingstay 100 (antioxidant) 1.0
20 Santocure NS (sulfur accelerator) 1.8

Sulfur 1.0

The compounds were cured in accordance with standard cure techniques at 150°C

until at least substantially completely cured, typically between 10 and 30 minutes. In that

regard,

the same or substantially the same final mixing procedures, including the
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Bl ends-CI P 56 black slurry was fed to the mcrofluidizer at a pressure
of about 130 psi g and the output pressure was set at 3000 psig to an
accumul at or s@jo @let®0 PSi g output pressure, such that the gdidishsioeBs
introduced as a jet into the mxing zone at a flow rate of about 3.9 Ib/mn
and at a velocity of about 300 ft/sec. 5 2. ° Latex Delivery. The

| atex was char demndaioa givamkbovs freTatle b lwlexe, used fob alf) adritohsagpé, adrwedh as all
Ant i oxi dant emul sion was added to the latex prior to charging. Antioxidants

wer e added conshmples 6f €listdined cpiposites 6f the iyventfoResfaredin e inkrhe ddsEiedand 0. 4
phr Santoplex[err] 134 (al kyl-aryl p-phenylene dianmine mxture). Each of

the anti oxi dantp3jcvP e PRANRE EifbodinttRtsVExantiled Whith ORert! Thitdl #hd PdtddS fok0
pot assi um ol eate per 100 parts antioxidant "al'ong with potassium hydroxide

Lieﬁd’} o move. t nepar el Bl OARN AR R x.Alngei'oﬁtea'o?'f hg“”p -
Foet per Socond, andil texg%ﬁlﬁ#ﬁﬂ?@wﬁ?é&@%@é’ry@ BB

| ndi ana, USA) 15 ow_neter. e desired car bon bl.ack

| oadi ng of a 55”§BPFF‘°WQ§%WF%HW?§ kF s hilvoneh A3 ;[Fg“ P’ergé‘t“P ¢A igfhedables| ot ex
feed rate to the carbon black slurry feed rate. 3. Car bon Bl ack and:
Latex M xi ng. Taeording tsooise aﬁqarbgnblaply Wﬁhlnlae&“@ﬂ% thesinples 455 growned By ni ng
the latex into the carbon black slurry. During entrainnent, 20

t he carbon bl achoiessf natatal réhbez lagd by cardbdn blatidoddirg ahdibik loadingl Tkieeabln’heﬂd‘mgs

show this information in accordance with standard nomenclature. Thus, for example, the
10 heaaing for Table 15 “N330/55phr/0" indicates 55phr N330 carbon black with no oil.
Thie table sub-headings show the choice of natural rubber. Specifically, control samples
1 through 450 are seen to be made from standard grade natural rubber RSS1, SMRCV
and SMR10. Technical description of these natural rubbers is widely available, such as
in Rubber World Magazine’s Blue Book published by Lippincott and Peto, Inc. (Akron,
15 Ohio, USA). The molecular weight MW, of the natural rubber prior to any
premastication (M1) and after the various amounts of premastication (M2-M4) also are

shown below in Tables 15 - 23,
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coagul ated. Soft, wet spongy "worns" of coagulum exited the gcoagul um
reactor. Blends-ClP 57 4. Dewat ering. The wet crunb di scharged from
the coagul gﬁf}g&pr was about 78% water. The wet crunb sleyabared to
about 12 to % noi sture with a dewatering extruder (The French G1. MII
Machi nery Conpany; 3[err] in. dianeter). In the extruder, the wet crunb was

conpressed arvabledSer squeezed 5 fromthe cru through a
slotted barr¢l of the.extruder. B PR ' ewat er ed
crumb dropped into f_second ®BIuder wherd it was a8MRGV conpresded and

heated. Watef ade f|oSMTPle of Mwon RfFEN s| oPamAle t he M¥uinh tHPBugh t he

dieplate of {he extil : et el y
280[err]F to|37Wlert] F and noie ure conteht was aboud’ 110 0.3 to
.4 w.% The}ho dfy crunb rapi dly cepol ed (appri&Zi mately 2Q seconds)

to about 100ferf,JF by a force ir.vibratjng conveyolg, Exanples{D and E Two
dry m x contfopsApsterbatches gaere ppepar ¢d by dry nppgticatyes. [The

control s enplioyggat he saire fogAul ati groas|Exagpl e C 4gyece Taphe 1 above),
except that 15mipa |in Fxanpl poeD t hearabber was RSS14g8R r at w88 tihan | at ex.

I n Exanpl e E|t MmaD4 ubbers was SR 10 NRS2Ea¢h \gas prep®dSed by4i® erfasti cati on
of the rubbel MK BR Banbury44§ xer. 38he fubl®fr of B&8npl e P*ag nasticated

b

at 118 rpm f ¢r MB2 i nut®s. ThaS% ubberBf Exard®l e E tféhtdd at 77
for 4 ni ﬁut ed. M2D3 7 512 368 | @g © V\%gg as &.ék qd a rpm
T M2D4 8 581 3.93 24

498 5.81
M3D1 9 373 1.33 25 342 379
M3D2 10 402 2.50 26 358 4,35
M3D3 11 407 298 27 371 5.55
M3D4 12 452 335 - {'.- 28 408 5.01
M4D1 13 311 XX} 29 311 366
M4D2 - 14 , 337 -3.40 30 325 §.31
M4D3 i ] 362 5.03 31 344 5.91
M4D4 16 382 5.23 32 369 5.67
Table 16 _ _ Table 17
: ___Black Pearl 800/55phr/0 N351/33phr/20phr
RSS1 SMRCV RSS1
Code | Sample Mw,, D (%) |Sample Mw,, D(%)|] Code | Sample Mw,, D([%)
No. fp Noe. (K} ) No. (K)
M1 1041 869
M2 786 662 M1 1300
M3 663 . 491 . M2 803
M4 527 420 M3 601

MID1 | 113 507 1220 129 418 5.5
MID2 | 714~ 551 1510| 130 482 494 || MID1| 401 854 208
MID3.| ‘715 700 1020| 731 515 693 ||MID2| 402 969 3.1
MiD4 | 176 ° 786 572 | 132 S83 874 || MID3| 403 1040 368
M2D1 | 117 © 420 565 | 133 403 260 || MID4| 404 1130 491
M2D2 | 118 441 650 | 134 438 274 _
M2D3 | 119 ~ 549 770 | 135 434 283 ||M2D1| 405 648 115
M2D4 | 120 606 588 | 136 530 288 |[M2D2| 406 668 216
MaD1 | 121 387 326 | 137 366 238 ||MD3| 407 675 298
MaD2 | 7122 409 298| 138 378 283 ||M2D4| 408 721 470
M3D3 | 723 456 361 | 139 399 3.04
M3D4 | 124 483 461 | 140 431 239 |/ M3D1| 409 532 110
MAD1 | 125° 339 213 | 147 311 222 ||M3D2| 410 837 217
MaD2 | 126 , 367 223 | 142 332 227 || M3D3| 411 8§35 245
MAD3 | 7127 360 260 | 143 344 227 || M3Da| 412 558 406
MAD4 | 728 403 186 | 144 330 273
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Bl ends-Cl P 58 Corrparl son of Exanples C. D and E The nasterbatch of
Exanple Cand tHe two control nasterbatches of Exanple D and E were
conmpounded i @oaggﬁﬁu&_%anbury m xer. Tabl e 8 bel ow sets fort hdrigegmepoundi ng
schedul es. Tabl e 8 Conpoundi ng Schedul es-

Pre- Mast i cat I on Stage I M xing Stage Il (Final) Masterbatch

M xi ng No Jabie 18A No BR Banbury 77 Exanple C

rom 4.5 mn. BR Banburil - BR Banbufegal 250/35pH8R Banbury /( Exanplie D
mxer 118 rpm fixer 7 rom 3 RBBM 4.5 nj 10 m NSMRCV m n.| BR
Banbury BR BaGode y| Sample pRMWanbur \P 74 E Mw. nifR&W 7)7 rpm 4
mxer 77 rpm 8 |rpm 4l5 ¥-n o %10 M The compounding
fornulation is glveMlin] Table 9 Hd%ow Table P Stage |118rative Addition
| ngr edi ent Mg * Parts g W. Exanpj e 4 I\/aster:ggatch or 15
Exanple 5 or 6 S| ags41 Dry Mx 28 155 o
M1 33 585 6.95 49 609 1.83
MiD2 34 €69 8.03 50 834 3.29
M1D3 - 35 759 105 5t €81 221
M1D4 36 B96 14.1 52 702 4.09
M201 37 580 27 53 538 2.14
M2D2 38 602 2.61 54 569 2.72
M2D3 39 631 3.61 &5 587 475
M2D4 40 667 543 56 585 - 6.25
MaD1 41 457 153 57 466 2.88
MaD2 42 478 2.08 58 445 3.18
M303 . 43 493 2.32 59 464 4.53
M3D4 . 44 485 s 50 500 5.89
M40 45 372 1.83 61 423 2.89
M4D2 |, 46 382 . 2.08 62 433 342
M4D3 47 381 232 83 437 4.39
MAD4 48 403 3.54 64 447 4,73
Tablo 188
Regal 250/65/0 _Rogal 2507750 Repal 250/55/10
RSS1 ~ RSST. RSS1
‘Code |Sample Mw,, D (%)|Sampla Mw,, D (%)| Sample Mw,;, D (%)
| No. (K | No. (10 No. )
M1 1138 1138 1138
M2 901 ‘ 901 901
M3 860 680 680
N4 483 483 483

M1D1 65 §70 150 81 539 287 g7 661 1.89
M1D2 &6 §22 325 82 624 4.50 s8 . 702 2868
MiD3| 67 707 750 83 885 447 09 741 3.14
MiD4 68 788 477 84 763 1435) 100 a2 8.24
M2D1} 69 834 1862 85 484 432 101 583 0.91
MzD2 70 548 4.19 86 512 298| 102 §72 348
M2D3 71 588 4.3 87 857 47 103 842 4.23
M2D4 72 621 821 88 605 4.85 104 664 5.35
M3D1 73 458 3.64 89 429 227 105  BO7 265
M3D2 74 463 579 50 446 268 106 544 296
M3D3 75 511 530 U 455 346 107 §35 3.69
M3D4 76 541 9.3 92 491 6.22 108 524 327
M4D1 77 380 234 83 368 21 109 416 1.85
M4D2 78 382 286 94 372 313 110 413 3.18
M4D3 79 389 458 -] 375 292 111 418  6.96
M4D4 g0 385 457 86 388 292 112 441 6.46
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Azo 66 (zinc oxide) 4.0 Hystrene 5016 (stearic.acid)

2.0 Santoflex 13 (anti oxidant) 2.0 Sunproof Inproved (wax)

2.0 20 0 99/16600 Wngstay 100 (antioxidant) peruseszo27e 1.0
Sant ocur e Ng(sul fur accel erator) 1.8 Sul fur :

1.0 Total: . 168.8 Al three conpounds

exhi bited wel | -behaved cure with m ninmal reversion. Despite the 25

reduced ene igput, the Exanple C material wWagagho to have
significantarrr-;m—%i{f-er—ﬁe STy T 5 1 -p-er°s1- m X
controls, and the-Trorggghar—wel BRAROV age) [of—TTS®RSBY portion

MN err] was| SoHeSEampie MW,y 1D (%) coampne MW GalD () heade SMwLlE ta are
sumari zed  n Tgbwe. 10 kel ow. Tamb.e 1@KVast er bdt ch gnaveConpgInd Properti es

Example C M1 |EXanpl 200 Exat@be E 5 M1 | \Vasteriea ch Prdperties
Mooney Vi scoazy 125 1030 12434 M2 1126 M.(&8%4) @00¢ Bound
Rubber 50 M3 ;;2;; 32 ;Z : 44 M3 sol

3
(Xl.o[e”]) M“fé%' 63.?5 550 349 8 e 1.15 a#gi“ 412 515 124

MID2| 146 636 3.54 162 661 1.32 M1D2 | 413 556 1.32
M1D3| 147 650 5.89 163 697 1.35 M1D3 | 414 633 1.41
MID4| 148 724 478 164 732 201 MID4 | 415 732 143
M2D1| 748 517 316 165. 890 1.50 M2D1 | 416 433 0.86
M2D2| 150 572 241 166 621 1.5 M2D2 | 417 451 0.80
M2D3 | 157 613 3N 167 641 22 M2D3 | 418 485 1.53
M2D4! 152 - 696 4.37 168 676 231 M2D4 | 419 542 215
M3D1] 153 488 278 169 §51 122 M3D1 | 420 405 0.25
M3D2| 154 521 1.93 170 S50 1.62 M3D2 | 421 418 0.50
M3D3} 7155 504 3.14 171 §63 2.06 M3D3 | <422 447 0.75
M3D4| 156 538 281 172 578 268 M3D4 | 423 469 0.73
M4D1| 157 415 174 173 487 1.86 M4D1 | 424 371 0.21
M4D2} 158 447  2.17 174 495 222 M4aD2 | 425 387 0.42
M4D3| 159 466 3.13 175 S05 299 M4D3 | 426 382 0.30
M4D4| 7160 4689 293 176 8§26 3.37 M4D4 | 427 396 0.56

Table 20 Table 21(B)
N110/55phr/0 ~S6740/55phti0 |
— RSS1 SMRCV 1 SMRCV
Code Wﬂmm Code [Sample Mw., D(%)
No. (K No. K)__ No. (K
™M1 937 730 M1 876
M2 764 . 653 M2 754
M3 569 541 M3 574
M4 449 ) 463 M4 444

MiD1| 369 B0 124 | 385 334 1.28 M1D1 | 428 433 0.25
M1D2| 370 426 250} 386 338 160 |{ MID2 | 429 441 0.36
M1D3 | 371 480 269 | 387 372 1.42 MID3 | 430 467 0.34
M1D4 | 372 618 4.68 388 413 280 MID4 | 431 540 0.84
M201| 373 340 069 | 389 308 0.72 M2D1 | 432 399 0.35
M2D2| 374 356 085 | 390 314 117 M2D2 | 433 399 0.41
M2D3 | 375 395 080 | 391 342 1.27 M2D3 | 434 422 0.82
M2D4| 376 433 117 | 392 380 284 M2D4 | 435 4869 0.44
M3D1| 377 . 285 0.81 393 an 0.84 M3D1 | 436 340 0.44
M3D2| 378 313 127 394 292 Q.93 M3D2 | 437 363 0.81
M3D3| 379 33 120 395 314 143 M3D3 | 438 377 0.89
M3D4) 380 353 135 | 396 351 1n M3D4 | 439 403 0.86
M4D1 | 3817 255 142 | 397 260 0.74 M4aD1 | <440 363 0.65
M4D2| 382 . 268 1.4 398 267 083 M4D2 | 441 328 1.05
M4D3 | 383 287 130 | 399 284 1.49 M4D3 | 442 342 1.52
M4D4 | 384 316 1.67 | 400 297 1.83 M4D4 | 443 360 1.99
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Per cent .12 1.48 2.82 Undi spersed Area

(D% Conpound Propertles 15 Har dness 62 65
62 100% Modul ¥, 901666050 : 315 270 pchfisds28898%0
Modul -us 10 1262 1216 20 Tensil e
strength 4462 4099 4344 (psi) Elongation, %

675 600 Max. Tan Delta  0.189

. 237 Tabis -i‘ea—@ S 0.8

5.0
Exanpl es and - ) =7 ] _
accordance wifh the msesengigpi nvent owoyverenoroducec iNg, accpggdance th the

met hod and a FIS a1 SCAtweed aboye. ITn B3 nads-ol ¥ o0 746

nal

M2 T 844 708 632
M3 - 609 584 492
M4 522 513 416

MiDt| 177 674 835 | 193 S84 187 | 205 S01 954
{wmip2) 178 792 7.89 194 611 250 | 210 §72 668
1.Mp3 | 179 891 853 195 708 3.08 | 211 881  7.37
‘M4 | 180 676 746 196 671 231 212 §94 7.8
M1 | 181 508 856 197 520 528 | 213 463 282
M2D2 | 182 602  3.89 198 558 485 | 214 483 457
Mm2p3 | 183 697 6540 199 603 288 | 215 585  3.92
M2D4 | 184 659 5.7 200 541 425 | 216 550 . 568
MID4 | 185 473 203 | 201 488 278 | 217 3/ 213
M3p2 | 186 506 166 | 202 482 278 | 218 393 198
M3D3 | - 187 562 194 | 203 §04 354 | 219 443 249
M3Dd4 | 7188 559 433 204 526 241 | 220 49  1.90
M4aD1 | 189 401 218 | 205 415 318 | 221 335 149
M4D2 | -790- "~ 428 172 |. 206 418 2852 | 222 M5 174
M4D3 | 191 465 148 7| 207 446 280 | 223 383 178
| MaD4 | 182 449 357 | 208 465 313 | 22¢ 374 235

“Table 22(B) : : ) _

> Regal 660/48/0 " Regal 660/65/0 B60/650 Regal 660/65/10 |

_ — RSS1 — RSST . ~—RS51
Code [Sample MW,y D (%) | Sample MWey D(%) |Sample MWey D% |

No. (Y] Neo. (K No. 1,1}

M1 - 1245 1245 1245

M2 876 876 876

M3 | 625 . 625 §25

M4 482 482 482

MID1 | 225 648 345 | 241 563 1455| 257 639  1.63
MID2| 226 697 304 | 242 638 1408| 258 699  3.55
MID3 | 227 762 770 | 243 691 1384 |-25 814 544
MID4-| 228. 830 675 | 244 790 4126) 260 784  11.25
MDY | 229 574 479 | 245 469 588 | 261 5712 277
M2D2 | 230 ‘589 302 | 246 507 731 | 262 580 439
M2D3 |-231 636 641 | 247 558 972 | 262 810 551
MD4 | 232 675 655 | 248 543 1059 264 638 729
M3Dt | 233 471 266 | 249 420 548 | 265 474 410
M3D2 | 234 481 517 | 250 426 697 | 266 485 572
MID3| 235 510 778 | 251 468 881 | 267 502 624
M3D4| 236 518 789 | 252 471 955 | 268 495 7.3
M4D1 | 237 388 320 | 253 335 519 | 269 380 502
M4D2 | 238 392 565 | 254 344 606 | 270 385 568
M4D3 | 239 397 544 | 255 344 559 | 271 410 745
M4D4 | 240 403 754 | 256 381 854 | 272 388  7.59
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particul ar, novel masterbatch conpositions were fornmed of natural: rubber
| at ex and carbon black filler, having significantly better macro-di spersion
| evel s and/ §r9?/P¢§§]ural rubber nol ecul ar wei ght than her etRfwses28@®nd in

known corrp‘g s formed of the same or similar starting materials. Fig. 8
shows the su quaCﬁ

A various carbon black fillers
Lmﬂ'ed—rrasreﬁmmm s ~—specHrcaty— he CTAB

rea and
used in the
surface are RESTUUCT C [ TET ST SMREY gra m-mrmm per ASTM
D3765-85 an pioT MG : pXl] as cubi c
centineters |of r(lsbn bI adk Nyer AWM D2414 are shown.
Fig. 8 is sgermto regi o3 of carpon bl acks.
10 RegijorM2 Font ai n81icar bon}{bl acks "Avi ng llower stB2cture ahd hi gher
surface are i hg. thos§95rmst dlffICU| o di sger se |n“?'§atural F ubber and
ot her el ast meM% S| ail ng que Herac,g car bon
bl acks of R iﬂ I’CI %& S ot &g farbon
bl acks. Mast Ty ls riggy co%g |td°9ns dsfe wdsh| Region |
carbon bl ackisyygd h radg g onﬁ o dr ged1l Xigqg t q@hni Hegs hawe poomset 15
nacr o- di spersehy typazaalluadcws MNfao4 r | 0.78e aoar borsd| add®s df Regi on
I'1 have hi ghemzsi umureanhanovsm sesof RO§I oNTR.| RIPi caldRy, tH¥ylachi eve
reasonabl y gpmdDili sgrer si 898 i nO.Ratiu2ds r WbBer Dﬂér Vi cl @54 re1 ¢ducts and
the like if pMEPeqt e to4%hch1ez<teﬁa$ad cﬁsg egfi’ﬁat t3ﬁ ] of the
natural rubbeM3P% s?gm f 2&ant P- ; decS Th(%ééar bl ¢gion |11
of Fig. 8 ha 3'%) ur€abe Abr4 atl UPgé"re.
: 03 | - 8
Accordingly beggp US§ ﬂn tab, dl er5| tural
rubber via df Y | Bgk bwkq aggey.| Woi h fﬁesmgb fgegr t| o:nmpf MNerr].
The di spersi pyaBs | Codgoon 268 ackst gf av2| tdssee om0| ogye of B/eyg. 617
specifically} Mapgo2sdi spes si 084 |i 8031 grasbi cas2l y 319pr o\as?l | n0.Thg el ast oner
conposi tes d| mabogedsther 282 and.58ljerdg4- CIF86 088 | 320 268 1.30
Table 23(B) ) ,
N234/45/0 N234/65/0 N234/65/10
RSS1 RSS1 - “RSS1_
Code [Sample MWay D (%) |Sample MW,y D7) |Sample MW,y D (%)
No. (K No. (K No. ()
M1 1185 1185 1185
M2 828 828 828
M3 623 623 823
M4 : 462 ' 462 462
MiD1 | 321 - 507 7.33 337 336 3.44 353 385 8.51
MiID2 | 322 598 815 | 338 458 509 | 354 478 768
MiD3 | 323 731 897 .1 339 478 8.17 355 585 9.46
M1D4 | 324 772 1202 | 340 706 9.90 356 837 8.39
M2D1 | 325 486 348 | 341 255 3.22 357 295 0.58
M2D2 | 326 479 5.44 342 288 3.4 358 352 1.23
M2D3 | 327 527 5.51 343 295 465 359 394 135
M2D4 | 328 586 7.70 344 303 5.45 360 449 237
M3D1.] .329 419 0.88 345 237 1.50 351 292 0.86
M3D2 | 330 423 1.24 346 252 1.78 362 286 1.14
M3D3 | 331 431 2.55 347 270 2.88 363 313 2.18
M3D4 | 332 458 403 348 304 3.92 364 340 2.51
M4D1 | 333 341 062 | 349 226 118 | 365 265  0.83
M4D2 | 334 338 1.13 350 214 1.81 366 273 0.99
M4D3 | 335 319 137 | 351 233 297 | 367 291 1.39
M4D4 | 336 354 2.06 352 258 3.83 368 307 241
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61 can be achigeved with significantly higher MNerr] of the natural
rubber in accordance with preferred enbodi nents. Control Sanples 1 - 443
Control sanpl ggo frcEgast er bateh were prepared by dry m xing pPpgsgRid4ance
with 5 the follow ng procedures, for purposes of conparison to

el astonmer conposites of the present invention. 1. Masti cati on of Natural
Rubber In order to produce dryPrefsrehEmbedimentExampleswi de range of nol ecul ar
wei ght, commerci al natural rubber (RSS1, SMR CV, and SMR 10) bal es were
pre-masticated i n 1Additional saniifResbafndlastomenicarapositas ingactdrdarice Withvhe gresemdi t i ons
(fill factor: 0.75): Table 11 Natural Rubber Mastication Conditions Sanple

Mastication RegvefitiopPR&€lpreparédd Wpkdifically, 2 S¥B&t df aaivaDiubbé @Ristomer composites

(rpm Wat er time (mn.) No 15 (V%
\c(hes 5 Znﬁml - 3\'(2€iéx accorddnbPe with the present ﬂxi/%ﬂéion was produced\gq‘s’ﬁg apparatus and i 38 5

M xi ng Cagbon | - | I r e repa.re
nat ur al r%bber %ﬁg&n%&séeg?@gtﬁ glhl\%g&\é\n&t%%f'}?o Ees? ‘e)ﬁ#x%% sabé{!b' %ﬂ diastdne?

macr o-di spersion quality, .the follqw 1 Xi.ng,procedures were used in a BR
Banbury mxer. SRRt ppengtrushr S ek o By b e efipp it 9P
o q

mxing proce urixf’?‘ab?er 291 below. The elastomer composites each further comprised carbon black with

morphological properties (structure and surface area) of Regions I, II or Ill in Fig. 8.
Specifically, the following carbon blacks were used: Regal ® 660, N234, N326, N110,
10 ‘Regal ® 250, N330, Black Pearl ® 800, Sterl'uig ® 6740 and N351. The carbon black
loadings ranged from 30 to 75 phr, and extender oil 'loadings were in an amount from 0
“to 20 phr. The production details for elastomer composite sample nos. 1 - 32 are shown

below in Table 25.
As noted above, the apparatus and procedures used to prepare elastomer
15 composites no. 1 - 32 were generally in accordance with those of Example A, including
the masterbatch formulation additives shown in Table 2. A more detailed description of

the apparatus and procedures used for elastomer composites no, 1 - 32 is set forth below.

i. Apparatus
Invention samples no. 1 - 32 were prepared using masterbatch production
20 apparatus substantially in accordance with the invention apparatus described above with
reference to Figs. 1,4 and 7. The diameter of the slurry nozzle tip (see item 167 in Fig.
7) and the length of the land (see item 168 in Fig. 7) are given in Table 25 for each of

samples no. 1 - 32. The coagulum zone of the apparatus had four zones of progressively

Blends-CIP
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described as follows in Table 12. Blends-Cl P 62 Tabl e 12 .Natural Rubber
Dry Masterbatch Formul ati on | ngredi ent phr (Parts

per hundreq%ﬁpgglﬁfgooof rubber by weight) Natural Rubber PCT/US98/20279
ac

100 Carbon See Tabl es Bel ow 5

al See Tabl es Bel ow Sant of ex (anti oxi dant)
0.4 TNPP ( almigexdiamietertiiom the mixing zone to the discharge end. Bheidianietry amt axinbléngths: 0
m nut e: Add pre-nasticated natural rubber (77 rpm 45 C) 10 1

m nut e: ofA¥deh bf &elfourciches(thd fixsttzone bedmgpatlpwithiartbermix-baad|agd partly
macr o- di spersi on were produced by dry m xi ng sanples of ML through M

pre- mast i Caf,Rfkn R ekidtider seklbEthefe®) adisétlfortiein Tabied5n Thére Wete axiilysharyn in Tabl e
13, below. For exanple, sanple code M2D1l in Table 13 indicates a control

sanpl e of pg; g@@}&gﬁg&&%m@hﬂ{e%gﬁy M2 (see Table 11, above) mixed for
10 mnutes 1h'1l accordance with the fornulation of Table 12. Table 13
M xing Tinmes Dry NR Masterbatch Pre-Masticated NR M xing Tine

5 2. Carbon Black Slurry Preparation

Bags of carbon black were mixed with deionized water in a carbon black shurry

tank equipped with an agitator. The agitator broke the pellets into fragments to form a

crude carbon black slurry. The carbon black concentration (as weight percent) in the

carbon black slurry for each of the sample is gfven in Table 25. During operatioh, this

10 slurry was continually pumped by an air diaphrégm pump to a grinder for initial
dispersion. The slurry was then fed via an air diaphragm pump to a colloid mill which

then fed into a progressing cavity pump to a homogenizer, specifically, Microfluidizer

Model M210 from Microfluidics International Corporation. The microfluidizer produced

a finely ground slurry. The slurry flow rate from the microfluidizer to the mixing zone

15 was set by the microfluidizer pressure, the microfluidizer acting as a high-pressure
positive displacement pump. Sturry flow rate was monitored with a Micromotion® mass

flow meter. The pressure at which the carbon black slurry was fed to the homogenizer

and the homogenizer output pressure (all pressures are psig) are set forth for each sample

in Table 25, From the homogeniier the carbon black slurry was fed to an accumulator

20 to reduce any fluctuation in slurry pressure at the slurry nozzle tip in the mixing zone.
The slurry nozzle tip pressure and flow rate at which the shury was fed to the mixing

zone for each sample are given in Table 25.
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Sanpl e Code MLD4 , M 4 20

MLD3 ML 6 MLD2 ML

8 MLD1 woosisss M | 10 MeD4 PCT/US98/20279 M2
4 MeD3 \Y/% 6 25 M2D2 -

M 8 Me2D1 M 10

Bl ends-CI P 63 3. MN3lMex Delivery MB 4 MBD3

VB 6 MBD2 VB 8
M3D1 The 14tk was charged to a 55 gallon feed dehifh. Antioxidant emulsion whéithén

M 4 MAD3 M4 6
MAD2 . added to the labék and mixed in prior to charging. SAnMdkidants were added consisting M4

10 3. Final m xing of Natural R%bber I\/asterbatch Control Sanples 10

19, SveL < CoRP PTG, D) A B Sy et ot o
accordan o diamine mixture) in the amounts shown in Table 25. Each of the antioxidants was
-prepared as a 40 wt.% emulsion using 4 parts potassium oleate per 100 parts antioxidant
along with potassium hydroxide to adjust the emulsion to a pH of approximately 10.
Extender oil, if any, was added in the amount shown in Table 25. A peristaltic pump was
used to move the latex from the feed drum to the mixing zone of the coagulum reactor.
10 The latex flow rate and velocity are shown in 'i‘ablc 25. Latex flow was automatically

metered with a Endress + Hauser mass flow meter. 'fhe desired carbon black loading was

aobtained by maintaining proper ratio of the latex feed rate to the carbon black slurry feed

rate,

4. Carbon Black and Latex Mixing

15 The carbon black slurry and latex were mixed by entraining the latex into the
carbon black sturry. During entrainment, the carbon black was intimately mixed into the
latex and the mixture coagulated. Soft, wet spongy “worms” of coagulum exited the

coagulum reactor.

5. Dewatering
20 The water content of the wet crumb discharged from the coagulum reactor is
shown in Table 25. The wet crumb was dewatered with a dewatering extruder (The

French Oil Mill Machinery Company; 3% in. diameter). In the extruder, the wet crumb
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with the fornulation shown in Table 14. Table 14 Additional Jngredients for
Final M xing | ngredient Amount (phr) 15 Azo 66
(zi nc oxi deyq 90116600 4.0 Hystere 5016 (stearic aci d)pcrusegadreSant of | ex
13 -(anti oxi dant§ 2.0 Sunproof Inproved (wax) 2.0 Wngstay 100
(anti oxi dant) 1.0 20 Santocure NS (sul fur accel erator 1.8
Sul fur was compressed and water squeezgd forffithe cramp endhthough p sloted bagrel ¢f the cor dance
wi th standard cure techniques at 150 [err]C until at |east substantially
conpl etel y chtradér. tThpifinal trymbeathoisters cbOtentnid sBOwmiim Takle 251 for edvhtofrtbgar d, t he
same or substantially the same final m xing procedures, including the

Bl ends- Cl P Gdventiod hiplésat i on gi ven above in Table 14, were used for all
control sanples, as well as all sanples of elastoner conposites of the

i nvention prepared in the manner described bel ow (see "Preferred

Enbodi ment s Exanpl es) which were cured and tested for conpound properties

and performagﬁce ﬂ}%g%slaogﬁﬁ S. 5 The following tables 15 - 23

set forth the so ecular ight MNerr] and macro- dispersion D(% of
control sanples t hy ough .,443.. The s | es_ar royped, i n.the tabl es
accord?ng to choil88 Wa‘g%?f‘b%‘r‘f“bdé"e%?@@% R %?°%{‘%g%%‘ﬁ T WhYTE I PRS 28l es are
rouped b
J P Y compressed and heated. Water was flashed off upon expulsion of the crumb through the
die plate of the extruder. Product exit temperature and moisture content are shown in

Table 25. The hot, dry crumb was rapidly cooled (approximately 20 seconds) to about

100°F by a forced air vibrating conveyor.

10 Table 24 Natural Rubber Latex Properties
Latex Type | Source Additives % Dry | %Total % Ash | Nitrogen | Volatile
Rubbe | Solids ppm Fatty
r Acid
Concentrate | TITI Latex 0.35% NH, 60 62.0 0.15 0.29 0.022
SDN. BHD. Zn0O, TMTD
0.1% HHS
Field Latex | RRIM? 9/94 1 0.15% HNS* 284 342 0.38 0.366 0.052
0.3% NH3,
ZnO, TMTD*

a. RRIM is the Rubber Research Institute of Malaysia

15 b. ZnO/TMTD: used for biological preservation, typical 0.025% of 1:1 mixture
c. HNS: hydroxylamine neutral sulfate, Mooney viscosity stabilizer
Biends-CIP
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896 748 MB 603
581 M4 woosneee0 408 504’%8/20279 33
585 6. 95 49 609 1.93 MLD2 669
8. 03 50 634 3.29 MLD3 35 759 10.5
51 681 2 21 MDA 26 896 14 1 52
702 40D MEDL 37 560 2. 71 53 59
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ML . 1138 1138 113B M

901 901 901 M3 660

560 660 M4 483

aes mpL oo M o1 390 o a7 o7 edcmusgumm

66 622 3.25 82 624 4.50 98 702 2.69 MLD3 67 707
7.50 83 16 8tpuldibelnbted th@&Samples72 dnd 3 warelpfodult&liwith ggproximALly no ofitlgt7 84
763 14. 35 100 822 5.24 MeD1 69 534 1.62 85 484

4.32 101  pré&Side at thdMtofMidigtr outlet @tc., to defd¥mine matfd-dispeSfon undéy bdverse. 96

102 572 3.48 MeD3 71 585 4. 31 87 557 4.71 103

642  4.23 esscoldiions, 021 621 88605 4.85 104 664

5.35 M3D1 89 429 2.27 105 507 2. 65 M3D2

720 ‘469 8 9 Thgg,écen%ééagbon%%g %sperénggl thitant masterbafends MBS 75

511 5. 30

05 368 2. 1‘%"‘1”%8“2"”2?110%”’?5‘%?%4 y ado Boleculargslefe o mEset o7 Y o,

313 110 413 1 4.50 . 95 375 2.92 111
415 6 96 ton MG, Tablgh beipwhous mgﬁﬁ»?m sngacry digpersion yaes o 441

6.46 Bl ends-Cl P 67 )
invention samples 1 - 32, along with the carbon black and oil (if any) used in each of

the samples. The carbon black loading and oil loading are shown as phr values in

Table 26.
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Tabl e 19

S6740/ 55phr/ 0 RSS1

Sampl e MN

D (%

(K) 1200

1030

777
(%23
412
413
414
732
433
451
.93
.15
. 25
.50
.75
.73
.21
.42
.30
. 56

COOO0OO0OOOONEF

515
556
633
1.43
0. 86
0.90
e D4
MBD1
MBD2
MBD3
MBD4
MaD1
MaD2
MaD3
Wi D4

Tabl e 21(A) N326/55phr/0 .
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Cfode

SVRCV RSS1
f %9 Sanple MMerr] D (% Cod & MVerr]
ﬁfh%nssﬁx o, (K FCTroRER: !
1060 1080 M2
Tabloqu Sol M?..?:i}ular Wolgh’zlzfl mhl\p@nedmaoﬂggeﬁonsgazlpw 6224
522 MDD 1 ‘ |\/|]_D1
Invention Sempie No, |, - CE%% aéj i#"m"o cE1 D‘%} 29 ML D2
1.32WwD3 147 . 697 MLD3
1.413wp4 148 732 4001 MLD4 415
MeD1 %149 57 1.50 oo M2DL} 416
wD2 %0 . 57 1 56 04eV2D2 | 417
D3 151 61B 3§2D3 418 495
152 6 4.B7 I\/QD4 o 419 542
153 489 2.[78 ESLM 420|405
154 1 1.p3 MBD2 ga¢ft 418
155 4 3.l14 MBD3 g4 22 447
156 . 8 2.B1 MBD4 qps423 469
157 5 1.[4 MiDlggs 424 371
15B 47 2.7 MAD2 p.02425 387
159 46 3.[3 MAD3 0.4626 382
60 468 2.9 MAD4 o047 396
P 0.15
17 0.10
n 18 7 0.17
19 0.20
20 0.11
21 0.17
22 0.10
23 0.10
24 0.05
25 0.12
26 . 0.12
27 403 0.13
28 378 0.16
29 618 0.12
30 482 0.16
31 390 0.17
32 325 0.20



Tabl e 20

(K)

VB

93

. Tabl e 21(B)
N110/ 55phr/0 S6740/ 55phr/ 0 RSS1
SVRCV WO 99/16600 SMRCV Code Sanple My err] P@Q%gg,;&ﬁgpl e
MNerr] D(% Code Sanple MMerr] D (% No. (K
No. (K) M 937 730
876 M The r&86lts for all invention samples havifig 8arbon black loadingM{ 55 phr are shown 754
569 541 VB 574 M4 449
463 in théisemi-log slot of Fig. D dondl With mac®Uispersiol and MW4, vald@dfor a 334
1.28 MLD1 428 433 0.25 MLD2 370 425 2.50 386 339
1.60 MLD2 3'9580 ndinfséries of fhe 36ovt/Bésribed fidtural thBbkr corgsoﬁ%m 1e3foducedd 2
1.42 MLD3 467 0.34 MLD4 372 618 P % ;
2. 80 MLD4 309

t t ta 5

250 A0 . B e iy o
1.17 D2 ...433.. 4 395 : 342
12y Bpos PHding ofpath cabog bisck if Bigim “gg‘% 5, alﬂ‘é%‘”“h "% of the confgif sampleg O
2. 94 435 0. 44 D1 0.81 393, . 271
0.94 MBD1 hewise carb@ztgack loaging af (Cslmol sar@i@ i to 43 alsoghawninFigy 0,
MBD2 437 363. 0.81 M3D3 379 333 1.20 395 314 1.43
MBD3 438  Bwsed 33 piyr 351 vaben blagand 2@pats extenderoil.) Hoen be seggmn Table 267
MBD4 439 403 0.86 M4D1 381 255 1.12 397 260 0.74
MAD1 440 486 th Fig. Oth@tFha\idRidtioB&dhples havexcellént dacro-dgfersion. Bpetifically,93
MaD2 441 328 1.05 MMD3 383 287 1.30 399 284 1.49
MAD3 442 B¢ hventiod samplbédiiade DERYvalues bbneralldy. teiow 0.2@0even alAW,, valuét3 MDA
443 360 1.99 . _

10 above .85 x 10° whereas the control samples never achieve such excellent macro-
dispersion at any MW,,;. Thus, the data shown in Fi g. 9 clearly reveals that the macro-
dispersion quality of the novel elastomer composites over a wide range of MW, values
is significantly superior to that achievable using comparable ingredients in prior-known
dry mixing methods. The symbols used for the various data points shown in Fig. 9 and

15 those used in snbsequently discussed Figs. 10 - 25 are explained in the legends below.

Blends-CIP
81

SUBSTITUTE SHEET (RULE 26)



Bl ends-ClI P 68 Tabl e 22(A) Regal 660/ 55phr/0 RSS1

SVMR10 Code Sanple MMerr] D% Sanmple MMerr] D(% Sarrple werr]
D(% No.

1110
709

492 M

177
792
891
676
8. 56
198
603
4.25
217
393
2.49

SMRCV

wb'& No. K No. P sokfo279
/16600 836 9 746 M2 ki 844
632 MB 609 584
674 8. 35 193 co .87 209 501 9.54 MID2 178
1 ﬁl\ﬁ iﬁsterbat@t A A8 MQO3I 17
8. g’%’"”g %”m“%%'m 3. ogd °m§11 & $ % control BargplesYTTI0 224 1180 °
7. 46 196 671 2.31 212 594 | 5 contrdi@arhiida73 1o 338[L 598
197 520 5. 28 213 463 2.82 3. 89
558 4.85 214 483  4.57 M2D3 1%%’@%“%‘5"383 199
2.88 215 565 3.92 kD4 184 gentrol sampjes 369 toA80) 541
216 550 5.68 MBDL 185 473 3 0@htrol sarB@ds 3310 8486| 2. 79
395 2.13 MBD2 186 506 1.66 2 %&n“,éﬁésmgz 76 218
1.98 MBD3 187 562 1.94 203 s‘wm‘mesﬂwzﬁg 443
o control samples 412 to 443
& control samples 401 to 412
minvention samples

Figure 10 Dispersion Quality and MW Sol of NR Masterbatches
{Region I)

xcontrol samples 177 to 224
o invention sample 10

s control samples 145 to 176
stinvention sample 9

o controi samples 33 to 64.
Dinvention sampie 4
xcontrol samples 1 to 32
ainvention sample 1

@ control samples 113 t0 144
minvention sample 8

Figure 11 Dispersion Quality and MW Sol of NR Masterbatches
{Region II)

A control samples 273 to 320
minvention sample 14
Acontrol samples 369 to 400
pinvention sample 21

Figure 12 Dispersion Quality and MW Sol of NR Masterbaiches
{Region ill}

< control samples 401 to 412
minvention sample 22
© control samples 412 to 443

ginvention sample 23
Figure 13 Dispersion Quality and MW Sol of NR Masterbatches -
{N330 Carbon Biack, 55 phr)
' @ control samples 1 to 32
minvention samples 1103
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MBD4

188 559 4. 33 204 526 2.41 220 449 1. 90 MaD1
189 401 2.18 205 415 3.16 221 335 1.49 M4D2 190
426 1.72 . 206 418 ; 2.92 222 345 1.71 MAD3 466
1.48- 207WO%A4%0 2 80 223 363 1.78 MAD4 9‘2“’“398’39?@9 3.57
208 465  3.13 224 374 2.35 Table 22(B) Regal 660/45/0 Regal
660/ 65/ 0 Regal 680/65/10 RSS1 RSS1
RSS1 Code Sanple MMerr] D(% Sanple MMerr] D% Sanple MMerr]
% No. No. Ky M
o Figure 4 (%s;pézmn«ﬁ '\Aﬁmwsca&\ﬁkmmmauniz% o (K 676
876 876 625 @ control samples 33 1o 64 25
525 M4 482 482 4 |82 MLD1
225 646 3. 45 241 563 14. 55 o e ﬁogggmle 63 MLD2
226 697 3. 04 242 638 14.09 258 0‘69@'“”%555’%[3 227
762 7.70 243 691 13. 64 259 814 |oiaventiongamie5 204 830
6. 75 244 790 11. 26 260 764 11. 25 \pdditrol sanipi@s 81 fo 8574 4.79
245 469 5. 88 261 572 2. 77 M2D2 Paivention Bahple 6 3. 07 246
507 7.31 262 580 4. 39 M2D3 231 6 Bfeantrol guog{lz 558
9.72 263 610 5.51 M4 232 675 b Rt 7 43 10. 59
264 638 729 M3D1 233 471 2.66 2 - 265
474 4. 1Gighi@98 Dispbrbibn Qualifythhd MW Sol df IR Mastdfbliiches 426 6. 97 266 485
5.72 M3D3 235 (BLACHOPEARL B00/Garbon BREK] 55 phr)4 68 8.81 267 502 6. 24
o control samples 113 to 144
minvention sample 8
Figure 16 Dispersion Quality and MW Sol of NR Masterbatches
{N326 Carbon Black, 55 phr)
@ control samplss 145 to 176
minvention sample 9
Figure 17 Dispersion Quality and MW sol of NR Masterbatches
(REGAL 860 Carbon Black)
@ centrol samples 177 to 224
m invention sample 10
o control samples 225 to 240
finvention sample 11
© control samples 241 to 256
Almentonsampleﬂ
ocontmlsamples257b272
Alnvention sample 13
Figure 18 Dispersion Quality and MW sol of NR Masterbatches
. { N234 Carbon Biack )
o control samples 273 to 320
minvention samples 14 to 17
o control samples 337 to 352
pinvention sample 19
& control samples 321 to 336
Alnvention sampie 18
«control samples 353 to 368
Alnvention sample 20
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MBD4
237
392
5.14
256

N34/ S5phr 10 RESL - unpis s SVRCV 0
M er ] il (mmam“%sma'% Mastegtaghes \nferr] D(% No.  (K)
811

743 M2

595
477
305
363

277
371

236 518 7.89 252 471 9.55 268 495 7..13 MAD1

388 3.20 253 335 5.19 269 390 5.02 M4AD2 238

5. 65 wo o%fuéoe 344 6. 06 270 365 5. 88 MiG¥rmusdsHdare 397
255 344 5.59 271 410 7.45 MAD4 240 403 7.54

361 8.54 272 388 7.59 Bl ends-CI P 69 Tabl e23( A)

SVMR10 Code Sanple

(K M 1060 845
712 624, MB
577 445 |fontrol samples 358 0400
388 MLDL 273 350  (mipntonsempe2t 31o| 0.61
325  0.78 MID2 274 476 3.40 200 317 0.64 306

(K)

66 275 9 361 1.03 307 400
1.89 Nnbi’“" %%‘gﬂﬁ%}ﬁf@;’ %&é k"‘”é’!é" 1.56 308 459  1.73 MeD1L
0

323 0.76 309 294 0.54 wMeD2 278
0.73 294 306 0.72 310 321 @ Lontrd! samples 401 to 412
' m invention sample 22

Figure 21 Dispersion Quality and MW Sol of NR Masterbatches
(STERLING 6740 Carbon Black, 55 phr)

econtrol samples 412 to 443 | .
minvention sample 23

Figure 22 MW sal Effect on Crack Growth Rate
(NR Compounds Containing N234 Carbon Black @ 55 phr Loading)

@ control samples 273 to 288
@ invention sample 16

Figure 23 MW sol Effect on Crack Growth Rate
(NR Compounds Containing N326 Carbon Black @ 55 phr Loading)

@ control samples 145 to 160
oinvention sample 8

Figure 24 MW sol Effect on Crack Growth Rate
(NR Compounds Containing REGAL 680 Carbon Black @ 55 phr Loading)

@ control samples 177 to 192
g invention sample 10

Figure 25 Max. Tan 5 (Strain Sweep @60 C) of NR Compounds Containing N234 Black
at Different Loadings

e invention samples 24 10 28
oinvention sampies 29 1o 32
B control sampie 444 to 450
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MD3 279 . 398, 0.74 295 318 0.74 311 354  1.28 MDA
280 464 ~1.42° 296 = 357 1.30 312 363  1.39 MBDL 281

278 0. 47 0 053 313 260 0.69 M3D2

0.83 - 208 28?299”66%.665 314 268  0.48 MBD3 283 %g’}?s””g%z
209 205 0.58 315 289  1.38 M8D4 284 360 1.06 300

302 1.14 315 303 0.78 MIDI _ 285 251 0.61 301 244

0.53 317 236  1.00 MAD2 9"2!3%‘""”"266 0.51 302 253 0.8l

318 239 _ 0.77.M4 28 273 0 64 266 0.62 319
257 0. 72Figupio Maf@?'gs“"‘ WH“’%@""’ ﬂ”""’%@@"‘"ﬂ“ﬁ% 320 268

1.30 Table 23(B) NeeanAgP (Caibon Blackiglice) fgaraggies N234/ 65/ 10
RSS1 RSS1 RSS1 Code Sanple MMerr] D(%
Sanple MMerr] D(% Sanple MMerr] D(% No. L0 ] (K)
No. (K) mL 1185 omml::m g;to 8

1185 M2 828 828 winvert 828 M3

623 623 623 _Nyo control samples £78)¢;

462 462 MLDL 321 507 7. 3.44

353 395 5.51 MLD2 322 598 8.15 338 458 5.09 354

478  7.68 . on ofpyaefigll 355 555
o/ a6 s " e bl o
MDL 325 486 G.48 34 255 3.22 357 295  0.58 MRD2

326 479 5.44 342 288  3.34 358 > @ Control sampies 491 1o 498

minvention sample 38
© control samples 483 to 480
D invention sampie 37
© control samples 475 to 482
invention sampile 36
@ control sampies 487 to 474
‘winvention sample 35
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M2 D3 327 527 5.51 343 295 4.65 359 394 | 1.35 D4
328 566 7.70 344 393 5. 45 360 449 2.37 MBD1 . 329

419 0. 88 o 0 237 1.50 361 292  0.86 MBD2 23
1.24 346 0%36 1.78 362 286  1.14 M8D3 331 PCi;%%i’zmézl 55

347 270 2.88 363 313 2.19 M3D4 332 458 4.03 348
304 3.92 364 The mat@dispersiorbvahiek{of the eld@Gmer corBydsites of the ZnventaShown 226
1.18 365 265 0.83 M4AD2 334 338 1.13 350 214 1.81
366 273 in Fig, 9%eédoribed B33he folio®ihg equations? 351 233 2. 97 367
291 1.39 vuD4 336 354 2.06 352 258 3.83 368 307
2.41 Blends-CIP 70 Pref erred Enbodi ment Exanpl es Additional sanples of
el astomer conposites in accordance vvi th the present invention were

prepared. Specifically, a series wfjaku 9]. rubber el ato)t oner conposites no.
1 - 32 in accordance with the pre n |nven i on was produced using

apparatus an edures .generally in accordance with those of
Exanmple A aB@\?@MWH'eIS ‘T%&‘Bﬂé‘s"clgnﬁ%‘ii tes conprised natural rubber field
| atex from Mal aysia with the properties shown in Table 24 bel ow. The

el astoner conposites each further corrpri sed carbon bl ack wi t h nor phol ogi cal
properties (structure and surface area) of Regions | or Il in Fig. 8.

Speci fPcally, the foleedWng ©L&(HE BOXIMWVmer( 4é§éﬂq)]1RUbal @err] 660, N234,
N326, N110, 10 Regal [err] 250. N330, Black Pearl 800, Sterling [err]
6740 and N35thenUH6 xd8F borMM.acke 1.1x 105

It will be recognized from the discussion above, that macro-dispersion D (%) in the
above equation (1) is the percent undispersed area measured for defects greater than
10 microns. It can be seen in Fig. 9 that D(%) equal to 0.2% is the threshold macro-
10 dispersion quality for all carbon blacks in Regions I, IT and III for natural rubber dry
masterbatches. That is, none of the dry masticated masterbatches achieved macro-
dispersion quality of 0.2% at any MW, , even after mixing sufficiently to degrade
MW, below 0.45 x 10°, as described by equation (1) above. When the MW, of the
dry masterbatch control samples shown in Fig. 9 is between 0.45 x 10° and 1.1 x 105,
15 the dispersion quality ic even poorer while, in contrast, the dispersion quality of the
invention samples having MW in that range remains excellent. None of the
preferred embodiments shown in Fig. 9 having MW, between 0.45 x 10°and 1.1 x
10% exceeds the preferred macro-dispersion limit of 0.2%. In that regard, it should be
understood that the data points for preferred embodiments which are seen in Fig. 9

20 (and in other figures discussed below) to lie on the X axis (i.e., at D(%) value of
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| oadi ngs ranged from 30 to 75 phr, and extender oil |oadings were in an
anount fromO to 20 phr. The production details for elastomer conposite
sanmpl e nos. 1 yodhie8dp€ Shown bel ow in Table 25. As noted abgy¥gysdshfre
apparatus and procedures used to prepare el astoner 15 conposites no. 1
- 32 were generally in accordance with those of Exanple A, including the
mast er bat ch f odi¥b)andydavemiaire-dispegsiehquatityi of 0 5ddran 2ven/betten(be. dewer) DEG)
description of the apparatus and procedures used for el astonmer conposites
no. 1 - 32 is salweforth below 1. Apparatus I nvention sanples no. 1 - 32
wer e prepared using masterbatch production 20 apparatus substantially
I n accordance with the invention apparatus described above wth reference
to Figs. 1, 4 and 7. The dianeter of the slurry nozzle tip (see item 167 in

Fig. 7) and thf}{éﬁﬁﬂqt('ﬁkrﬁfmﬁfi@kbﬁﬂplésee item 168 in Fig. 7) are given in

Tabl e 25 for eac sarrp es no 32. The coagul um zone of the apparatus
had four zones of PLRILERS I m t he
m Xi ng zone to the gf' r%ﬁé&e%oﬂp%ﬁ%gﬁ%gl%cm lgﬂé %ﬂhg""g ;ﬁspe%egach of
t he four zones (theflr e bei ar wi thin the xhea partly
i ot ot GhRAGRICEE o ey e RAREn i 8y Y S e ?Sﬁﬁ’é"’é‘ wer e
axially short, faired interconnections between the zones.

Car bon Bl ack s@e#cnbe@beﬁea%ﬁww paiyBegiAn loarbep AlaghsaEr waéedrw%dexw-loa

dei oni zed water in a carbon black slurry tank equi pped with an agitator.
The agitator brpbkefiFig 1peSpedicalintkig.f 10zahmenthe magro-dispersipn values and MW,

values of the invention samples and corresponding control samples comprising the
carbon blacks Regal® 660, N326, Regal® 250, N330, and Black Pearl® 800, at carbon
10 black loading ranging from 30 phr to 75 phr and extender oil loading ranging from 0 phr
to 20 phr. Excellent carbon black dispersion is seen in Fig. 10 for all of the invention
samples, representing preferred embodiments of elastomer composites in accordance with
the present disclosure. All of the invention samples advantageously are below line 101
in Fig. 10, whereas all of the control samples have poorer dispersion, being above line
15 101. In fact, the preferred embodiments shown in Fig. 10, even through comprising
carbon blacks from Region I, the most difficult to disperse, all fall below a D(%) value
of .3%. The most preferred embodiments all have a D(%) value not exceeding .2% even
at an MW value advantageously exceeding .7 x 10°, The data shown in Fig. 10 clearly
reveals that the macro-dispersion quality of the novel elastomer composites disclosed
20 here comprising Region I carbon blacks, over a wide range of MW, values, is
significantly superior to that achievable using comparable ingredients by prior dry
mastication mixing methods. The macro-dispersion values for the elastomer composites

of the invention shown in Fig. 10 are described by the following equations:
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crude carbon bl ack slurry. The carbon black concentration (as wei ght
percent) in the carbon black slurry for each of the sanple is given in
Tabl e 25. Iﬁfdﬁgﬁﬁperat ion, this 10 slurry was conti pgatisednigsped by
an -air diaphragm punp to a grinder for initial dispersion. The slurry was
then fed via an air diaphragmpunp to a colloid m |l which then fed into a
progressing cavity punp to a honod¥¥)zsr ].0%pecifically, M &¥ofl uidizer
Model M2 10 from M crofluidics International Corporation. The

ni cr of | ui di ZKenMIW}ie &ds thadk 0.7&I19%gndund slurry. The slurry flow rate from
the mcrofluidizer to the mxing zone 15 was set by the mcrofl uidizer
pressure, the mcrofluidizer acting as a hi gh-pressure positive

di spl acenent punp. Slurry flowrate was nonitored with a Mcronotion[err]

mass flow neter. The Rbgps ol OGN (VPR CR0HK0B) Ralss S| yayy was fed to
e

t he honogeni zer and th onogeni zer out put pressure (all pressures are

psig) are set, f h, for h s | e1dsn Tabl e 25. From t he honbgeni zer the
w4y 100 P &30 £10

carbon bl ack “t o an ‘accunul ator 20 to reduce any

fluctuation in _slurry press t the slurry nozzle tip in.t ] Xi ng zone.
The sl drry nib¥3 befep ﬁ@ﬁ?@? ‘ﬁﬁ‘dﬁefH%‘iﬁf“r‘g‘f%p%{fe%maéﬁeag‘ﬁ%dq@f gfff,c;ﬂ was fed to
the m xing zone for each sanple are given in Table 25. Bl epds-ClP 72 3.
Lat ex Del i vegrgatanthan kyraicropgandciys eghold glgcr@%fspgﬁlopg ‘tﬂg’ﬁﬁlnl Ant i oxi dant
emul sion was then added to the latex and m xed in prior to charging.

Ant i oxi dant scansmeblaclisinRegiond ifertnatwepl sbbenhastenhatshes igiaecopdanpmuishbiiet e ( TNPP)
and Santoflex[err] 134 (al kylaryl p-phenylene 5 diam ne mxture) in
the armpunts presenbinventibabTiat B5noreat thedfy masticatert mastérbiehes achigyed macro-

dispersion quality of 1.0% or better at any MW',O, , even after dry mixing sufficiently
10 to degrade MW, below .7 x 10%, as described by Ei;uation (3) above. When the
MW, of the dry masterbatch control samples shown in Fig. 10 is between 0.7 x 10%
and 1.1 x 10%, the dispersion quality is even poorer. In contrast, the dispersion quality
of the invention samples having MW, in that range remains excellent. The preferred
embodiment shown in Fig. 10 having MW, between .7 x 10% and 1.1 x 10° falls well
15 below the preferred macro-dispersion limit of .2%. It can be seen that the elastomer
composites of the invention comprising carbon blacks from Region provide

heretofore unachieved balance between macro-dispersion quality and MW, .

Region II Carbon Black Sampies
Invention samples comprising carbon blacks having morphological properties
20 (i.e., structure and surface area) of Region Il in Fig. 8, and corresponding control samples
described above made with such Region II carbon blacks are compared in the semi-log

plot of Fig. 11, Specifically, Fig. 11 shows the macro-dispersion values and MW,

Biends-CIP
88

SUBSTITUTE SHEET (RULE 26)



prepared as a 40 w.% enul sion using 4 parts potassiumol eate per 100 parts
anti oxi dant along with potassium hydroxide to adjust the enulsion to a pH

of appr oxi mat gloedddes Ext ender oil, if any, was added in theggRRbMizANOWN in
Tabl e-25. A peristaltic punp was used to nove the |latex fromthe feed drum
to the mxing zone of the coagulumreactor. 10 The latex flow rate and

vel ocity are svahws of theTinbéntioR Samples & doimespondisg aortotradmpled ¢ompmesingrtked with a
Endress + Hauser mass flow neter. The desired carbon bl ack | oadi ng was

obt ai ned by natafioniblacksINI3A@nEN1 Y0ak tapbonfblabielohdihgrangdifehior 40 phri®7( phe awiir bon

bl ack slurry feed rate. 4. Carbon Bl ack and Latex M xing 15

The carbon bl a&ifenaéﬂ&m&dﬁagq}migaig%nwm e Q. B¥ceBBHticatbotl BbckidipedsRhex into

t he carbon bl ack slurry. ring entrai nment, the carbon bl ack was

intimately mXx F 0 1 ; : ' tréf:ﬁ';% : spongy
"wor nms" of coagu iﬁﬁlg'xlil?grdal I?Eg{&ﬁgﬁ(fn[}%nﬁggctor?ﬁ@ggmfé{fg\%gﬁérl{nﬁtgg\%

The water. contgnt of the . CrI | arged f.rom t he.coagul um reactor is
shown in sTabI e&%gmefﬁ%nn%sxtﬁé?ﬁc mégwgg&ﬁéFegﬁéwq?Wa%%%%ﬁan@% ruder
(The French QI M| chi ne Co ny.. 3[er in_ diameter). |In the
extruder, the HYEMERS iyﬂeg’ﬁ{?g’-ltﬁeg?sgyplg'ﬁaggéfiﬂsrﬁp@gg‘é&°’&??&is%*érha¥queezed
formthe crunb and through a slotted barrel of the extruder. The final
crunb noi st ur ePeosFTdispersios, befngaRovedingd bl clnfactsthe prefernd embadiients shewn iton

sanpl es.

Fig. 11 comprising carbon blacks from Region II fall below a D(%) value of .3%. Most
preferred embodiments have a D(%) value not exceeding .2% at any MW, value. The
10 data shown in Fig. 11 clearly reveal that the macro-dispersion quality of the novel
elastomer composites disclosed here comprising Région II carbon blacks, over a wide
range of MW, values, is significantly superior to that achievable using comparable
ingredients in prior dry mixing methods. The macro-dispersion values for the elastomer

composites of the invention shown in Fig. 11 are described by the following equations:

15 D(%) < 0.3% o)

when MW, is less than 0.35 x 10°; and

logD < log(0.3)+2.8 x [MW,, - (35x 105]x 10%  (6)
when 0.35x10° < MW, < 1.1x10%
It will be recognized that D (%) of .30% is the threshold macro-dispersion quality for all
20 carbon blacks in Region II for natural rubber masterbatches in accordance with the
present invention, and 0.35 x 10° is the threshold MW,,, value. That is, none of the dry

masterbatches achieved macro-dispersion quality of 0.30% or better at any MW, even
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5. Drying and Cooling 5 The dewatered crunb dropped into a
second extruder where it was again conpressed and heated. Water was fl ashed

of f upon exymloshgge Of the crunb through the die plate of j@gushsmser.
Product exit tenperature and noisture content are shown in Table 25.. The

hot, dry crunb was rapidly cool ed (approxi mately 20 seconds) to about
100[ err] F byafter dry mixing swificieptly rode @Ingbsl@w 35%010%, as described by Equation

Tabl e 24 Natural Rubber Latex Properties Latex Type Source Addi tives
% Dry 9dot gb) abo%é. Ahen thé MW efthe Yiyl mastertatcRichiten] s@@aplesishown in Fig. 11 is ppm

Fatty r Acid Concentrate TITI Latex

0. 35%N\H er r Jbetwee0.35 @ 20Tnd 1.1 50108, Fhe diSherttbn quality idR2n Hod¥er. BirbdntrastZhe, TMID
0.1% HHS Fi el d Latex RRIMerr], 9/94  0.15% HNS[ err] 28.4 34.2 0.38

0. 366 0. m@ioﬁ%d}ld?»ofmenﬁg&{{r&@rzeﬁ %@ﬁmwﬁﬁtw jafigd BRaiRERalenfesear ch

I nstitute of | aysi a 15 D: "used for biol ogical

preseryati ong Q1 gﬂlenﬁrc%éo‘ wn th B3 HN% rex \ ne

neutral sul ]['l;‘h[e , oney Vi sceggfx%y stl{%?i”%‘g?gﬁ“éﬁgs- frba'y}% 19 dgfrT}]
x 108 fall well below the preferred macro-dispersion limit of .2%. It can be seen that the

elastomer composites of the invention comprising carbon blacks from Region II provide

heretofore unachieved balance between macro-dispersion quality and MW, .

10 Region III Carbon Black Samples
Invention samples comprising carbon blacks having morphological properties
(i.e., structures and surface area) of Region III in Fig. 8, and corresponding control
samples described above made with such Region III carbon blacks are compared in the
semi-log plot of Fig. 12. Specifically, Fig. 12 shows the macro-dispersion values and
15 MW, values of the invention samples and corresponding control samples comprising the
carbon blacks N351 and Sterling 6740, at carbon black loading ranging from 30 phr to
70 phr and extender oil loading ranging from Ophr to 20 phr. Excellent carbon biack
dispersion is seen in I;ig. 12 for all of the invention samples, representing preferred
embodiments of elastomer composites in accordance with the present disclosure. All of
20 the invention samples advantageously are below line 121 in Fig. 12, whereas all of the
control samples have poorer dispersion, being above line 121. In fact, the preferred
embodiments shown in Fig. 12, comprising carbon blacks from Region III, fall at or
below a D(%) value of .1%, even at an MW, value advantageously exceeding .3 x 10°

and even .7 x 10%. The data shown in Fig. 12 clearly reveals that the macro-dispersion
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Bl ends-CI P 75 lerr] Blends-CIP 76 [err] Blends-ClP 77 [err]
Bl ends-CI P 78 It should be noted that sanples 2 and 3 were produced with

appr oxi mat el yywoQ@emdshd €t pressure at the M crofl uidi zer out lpgtrmsedeze to
det erm ne nacro-di spersion under adverse

quality of the novel elastomer composites disclosed here comprising Region III carbon
black, over a wide range of MW, values, is significantly superior to that achievable
using comparable ingredients in prior dry mixing methods. The macro-dispersion values
for the elastomer composites of the invention shown in Fig. 12 are described by the

5 following equations:

D%) < 0.1% )

when MW, is less than 0.35 x 10°; and

logD < log(0.1)+2.0x[MW,; - (0.30x10% x 10¢]  (8)
when 0.30x 106 < MW, < 1.1x10%

10 It will be recognized that D (%) of 0.1% is the threshold macro-dispersion quality for
all carbon blacks in Region III for natural rubber masterbatches in accordance with the
present invention, and 0.3 x 10° is the threshold MW,,, value. That is, none of the dry
masterbatches achieved mgcro—dispersion quality of .1% at any MW, , even after dry
mixing sufficiently to degrade MW, below .35 x 10%, as described by Equation (7)

15 above. When the MW, of the dry masterbatch control samples shown in Fig. 12 is
between 0.30 x 10¢ and 1.1 x 10°, the dispersion quality is even poorer. In contrast,
the dispersion quality of the invention samples having MW, in that range remains
excellent. The preferred embodiments shown in Fig. 12 having MW,,, between .30 x
10° and 1.1 x 10 fall well below the preferred macro-dispersion limit of .2%, and, in

20 fact, are at or below D(%) value of 0.1%. It can be seen that the elastomer composites
of the present invention comprising carbon blacks from Region III provide heretofore

unachieved balance between macro-dispersion quality and MW .
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process conditions. The excellent carbon black dispersion in the resultant
mast erbatches is 5 denonstrated by their macro-di spersion quality and
mol ecul ar WeigdBheed the sol portion MNerr]. Table 26 bel petrespans7d he
MN-err] and macro-di spersion values for invention sanples 1 - 32, al-ong
with the carbon black and oil (if any) used in each of the sanples. The

carbon bl ack | oading and oil |oading are shown as phr values in Table 26.
Bl ends-CI P 79 Tabl e 26 Sol Mol ecul ar Wi ght and Undi spered Area of

| nvent i on SaApditienalSasplé GomBamsohe No. CB/ Loadi ng/ O | MN[ err] (K
D% 1 N330/ 55/ 0 305 0. 26

N330/ 55/ 0 The maé&dispersion values for the ffention samples are shown gN’j)BﬁbH;BmO

544 0.40 4 R250/ 55/ 0 876

0.08 5 the semi-lon; M@!‘I@EJ Q3through21 asafuﬁgtfbn of their MW, valuéd, akfin Bigs.

R250/ 75/ 0 & “ " R250/ 65/ 10

gli 49 8 throdh 02 <ﬁls3cuss/e%%bove More sp@t.P ﬁ%lg S/Figs. 13 through 21 §ﬂ‘ﬂwentbon

5220/ 555/ 0 sampleﬁ dﬁgn§0d8above comprising apa?t‘icql?a.r ;.Lgrbon black (being hmltedag gu%e Cﬁ/ 0

a specific carbon black loading when so indicated) are shown together in a single semi-
log plot together with the corresponding control samples. (See the legends above giving
the reference numbers of the invention samples and control samples included in each
figure.) Thus, Fig. 13 shows the dispersion quélity and MW, of invention and control
10 samples described above comprising 55 phr N330 carbon black. The data shown in Fig.
13 clearly reveals that the macro-dispersion quality of the novel elastomer composites of
the invention, comprising N330 carbon black, over a wide range of MW, values, is
significantly superior to that of the control samples. Macro-dispersion for elastomer
composites of the invention comprising N330 carbon black, as shown in Fig. 13 is

15 described by the following equations:

D(%) < 1% €))

when MW,; < 0.6x 10% and

log(D) < log(1)+2.5x[MW,, -(0.6x 109]x 10¢  (10)

20 when 0.6 x 10° < MW, < 1.1x10°
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12

R660/ 65/ 10

433

0. 10 16
N234/ 55/ 0
495

0.20 20
N110/ 55/ 0
800 .

0.10 24
N234/ 53/ 5
447

0.13 28
N234/ 49/ 5
482

0.17 32
80

10

15

20

R660/ 65/ 0 566 0.04 13
607 0.02 14 N234/ 55/ 0
15 N234/ 55/ 0 P’kqg%
wo dindodo 1302 55/ 0 500 &
550 0.10 18 N234/ 45/ 0
Nbhelof theQry masticated masterbatétid® dohf®védmacro-dispersion qnﬁnﬁ& of 1.0%
N234/ 65/ 10 350 : 21

t any MW, Zeven after dry mixing Qufidiest® to degrade MW, bel Ng&/lﬁw 20
atgmy MV dry mixing Sufhidied 10 degrade MW, belo

(see Equaﬂ'&ggé 46618, In control samples fgrﬁgﬂsmg 55 phr N330 caﬁ’z"gi’}%g s

wgi'c& %w %@(gmyzgé?%ntmned behwe%x:;’ 6 5and 1.1 x 10%, the Dggiﬁal\éeg\s

2 30
eygn f{ghgrisuch as more than 4% “’N%Q%F%safﬂg g%g‘” 54/'5

N234/65/5 . 325
Fig. 14 shows the dispersion quality and MW, of the invention and control

samples described above comprising REGAL® 250 carbon black. Selected invention
and control samples shown in Fig. 14 comprised oil, as set forth above. The data shown
in Fig. 14 clearly reveals that the macro-dispersion quality of the novel elastomer
composites of the invention comprising REGAL® 250 carbon black, over a wide range
of MW, values, is significantly superior to that of the control samples. The macro-
dispersion values for the elastomer composites of the invention comprising REGAL®
250 carbon black, as shown in Fig. 14 are described by the following equations:
D(%) < 1% ®

when MW, < 0.6 x 10°; and

log (D) < log (1) +2.5x [MW,; - (0.6 x 10°] x 10 (10)
when 0.6 x 10° < MW, < 1.1 x 10
None of the contro] samples achieved macro-dispersion quality of 1.0% or better at any
MW,,, even after dry mixing sufficiently to degrade MW, below 0.6 x 10% In contrast,
elastomer composites of the invention comprising Regal® 250 carbon black and having
MW,,, above 0.6 x 10° have excellent macro-dispersion, such as D(%) less than 0.2%.
Compound properties and performance characteristics for the invention and control

samples shown in Fig. 14, comprising REGAL® 250 carbon black, are set forth in Table
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The results for all invention sanples having carbon bl ack | oading of 55 phr
are shown in the sem-log slot of Fig. 9 along with macro-di spersion and

M err] val yesh&ge @ corresponding series of the above depggqgduhAat ura
rubber control “sanples produced by dry m xing techniques. At |east one data
point for an invention sanple conprising 55 5 phr | oadi ng of each

car bon bl ack7ibsiosh dtaan berseEn that iflyentibmsegnpls Wdy 4ctiab exceptianallycgned resistanggpl es
havi ng carbon bl ack | oadi ng of 55 phr. (Control sanples 401 to 412, also
shown in Fi go chack pi®ath3a ipbicatbiBbil its aetydowhiravk lgrawtt rai0 valetof oalyt @92ier oil .)
It can be seen in Table 26 and in Fig. 9 that the invention sanples have
excel I ent megrsdbe Eﬁﬂle‘é' R facERRCinbéntioh kamplé Refad Siperidrite thesdmpipaadingve D( %)

val ues generally bel om10 2% even at MNerr] values 10 above .85 x
10[err] wherg T]fhg HREEE B &eaaféflafgag (5o BRAENMEES Ghll §fbbroTBCT O-
di spersion at any err hus, the data wn in Fig. 9"clearly reveal s

that the m%”ﬁﬁ%@f farﬁéir}oﬂa&l{gmetdve%  daftp [érysedlscgésgég&q?r conposites over a

wi de range es Ts S|gn| y superior to that achievable
usi ng conparable ingredients in prior-known dry m xi ng nethods. The synbol s
used for the various data points shown in Fig. 9 and 15 those used in
subsequently discussed Figs. 10 - 25 are explained in the | egends bel ow.

Bl ends-ClI P 81 Figure Captiopns Figure 9 Dispersion Quality and MN Sol of
NR Mast erbatches [err] control sanples 177 to 224 [err] control sanples 273
to 320
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[err] contrql sanples 145 to 176 [err] control sanples 369 to 400 [err]
control sanples 33 to 64 [err] control sanples 1 to 32 [err] control

sanpl es 113 towddéndssy 1] control sanples 412 to 443 [err] copbhQls | es
401 to 412 [err] invention sanples Figure 10 Dispersion Quality an Sol
of NR Masterbatches (Region I) [err]

control sanples 177 to 224 [err] invention sanple 10 [err] control sanples
145 to 176 [err] invention sanple 9 [err] control sanples 33 to 64 [err]

i nvention sanple 4 [err c‘i)grtnrol S es 1 to 32 [err] invention sanple 1
[err] control LRigIT cLomppym @% géﬁr}g anpl e 8 Figure 12
Di spersion Quality an®®Aied yi . %iﬂ@!}onll)

bt el eRt r ol

[err] control _sauplg 8—320 T AR " A e =
sanpl es 369 tP*280™ 4] t‘n cnt T anpr e 21 Figpre 12 DIYE® si dfF Qlality
and MW Sol of LLNR NastlMbEsO@HG ps) {ps
comrol 33 | . 60.63 5535  181.26 §99.82 408024  675.0
control 34 73.58 5780  235.14 129388 357824  595.0
contro! 35 81.49 5865 24366 126526 410341  613.0
convol 36 84.04 50.95 24423 1215.87 396032  614.0
controt 37 57.35 5675  218.70 1258.89 411985 5020
control 38 60.10 5705 21875 1206.60 402385 6200
control 39 88.28 5725 22544 125623 413406 6210
control 40 77.40 5010  255.15 1330.87 4059.01  597.0
control 41 44.40 5625  218.00 1214.78 403668 6180
control 42 47.96 56.50  214.53 1202.93 394405 6130
control 43 49.84 5705 22126 1225.07 401824 6110
control 44 50.10 5660  210.50 1140.90 4058.33  638.0
control 45 36.82 5280 17747 982.86 aren.56 5330
control46 | 3823 5450 . 198.63 1111.04 3860.56  629.0
control 47 +35.35 5460  183.03 1110.00 387149  505.0
control 48 40.58 5550  204.52 1139.94 398106  632.0
inventiond | ‘71.87 57.00 21818 1230.30 4036.30 . 611.0
Sample No.| Rebound Crack Growth Rats  Abrasion loss  1ans  1and
{ecm/million cycies) {g) Q 0°C ggo'c
contol 33 |  64.50 2.00 0.191 0.167  0.091
control 34 .64.55 1.83 0.182 0.155  0.083
control 35-|  '63.75 2.38 "0.192 0.150  ©0.091
control 36 "63.30 1.42 *0.180 0.162  0.091
control 37 -84.85 3.00 0.168 0176  0.100
control38 | 6345 2.8 0.163 0184  0.089
control39 |  -63.80 217 0.186 0170  0.082
control 40 62.30 1.69 | 0.182 0.175  0.083
control 41 '84.20 2.84 0.180 0.189 0.102
control 42 84.20 3.24 0.182 0.168  0.103
control 43 64.50 352 0.177 0183  0.101
‘control 44 63.50 3,50 0.178 0.185  0.104
control 45 63.80 2.86 0.199 0197  0.104
control46'|  64.30 3.84 0.191 0.184  0.107
control 47;| 6435 3.81 0.192 0,108
control 48 63.65 .3.46 0.180 0182  0.110
invention 4 6470 " 0.92 0.180 0.148  0.096
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(Region 111) [err] control sanples 401 to 412 [gerr]
i nvention sanple 22 [err] control sanples 412 to 443 [err] invention sanple

23 Figure bses sion Quality and MV Sol of NR Masterb &t)gé 0 Carbon
Bl ack, 55 éﬁ?%?&e%rr] control sanples 1 to 32 [err] inven?llgon sa’%rp es 1to 3
Bl ends-Cl P 82 Figure 14 Dispersion Quality and MV Sol of NR

Mast er bat ches ( REGALS3h6w e disperSion giidlity and MWQrifithd invértiohasd 3aitkd 64 [err]
i nvention sanple 4 [err] control sanple 65 to 80 [err] invention sanple 5

[err] contr %m?ﬁ?ﬁb&ﬁbéﬁlaﬁo% S6inrRing| BILACK PEAR] & 800tAbdh bisdk dt 535G I Ol
sanples 97 to 112 [err] invention sanple 7 Figure 15 Dispersion Quality and

MWV Sol of NR Mas! &bk SetmGBIFACKS BEARreRAR iR iR WhcR)- BStrsiotrquBli of

the novel elastomer composites of the invention comprising Black Pearl® 800 carbon
5 black, is significantly superior to that of the control samples. The macro-dispersion
values for elastomer composites of the invention comprising Black Pearl® 800 carbon

black, as shown in Fig. 15, are described by the following equations:

D(%) < 1.5% §8))
when MW, < 0.65x 10°; and
10 lIog (D) < log (1.5)+2.5x [MW,; - (0.65x 109} x 10®  (12)
when 0.65 x 105 < MW, < 1.1 x 10%.
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW,,, even after dry mixing sufficiently to degrade MW _,below 0.65 x 10%. In contrast,
elastomer composites of the invention comprising Black Pearl® 800 carbon black and
15 having MW, above 0.65 x 10° have excellent macro-dispersion, such as D(%) less than
0.2%. Compound properties and performance characteristics for the invention and
control samples shown in Fig. 15, compxiéing Black Pearl® 800 carbon black, are set
- forth in Table 28 below. It can be seen that invention sample No. 8 has exceptionally
good resistance to crack growth,‘ as indicated by its very low crack growth rate value of
20 only 0.27 cm/million cycles. In fact, the invention samples are far _superior to the
corresponding control samples. This is believed to be due largely to the better MW, and

macro-dispersion of carbon black in the invention sample, as discussed above.
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[err] cantrol sanples 113 to 144 [err] invention sanple 8 Figure 16

Di spersion Quality and MV Sol of NR Masterbatches (N326 Carbon Bl ack, 55
phr) [err] c Anpl es 145 to 176 [err] invention sanpl |fshoe 17
Di spersion Cﬁgﬁﬁféﬁand MV sol of NR Mast erbat ches ( REGAL Gggjgggﬁgn Bl ack)
[err] control sanples 177 to 224 [err] invention sanple 10 [err] control
sanples 225 to 240 [err] invention sanple 11 [err] control sanples 241 to
256 [err] invention sanple 12 [err] control sanples 257 to 272 [err]

i nvention sggRbe biHd FRophRisb bNFECShgidldndeual i ty and MA sol of NR

Mast er bat ches  (N234onhiniiy BLACRPEARL Su0'Cartion Blacioht 53 3fflloding’ 73 t0 320 [err]
I nvention sanples 14 to 17 [err] control sanples 337 to 52 [err] I nvention

sanple 19 “g;ﬁfj@m 18 [err]
control sagples 35 '
control 113 1305 - 664 3450 1333.0 38760 598
control 114 | 109.0 67.3 367.0 1427.0 4033.0 606
control 115 106.4 67.2 383.0 1311.0 3896.0 610
control 118 10587 88.0 322.0 1202.0 3856.0 826
control 117 1106 67.1 3160 1400.0 4180.0 816
control 118 1188 67.1 310.0 1385.0 3867.0 607
eontrol 118 1119 67.7 309.0 1323.0 4149.0 634
control 120 110.6 67.5 373.0 1188.0 4198.0 653
control 121 1147 86.3 287.0 . 1262.0 4329.0 867
control 122 1108 65.8 288.0 1223.0 4217.0 859
control 123 115.0 67.5 280.0 1282.0 4071.0 824
conol 124 1165 €6.5 308.0 1383.0 4166.0 623
control 125 113.4 654 . 2810 1274.0 3078.0 831
control 1268 1014 66.8 280.0 12220 4206.0 €56
control 127 - 4085 664 282.0 1150.0 4167.0 870
confrol 128 1107 8.9 2820 130‘).0 4208.0 643
invention' 8 131:3 62.5 _27.0 1281.0 3418.0 5§32
Sample No.| 'Rebound Crack Growth Rate - Abrasionioss Tan$ Tan §
____ (cmimilioncycies)  (9) @0C__ @60°C
contol 113 44.7 3.14 0.148 0.281 0.184
control 114 45.0 272 0.125 0274 0.185
control 115 47.0 2.54 ‘0.163 0.233 0.171
cofitrol 146 -46.8 2.44 0.184 0.244 0.163
control 117 . 408 4.58 0.086 0.327 0.214
control 118 41.8 2.80 0.112 0.335 0.225
control 119 41.7 433 0.081 0.321 0.216
control 120 421 3.88 0.095 0.301 0.207
control 121 382 3.38 0.075 0.312 0.256
control 122 3s.7 4.58 0.108 0.344 0.236
controf 123 402 4.79 0.103 0.329 0.232
control 124 41.7 3.78 0.102 0.321 0.209
control 125 389 3.40 0.076 0.352 0.248
conirol 128 381 557 0.070 0,355 0.241
control 127 382 479 0.073 0.345 0.254.
control 128 | 394 3.40 - 0.113 0.357 0.23
invention 8 44 8 0.27 - - 0.430 0.297 0.189
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[err] invention sanple 20 Bl ends-CI P 83 Figure 19 Dispersion Quality and
MWV Sol of NR Masterbatches (N110 Carbon Bl ack, 55 phr) [err] control

sanpl es 369}?,@9,1&(30 [err] invention sanple 21 Figure 20 D gefisdsaréual ity
and MMsol of NR Masterbatch (N351 Carbon Bl ack, 33 phr) [err] control

sanples 401 to 412 [err] invention sanple 22 Figure 21 Dispersion Quality
and MW Sol of NRFighi6 shdvatthé disperSRERIAINGEAMW Caf herinBintiok ands®nphk ) [err]
control sanples 412 to 443 [err] invention sanple 23 Figure 22 MN sol

Ef fect on CeafMesdsduiited Bbéve coiprisiagNB26 ciebdnchidckian 55 ghiNBadting aTleodat:Bl ack @ 55
phr Loading) [err] control sanples 273 to 288 [err] invention sanple 16

Figure 23 M in ﬁ%?@&leﬁ@l&r@eﬂﬁ ihaih@ihdro-Brp@sionNRaGH 67 Hiendsel Chsbaeni Ng N326
Carbon Bl ack @55 phr Loading) [err] control sanples 145 to 160
composites of the invention comprising N326 carbon black is significantly superior to
5 " that of the control samples. The macro-dispersion values for the elastomer composites

of the invention comprising N326 carbon black, as shown in Fig. 16, are described by the

following equations:

D(%) < 1% (13)
when MW, < 0.7x10°%; and
10 log (D) < log (1) +2.5x [MW,,-(0.7x 109]x 105 (14)
when 0.7 x 108 < MW,; < 1.1x 10°
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW,,,, even after dry mixing sufficiently to degrade MW, below 0.7 x 10* In contrast,
elastomer composites of the invention comprising N326 carbon black and having MW,
15 above 0.7 x 10 have excellent macro-dispersion, such as D(%) not greater than 0.2%.
Compound properties and performance characteristics for the invention and control
samples shown in Fig. lé, comprising N326 carbon black are set forth in Table 29 below.
It can be seen that invention sample No. 9 has exceptionally good resistance to crack
growth, as indicated by its very low crack growth rate value of only 0.77 cm/million
20 cycles. In fact, the invention sample is far superior to the corresponding control samples.
This is believed to be due largely to the better MW,; and macro-dispersion of carbon

black in the invention sample, as discussed above.
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[err] invention sanple 9 Figure 24 MNsol Effect on Crack Gowh Rate (NR
Conmpounds Cont ai ni ng REGAL 660 Carbon Bl ack @55 phr Loadi ng) [err] control
sanpl es 177 tg%%§36§ g'r] invention sanple 10 Figure 25 Mgpery I%??

(Strain Swee of NR Conpounds Contai ni ng N234 Bl ack at ferent
Loadings [err] invention sanples 24 to 28 [err] invention sanples 29 to 32
[err] control sanple 444 to 450 Blends-CIP 84 Fi gure Captiopns Figure 30
Macr o- di spersion Quality and MV of Sol Portion of NR Masterbatch Containing
Dual Phase (Carbon Bl ack/Silica) Aggregates [err] control sanples 451 to

458 [err] in e} FProvarties of N sanples 459 to 466 [err]
I nvention saﬁ%‘*ﬂeés © Mﬁ @o 'bf R gt‘ﬁl%%m ity and MW of Sol
Portion of NR Nhsterga ntalnlng B end of on Black and Silica [err]

control  sanea Tt ey Wardness E100  £300  Tenshs  EB
ML(1+4)@100°C (psl) _{psi) {psl) (%)
control 145 .54.6 60.5 289 1713 3921 548
control 146 882 624 340 1802 4094 553
control 147 | - 917 63.3 391 1917 3991 528
"control 148 6.8 64.3 a2s 1684 4045 572
control 449 | 624 815 310 1763 4029 552
eanirol 150 67.7 626 328 1855 4085 551
control 151 765 60.6 287 1641 4015 575
‘contro! 152 79.4 636 329 1720 3880 558
cantrof 153 572 60.1 282 1623 3968 579
control 154 57.2 62.8 354 1889 3878 8§25
control 155 57.3 622 kv k] 1763 3875 556
contro! 156 80.1 61.9 310 1667 3918 564
control 157 451 81.2 328 1748 3768 §33 .
control 158 504 80.6 315 1740 3817 548
cantrel 159 §32 §1.3° 308 " 1675 3886 563
control 160 50.5 628 33t 1752 3884 549
inventiond . 77.8 608' 277 1563 - 4187 _ 583
s:mplc No. Robound Crack Growth Rate Abrasion loss Tané Tan d
_ {cm/million cydu) _(9) @0C  @60°C
control 145 57.8 284 0.0852 0.225 0.129
control 146 "58.1 252 0.0887 0217 0.126
controf 147 ‘57.6 203 - 0.0846 0.205 0.123
contro) 148 '56.3 163 0.0827 0.221 0.129
coritrol 149 ‘§7.2 3.39 0.0827 0.234 0.142
control 150 56.8 277 0.0868 0.234 0.150
contro! 151 55.6 261 0.0933 0.241 0.149
control 152 54.5 2.79 0.0857 0.249 0.155
contral 153 554 3.12 0.0911 0.258 0.170
control 154' '56.0 3.35 0.0858 0.241 0.147
contro} 158 55.4 363 0.0811 0.254 0.152
control 158 549 . 3.55 0.0806 0.261 0.153
control 157 §5.5 3.02 0.0831 0.254 0.149
contro! 158 55.4 3.81 0.0814 0.248 0.150
control 159 54.9 323 0.0933 0.240 0.153
contro! 160 - 552 3.19 0.0842 0.245 0.163
invention §° _ 584 0.77 '0.0939 0.225 0.136
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[err] invention sanple 38 [err] control sanples 483 to 490 [err] i.vention
sanple 37 [err] control sanples 475 to 482 [err] invention sanple 36 [err]
control sanplR éld to 474 [err] invention sanple 35 Bl engerftdgni?o The
-macr o-di spersion val ues for the el astomer conposites of the invention shown
in Fig. 9 are described by the follow ng equations: D(% < 0.2%

(1) when MW err] Eig 17cshows terdigpersion,qualily and MWayef the invention and control | og
(D <log (0.2) + 2.0 x [MNerr] - (0.45 x 10[err])] x 10[err] (2) when
0.45 x 106 <saiviplesdegcrikedlabbveccobijirising REGAL (matiémaric) 666 carhon bleck. fSetaatetihe

di scussi on above, that macro-dispersion D (% 4in the above equation (1) is
t he percent upgitisR aidenitrol samples siioundal Figo 17 chnfipeisedoill e set @irthfabave. heni crons.
It can be seen in Fig. 9 that (% equal to 0.2%is the threshold macro- 10

di spersion oygl sfownl AFig! 17 Gkl QveRls Asdf the ﬁa&@aisaaﬁoﬁ quAlity 8 the Inblel f OF
natural rubber dry masterbatches. That is, none of dry masti cated

T o Bt 5B e RS S ®f6 °§’%%@§3§a§" Gl as

descri bed by ?a%tgcla otnM(X} ,va:ilues 1SS cantly stpenor 0 tﬁlat]of %e control samples. The

macro-dispersion values for the elastomer composites of the invention comprising

REGAL ® 660 carbon black, as shown in Fig. 17 are described by the following
equations: D(%) < 1% (15)
10 when MW,,; < 0.6x 10%; and
log (D) < log (1) +2.5x MW, - (0.6 x 10%] x 10 (16)
when 0.6 x 10° < MW, < 1.1x 105,
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW, even after dry mixing sufficiently to degrade MW, below 0.6 x 10% In contrast,
15 elastomer composites of the invention comprising Regal® 660 carbon black and having
MW, above 0.6 x 10° have excellent macro-dispersion, such as D(%) less than 0.2%.
Compound properties and performance characteristics for the invention sample No. 10
and various control samples shown in Fig. 17, comprising Regal® 660 carbon black, are
set forth in Table 30 below. It can be seen that invention sample No. 10 has
20 exceptionally good resistance to crack growth, as indicated by its very low crack growth
rate value of only 0.69 cm/million cycles. In fact, the invention samples are far superior
to the corresponding control samples. This is believed to be due largely to the better
MW, and macro-dispersion of carbon black in the invention sample, as discussed above.
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dry masterbatch cantrol
and 1.1 x 10[err], 15

sanpl es shown in Fig. 9 is between 0.45 x 10[err]

the dispersion quality is even poorer while, in
contrast, the wospmesmi on quality of the invention sanples h rr] in
that range remains excellent. None of the preferred enbodlngﬁhgg?%%&i
Fig. 9 having MNerr] between 0.45 x 10[err] and 1.1 x 10[err] exceeds the

preferred macro-dispersion limt of 0.2% In that regard, it should be
under st ood t Tikle30 hﬁﬂ;ﬁ ‘Pe d enbodi nents which are seen in
Fig. 9 20 (and? ﬂ!%’tﬁﬂ‘%%"ﬁmtolle on the X axis
(i.e., at D(%—\wa ---, Q ans a-di spersion
qual i ty of C'ﬂ%‘b?“" S PRNeY o t B '('F'e E10¢ owerUEJ(% \737'%5'6 Reon | Car bon
Bl ack Sanpl ¢ ..... i ...'IL. e ) Ll 14 :
mor phol ogi c3 tlé% e W uct ulh and surface ? ea of
Region | in . g and grrespo Fn r ol | es rlb bpve made
w th such Rq4rot 1 garb bl acks,  dre ciznared4 t he I01 of Fig.
10. Specifig 8 lg. - Bshows ¢ di sp ion v es a err]
val ues of'tké”?.& iong %nples cor -spond cont
conprising t Don bh@ﬁks Regali's 660 326, N330 nd Bl ack
Pear| 800, 4t [ 10834 bl a Ioad ran g fro 0 phr 7% phr and
ext ender oil fig89 rarging froqhé phr Exceldgent cagbon bl ack
di spersion ifsom@efas|n Figflsg 10 forgal | gghe | nt|on4 npl esg
representing chiuef @y ] ed eghodi mentggsof elgest orrergsg:orrposmses i n a|gcorndance
with the preseddor@s$cl ogane. Al g2b theqdnvent iggh sanpplp advapigag¢ously
are bel ow | ijgentrbOiBa | 543 612 222 1079 4240 674

control 180 557 81.1 183 942 4125 682

control 191 85.0

control 192 61.1 €04 191 802 4188 710

invention 10] 881 629 249 1202 4262 634

Sample No.| Rebound  Crack Growth Rats Abrasion loss  Tan o Tans -

(cm/million cycles) (£:)) 0*C 60°C

control 177 .54.6 — 2 %.131

, contro! 178 8§5.6 2.34 0.1648 0.194 0.12¢9

control 179 5§37 278 0.1620 0.200 0.140

control 180 52.9 2.98 0.1385 0.220 0.153

comrol 181 51.0 3.41 C.1188 0.257 0.185

control 182 49.8 n 0.1076 0.270 0.194

‘control 183 50.1 3.15 0.1086 0.264 0.182

control 184 48.0 KR} 0.1085 0.284 0.208

control 188 475 4.58 0.0837 0.308 0.209

control 186 48.5 4.06 0.1008 0.295 0211

control 187 47.7 3.53 0.1041 0.297 0.198

control 188 478 3.7 0.0985 0.285 0.207

-} control 189 475 3. 0.0857 0.306 0.203

control 180 45.8 4.14 0.0862 0.300 0.200

contro! 191 47.4 0.226

control 182 465 478 0.0887 0.301 0.226

invention 10 :48.2 0.89 0.0842 0.271 0.178

Blends-CIP

101

SUBSTITUTE SHEET (RULE 26)



in Fig. 10, whereas all of the control sanples have poorer dispersion,
bei ng above line 15 101. In fact, the preferred enbodi nents shown in
Fig. 10, ewyBobideoHgh conprising carbon bl acks from Regi orcrussiaramost
difficult to 3lsperse, all fall belowa D(% value of .3% The nost -
preferred enbodi nents all have a D(% value not exceeding .2%even at an
MN err] val ue advEBigt 48 emvel the dispersion auality7and MIW.eof the intentiomend emsioh in Fig.
10 clearly reveals that the macro-dispersion quality of the novel el astoner
conposi tes disafplexsdestriBed above congprising NAP# dastion lable Setectel irvantivnandtantRs, over a
w de range of MNerr] values, is significantly superior to that achievable
using conpar ghthled $howh i B! B doynpeisddail, 4 ¢t foth bboval Thedana shiows imBightids. The
macr o- di spersion val ues for the el astonmer conposites of the invention shown
in Fig 10 a%ﬁﬁé@éﬂﬁﬁﬁa%%ﬁ%@}sioﬁwﬁy SihAlvaRRstoREERAPofHePoftle.  D( %)
en

< 1.0% err] is less than 0.7 x 106; and
log D <_log (1.0) + 2. 5. - 7 el r er, i{ 4) when
0.7 x 196 < W&%‘?‘] gﬂﬁ“‘é‘g[x%ﬁ#?“ plabk, oviy Uit gt of MO Fhalkes, it 1) 1 (%
is the perceng di spersed ar asur.ed for .defects.qr 0

m crons and f%‘#ga‘f é“?%%@?kﬂ?gf ‘é’FL-‘efF‘é‘B‘&?' s‘ﬁlS H‘aq}t?éqllﬁf ’3%53{““%5??‘[“8% bon

bl acks in Region | for natural rubber masterbatches |{nh accqrdance.wth the
present i nverfasigmer composites of the, fveniion CABPRAIRS I‘R&s“ﬁ”&’&? bﬁdﬁﬁ g@?"ﬂd’? E’ﬁes

achi eved macro- dispersion (}ual ity of 1.0%or better at any MNerr], even
after dry ni Xi8rae deséribied by theifglloming equationsgegr ade M err] below .7 x 10[err],

as described by Equation (3) above. Wen the
D(%) < 0.3% (17)

10 when MW, < 0.35x 10%; and
log (D) < log (0.3) +2.8 x [MW,, - (0.35x 109] x 10°  (18)
when 0.35x 10° < MW, < 1.1 x 10°
None of the control samples achieved macro-dispersion quality of 0.3% or better at any
MW,,, even after dry mixing sufficiently to degrade MW ;below 0.35 x 10% In contrast,
15 elastomer composites of the invention comprising N234 carbon black and having MW,
greater than 0.35 x 10° have excellent macro-dispersion, such as D(%) not more than
0.3% or even 0.2%. Compound propeﬁies and performance characteristics for invention
sample No. 14 and va;ious control samples'shown in Fig. 18, comprising N234 carbon

black, are set forth in Table 31 below. It can be seen that invention sample No. 14 has

20 good resistance to crack growth, as indicated by its crack grdwth rate value of only 2.08
cm/million cycles.
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MN err]

of the dry masterbatch control
0.7 x 10[err] and 1.1 x 10[err],

sanples shown in Fig. 10 is between
the dispersion quality is even poorer. In

contrast, the on quallty of the invention sanples hay %&Ny rr] in
t hat range redg?ﬁgﬁﬁé%ellent The preferred enbodi nent shomn I'n |g76
having MN err] between 7 X 10[err] and 1.1 x 10[err] falls well 15
bel ow t he pr %&Eﬁeéo &hof .2% 1t can be seen that the
el ast oner fﬁ)OSl te m ) H,gm carbon bl acks from Regi on
| provide heretofore unac |eve ance t ween #acro di spersion quality
and MN err] .r=Res G =R =S BT U i €S BEPTHI | Si ng
carbon bl ack? VI 'm&%"”’ ca pro ties g0 Q e., uqture and
s havi pel ) pai) - i
surface ar egi—at-—Reyro €800 4985 COT TaOTPC Gty sqnpl es
descri bed ahQye d¢ ngit uch Fﬁgbon I*“carbq& slacks3ﬁge cogpargd in the
seni-1og pl Qtoiidrsy. 142q9.45peci fizgal |y, sghi O Igsashows g MaCPe dijspersion
val ues and N AjL Bhol276 Bl €N | P 88919 valgies of 32B@ invegsgqon sgppl gs and
cor respondi rgaiidry ¢! sagel es cogaki si ngst he cagpon bl aggys N23gg arld N110 at
carbon bl acH chaiafd7ey ranghng fromd0 pheast o 704pdr andagzet endags oijl | oadi ng
rangi ng fromdGuteiurato 19oawhr. Exeebl entgogar borzidd ack disgzersi @sei g seen in
Fig. 11 for |abmrofdso|{ he hzoaenti on 7sanpl ege reprzsent i ng 3gszef er ezl
enbodi ment s |gbntol 281 el7agt oner @BApPosidses i n 2B Or dande2?wi t h 46he |pr esent
di scl osure. {tharoiz82¢nt | @A.8sanpl eS9&dvansSageous?syd are b@BMWw | | #88 1]{1 in Fig.
11, whereas {abdrotd83{he G8Atrol s&HABl es Whve podMer di sP87si on47hei|ng above
line 111. |1} chmwi284{he M erred 78bodi REnts s2Bdn in BT 1148bnyrising
car bon bl acKsostota®h Regi dﬁ3l | fal I59-Bel ovﬁ"’& D(%zsﬁﬁl ue of33313% I‘Oﬁ%t
control 286 9.5
control 287 77.8 707 54da T 2486 3834 461
control 288 828 71.2 485 2285 3788 488
invention 14| __'826" 715 500 2440 3883 s31
Sample No.] Rebound Crack Growth Rate Abrasionloss Tansé Tand
e {cm/million cycles) Aa) g°C 80°C
control 273 459 244 0.0563 0.285 0.183
cortrol 274, 472 1.84 0.0583 0274 0.173
control 275 48.1 1.70 0.0538 0.284 0.172
control 276 4839 121 0.0820 0.270 0.173
control 277 47.1 222 0.0828 0.305 0173
contrul 278 458 240 0.0834 0.289 0.186
control 279 454 2,00 0.0580 0.308 0.188
control 280 44.2 1.81 0.0648 0.298 0.198
contrel 281 433 3.10 0.0598 0.283 0.174
control 282 46.5 2.33 0.0537 0.307 0.182
control 283 454 241 0.0584 0.309 0.186
control 284- 442 - 1.89 0.0579 0.304 0.190
control 285 47.0 2.89 0.0554 0.285 0.178
‘controt 286 456 285 0.0551 0.284 0.172
confrol 287 454 283 0.0568 0.305 0.187.
control 288 44.0 239 0.0647 0.316 0.188
inventiori ‘14 45.1 2.08 .0.0698 0.310 0.198
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preferred enbodi nents have a D(% value not exceeding .2% at, any MNerr]

val ue. The 10 data shown in Fig. 11 clearly reveal that the
macr o- di spegg 6g(ral ity of the novel el astonmer conposite éz&%ed her e
conpri sing Region carbon bl acks, over a w de range of val ues, is

significantly superior to that achi evabl e usi ng conparabl e |ngred|ents in

prior dry nixi ngFigtiBebews thedispersion qoalitp anids MWL, \6R Ithecisivérn@ibn bh® caltst oner
conposites of the invention shown in Fig. 11 are described by the foll ow ng

equations: khmples described above com gnsmg N110 carbon black at36 %hr ©adlng “The data
(5) when MNerr] is less than 35 x 10[err]; and log D<Tog (0.3) + 2.8 x

<
LW o] iy s O PO o e Gty o AhRadoer, 101
macr o- di sper.g [ bI ack n_Re I1 for
nat ur al | fgbber %étg%l‘gr al%{ 95n<%ang§g Iﬂélgonccia%b%\rfm%t) ’toﬁera‘%glgéaﬂg W@Jﬁ’dl on, and
0.35 10 t.h . I t f the d
mast er Bat chdhst it SYRGARE SORHPL Habe of e s lsgmBR IS ST SRR at Any
MN err] even ends-Cl P 89 after dry mxing sufficiently to degrade
MNerr] bel %g € $ig5tamper compasitgpafithe w&ramsy cempriained 10z prban blaek, aghen t he

MNerr] of the dry masterbatch control sanples shown in Fig. 11 is between
0.35 x 10[ ershywmiindFig. 19, are derubed]by thefollewinpequations: qual ity is even poorer. In
contrast, the dispersion quality of the invention sanples having MNerr] in
that range remains excellent. S  D®%)ked.ffef erred enbodi ngrg)s shown in
Fig. 11 having MNerr] between .35 x 10[err] and 1.1 x 10[err] fall well
bel ow t he prtes MW, REG:3Dx th*sar sion limt of .2% It can be seen that the

10
log (D) < log (0.5) +2.5 x [MW,,,- (0.6 x 10]x 10  (20)

when 0.35x 105 < MW, < 1.1 x 10,

None of the control samples achieved macro-dispersion quality of 0.5% at any MW,,,,
even after dry mixing sufficiently to degrade MW, below 0.35 x 10% In contrast,

15 elastomer composites of the invention comprising N110 carbon black and having MW,
above 0.35 x 10° have excellent macro-dispersion, such as D(%) less than 0.2%.

Fig. 20 shows the dispersion quality and MW, of invention sample 22 and the
control samples described above comprising N351 carbon black at 33 phr loading. The
data shown in Fig. 20 clearly reveals that the macro-dispersion quality of the novel

20 elastomer composites of the invention comprising N351 carbon black, over a wide range
of MW, values, is significantly superior to that of the control samples. The macro-
dispersion values for the elastomer composites of the invention comprising N351 carbon
black, as shown in Fig. 20, are described by the following equations:
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el astonmer cqnposites of the invention conprising carbon blacks from Region
Il provide heretofore unachi eved bal ance between macro-di spersion quality

and MNerr]. 1860916600%€0i ONn. 111 Carbon Bl ack Sanples |nventi,ph.sanp-6S
conpri'sing carbon bl acks havi ng norphol ogi cal properties (i.e., structures
and surface area) of Region IIl in Fig. 8, and correspondi ng control

sanpl es descri bed above made with suc(gt 03% |11 carbon bl acksnare
conpared in the sem -log plot of Fig. 12. Specifically, Fig. 12 shows the
macr o- di sper si owhypMWg <035%90%;and M err] val ues ofthe invention sanples
and correspondi ng control sanples conprising the carbon blacks N351 and
Sterling 6740, at carbon black | oading ranging from30 phr to 70 phr and
extender oil loading ranging from Cphr to 20 phr. Excellent carbon bl ack

di spersion is seen in Fi I f @gwl ny

representing preferred e%%%é%rré%%@;) %Oa)é ek @g%gg‘?ﬁ’g@ ?%\zc}cordance
with the present,di OSH € I 2 the i nvention sanples

advant ageousl y &'P%“%%Bm %Q}mfl gpg 12, whereas all of the control
sanpl es have poorer dispersjon,_ being above I|ne 121. In fact, the

pref er r ed ErbodNeaneithe sRniial samples ac erzd magsprgispersiom aelintasil 0% atctey MWaim

Region IIl, fall at or below a D(% value of .1% even at an MNerr] val ue
advant ageousl y eweaaabidgr dgy miying suffjciently tondagrade MW, betovl 085 xTHE dmtentsbiown | n
Fig. 12 clearly reveals that the nmacro-di spersion Bl ends-Cl P 90 qual ity

of the novel el elsstame composjiesif thesnwintionlcomprikitgN 351 earbg blackngd RegigW, | |
carbon bl ack, over a wide range of MNerr] values, is significantly

superior to thakbo¥ebizsxalt am&mw&m&éﬂ&m%&ﬁ% B)3ess haR0P297, dry
m xi ng methods. The macro-di spersion val ues _
Fig. 21 shows the dispersion quality and MW, of the invention sample No. 23
10 and control samples described above comprising S'I'ERLIN G® 6740 carbon black at 55
phr loading. The data shown in Fig. 21 clearly reveals that the macro-dispersion quality
of the novel elastomer composites of the invention comprising STERLING® 6740
carbon black, over a wide range of MW, values, is significantly superior to that of the
control samples. The macro-dispersion values for the elastomer composites of the
15 invention comprising STERLING® 6740 carbon black, as shown in Fig. 21 are described
by the following equations:
D(%) < 0.1% (23)
when MW,; < 0.3 x10%; and
log(D) < log (0.1)+2.0x MW, - (0.3 x 1051 x10¢ (24)
20 when 0.3 x 10° < MW,,, < 1.1 x 10%,

None of the control samples achieved macro-dispersion quality of 0.1% or even 0.2%

at any MW, even after dry mixing sufficiently to degrade MW, below 0.3 x 10 In
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for the elastomer conposites of the invention shown in Fig. 12 are,
described by the 5 follow ng equations: D(% < 0.1%

(7) when MABN hes | ess than 0.35 x 10[err]; and log D + 2.0 X
[MNerr] - (0.9%/%66!)<§10[err]) x 10[err]] (8) when 0.30 x E%gfg%RWerr]

< 1.1 x 10[err]. 10 It wll be recognized that D (% of 0.1%is the

t hreshol d naeanirasti elgstomer comppsii¢s af ¢hefipvention copprisiog SFERERNG ®67agi on 111 for
nat ural rubber nasterbatches in accordance with the present invention, and
0.3 x 10[ er r arbon Hidvk andhhayirp VW, Jlfore 0.8 x1aF have eldeiiéntintacrondisiRrsivh, &dak dry
mast er bat ches achi eved macro-di spersion quality of .1%at any MNerr] ,

even after digyD(¥)ess that 0204 sidesven s tRartR DV 2 CompMiiprdpeRRl o - 35 x 10[err],
as described by Equation (7) 15 above. Wien the MNerr] of the dry

mast er bat ch fé?fbﬁ-ﬂaﬁ{ce SRRt SRS TV RydnBok .&a%ple]ﬁo.iﬁ aR@ AR SR s%xgﬁlés 10[err] and

1.1 x 10[err], the dispersion quality is even poorer. In ¢ rast, the
di sper s on .qy4abhbiy FRf 21 R6mbd 0 I e iR t range
remai ns exceﬁaent . %he ’pﬁnelkllébr ge%@?@néﬁ@s s\éé&n% °Mr$gﬁr"§°“§éﬂiﬁ%@? ng
MN err] bet O, x. 10[err] and 1.1 x er, fall, well bel ow the
preferred n%qlol’slﬁg?n;?%ﬁeqtll‘?ﬁl?veg '°n.s§‘5‘qpite§§fh,25il"ﬁgé’ﬁdres‘smnfeatﬁ't",m‘%re at or
bel ow D(% val %hof. ., 1% .1t can be seen that the el astomer conposites of
the present PRVERAT BActEdby itseragk srowhasie walugafonly G se/gillian eydespibyi de
her et of ore unachi eved bal ance between nacro-dispersion quality and MNerr].
Bl ends- Cl P 9fect, the igxgntiqnsaeple sy fap supexivrip theicomesponding control samples. This is

believed to be due largely to the better MW,; and macro-dispersion of carbon black in

10 the invention sample, as discussed above.
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The macr o-di.spersi,on values for the invention sanples are shown graphically

in the sem-long plots of Figs.

MNerr] val uesyo gi6bdd Fi 9s.
I n Figs.

speC|f|caIIy,

13 through 21 all

13 through 21, as a function oftheir
8 through 12 di scussed above.
i nvention 5

nglpsggn%escr I bed

above conprising a particular carbon black (being I'imted to those of a

speci fic car bd’?P'b?’ac%'!‘R?&d-fﬂgPMrWQBCan ed)

are shown toget her

in a

single sem - |og pl ot ch’g'é(“H ‘h‘l‘ﬁ@"@m?’e%ﬁﬂﬂn@m rol sanples. (See
the | egends apgve g he Lo nhe of the invention sanples and
control sanpl [@smpladio de ach“ﬁ"gﬁ'e Fi0hus, F309. 13 Tenelies  hEB
di spersion g a [P R ent 088 _and (rsh psi) Snp| es
descri bed abow@ﬂ% i si 18-85 hr ﬁo"SO c47%n bl23G8L The ﬁaﬁa shedan | n Fig.
13 clearly reyesaiaddtdyt (8 éumacro &B7sperdi®®n quaBI4l of 3885 noved?@el pst oner
conposi tes of | e #tjent i8R0 corrers? ng 48380 carfB¥P bl ack@8lbver 42w fle
range of MW er?"f‘"ﬂ?éﬂ es, si gni f88&ant I%%?uper 28808 0 t halS7df t M¥7coht r ol
sanpl es. Macrlo ¥rlsi of4f0r el astidhe osi R88Lf t hPhvent448n
conpri si ng hBBGm@%f 82k as s & 15 3445 o43) ppd by
the follow ng 3 '° ° 24180 ) wh MN err]
< 0.6 x 10[erf ) + °5x el -Fehe x Wiefrl)] x
10[err] (10D 421 er 1 Jga: Nw§ o< 1153 100 efY).
Bl ends-Cl P 92 Sfica masty tchesasgghl ev
macr o- di sper sfi G ' gany err] e voen af t&Es dry jhexi ng
sufficiently t&m gg.,a @W 0. ke 10[ 8] 3397 425
control 425 €6.5 §24.0 2374 0 3474 445
control 428 869 546.0 "2351.0 3428 446
control 427 68.1 554.0 .2340.0 a2 435
invention 23 X 64.8 - 4536 2241.0 3324 443
Sample No.| Rebound Crack Growth-Rats  Abmsionlcss  1ans  Tanb
(cmimillion cycles) _( @0°c__ @e0'c
control 412 : 58.8 5.04 0.127 0.202 0.107
control 413" §0.0 3.63 0.128 .0.203 0.108
control 414 §0.3 3,86 0.126 0.208 0.114
control 415 588 4.56 0.12 0.217 0.118
control 416 60.3 5.67 "0.117 0.188 0.084
control 417 60.0 _ 487 "0.112 0.202 0.104
control 418 59.3 423 0.125 0.204 0.105
control 418 §7.5 3.22 0.122 0.218 0.117
control 420 60.0 423 " 0.131 0.204 0.099
contro} 421 58.8 384 0.127 0.206 0.105
_coniroj 422 50.8 3.8 ' 0.126 0.210 0.106
control 423 588 3.85 0.12 0.213 0.117
conirol 424 §8.3 4.54 0.131 0.200 0.104
confrol 425 £8.8 3.65 0.128 0.207 0.100
‘control 426 §8.0 3.07 0.134 0.211 0.110
control 427 - 56.9 3.25 0.126 0.247 0.115
inverntion 23 57.3 0.81 0.1642 0.204 0.124
Blends-CIP
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(see Equation 9, above). In control sanples conprising 55 phr N330 carbon
bl ack in which the MNerr] was naintained between 0.6 x 106 and 1.1 x
10[err], theyd¥oHkeoyal ue i s 5 even higher, such as noperikaedio
undlspersed area. Fig. 14 shows the dispersion quality and Mferr] of the

I nvention and control sanples described above conprising REGAL 250 carbon
bl ack. Sel ecAddftiomExampless EnreddSsmplesi sanpl es shown in Fig. 14 conprised
oil, as set forth above. The data shown in Fig. 14 clearly reveals that the
macr o- di sper si on Ajparhber pf the niasterbach sdmpdé¢satesavited abbOe, includingbadoseldceed of t he
i-nvention conprising REGAL[err] 250 carbon bl ack, over a w de range of

MN err] val Uig9entiof Singldsf arRinBbrresperdRRr citrol Q:ainbléﬁ Gierel bBred Qinl" Rbteganpl es.
The macr o- dlsper5|on val ues for the el astoner conposites of the invention

conpri si ng REGAlG2R) saﬁ@@pamehaféaac@o%dﬁgw\e@stageﬁ'ng'rabléls%svéiﬁﬁﬁgiﬂeed by the

foll ow ng equat I ons”

10l err B x @8?“4‘9#%1"2‘3%?99#9 8 pelophuie ﬁﬁ%\? P%W“i?*fl* SUCH)
bot ter at “Sncg%ﬁ' S dﬁ?‘?%fﬁﬂﬁgﬁf'r?ﬁ%féa t BPRRPL N et

MNerr] below 0.6 X 10 era% In conLtrast el ast oner conposites of

t he inventi OW"HS?FBFP@"Y?Q gsrt °@‘&FWW’&E¥‘°&HQ%&W¢§@W@W@F above
0.6 x 10[err] have excellent nacro-dispersion, such as D(% |ess than 0.2%
Corpound pr ofrsermined byrieaseningothein rRspectviaerack growt tates it eecordance) witlethei on and
control sanples shown in Fig. 14, conprising REGAL 250 carbon bl ack, are
set forth i nméaineme tenhoigueietfogB above, i.e., using a rotating flexing machine per ASTM

10 D3629-94. The rotating type flexing machine used to measure crack growth is
commercially available and well known. Itis discus§e¢ for example, in the Proceedings
of the International Rubber Conference, 1995 (Kobe, Japan), Paper No. 27A - 6 (p. 472 -
475). The compounds were tested at 100°C and at a 45° flexing angle. It is generally
accepted by those skilled in the art that crack growth rate in such compounds is affected

15 by the molecular weight of the natural rubber and the dispersion quality of the carbon
black i.e., by the MW, and D(%) values of the compounds. Higher MW,,; and lower
D(%) correlate well with reduced crack growth rate. The crack growth rate and other
information for invention samples nos. 9, 10 and 16 are set forth in Table 33 below. The
corresponding test results for corresponding control samples is set forth in Table 34

20 below, grouped by choice of carBon black. Also, Tan 6, @ 60°C was measured for
invention samples nos. 24 - 32 and for corresponding control samples. The Tan §,,,, @
60°C values for the invention samples are set forth in Table 35 below. The

corresponding test results for control samples is set forth in Table 36 below.
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27 below. It can ke seen that invention sanple No. 4 has exceptionally good
resistance to crack growh, as indicated by its very low crack gromh rate
val ue of only 0o 9esgs? M | 1ion cycles. In fact, the inventiopcpasmhers far
superior to the corresponding control sanples. This is believed to be due

| argely to the better MNerr] and macro- 5 di spersion of carbon bl ack
in the invention saBgie]samplesiNe.i44 s 450 shiver i Table 66 dhare@hdde faccordahedwith 27
Conmpound Properties of NR Compounds Contai ni ng REGAL 250 Carbon Bl ack at 55

phr Loadi ng Sathel feodstures ddsexiteyl above o ESHNOE Sampld=ddde M2D1 using R8SD natural
Tensl | e EB M_(1+4) @00C (psl) (psl) (psl) (%

control 33  6Qp8d. All usedarbar black N4 atfe 10adin§fi9e3ﬁ%m) shown 4P PEb126, alofy ©- O
control 34 73.58 57. 80 235. 14 293.68 3978. 24 5.0
control 35 81, 243. 66 1265. 26 4103. 41 613.0
control 36 8&@%3‘*’”““@%7@% 244. 23 1215, 87 3960.32  614. 0
control 37 57.35 56. 75 218. 70 1259. 99 4119.85 502.0
control 38  60.10 . 57.05 216. 75 1206. 60 4023.65 620.0
control 39 68.28 57. 25 225. 44 1256. 23 4134.06 621.0
control 40  77.40 59. 10 255. 15 1330. 87 4059.01 597.0
control 41  44.40 56. 25 216. 00 1214. 78 4038.68 618.0
control 42  47.96 56. 50 214. 53 1202. 93 3944.05 613.0
Blends-CIp
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control 43 49. 84 57. 05 221. 26 1229. 07 401§8.24 611.0
control 44 50.10 56. 60 210. 50 1140. 90 4058. 33 638. 0
control 45 36, 82 52.90 177. 47 962. 86 3790. 56 533.0
control 46 WOB165%0 54. 50 198. 63 1111. 04 3BEUUSHE2027%29. 0
control 47 35.35 54. 60 199. 03 1110. 00 3871.49 505.0
control 48 40. 58 55. 50 204. 52 1139. 94 3961. 06 632.0
i nvention 4 71. 97 57. 00 218.18 1230. 30 4036. 30 611.0
Sanpl e No. Rebound Crack G owmh Rate Abrasion loss Tan [err] Tan
[err] (cm mahlb%n Wﬁmm‘mmﬁﬂs‘mﬂ@merr] C @60 [err]C control 33
' 00 0. 191 0,167 0.091 control 34
64. 55 lnvonlimSSlmPl‘ No.| CB/Loading/Oli3? Mw, (K)O. 168R (cr/miillion 8yciesh) r ol 35
63. 75 7. 38 N326/55I 102 666 0. 150  O7DOI control 36
63. 30 1. 40 R660/58m 180 678 0. 162 06991 control 37
64. 65 3. 08 N234/55M 168 00 0.176 08800 confrol 38
63. 45 Z. 99 0. 163 0. 134 0. 099 control 39
63. 90 2.17 0. 186 0.170 0. 092 control 40
62. 30 Table 34 @3ack Growth Rate of Conrol Simples 0.175 0.093 control 41
64. 20 2. .84 0.190 0.189 0,102 control 42
64. 20 3.124 N234/55phrf0 82 . 168 N326/5Sph®¥ont r ol 4]
64. 50 3152 RS8! 177 . 183 0. 101 _comestol 44
63. 90 Codg | Semple Mw., QFR179 | Code () Sa®Ble M@.104 coBERol 4%
63. 80 3./ 8No. (K) __ (cmimiliign tixdes) . 1N X) 1 Yémipalion cycles)
64. 30 M1D3 |04£73 585 204191 M1ID1 (). 198§ 880 107/ cors#ol 47
64. 35 M1Dg (g 274 669 14102 | MID2 | 146 636106 coRSRol 44
63. 65 M1D3 141875 759 190180 | MID3 (. 182 650110 203

M1D4 276 asé 1.21 MID4 148 724 1.63

M2D1 | 277 580 222 M2D1 149 §17 3.38

M2D2 | 278 602 2.40 M2D2 150 572 277

M203 | 279 631 2.00 M2D3 151 613 261

M2D4 280 667 1.81 - M2D4 152 696 279

M3D1 281 457 3.10 M3D1 153 489 3.12

M3D2 | 282 476 2.33 M3D2 154 521 335

M3D3 283 493 241 M3D3 155 504 3.63

M3D4 | 384 495 1.89 M3D4 156 538 3.55

M4D1 | 285 ar2 299 M4D1 157 415 3.02

M4D2 | 286 382 2.85 M4D2 158 447 3,81

M4D3 287 381 293 M4D3 159 466 3.23

M4D4 288 L403 ) 2.3 M4D4 160 469 3.19

Regal 660/55phrf0 Regal 660/55phr/0
RSS1 RSS1
Code |Sampie Mw,, CGR Code | Sampie Mw,, ~ CGR
_ N_o. (5) (cm/million cycies) No. {K) (cm/million cycies)

M1D1 | 177 674 M3D1 185 473 4.59

M1D2 178 782 234 M3D2 186 506 4.06

M1D3 179 891 278 M3D3 187 562 s

MID4 | 180 676 2.98 M3D4 188 559 3.79

M2D1 181 598 .41 M4D1 189 401 7

M2D2 | 782 602 3.11 M4D2 190 426 4.14

M203 | 183 697 3.15 M4D3 191 466

M2D4 | 184 659 3.1 M4D4 192 449 4.78
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invention 4

| 64.,70
Bl ends-ClI P 95

0.92 0. 190

0. 148 0. 096

Fig. 15 shows the dispersion quality and MNerr] of the

invention and control sanpl es descri bed above conprising B st 800
carbon bl ack YO%#h, | oading. The data shown in Fig. 15 clearly reveals
t hat the macro- dispersion quality of the novel elastoner conposites of the

i nventi on conpri si
superior to thdgble?

tﬁ@’tﬂﬁ

Bl ack bon 5 bl ack,

Wﬁe macr o- dlspers

ﬁfrﬁiér"m%r%i"

is significantly
i on val ues for

el astomer conpgsiies aofthe s 3_car bon

bl ack, as showﬂ"F’FP"Fr‘ﬂ"’P‘lg" ﬂ?ﬂ ol MK TR S@ATY ilons: D(%
< 1.5% (11) V\#ﬁ@n M/\[err] %90 65 x 16f89r]; and 10

log (D) < log [1.5) 352 5 x [ MNer$¥ - (0.65 x4880[err])] °x17ﬁ_0[err] (12)
when 0.65 x 106 < ngérr] <H.1 X . None of**he contr& anpl gs achi eved
nacr o- di spersipn qua 7ty of |1. 0% o¥¥%better at‘ﬁﬁy MA er r 1% %ven Af ter dry
m xing sufficikently 28 degrdde MWV r] bel ow 02'65 x 10[eP In dontrast,

el ast oner conhppsites %f the Ji nvent®™h conprisifig Bl ack P [err]] 800
carbon bl ack apd 15 havji % r] above 0 haveg excel | ent

macr o- di spersipn, su

han 0. 2%3

performance chies
Fig. 15, conpr|5|ng Black Pearl
below. It can be seen that

are set forfhﬂln Tabl e 28

800 carbon black
invention sanple No. 8 has exceptionally good
resistance to gisless Oranddt 60°CoriCafind Shmpleddy i ts very [ ow crack growh rate

val ue of

—

Sample No, MW D N234 Loeding/Oil Max.Tan D
% (pho) (@eoc)
444 428 0.25 375 " 0.154
445 408 0.37 42/5 0.170
448 379 042 4815 0.179
447 361 0.58 545 0.185
448 368 0.27 5315 0.212
449 280 0.39 88/5 0.215
450 298 084 83/5 0.245
Blends-CIP
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20 only 0.27 cmimllion cycles. In fact, the invention.sanples are far
superior to the corresponding control sanples. This is believed to be due

| argely to the better MN err] and macro-di spersion of car in the

i nvention sdYP186%s di scussed above. Bl ends-Cl P 96 Eﬁgﬂggﬁ%%npound
Properties of NR Conmpounds Contai ni ng BLACK PEARL 800 Carbon Bl ack at 55
phr Loadi ng 1psbesebiofrom aMéﬁﬁSﬁYson of Tﬁ’dléj.mﬁﬁﬁl 34 tEéth@v eously lgv%}Q:rack
Tensl |l e EB M.(1+4) @00C (ps taf (psl)

(% control ér?;@th 855118 a@tueveél by 6 1n4/§rét10n3$ﬂl§pﬂs, co ?Qrg@{?b fhe c8%t§.§§2ﬁpﬁ %0 6

control 114

ggm ; 8: }_ig Lo%%graé;k growth c':ob'relatcs g@% ggod dura%@%%mg related %‘3@%’” u<tlcs fcg

]

control 117 4180. 0

control - 118 ““niei%‘sgpphca“"ns 6“}"1‘%"“*3 ‘“%?B‘“t?m“s anri@ggkq) In additignei; ca5 be s"‘1807
control 119 111.9 0 4149.0 634
control5 120 frompagogparison of E#ﬂ@ 35 ané.?éﬂ@t better Ti%,xc)’alues arg pejnevgd by thss 3
control 121 114. 7 66. 3 257.0 1262. 0 4329.0 667
control 122 invéntion gamples, thatds values whihgure@lower tharpthg vajues of the¢zomra) samplg59
control 123 115.0 67.5 280.0 1282. 0 4071.0 524
control 124 Accbidindly, improvedj@rfbrmance3 8chixved by th@Bi8erion sampldsifor Aumerous 623
control 125 113. 4 65. 4 281.0 1274. 0 3978.0 631

product applications including, for example, tire applications and the like requiring low
hysteresis for correspondingly low rolling resistance.

10 The advantageous performance characteristics of the elastomer composites of the
invention are exemplified by the crack growth rate of invention sample no. 16 comprising
N234 carbon black and corresponding test results for control samples nos. 273 to 288
shown graphically in Fig. 22. Specifically, Fig. 22 clearly demonstrates a correlation
between MW, and crack growth rate for the control samples, as well as the advantageous

15 impact of excellent macro-dispersion in the elastomer composites of the present
invention. It should be understood that the MW,; values shown in Figs. 22 - 24 and in
Tables 33 - 36 are for the masterbatch materials prior to cure. The molecular weight of
the cured material is understood to correlate well to the MW, value of the uncured
masterbatch. The crack growth rate of the control samples over an MW, range of about

20 .25 x 105 to .6 x 10 is seen to fit well along a straight line correlation to MW,,;. In
contrast, the invention sample no. 16 at MW,,, 0.5 x 10° has significantly better (i.e.,
lower) crack growth rate than any of the corresponding control samples, due to the better
macro-dispersion D(%) of the invention sample. This is further established by the similar

showing in Fig. 23, wherein the crack growth rate of invention sample no. 9 comprising
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control 126 .

control 127
control 128
i nvention 8
Sanmpl e No.

101.4 66. 8 280.0 1222.0 4206. 0 656

105. 5 66. 4 262.0 1150. 0 4167.0 670
110. 7 66. 8 292.0 1301. 0 4209. 0 643
WpPY/16600 62.5 227.0 1291.0 34 RETISIS208790

Rebound Crack Gowh Rate Abrasion |oss Tan [err] Tan

[ er r7] (cmmlli ﬂ@2§é€fﬂoﬁ%§ack is secné&%e fégmﬁcanﬂy%% %a]‘n Chat ﬂ%g EF té%%ﬂ%:%onér ol 113

45.
47.
46.
40.
41.
41.
42.
39.
38.
40.
41.
38.
38.
38.
39.
44,

OO-bI\)l—‘@\II\)\INI—‘\IOO@CD,OO
(¥

10

15

20

ot %lﬁol samples nos. 145 t%lﬁjl()%gld is well Wl%tge correlat %ﬁ AR Ol 1§16
163 control 117
A}.%éxe excellent macro-dxsger%gxaof mventhx} sg:gple no. 100s Seen toggytagain in R
2.80 0. 335 0.225 control 119
4crack growth value whxchdxes)gg_below the@oelation line betyedh aravkigrawth 260
3.89 0. 095 0. 301 0. 207 control 21
3argigMW.,, established by the @riesponding ébnfidiZamples ibs 278 t192] rig. 132
4.58 0.108 0. 344 0.236 control 123
Athé thax tan 8 at 60°C is showi @aphically tdbebefler, ic., IdWed 3o ifvaRtidnQhm Zs4
3.78 0. 102 0.321 0. 209 control
3ndk24 to 28 and mvenuox&aﬁ 185 nos. 29 t93§§12n
5.57 % s nos. 29 o35 Efn for °°"8§I§§§ g4 H”%%m‘}'g‘%
9444 10 450. 0. 073 0. 346 0.254 control 128
%%4%44 0450 0.113 0. 357 0. 23 invention 8

199 Bl ends- Clg? 97

0.27 The superior crack g%v%t% Qe'sults disc?xés%c? Zbove for elastomer composnes 0

the present invention not only demonstrates at.ivantageous fatigue properties, but also
indicates advantageous fracture properties, such as excellent tear and cut-and-chip
resistance. The superior hysteresis results discussed above for the elastomer composites
of this invention not only demonstrate advantageously low rolling resistance (and
correspondingly higher fuel economy) for motor vehicle tire applications, but also
indicates advantageous improvement in related performance properties, such as reduced
heat build-up. One or more of these superior properties, fatigue and fracture resistance,
low hysteresis, low heat build-up, etc., render elastomer composites of the present
invention well suited for use in commercial applications such as tire applications and in
industrial rubber products. Regarding tire applications, various preferred embodiments
of the invention are particularly ;Neil-suited for use as: tire tread, especially in tread for
radial and bias truck tires, off-the-road (“OTR”) tires, airplane tires and the like; sub-
tread; wire skim; sidewalls; cushion gum for retread tires; and similar tire applications.
The superior performance characteristics achieve by various preferred embodiments of

the invention can provide improved tire durability, tread life and casing life, better fuel
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Fig. 16 shows the dispersion quality and MNerr] of the invention ,and
control sanples described above conprising N326 carbon bl ack at 55 phr

| oadi ng. The data shown in Fig. 16 clearly reveals that the

macr o- di spe™QBASYlal ity of the novel el astoner conposite8CHPSBRER nvention
conprising N326 carbon black is significantly superior to 5 t hat of

composi t o5 GTOTRY o e ol SERo B st KB RIAE PR | g

conposites I nvention conprising N326 Ca

16, d ' Iyl ow | ; " N < 10 .

(13) a\rAﬁeanéé&rJ“Fg’éBé?&fg? ef{f[%g r ?’}M;)&%ﬁ'gg@é IR%HOMMCM?Y wﬁnbsbmfﬁor <log (1)
+ 2.5 - (0.7 0 1 14) . 0.7 0

W orr] < LR SO moe RS Bt SR i Hlipat bk’ 7111 S

macr o-di spersion_quality of 1.0%or bhetter_at, any_MNerr], even after dry
mi xi ng suf f i%iteAd| Gining belty and)smijpy Brodycty,anpligations;” Yhe, gyperien perferraae r ast |

el ast oner conposites of the invention conprising N326 carbon bl ack and

havi ng5 MA] erchiragtéristics achigyrd\by variops prefagied empodiments efthe inventiongarprovide sper si on,
such as D(% not greater than 0.2% Conpound properties and performance
char act er i stimpgoved fatipineclife dneability andcotiibr advahiagds fersuph prodwdt applicationki g. 16,
conprising N326 carbon black are set forth in Table 29 below. It can be

seen that invent iy, Z6uD9lat diiphicd] repteseRiichP bf @rtvh blackMefbhoIBgy, strauhe to crack
growh, as indicated by its very low crack gromh rate value of only 0.77

cnimi | 1ion 2@ppA) and ¥&bRE arch [CTAB, cofrbiPoddMnkAlly $APR! 8. iCarthoAbiakperior to
the correspondi ng control sanples. This is Dbélieved to be due largely to

the better Mot gbe ABHoTR 40ril SIAISeR thrtth tSRERRRebly 36 borhslertlfuck YN 1 ON

sanpl e, as SCUSS ove

10 OTR tire tread applications. Arrow 262 indicates the direction in which region 261 can
be advantageously extended in accordance with the present invention. Performance
characteristics such as cut-and-chip resistance, crack growth resistance and tear resistance
are understood to improve generally in the direction of trend arrow 262 subject, however,
in the past, to offsetting degradation of these and other characteristics due to reduced

15 molecular weight of the natural rubber and/or poorér macro-dispersion resulting from the
use of such higher surface area, lower structure carbon blacks. Elastomer composites of
the present invention can employ such lower structure, higher surface area carbon black
indicated by trend arrow 262 to achieve significantly improved OTR trend materials, in
view of their excellent macro-dispersion and MW,

20 Similarly, carbon black morphology region 271 in Fig. 27 includes carbon blacks
currently in commercial use for truck and bus (T/B) tire tread applications. Arrow 272
indicates the direction in which region 271 can be advantageously extended in accordance
with the present invention. Performance characteristics, such as wear resistance, are

understood to improve generally in the direction of trend arrow 272 subject, however, in
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Bl ends-CI P 98 Tabl e 29 Conpound Properties of NR Conpounds Contai ning

N326 Carbon Bl ack at 55 phr Loadi ng Sanpl e No. Mboney Har dness E100
E300 Tensl | e EB M.(1+4) @O00[err]C - (psl% épsl )
(psl)- W@ BY1668nt r ol 145 64. 6 60.5 289 PCT/US9ERR{S;
3921 548 control 146 88.2 62. 4 340 1802

gggi ggg g‘o [ﬁagto}o ﬁ%tt'mg deg%dagion of theses%dgother cg%écteristics duejtg g):%duced

jggg ggg ﬁ:g L;l%: gof therg'%b?afxd/or poorer gxﬁcrg—dwpersm%tf%tﬂtmg from %gg%such

4055 551 control 151 Z ) .6 . 1641, 4015
575 control 15bighersyrfage arca carborgblagks. F-laétz@ef °°mP°S“e&?fz'éJe present inventigp gan 559
control 153 57.2 . 60.1 282 1623 3968 579
control 154 emplay sueh higher surfsre grea carb@lacks indicated Bgend arrow 272 ggarhicve 525
control 155 57.3 62.2 323 1763 3975 556
control 1%6  impréedT/B tread maidrials, in vidd 6f their excellentlfificto-dispersion @ MW ,;. 564
control 157 45. 1 61. 2 328 1748 3768 533
control 158  50. ISimilarly, cibbnfhlack mddfhology regions .374&1 283 in Fig. 28&hdw carbon 546
control 159 53.2 61. 3 306 3886 563

control 160  pRbksTurrently in@Embhercial sklfor tread base Hdﬁ?asscnger car P& dire tread, ©49

respectively. Trend arrows 282 and 284 indicate the direction in which region 281 and
283, respectively, can be advantageously extended in accordance with the present

10 invention. Performance characteristics sucb: as heat build-up (HBU) and rolling
resistance are understood to improve for tread base in the direction of trend arrow 282
subject, however, in the past, to offsetting degradation of these and other characteristics
due to reduced molecular weight of the rubber and/or poorer macro-dispersion resulting
from use of such higher surface area, Iower structure carbon blacks. Likewise,

15 performance characteristics such as rolling resistance are understood to improve for PC
tread in the direction of trend arrow 284 subject, however, in the past, to offsetting
degradation of these and other characteristics due to reduced molecular weight of the
rubber and/or poorer macro-dispersion resulting from use of such higher surface area,
lower structure carbon blacks. Elastomer composites of the present invention can employ

20 higher surface area, lower structure carbon blacks indicated by arrows 282 and 284 to
achieve improved tread base and PC tread, respectively, in view of the excellent macro-
dispersion and the optional preservation of high molecular weight in such elastomer
composites.
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I nvention 9 77.8 60.9 277 1563 4167 593
Sanpl e No. Rebound Crack Gowh Rate Abr asi on | oss Tan [err]

Tan [err] (cmmllion cycles) (9) @O0[err]C C
control 145WO 9946608 2.84 0. 0952 BCE’E 82027 0. 129
control 146 58.1 2.52 0. 0887 0.217 0.126
control 147 5%..6: ; . . 0.-123
control 148 5§."§’la’ly’ carbon bl%.kg’g"ph"bgy regions 2%.1’8%[213“‘1 294‘“@?'%%““ 0. 129
control 149 0. 142

7 .3 239 . 0.0827 1234, .
cont rol 150 cwbeaglhs curety iny Sl e for s nd gl o150

control 151 ] .6 .0933 . 0.241. . 0. 149
control 152 apphgﬁnogs, respectively. %reyé arrows 292 and 298 %@@ge the dlrectlen %rnghxch 0. 155
control 153 0. 0911 0. 258 0.170
control 154 regnog@?lgmd 294, respecu\g.lyg ¢an be advantageously exjergied in accordanpoerwiththe (. 147
control 155 55.4 3.63 0. 0811 0. 254 0. 152
controb 156 presefi4n@ntion. Performa@ceSharacteristics such as(e® 0idd-up (HBUard@dtigue 0. 153
control 157 55.5 3.02 0. 0931 0. 254 0. 149
control 158 life areaimdérstood to improva fd? bidewall in the direcflor)éftrénd arrow 202 Adbfect, 0. 150
control 159 54.9 3.23 0. 0933 0. 240 0. 158
control 160 houﬁ%ran the past, the offs’ittfhg degradation of thedé ahl®btBer charactef@stiéd@ueto 0. 163

i nvention 9 0939 0. 225 0. 136

Bl ends-C P 9x%duced molecular weight of the rubber and/or poorer macro-dispersion resulting from
use of such lower structure carbon blacks. Likewise, performance characteristics such

10 as heat buildup, processing and wire adhesion are understood to improve for steel belt
elastomeric materials in the direction of trend arrov'v 295 subject, however, in the past,

to offsetting degradation of these and other characteristics due to reduced molecular

weight of the rubber and/or poorer macro-dispersion resulting from use of such higher

surface area, lower structure carbon blacks. Elastomer composites of the present

15 invention can employ higher surface area and/or lower structure carbon blacks as
indicated by arrows 292 and 295 to achieve improved sidewall and steel belt rubber

materials, respectively, in view of the excellent macro-dispersion and the optional

preservation of high molecular weight in such elastomer composites.

20 Additional Examples: Preferred Embodiment and Control Samples Comprising
Other Fillers

Additional samples of elastomer composites in accordance with certain preferred

embodiments of the present invention, and corresponding control samples, were prepared.
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Fig. 17 shows the, dispersion quality and MNerr] of the invention and
control sanples descri bed above conprising REGAL (trademark) 660 carbon

bl ack. Sel ected invention and control sanples shown in Fig._ 17 i sed
oil, as set fHMAWIEIBve. The data shown in Fig. 17 clearly ?%é%gg{ghat t he
macr o- di spersion quality of the novel 5 el astomer conposites of the

| vent | on oM i} ATk ks SSRIBRERRbhBlr oAU El e UPTBBRC of

MN err] values, 1s sign superior to that o control sanpl es.

The macro-di sper.si ) f e el astoner conposites of the invention
conpri sing RE@E\IE_'%'[@&#%%%%{?&?E%%@M ack, as shown in Fig. 17 are descri bed
by the follow ng e

L y . 9 9 s
(15) 10 when W@%?’&“WPW%%F%P?% 33 a%#?%@eéécjoﬁlr%"g‘(?ﬂlw%z. 5 x
[MNerr] - (0.6 x 10[errL)] x 10[err] . 161)1 when 0.6 x 10[err]l < MNerr]
< 1.1 x 10[ er rieatesiotaebans dlagke coramercisily ﬂﬁb&”és o it 2bek Fomosation (BilEics on

quality of 1.0%or better at any err], even after dry m xing
sufficieftly tMasehusts. SMyhdGOBLAIKSEMiller basmdrohadegial propesties; hastructe®

el ast oner conposites of the invention conprising Regal[err] 660 carbon
bl ack and haviand sividkedred, siatilame tiat & carbddpleck J234a Semphe mel I3aniployed 45 phr
macr o- di spersion, such as D(% |ess than 0.2% Conpound properties and

performance char@BLACKE ififler BAd rohexténdwedili ORaSHEPAS MO employe &8V pliri OUS
control sanples shown in Fig. 17, conprising Regal 660 carbon bl ack, are

set Torth in TRShBLACKAPhMR ank o CRANRE ofl Fplchfllct NP BILAR: 5 Wlse DO 10
has 20 exceptionally good resistance to crack growh, as 1ndicated by
its very |low crac r at.e - 9f : il L . . In
fact, the i nve"rr"i'fllm(llgs g%p?@&%?ﬁ%%%%@%@% ﬁbﬁ{?ﬁ%%g%’lr Jédgggﬂlo% %@ont r ol
sanples. This s helieved,to be .d | ar.gel t he tier e nd
macr o- di¥per si ‘BHC“%PR EAPHEEA rﬁﬁ”i nge%% °8$?°§ gﬁﬁ# gnd %ﬁgaoél&%‘u sed
above. Bl ends-ClI P _100 " Lo . .

should be understood that the use of silica filler in the compositions shown in Table 37

would typically replace a like amount of the carbon black filler.
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Tabl e 30 Conpound Properties of NR Conpounds Contai ni ng REGAL 660 ,Car bon

Bl ack at 55 phr Loadi ng Sanpl e No. Mooney Har dness E100 E300
Tensil e EB M_(1+4) @O00[err]C (psl) (psi (psi)
(%" cont r ol WP/p/16600 61.0 213 942 PC)"US98/20279 .
702 control 178 87.6 83.2 232 943 4002 694
control 179 87.1 64.9 285 1134 4016 644
control 180 . 4 1198 4058 618
control 181 ,518 1le] | 1 2 945 4098 661
control 182 [8| [&o}&H |& 59. p 1op 835 3924 733
control 183 |Jsieoial I8l | 41 920 4134 698
control 184 é . 42l o b4 4 33 996 4236 594
control 185 [@[7p.p 0 8 794 3768 717
control 186 P18 & - 920 4051 666
control 187 7%.17 3 | §6 866 4157 720
control 188 |el7k=l1lE] = 2 1:;. E1 9k 883 4182 704
control 189 (Blsigisla) & IH11a i |SpaAs 1079 4240 674
control 190 |3Is87 1%l 13 191 {5 [V193 942 4125 692
control 191 |8 d ol6p® Ol'eorP Pl1p2 61.1 60. 4 191
902 4189 740} i hyept)i ¢n] X0 88.1 62.9 249
1202 ap92 3F BanprieTN\b bund Crack Gowh Rate
Abrasion |1 0ss|gl | [Tdn] [fefr Tah |[ &rk]
£
ol (sl el ] L
[-1
3 R
15l o] el (8] [s] fs| fR) fel 18
£
& M
b ]
e ¥ 12 |2 2 1B = §
s 15 =8 L el B EE R
g EE i EE R e R
£ o & 181 2] st 121 2] 2] e
e el I 1S ] I9] 1= = E S
T 18 & 3 = 15k18| 18 =
F |8 = 1€ =z 12| |2 |8
§ o |° 3
- -~ a
- 2 2
H
E S i3 -
= 18 & 3 s B g
3 (8] [ HRERENERC RS
o el 3] =t |=| =] (=] I8! 18] o
s 13 2B =l IS 18] (8] 1B i<t |&
> 2] f= 18 s
- 2' ol lol |»] 18] |s| 19 o
5 2 3 [ =
- = ]
8 =
=
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(cmmllion cycles) (9) @O0[err]C @
60[ err] C control 177 54. 6

0. 131 control 17 55.6 2,34 . 0.1649 0. 194
0.129 control WWI“W 53.7 2.78 0. 1620 PCTAUS98/2§27900
0. 140 control 180 52.9 2.98 0. 1385 0.220
2

8' igg ggm {8: EIL.S % A ge’gmgd group of samples gmﬁl%yed a blend or erQ% 11%9 silica and garéo(%
0.194 control 183, . 5Q. 1. .15 . 0,1086 0. 264
0. 192 control @ﬁck In ﬂ'gboéunents of the presengmﬁytxon employmgebl%eggf carbon blagk ang,
0.208 control 185 0937 0. 306
0.209 control 13Bca ﬁ“"ZFB “55 generally preferre%thgghey be used m"(ﬁlgi’@wﬁ) of at leastabpos
0.211 control 187 47.7 3.53 0.1041 0. 297
0.198 control 1§R40. Thatisghe carbon black preferably comprises at le@st @B@B 60 weight [Rr2B5
0207 control 189 47.5 3.71 0. 0957 0. 306

0. 203 contr ol * 1¢fhe fillergo Bchieve good coaguldtidhviof the elastomer #d @Pfeduce or eliim0
0. 200 control 191 47. 4

0.226 control I1@skglomefdlionof the silica in the méstetBatch, In particula@,-i%% les nos. 3@ --3@1
0. 226 invention 10 48. 2 0. 69 f

0. 178 Bl ends- Cl R sil¢¥n in Tabik 40, cbos HAMSIs mt%eﬁlgxe\ﬁ/ﬁﬂ &%‘é&béﬁ%gﬂ%e”] of

the invention and control sanples descri bed above conprisin car bon
bl ack. Sel ect edy3s Ry Sidbie ABmPPe HARM O Pittsburgh, Pennsylvania, USA), having surface area

BET of 150 m/g, surface area DBPA of 190 mils/100g, pH of 7 and a primary particulate
10 size of 19 nanometers. '
All of the invention samples, i.e., additional invention samples nos. 33 - 38, were
prepared in accordance with the procedures and apparatus used for invention samples 1 -
32, as described above. Process and apparatus details for each of invention samples nos.
33 - 38 is given in Table 38, below. The field latex or concentrate employed in samples
15 nos. 33 - 38, as the case may be, is the same as described above with reference to Table
24, 1t will be appreciated that the data in Table 38 parallels that provided in Table 25,
above, for invention samples nos. 1-32. The carbon black filler “CRX2000" listed in

Table 38 is the ECOBLACK® silicon-treated carbon black described above.
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sanpl es shown in Fig.

18 conprised oil,

as set forth above.

,The data shown

in Fig. 18 clearly reveals that the macro-dispersion quality of the novel

el astomer conposites of the 5

over a w deVPHEEOBf MN err] val ues,

t he control

18 are desc T e qua C) =59
(17) 10 x 10[ err] dIog(D) <Ig%(0 3) +28x
[MNerr] - ,\_19,[,@@_[;!“ 89 '3 o V ferr]
< 1.1 x 10[§ Ea Prom 92 @/ 14 dPS"per'swn
quality of & olghy MN err |8 v n a?.ter dy yemgIxi ng
sufficientl gHr{] bel ow 0.} x |10[err] Ih contrast, 15
el astonmer cPmMROSf tes of theldnyenti on -F: 31 Nng N234 A2rbgn brack a d
havi ng MN e B5 X '1',0‘Ler 8 Qave excel | § acr o- di sper si on,
such as D(¢ ale o eve iU og)mg)my EISN 3 8¢
per f or mance g PivETiYn STl e No. 1} B# various ¢ontr ol
sanpl es shoyg I sing N\234[@anfbon bl ackj® arg set forth in
Tabl e 31 be eqn]that 1 nvgniaon sanple Np. 14 has zo
good resi st D as indijc 2 by its cfagk g
val ue of on D 5 glgg:.nge ,\,,,,-1,',9%2 S a aan ound
Properties ¢ - 58 E!-'.;',;..'..;
EC s
8l D
&l IEE =E°°°°°’ s ERR2E222EMMaBlvmecuen
2 ?ﬁcomooag pry mg&&gfgggegdddddd
8l E < §= 3K 8
el 18 g 3 u| E
3 3 & 1IE EL
3 b o IS “...T
3 g"u o°a°°g§ Ecccho §1v¢vvvv§.g"mocmmm
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invention conprising N234 carbon bl ack,

is significantly supBFT/B8RE7? hat of
The macr o- dlspersion val ues for the el astoner
conposites of the invention conprising N234 car bon bl ack

as shown in Fig.
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Cont ai ni ng N234 Carbon Bl ock at 55 phr Loading Sanple No. Mooney

Har dness E100 E300 Tensl | e EB M_(1+4) @OO[err]C

(psl) (psi) (psi) (%9 control 273 94.5 8.

386 - 207 WO 99116600 3718 511 control 274 121.6  PCT/US98@02%°

464 2299 3925 501 control 275 121. 4 72.5 564
2545 3994 472.contro 132. 2. . 71. 9 511 2259
3964 520 cont rgi °9REpl samp ééséﬂ?‘"‘“ P‘%’%'e% in accorance with “‘eé’li%‘ﬁd“‘es
2gg7cont r O|4627%|?1%1§%¢§0| Zdégcnbed a%oveﬁfgr qymrol sggges nos. 1-45§1§11e processmg cg%(gee 32;3
confrol 280 120 2273 3852 502
control 281 th@e h‘3 above), filler @gdqag, mbbgs @/IW , and magrpadispersion forquasterbatches 451
control 282 89.8 69. 8 553 2574 3896 465
control 283 4313466 are set forthd®loav in Table@9. The proRessiBg code, filler3@@ing, rubber4 75
control 284 106. 7 71.8 526 2384 3788 484
control 285 MW, 3ari macro-dispefifon3alues di &2 invention sa?ApROnos. 33-38 Glodg with the 444
control 286 79. 2 69.5 531 2574 3856 456

co n: r 0: ggg fiﬁ& -aﬁd oil loadings7i@r Zonveniéﬁlfkference) ar@éh%@m in Table 403 &34611 be seen46 1 o
contro

i nvention 14 : 0) 531
sampl e No. oungle 39 at Cclgn@ S %le §5Q-46 crotéress[pogcf“i'%glsnpom n é?ﬁ%nﬁwn an
[err] (crﬂmlllon cl r Olerr cont 273
45. 9 SHSHEL . s oL Gy s B LA AAS,

47. 2 p% 0. 0583 0.274 0.173 control 275
46. 1 sappiggnos. 3538 o o533 0.284  0.172
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control 276 46. 9 1.21 0. 0620 0. 270 0.173
control 277 47. 1 2.22 0. 0628 0. 305 '0.173
control 278 2.40 0. 0634 0299 0. 196
control 279 W"”’%é% 2.00 0. 0680 PQI/EHB20279 0. 198
control 280 44. 2 1.81 0. 0646 0. 298 0. 198
control 281 46. 3 3.10 0. 0598 0.293 0.174
control 282 46. 5 2.33 0. 0537 0. 307 0. 182
control 283 yapfhaed . 2.41 0. 0594 0. 309 0.186
control 284 7 CRX 2000/440° U. (CRXZ000/58/0 U. 502 0. 190
control 285 47 .19 Res:. 07 U U552RssT  U. 295 0.178
control 286 6 v oaEele] T 025, 0.172
control 287 | 4% e M 93 09 | N0 0569 o 0. 308 | 0.187.
control 288 39 0640 S+6—— 0. 198

I nvention 14 .08 0. 0698 909 0. 310 0.198

Bl ends-Cl P 143 m2p [ g 4549 sho the di spapki ogsgqual i t3§3and MN eg of the
invention angd geR4 rfol mpl es scrl bed aggPVesgOonpr i sggg N110 C§.f on bl ack
at 55 phr | oddygga {Thesgata shggn in Fi g17 9 ggsearly aggveal s t hggs|t he
macr o- di sper §i gp§Ual idsy of tlagsnovel elgagl onpgz conpagpist es of tfes|i nventi on
conprisi ng Njlgupsripboryspl ack, sgyer a w deel angsy of Mierr] 5  223jval ues,
Is significant mgpsuperdser to tsaat of theszpntssd sanmdees. The 243

macr o- di sper §i m30¥ & ues7f or t lads el ast onsisEonpsssi t es 38b t he i nvaos]i on

conpri si ng Nll@3parlbornds8l ack, 44 323 465 379 7.22

Table 40 Sol Molecular Weight and Undispersed Area of invention Samples
Invention Sampie No. "CB/Loading/Oil Mw.., (I D (%)

33 CRX 2000/44[(_) 380 0.18

M CRX 2000/58/0 448 0.10

35 N220/Hilsil 233/43/10/5 500 0.14

36 N234/Hilsil 233/40/10/0 480 D.36

7 N234/Hiisil 233/30/20/0 3989 0.23

36 STERLING 6740/Hilsil 233/30/20/0 354 0.38
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shown in Fig. 19, ,are described by the follow ng equations: D(% < 0.5%
(19) when MNerr] < 0.35 x 10[err]; and 10 log (D) <log (0.5 + 2.5 x
[MNerr]- (0.6 rr])] x 10[err] (20) when 0.35 x 10[err] < err] <
1.1 x'lO[err].vyléog%[ggﬁgq the control sanples achi eved nacro- dik é’rsg%&”
quality of 0.5%at any MNerr], even after dry mxing sufficiently to
degrade MNerr] thsédew 0.35 x 10[err] In contrast, 15 el ast oner

conposi tes of ummcar g MY err]
above 0.35 x 10[err] pave excel R8SK nacr o- di Fper ST on, mesan as X 99 | ess
than 0.2% Fig.| 2ddshovEamiphe di BRgr Si OrD @g)al | (Sampd VVlwL/ | O1Dfg)vention
sanpl e 22 and the confroig.sanpl eggdescri bed pbonyg conprgpi ng N35 1 farbon
bl ack at 33 phrﬂ-@rw—mammeﬁy—m; hat the
macr o- di spersi op qal |ty of the ggpvel 20 el ast onergggonposi tes pf the
i nvention conpr| sk N354g7car borgghl ack, 9gyer] a yigde range of Mgerr
val ues, is signjfymant | ysspuperi gggyt o t hagsof! t hgggcont r ghy sanpl egg The
macr o- di spersi priygosl essdoor t hesagl ast opes cpnpgites @bsthe i gugent|on
conprising N351| qepaoh bémck, asishown pesFip. &8, aresgpscribedsby|the
foll owi ng equat| qued1 Pl esmis- Cl P 4194 0680 K 0473% ase 6.85 (21)
when MNerr] < D.vgpax| 10§z2rr]; at3el | og @8) <| | oepo(0.3) 4262. 0 x13.8AN err] -
(0.55 x 10[err] ]M3031P[e47f3] (22)a33 215 481 516 138
M3D4 474 485 2.22 482 447 725
NZ34/Hlsii 233/30/20/0 STERLING 6740/Hlisli 233/30/20/0
RSS1 RSSY
Code | Sample MW oo D (%) Sample Mw D (%)
No. ] No. ")
M2 809 908
M3 580 §30
M2D1 483 394 . 437 491 430 3.77
M202 484 507 5.66 452 488 4.39
. M2D3 485 526 47 - 453 517 §.37
M2D4 486 568 5.94 494 583 4.66
MaD1 487 37 8.39 - 495 375 35
MaD2 488 3e3 4.49 496 380 273
M3D3 488 376 5.07 497 419 272
M3D4 490 432 5.26 498 448 328
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when 0.55 X 10[err] < MNerr] < 1.1 x 10[err]. 5 None aqf the control
sanpl es achi eved nmacro-di spersion quality of 1.0% at any MNerr], even
after dry mxing sufficiently to degrade MNerr] below 0.35 x 10[err] In
contrast, e]W;%Stg conposites of the invention conprisi n§CNYSB202P hon

bl ack and havi ng M/\[err] above 0.35 x 106 have excel | ent nacro-di spersion,

such as D(% Ies%g%ale&%nﬁ%&?%g%ﬁ hﬁg‘@h‘%‘? ﬂnQ/e n%ualﬁéit)x and

MN err] of the invention sanple con

descri bed a 740 ca .bon.bl a oadlng

The data shg\%\ﬁ%f E m&?%?gﬁiygmr%g&gaﬁmgﬂ Ny Weq“ﬁ’ﬁté’ AWEDN quality
e bopy by ncRnS B RS SG8TP 1R 8% e g PACR A r'@ﬁbﬁﬁe%f%%' " o
superior to that of tcﬁrg control_ sanpl es. The macr o- di spersi on val ues for

the el ast ongilicRsResrdicarben Bipcky H@ﬂiﬂscmesmﬁwtr@rﬁa@amprﬁwmgaIMq NG 6740

carbon_bl ack, as shown _in FIE 21 are described by the follow ng equations:
D(% <50.1%semi-log plot of Fig. 30. Excellemtzarbomblack\lignersion i« seendn Figl 00 dorthe  and | og
(D <log (0.1) + 2.0 x [Merr] - (0.3 x 10[err])] x 10[err] (24) 20

when 0.3 x bofeptior samplds] eaprefsenting .pieforretiOfnebodimentsosfeelatonidd @ofipaditedlin sanpl es
achi eved macro-dispersion quality of 0.1%or even 0.2% at any MNerr], even

after dry maxdorigneeibith thé mesehdisclonde oTIR MeeAMthampled Rvaithgeowdlyarefddw 1 I n
Bl ends-ClI P 105 contrast, elastomer conposites of the invention

conpri si ng {hERB NFigesa, ]wlﬁ?eﬁﬁ)all of the control samples have poorer dispersion, being

above line 301. In fact, the preferred embodiments shown in Fig. 30 fall below a D(%)
10 value of .2% even at an MW, value advantagec;usly exceeding .4 x 10°% The data shown

in Fig. 30 clearly reveals that the macro-dispersion quality of the novel elastomer

composites, disclosed here, comprising silicon-treated carbon black is significantly

superior to that achievable using comparable ingredients in prior dry mixing methods.

The macro-dispersion values for the elastomer composites of the invention shown in Fig.
15 30 are described by the following equations:

D(%) < 1.0% 25

when MW, is less than 0.4 x 10%; and

log (D) < log(1.0)+2.0x MW, -(04x109]x10¢ (26)
when 04 x10° < MW, < 1.1x10¢
20 It will be recognized that D(%) is the percent undispersed area measured for defects
greater than 10 microns and 1% is the threshold macro-dispersion quality for the
masterbatches in accordance with these preferred embodiments of the present invention.

That is, none of the dry masticated masterbatches achieved macro-dispersion quality of
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carbon bl ack and having MNerr] above 0.3 x 10[err] have excell ent

macr o- di spersion, such as D(% |ess than 0.2% and even | ess than 0.1%
Conmpound properties and performance characteristics for invention sanple

No. 23 and t h®QVAsEB] sanples 5 shown in Fig. 21, confYePHY?BTERLI NG
[err] 6740 carbon black, are set forth in Table 32 below. It can be seen

hat | vent | on SO N S N B BRI RS e
BRI SRR A LRy TR R

macr o- di spersi on_of carbon black in 10 the invention sanple, as
di scussed abowan bgsesgdhat therelastomer commepifes of thedmyeptionreMPrisips silipanstregied\R

Conpounds Cont ai ni ng STERLI NG 6740 Carbon Bl ack at 55 phr Loadi ng Sanpl e
No. Mooney carbon blackiprovide h¢Fatofore unachievE®Badance between iasrsdisgersionkality

M.(1+4) @OO[err]C (psl) (psi) (psi) (% control
412 75550 andMWQH. 1 467.0 2308.0 3519 451 control 413
85.70 65. 7 469. 0 2314.0 3655 479 control 414

92.70 67. 7 Invefifo sBimples nod 2438Qomprising cafbba black biérided wMmisiiiRh fiftdS

99. 60 66. 9 492. 0 2260.0 3572 477 control 416
74.50 & i trol $4Hffles0 &P & the semi- o Figl 3ft17

78. 20 "3 Sprrespiidns gontrol &iles tre compars i he semi-SRIG00 FiY 3671
82.00 %%egﬁcally?%g. %1 showg4.111681119@0-dispersigxg5 Q'élues and%”, values of the

invention samples nos. 35 - 38 and corresponding control samples nos. 467 - 498.
10 Excellent carbon black dispersion is seen in Fig. 31 for the invention samples,
representing preferred embodiment of elastomer éomposites in accordance with the
present disclosure. The invention samples advantageousiy are below line 311 in Fig. 31,
whereas all of the control samples have poorer dispersion, being above line 311. In fact,
all of the preferred embodiments shown in Fig. 31 fall below a D(%) value of .4%. The
15 data shown in Fig. 31 clearly reveals that the macro-dispersion quality of the novel
elastomer composites, disclosed here, comprising carbon black/silica blends over a range
of MW, values, is significantly superior to that achievable using comparable ingredients
in prior dry mastication mixing methods. The macro-dispersion values for the elastomer

composites of the invention shown in Fig. 31 are described by the following equations:

20 D(%) < 0.8% : @n
when MW, is less than 0.5 x 10°; and
log @) < log(0.8)+2.2x [MW,-(0.5x 109]x 10¢  (28)

when 0.5x 105 < MW, < 1.1x10°
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control 419 86. 10 67.8 540.0 2330.0 3620 . 475

control 420 66. 70 66. 0 515. 0 2382.0 3468 444
control 421  76.30 67.8 488. 0 2310.0 3375 440
conmtrol 422W0 996689 65. 8 548. 6 2440. 0 PQEUYS/20279 440
control 423  62.10 66. 5 487.0 2219.0 3452 466

control 425 w@f%bs%wgnized td D) is e fepoche ndipb5eg ida measwed g defects 4
ggm ; 8: jgg grea}ei tgg'l 10 micro: 626:1% 8% 54@1'e8ﬂ1reshol§§;§fft%dxspersxon éégty for jgg

I nvention 23 110. 50 453. 2241 443
Sanpl e No. m%ﬂ@whﬂma@rée%e@@meﬁe maﬂeeed ﬂmﬁwp@ﬁf %Qscsenma'ﬁmf@r r] Tan
[err] (cmimllion cycles (9) @O0[err]C @60[err] C control 412
59. 8 That i§, ngre of the dry masticatgd p@yterbatches achiovgd macrogdismmicnamalitylof 413
60.0 3. 63 0.128 0. 203 0. 108 control 414
59.3 5 0.8% Or Kter at any MW, evé aftigiidry mixing Saffiéiéntly to Qeghddé MWif ebdw 415
58. 8 4.56 0.12 0. 217 0. 118 control 416
60. 3 4 x 19¢.6The preferred embodimdrks' shown in Fil. 38 $all welDbél6 tieeOthtesitdld 417
60.0 4. 67 0.112 0202 0.104 control 418
59. 3 macr&di%éersxon value of .8% %3%5m below 4‘% 219&11 be sébn’ti theQMstorler 419
57.5 0. 117 control 420
gg ' g compésxt%%of the invention com%n%%%carbon blaclgsxgc%gﬂend ﬁger%gcén et %{o‘ﬁ%re jg %
59.8 0. 106 control 423
56. 8 unachéevgg balance between mﬁcra élspersmn q“"gtyﬁ'g Mw, Wi 117 control 424
58. 3 10 4.54 0.131 - 0.200 0.104
IT APLES
Elastomer composite blends were prepared in accordance with the present
invention and compared to corresponding blends made using prior known dry/dry mixing
techniques, as now described. The elastomer composite blends were prepared with
15 elastomer composite samples referred to below as “CEC” or “CEC masterbatch.”
CEC masterbatches were made using field latex natural rubber and Vulcan 7H
carbon black (ASTM N234 carbon black) as follows:
Preparing Elastomer Composite (wet mixing step) Elastomer masterbatch
was produced in accordance with the present invention. Specifically, an elastomer
20 masterbatch was produced comprising standard natural rubber field latex from

Malaysia with 71 phr filler consisting of carbon black of commercial grade N234
available from Cabot Corporation. The compound formulation (excluding minor

ordinary latex additives) is set forth in Table 7 below.
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control 425 . 58. 8 3.65 0.129 0. 207 0. 100

control 426 58. 0 3. 07 0.134 0.211 0.110
control 427 56. 9 3.25 0.126 0.217 0.115
i nventi on 23 WOZ}16500 0.91 0. 1642 PCI(5982027§ 124

Bl ends-Cl P 107 Addi ti on Exanpl es: Cured Sanples A nunber of the
mast er bat ch sanpl es descri bed a ot h.sel ected i nvention
sanpl es and correspondi ng contrgﬁmggﬁp%gy%ﬁ&b eFRIAeR 4 ¢ est ed.
Specifically, sanples were m xed acgordingly to Stage Il in Table 8, above,
using the 5 f or mul ati on. ofgﬁﬁﬁ-@tg, to produce%&ﬂﬁ-ibﬂawt-corrpound The
final conpound in each case was then cured in a nold using standard

techni ques at about 150[err] RUBBEi | substanti al | y compl 88& cure was

achi eved. 3 Per f or mance char ac@?@gﬁ% of the cured sanpl® were determ ned

by neasuring their respect|v§a¥$¢ﬂmﬁkl3g|(@mhdmm)t es in accofdance with the
measur enent techni que set fodiNEPABRti Bng fl exing

machi ne per ASTM 10 D362’9&a94The rot atlng type flemg machi ne used
to measure crack growth is com‘rermally avai l abl e and well known. It is
di scussed, for Ta¥afEioter nfstefdatch "pardiut N sﬂﬁs%ﬁﬁi}i ﬁ@:ﬁicaﬂébﬁl@r
Conference, 1995 (Kobe, Japan), Pape No 27A

conpoundgg wer e %ﬁ?&ﬁ?dé&r&@%ﬁfe@& Jéf&ﬂm to¥Fige hgg %ndw B %_e Thy s

general | y accept'ed by t hose s Int crac ein

o i The AP A e WP FEY T 8 e YL,
and (% val ue%sec ref%renceclem l%lg Iﬂ vmg Mggua {eLgtﬁ ?0 2 mch The coagulum
zone (see No. 53 in Fig. 3) included a ﬁrst portion of .188 inch diameter and
approximately 985 inch axial length (being partly within the mix-head and party within
15 the extender sealed thereto); a second portion of .266 inch diameter and 1.6 inch axial
length; a third portion of .376 inch diameter and 2.256 axial length: and a fourth
portion of .532 inch diameter and 3.190 inch axial length. In addition, there are
axially short, faired interconnections between the aforesaid portions. Preparation of

the masterbatch is described in further detail immediately below.

20 1. Carbon Black Shurry Preparation. Bags of carbon black were mixed with

deionized water in a carbon black slurry tank equipped with an agitator. The
agitator broke the pellets into fragments and a crude slurry was formed with
15.1 wt. % carbon black. The crude shurry was recirculated using a pipeline
grinder, During operation, this slurry was continually pumped by an air
25 diaphragm pump to a colloid mill for initial dispersion. The slurry was then

fed by a progressing cavity pump to a homogenizer, specifically, Microfluidizer

Blends-CIP
127

SUBSTITUTE SHEET (RULE 26)



D(% correlate well with reduced crack growh rate. The crack growh rate
and other information for invention sanples nos. 9, 10 and 16 are set forth
in Tabl e 33 _bel ow. The corresponding test results for correspondi ng contr ol
samples is Yo% h in Table 34 20 bel ow, grouped b RB7Hf car bon
bl ack. Also, Tan [err] @60[err]C was neasured for invention sanples nos.

24 - 32 and for {RLLFPR IR i&%ﬁi@h@ﬁﬂ?%ﬁﬁo%%@f&&%r A 60 err}C

val ues for the invention sanples are s B8 The

corresponding te r l.,S | es.is, set_forth in Table 36
bel ow. Bl ends- Cl %{eﬁ)gﬁ%&@%?& rgﬁquggr?p%gﬁ'%f iﬂ Slurrys 8o a5 from theyp) e 36
were made in accordance with the .procedures %?scri bed_above for control
sampl e code NpDITEPHYAIERELS the, mixing zong was, set Ry the microfluidiges spetdadhe N234 at
the | oading level (phr) shown in Table 36, along with 5 phr extender oil.
Bl ends- Cl P 109 micrafjjidizeractinggsa highspressure pesitive siisplagement pomp SShptes

I nvention Sanple No. CB/ Loading/ Ol Mferr] (K C&R (cmmllion
cyclesy 9 flow rate wqs a@hiered with a Micromotigs®mass flow meter. The Garfioh 10
R660/ 55/ 0 678 0. 69

black slurry was fed to the microfluidizer at a pressure of about 250 psig and
the output pressure was set at 7500 psig to an accumulator set at about 1200
psig output pressure, such that the slurry was introduced as a jet into the

mixing zone at a flow rate of about 3.6 Ib/min and at a velocity of about 500

10 ft/sec.

2. Latex Deliverv. The late:; was charged to a tank, specifically, a 55 gallon feed

drum. Antioxidant emulsion was added to the latex pfior to charging.

Antioxidants were added consisting of 0.3 phr tris nony! pheny! phosphite

(TNPP) and 0.4 phr Santoplex® 134 (alkyl-aryl p-phenylene diamine mixture).

15 Each of the antiqxidan_ts was prepared as a 40 wt.% emulsion using 4 parts
potassium oleate per 100 parts antioxidant along with potassium hydroxide to

adjust the emulsion to a pH of approximately 10. A peristaltic pump was used

to move the latex from the feed tank to the mixing zone of the coagulum

reactor. The latex flow rate was 3.2 to 3.3 lbs/min and about 4.8 feet per

20 second, and was metered with 2 Endress + Hauser (Greenwood, Indiana, USA)
mass flow meter. The desired carbon black loading of a 71 phr was obtained

by maintaining proper ratio of the latex feed rate to the carbon black shurry feed

rate.

Blends-CIP
128

SUBSTITUTE SHEET (RULE 26)



16

N234/ 55/ 0 500

0.88 Table 34 Crack

Growth Rate of Control Sanpl es N234/55phr/ 0

N326/ 55phr/ 0 RSS1

RSS1 Code Sanple

M er r] WO 99/1469% Code Sample Myerr] PCT/US9B2839 No .
(K (cmmllon cycles) No. (K (cmmllion cycles) MLD1
273 585 3. Q&l%m%&_am_h DML 2. 84 MLD2
274 669 o st ]1@% carbon bl lurry and latex §ietty 1 D
275 759 I\/ELD3 2.03 MLD4
276 896 m”‘ef]bﬁfg“a“““g the fafe yuto ﬂ‘efﬂ%m‘ Black S‘“T%OD“ﬁnE entrainmeng,3 \pp1
277 580 149 3.39 MD2
278 602 the Ea%“ black W“NE!BEWG‘Y miged into thes mex and the migture7 VD3
279 631 M2 D3 151 613 2.61 D4
280 667 coagul[dteéi Soft, wet sppnBy “worms? of coagulugOéxited the coagul@m79 M3D1
281 457 3.10 MBD1 153 489 3.12 MBD2
282 436 reacr.33 MBD2 154 521 3.35 M3D3
283 493 2.41 MBD3 155 504 3.63 MBDM4
384 495 1.99 M3D4 156 538 3.55 MuD1
285 372 2.99 wMaD1 157 415 3.02 MaD2
286 382 4. Dew m@ The wet cMﬂQ%xschar 1 MID3
587 381 %é%rom the cod reactor was a§0\§3 MDA
288 403 80% water D m% 19 Regal
660/ 55phr / 0 % The wet c %ﬁd %ﬁ%a‘BFB‘%% 1 313 %apisware witn
RSSL Code Sampl e  Mibitelihy extruder (The ﬁ%ﬁh Oil Mill Madasely Comany: S1s M err]
diameter). In the extruder, the wet crufnb was compressed and water squeezed
10 from the crumb and through a slotted barrél of the extruder.
5. Drying & Cooling. The dewatered crumb dropped into a second extruder
where it was again compressed and heated. Water was flashed off upon
expulsion of the ¢rumb through the dieplate of the extruder. Product exit
temperature was approximately 280°F to 310°F and moisture content was about
15 3.0t0 4.0 wt.%. The hot, dry crumb was rapidly cooled (approximately 20
seconds) to about 100°F by a forced air vibrating conveyor. Partially wet
crumb was completely dried to less than 0.5 wt.% in a forced air convector
oven (Aeroglide, Raleigh, North Carolina) at a temperature of 200°F - 240°F.
Dry Mixing Step In the following examples both of the two “dry mixing”
20 steps of the dry/dry method used below for comparison and control purposes, and the
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No. (K (cmmllion cycles) No. (K (cm.mlliaon cycles)
MLD1 177 674 - MBD1 185 473 4.59
MLD2 178 792 2. 34 MBD2 186 506 4. 06
MLD3 179WO0 99/§690 2.78 MBD3 187 PCTA\398/20279
3.53 MLM4 180 676 2.98 M3D4 188 - 559
3.79 MZDl £ the wet/d . 9 . 401
3 71 dl% §%€0 wet/dry m%?oﬁjlof the prcsent%ﬁ tion w%%dzamed out i, -
4.14 3.15 MAD3 191 466 M2D4
Toa" ono @ FHHRNBR By mixer. U005 o) 449 4.78
Bl ends-CI P 110 Tabl e err], at err]C for | nvent ion Sanpl es
I nvention Sanpl eR¥EeRIEIB °If8&§f‘?%?’ﬂ’q ‘ﬂh Q¥ipg exapaples to “naturglyy . Ten
[err] @60[err]C 24 569 0. 169
o5 , rubber masterbatch” refers to the prgcggt of the first dry miging 3@g6 The term
58/ 5 . 447 0.191 27 63/ 5 403
0.219 28 masticated natural rublgr 3efers to the produ@7af the “natural rubbe) magitatksh
49/ 5 618 0.159 30 54/ 5
482 conditiof” $&t forbelow. The term NR refers 6Bhdtural rubber. The tedR CB refers
0. 228 32 65/ 5 325 0. 224

to carbon black. In all cases, carbon black is N234 carbon black. The full formulations

for the wet and dry mixing steps is provided in the formulation table immediately

below.

10 It can be seen from the foregoing exampies that excellent properties are achieved

in the elastomer composite blends of the present invention.
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Table 36 Tan [err], at 60[err] C for Control

Sanmpl es Sanpl e No.

N234 Loadi ng/ O | Max. Tan D (K) (% (phr)
444 428 0. 25 37/5 0. 154 445
42/5 W8 5% 46 379 0. 42 46/ 5
447 361 - 0.58 51/ 5 0. 195 448
53/ 5 0212 449 290 0. 39 58/ 5
296 0. 64 63/ 5 Orcéfifteddhends- CI P 111

MV D

(@0 O
409 0. 37
PCTAUS98/20279179
366 0.27
0215 450
It can be seen

froma conparison of Table 33 and 34 that advant ageously | owercrack growth

rate is achieved by the mhm‘imm sanpl es, ar ecT

Lower crack growh rate ate(StaMdng_%
characteristics for numejous appl§® it mﬂﬁﬁ%%: ng
are aR% eved by t

the like. In addition, i§ can be
and 36 that better Tan [ ,ph],,ngg&qeﬁ.;

that is, values which ar ower t(b@a.,tmg val ues of tHh
Accordingly, inproved peldncdxiemc qeantoiax@idyeved by the i
nuner ous product appli cafAntaxsaeNR) Ng, for exanpl e,
the like requiring low h Sidssi JAfedP) cor r espondi ngl y

resi stance. 10 StepricAcd o (Hysteg 88985 per f or nang
the el ast oner (Santecure NS)

conposites

a qonpar

he gog
e cgy
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i nvention are exenplified by the crack growth rate of invention sanple no.
16 conprising N234 carbon bl ack and corresponding test results for control
sanpl es nos. 273 to 288 shown graphically in Fig. 22. Sp g&l}sg@og% Fig. 22
clearly deWwd8¥¥60es a correl ati on between MNerr] and cr growh rate
for the control sanples, as well as the advantageous 15 | npact of
excel | ent nmacr o- dispersion in the el astoner conposites of the present

i nvention. It shoul d be understood that the MW err] _val ues shown in Figs.

22 - 24 and in TMErRgPracsduresef CECNR/EBR Rlends aud Dl Blewdt erial s prior to
cure. The nol ecul ar wei ght of the cured material is understood to correlate
Wwell to thgy mbd val ue of the uncured masterbatch. The crack growth rate

of the cont rgiknds AAhic fabB rhashebbatddy BY Which ANORrRh FRRWras2Raded, with25 X 10[err]
to .6 X 10 i\gu3RE mblkr kid cilVEhd rafids QP Sknital Shbed © BinallibddGuuber Wt 86/10N t O
M/\[err] | N $pidtabdPd/30;t he i nvention sanple no. 16 at MNerr] 0 5 x 10[err]
has si gni fq, Cmeﬁdmhibsérn{mﬁm IPWIRER alCdadbol bIELOM bi] WedeSodtkie ii@ny of the
cor r espondi ng-@QRE bufbberSTHEfafids: of Hdfiral Fubbéteto Dfallide MBKer Yefdi SROIaEON (%) Of
the inventi opyganple. "This is further established by the simlar show ng in
Fig. 23, Wiehghdnand@ rébb@Ciiasitawh, in Wi 50fphd dF\e@BbA BIRKSAITMaBA)Qith9 coNpri si ng
Bl ends- Cl P Iutadienc Mastérbated, B0 Whith 30 lpht 6f GARA tidex MRs Hagddl BadcCaltithy | ower than
‘that of any gfioslofSateaiiisber Hiadine GaIBEr ke SIDTEI0, BYH and 40560 160, and is
el | bel ovy, t Biend ki@ rdbeORadtdriieh, iniviBAN SBCobi Bf Eicltbn bikik bAMPalEAF Rk Nt
nacr o- di sperghfs ﬁ&ﬂu&aﬁmm&mmh%mso & of SarBitiilack Gad I8&HGITHROAI N i N &
crack gr owt el of Batirb rabbet to ®itadie DL OMrd ocmm'lsmoaasb/we bet ween crack
growth rate ﬁlmdwc%mhr&m&%ﬁﬁ% ttl&wayl% “control
sanpl es Nnos. ;o} 6. THR rekB€ of dutkral hflber fo°bu b, ,2@ rr]Cls shown
graphi cal lg ﬁﬂw@ﬁ@hﬁﬁ&w & rwhkcﬂvw carkiod blbdkV &R biP WeRP1R eﬁ,s with

butadiene rubber. The rados of parural rubber to butadiene rubber were 80/20 and

70/30;

7. Blend CEC masterbatch, in which 50 phr of carbon black was loaded, with butadiene
masterbatch, in which 50 phr of carbon black was loaded, and oil. The ratios of
natural rubber 10 butadiene rubber were $0/20, 70/30, 60/40 and 50/50;
8. Blend CEC masterbatch, in which 50 phr of carbon black and all oil were loaded,
with butadiene masterbatch, in which 50 phr of carbon black was loaded. The ratios
of natural rubber to butadiena rubber were 80/20, 70/30, 60/40 and 50/50,

Mixing Procedures

A three stage Banbury mix was used for dry mix blends and two stage Banbury mix for
CEC blends. Natural rubber was masticated before first stage mix for dry mix blends,
Butadienc rubber was used without mastication.

Natural rubber mastication condition: ,

Fill factor: 0,75
Rotor spesd: 100 rpm
Banbury Temperature 30°C
Total batch energy: 950 Watt-Hours
Banbury mixing procedures:
Mixing method I:
Stage 1.
Fill fastor: varied
Rotor spesd: 70 rpm
Banbury temperamre: 30°C
Blends-CIP
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nos. 24 to 28 and invention sanples nos. 29 to 32 than for corresponding
control sahples nos. 444 to 450. The superior crack growth results

di scussed above for el astoner conposites of 10 t he pr?gfrﬂssvs}z&\f?nt' on
not only denowedyws®s advant ageous fatigue properties, but ndi cat es
advant ageous fracture properties, such as excellent tear and cut-and-chip
resi stance. The superi or hysteresis results di scussed above for the

el ast oner conposites Mhe t hi s igpwenss on not only denonstrate advantageously
low rolling resistange (and cqddesiendNRyl y hi gher fuel econony) for notor
vehicle tire applicatigons, .butdddopsr ofOB i ndi cat es advant ageous

i nprovenent in rel atqepoper f or REE Cerin@igary | €S, Ssuch as reduced heat

bui | d-up. One or noregff thes CBpropertl es, fatigue and fracture
resi stance, |ow hysteg’gosms b m:gh} gt C., render el ast onmer

conposites of th commer ci al

applications suc Zv] i 0.8 lubber products.
Regarding tire a {'mgu'n)ormas varlabus preﬁarsr ed errboﬂsments 20 of the
i nvention are partd @il WB8e| | - it ed f 8B78use as: 184 e trlead, especially

in tread forStegedral and bias truck tires, off-the-road ("OTR) tires,
airplane tires afilfads: | i ke; sub- @fkad; wire skim sidewalls; cushion gum
for retread tire8ptopspdedsi i | ar ti r'ﬁ)rampl i cations. The superior performance
characteristics Beduentengmmtwari ous30fi€ef erred enbodi nents of the invention
can provide inproved ftme¢ e dur Opetatieny, tread |ife and casing life,.better
fuel Blends-ClP 113 0" economadd SR mzkterbateli, BR balechardielsandloibt her advant ages.
Regardl ng i ndustrial ¥dWber priomipct s, various preferred enmbodi nents of the

invention are parti dul cSshpleWel | -|Dung tuhperaipre (-C) Enemy input (KWH)
1-1 {stnge 2) 113.8 042
12 (stage 2) 1162 0.46
1-3 {stage 2) 116.4 0.44
Stage 3:
Fill factor: 0.65
Rotor speed: 70 epm
Banbury temperature: 30°C
Time Operarion
0" add stage 2 compound and curatives
300" . . dump
Sampis No Dump Temperature (°C) Energy Input (KWH)
11 80.5 0.42
12 . 89.8 043
1-3 103.9 0.45
Mixing method 2:
Stage 1:
Fill factor: 0.65
Rotor speed: 70 tpm (50rpm when temp. reached 160°C)
Banbury temperature: 3o°C
Time Operation
o” add measticated NR
30™ add 40phr of CB
1'00” add ¥ remaining CB
1'30” add remaining CB
2'00” add oi}
9 to 13’ dump according to power curve
Blends-CIP
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use as: engi ne nounts,

superior performance 5

hydr o- mount s,
tank tracks or tread, mning belts and simlar

bri dge bearings and seismc :isolators,

products applications. The
characteristics achieved by IV@II‘/{JS?%OZW eferred
enbodi nent WOd#/16Be | nventi on can provide inproved fatigue life, durability

and ot her advantages for such product applications.
f b JiF: .

graphi cal representation
surface area (CT
nor phol ogy regio
conmer ci al

> Mixing, B
ﬁﬂﬁ}‘ A

Figs. 26 - 29 are
structure (DBPA) and
8. Carbon bl ack

ks currently in
H-ead—a s. Arrow 262 indicates

udes carq

raad ol bl

wh

f
t he drrec@WBﬁ? Pﬁﬁ@

accordance wt
cut-and-chip r
understood to
subj ect, however,

I esent
'ce

rubber and/ or
surface area,
present i
car bon bl i, Ndi
OrR trend%ﬁéfé"
MNerr]. -
Fig. 27 includes cg ?4

bus (T/B) tire tregy applic
whi ch region 271 cg

ich region 2‘

crack

be adv

rroatT U

can be advant ageously extended in
i on. Performance characteristics such as

h resistance and tear resistance are
03 the direction of trend arrow 262

of d ation of these and ot her
} 5 “&n%#rg@&lcggmﬁé ght of the natural
Y-V RIWe . e use of such higher
onposi tes of the
r surface area
rgni ficantly inproved
cel | ent macro-di spersion and

gé on bl ack norphol ogy region 271 in

rentl"y in conmmercial use for truck and

2 & %‘%ﬁkﬁg jcates the direction in
i %bousq% exten I'n accordance with the

i nv

present invention, Gé wear resistance,
are understood to rnplq#F JeTTE VAT j y of Jjtrend arrow 272
subj ect, however, |in Blesnds- Cl|P 114 4g7 0.44
Mixing method 3:
Stage 1:
« NR masterbatch:
Fill factor: 0.65
Rotor speed: 70 xpm
Banbury temperature: 30°C
Time Operation
o” add masticated NR
30" add 40phr of CB
100" add remaining CB
9'00” dump _;
Sample No Dump Temperature (°C) Energy Input (KWH)
341 to 3.4 (stage 1) 142 1.54
31 to 3-4 (stage 1) 143 1.48
3-1 o 3-4 (stage 1) 148 1.52
* BR masterbatch;
Fill factor: 0.75
Rotor speed: 85 rpm (60rpm when temp. reached 160°C)
Banbury temperature: 30°C
Time Operation
o add BR bale
30~ add 30 phr carbon black
Blends-ClIP

134

SUBSTITUTE SHEET (RULE 26)



t he past,

poor er

conposi t es of Wh¥1ff08sent invention can enpl oy such higher s
carbon bl acks indicated by trend arrow 272 to achieve 5

tread materi al s,
Simlarly,

(PO tire tread,
direction in mhlch r g

ext ended i n accordanfz

characteristics such
under stood to i nproves-
subj ect, howsmgs2: in

r espphgn veI y. d L

asmhaqiugh m)
1 D13-4i{staza d)

3

to offsetting degradation of these and other characteristics due
to reduced ol ecul ar wei ght ofthe rubber and/or
resulting fromuse of such higher surface area carbon bl ac

macr o- di sperS| on

AT

i nproved T/ B

in view of their excellent macro-dispersion and Mferr].

carbon bl aplieTor Pholda Bof bR ORtondBdx and 283 in Fig. 28 show
carbon bl acks currentiygi n congg

¥kt read base and passenger car

IEHTM

d-up (aﬂBU) and roHasng re
base i tBfthe directi 38 of t

end arrows 282 and 284 indicate the

e advant ageously
 Per f or mance
si stance are

rend arrow 282

t he past,

to offsetting degradation of these and ot her

characteristics diefattor:r educed nol ezl ar wei ght of the rubber and/or poorer

macr o- di sper si on Rotwspeed:ng from usmk such hi gher surface area,
structure car bon BrhireKempératiee se, 38
as rolling resistanceTimee undeQgtdiosl t o i nprove for
direction of trend arobw 284 suttijseyget] madswibaies and cherhibds gnd off |

| ower

performance characteristics such
PC tread in the

to of fsetting

degradation of these 300" ot herdugdpar acteri stics due to reduced nol ecul ar

wei ght of the rubber [ansdmple N2OOT FumpdeniperatireI 08  Ereroyinave®WHEli ng from use of
such hi gher surface prehf(ckg@r Structdtde carbon bl &ks. Bl astomer

conposites of the pr
| ower structure carb
i mproved tresd base

bs R (sflagpfdnt |
bn )in

on cafenpl oy 20 840 hj
i catgéeby arr ows 233 and

M=V 2 P-S T VEP-X 3

her surface area,
284 to achi eve

t he excel | ent

T ool

y LIS~ S A=A = rv y, BLELILEEEA AL A A v a o

macr o- di spe g‘gdtmt he opti onal oL eser vation of high nolecular weight in
such el ast oner 0.
70 epm
Banbmy ternperatm'e: 30°C
Time Operarion
0" add stage 2 compound and curatives
3°00” dump
Ssmpie ID Dump Tampnratum °C) Energ}r Input (KA
3-1 103 0.44
32 107 0.48
3-3 108 Q.47
3-4 97 0.38
Mixing method 4:
Stage 1:
* NR masterbatches
Fill factor: 0.65
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
o add masticated NR
30 add 40phr of CB
100" 2dd remaining CB
2'00" add oil
900" dump
Blends-CIP
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Bl ends-Cl P 115 Simlarly, carbon black norphol ogy regions 291,- 293 and
294 in Fig. 29 show carbon bl acks currently in conmercial use for sidewall,

apex and steel belt tire applications, respectively. Treli; 9292 and
295 i ndi cat®O 6608i recti on in which region 291 and 294, respec |ver, can
be advant ageously extended in accordance with the 5 present invention.
Performance characteristics such as heat build-up (HBU) and fatigue life
are understood to inprove for sidewall in the direction of trend arrow 292
subj ect, however, [1 nSimpa ABast D@Goﬁ&etﬂﬁ@ Egmm on of these and

ot her characteri sf4two4dieaged) f educe®®onol ecul ar wefght of the rubber and/or
poorer macro-disp thdﬂ(ﬁnﬁl fing fA®m use of sudfP | owey structure carbon
bl acks. Likew se charad¥oristice cudfP 10 as heat buil dup,
processi ntBR ﬁﬁ-:‘lgz@ adhesi on ar nderstood to i nprove for steel belt

el astoneric In the di tion of trend ar subj ect, however,
in the past, R 8t ti ng degr&é (EMMQE%&%\%@ characteristics
due to reduce®eppFLlRPertaRei ght 30F t he rubber and/or poorer

macr o- di sper si on rg,g’ﬁlti ng opepfiofise of such hi gher surface area, |ower
structure carbon b@acks EI% iltes of the present 15

I nvention can enpl hi gher QPFQ@Q%@F@% /[or lower structure carbon

bl acks as indicat eE{ %&’ arro%@ Yoaf gestof garboph achi eve inproved sidewal |l and
steel belt rubber Frﬁ?"erl al s2d F%%%&W&‘F?‘“kl n view of the excellent

macr o- di spersi on | ol ecul ar weight in
such el ast omer coppo3amaedo. 20 Dump Te Preferred
. N : :
Enbodi ment and Co ﬁﬁ @:ﬁﬂﬁl& 3 Conprzﬁl ng O her I;ﬁg lers
4-1 10 4-4 (stage 1) 157 1.33
Stage 2:
Fill factor: 0.70
Rotor speed: 70 pm
Banbury temperature: 30°C
Time Operation
0" add stage 1 masterbatches and chemicals
3'00" dum;
Sample No Dump Temperaturs ('C) Energy Ingut
4.1 (stage 2) 133
4-2 (stage 2) 133 o ss
4-3 (stage 2) 133 0.55
44 (stage 2) 132 0.53
Stage 3: '
Fill factor: 0.65
Rotor speed: -70 rpm
Banbury tamperature: 30°C
Time Operarion
0" add stage 2 compound and curatives
3°00” dump _
Sample No Dump Temperature ("C) Energy Input (KWH)
41 107 0.48
42 108 0.48
43 109 0.47
4-4 111 0.4¢
Blends-CIP
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Addi ti onal
preferred émbodi nents ofthe pr
sanpl es,

esent invention,

ClP 116

sanpl es of el astomer conposites in accordance with certain
and correspondi ng control
A first group of ptivessnepl oyed a

ed Bl ends-
rrultlphase ag‘ﬁgéﬁ‘g@?‘é filler of the type referred to above as a

silicon-treated carbon bl ack.

Speci fically,

I nventi on sanpl es nos.

33 - 34

enpl oyed E LACK&ﬁ%“l Silicon- treated carbon black commercially available
from Cabot on‘(Billerica, 5 Massachusetts). Such
ECCBLACK[err s nor phol ogi,Gal properties, i.e., structure and
surface area, that of c n black N234. Sanple no. 33 enpl oyed
45 phr ECCBLACK[ Ier and no nder oil. Sanple no. 34 enployed 68
phr ECOBLACK fill ﬁndeg Typical filler and extender oi
usage for various pro t appl 6ns re shown in Table 37, for el astoner
conposites of the 10 7}, |nven ng natural rubber and a bl end of
carbon bl ack and siliga filler? I oul d. be understood that the use of
silica filler in the ¢onpositi $0 Ph Tabl e 37 woul d typically repl ace
a |i ke amount of the , Blends-CIP
mMm emparature ("C) Energy inpu )
5-1 (stage 1) 1042 1.78
5-2 {stage 1) 107.1 172
5-3 {stage 1) 103.8 179
Stage 2:
Fill factor: 0.65
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
0” add stage 1 compound and curatives
300" dum
“Sarmple No Oump Temperature ("C) _Energy Inpul (RWe)
5-1 76,7 0.46
52 81.0 0.48
53 83.3 0.45
Mixing method 6:
Stage 1.
Fill factor: 0.75
Rotor speed: 70 mpm
Banbury temperature: 30°C
Time Operation
0” add CEC masterbatch
4 add BR bale
7 add powders
9 dump
[ Sampie No Dump Temperawire (*G) _Energy Input (RWH)
5-1 (stage 1) 1148 167
£-2 (stage 1) 1158 1.72
Stage 2:
Fill factor: 0.6S
Rotor speed: 70 1pm
Banbury temperature: 30°C
Time Operation
a” add stage | compound and curatives
3°c0” dump
Blends-CIP
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118 A second group of sanples enployed a blend or m xture of silica and
carbon bl ack. In enbodi nents of the present invention enploying a blend of
car bon blagﬁ%?n |Iica fillers, it is generally preferredrivhssizoidey be
used in wei ratio of at |east about 60:40. That is, the carbon bl ack
preferably conprlses at | east about 60 wei ght percent 5 of the filler
to achi eve good c et -01—C S—al-a51-0.08 Ladiice or elimnate
reaggl oneration o 352?““ C-Er-t=+ -&,jﬁrﬂcﬂlﬁaﬂlﬂmﬁ&““gfticular, in
exanpl es nos. 35 | 38, g&s shojn in gabl e 40, carggﬂ bl agk i s used together
W th partlculate To T T er /Aot lerr] 233 aval rapre from PPG I ndustries

(Pittsburgh., .vania, USA), having surface area BET of 150 nferr]/g,
surface argfa A of 190 nils/ 100g, pH of 7 and a primary particulate 10
si ze of 19 han :s. Al of thgsinvention sanples, i.e., additional
i nvention sanpigs «ied 33 - 38, 7@kpe prepared in accordance with the
procedures ang {edlpbtanes€d f @ped Nvention sanples 1 - 32, as described

above. Process andygpar at ugpdgieni | s for each of invention sanples nos. 33
- 38 is given in Tgble 38, bRlchmathdaiche! d | atex or concentrate enpl oyed
in sanples 15 " gn0s. 33 3Bk case may be, is the sanme as
described above w gh ref er egaGohiGars'@d off It will be appreciated that the
data in Table 38 parallels ghgt provi ed |n Tabl e 25, above, for invention
sanpl es nos. 1-32 : . B emiardi “,,:‘-‘,,‘ jpted in Table 38 is
t he ECOBLACK[ err]! ' R T above. Blends-CIP

119 P72 (sage‘l)
l 7-3 (stage1)
7-4 (staget)
Stage 2:
Fill factor: 0.65
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
0" add stage 1 compound and curatives
3°00” dump
Sample Na Dump Temperaturs (*C) Energy ingut (KWH)
7-1 83.6 048
72 83.0 0.48
7-3 8.6 0.46
T4 834 046
Mixing method 8:
Stage 1:
Fill factor: 0.75
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
o add CEC masterbatch
2 add BR masterbatch
5 add powders
T dump

Blends-CIP
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Bl ends-Cl P 120 The control sanples 451-498 were prepared in accordance
with the procedures and apparatus descri bed above for control sanples nos.
1-450. The prowessissge code (see Table 13 above), filler Ioa&éﬁﬁ!ﬁ r ubber,

MN err] and nacro-di spersion for nasterbatches 451-466 are ?ﬁ’zt"ﬁ”bel ow
in Tabl e 39. The processing code, filler |oading, rubber, 5 MA err]
and nmacr o-di spersion val ues ofthe |nvent| on sarrpl es nos. 33-38 (along with
the filler and oil | oadi - hown in Tabl e
40. It will be seen fon¥-Tatsget) 466 correspond
in conposition to invent§dasenpl p ly, control
sanpl es nos. 467498 corr %)to mverﬂ“bn sanpl es ns. 39-38. Blends-CI P

121 Tabl e SRX 2060443 ) 28X 2000/ 58/ 0 RSS1
RSS1 Code Sa Eifulme"[ err] 0.65 D(% Sanpl e err] D
[0) * B
(% _ Rotor speed: 70 rpm
Banbury temperarure: 30°C
7:1,"!8 Operation
o add stage 1 compound and curatives
3’00 dump
Sample 1D Qurmp Temperaturs () _Energy inpar (KWH)
&1 768 0.48
&2 81.0 0.45
; 83 784 0.44
84 78.5 0.44
Blends-CIP
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474
628
464

+ 909
451
515
2.89
2. 87
465

580 M2D1
489

8. 61 M2D2 pCT/USISHDZ79

453
454

4.15

393
422

(K M
455
456
435

5.71 MeD3
9.48 MD4

8. 05 M3D1
2.23 MBD2

No.
590
3.48 459 333
388
2.13 M3D3 457

463VO 9971660030

461

394
280

(K)

909 M3
461

3. 68
7.17
462
463
298

No.
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RSS1
Sanmpl e
(K)y M
601 -
475
517

12.5 D4

M3D1

472

433

2.22
STERLI NG
Sampl e
(K)

909 M3
394

5. 66

493

553

3.5 M3D2

) RSS1 Code Sanpl e MM err] D (%
MM err] D(% No. (K No.
803 90 @Clris98/20279
WO 99716600 590 M2DL 467 493 1.51
443 8.74 M2D2 468 537 2.61 476
10.9 MeD3 469 523 2.82 477 569
470 TSle? Compound,Cha@cterization of NR/BR Blends 590 8. 25
=
mﬂ _ Undispersed Sof Molecuiar or 2/35)2
‘gg”"“ ¢ % —t3lo—tpnd P 485
. J L . N2 1 5 =3 ‘0
287 e 7.45 NekdHiidil 23%h30/200 2 |
5740/ Hi I|si 11.2233 30/ 28/ 0 R3S 2.04 243 4 RSBl Code
@ eri] 24 D (%963 anpl €26 M\ er 2% D &%) Np.
2.2 82 (K \p2s 245 hog_ 81
3 21 590 62 0.98 437 590 M 483
4.37 g:§491 21 430 °~53 3. 47 I\/QDg: 184 39 507
492 S 88 Y4 40 mbf; 485 3ay 526 34 4.7
— 57 a1 D. 137 IVZ%ZT 88 150 - 947 494
4.66 M§Dl42 | 487 70 377062 8. 39181 195 37 375
488] 43 [63 68 4. 49088 496 32 380 37 2.73
- A4-4 66 Q.84 224 35
5 £-1 &8 334 43
52 58 310 43
53 52 286 41
‘ ] 81 () 0.32 430 35
L 8-2 59 0.40 M7 37
7 71 65 0.51 422 a3
7-2 65 0.46 . o4 P
7-3 62 0.54 428 40
7+ 84 0.47 404 41
8 &1 62 0.52 401 a0
82 84 0.52 434 40
8.3 58 0.85 407 34
B4 83 0.51 359 41
Blends-CIP

141

SUBSTITUTE SHEET (RULE 26)



MBD3 489 376 5. 07 497 419 . 2.72 MBDA4
490 432 " 5.26 498 448 329 Blends-Cl P 123
The excelle gn bl ack di spersion in the masterbatche BYAEt i on
sanpl es 33- %’ | s&@ermnstrat ed by conparison of the macro- glis)%%drss}{on qual ity
and MNerr] values shown in Tables 39-41. The invention sanples nos. 33-34
made with ECOBLACK[err] silicon-treated carbon bl ack, and the correspondi ng

control sanples ar @, apdichiPrdplifiesor Nr/sr gididd - | 09 IOI ot of Fig. 30.
Excel I ent carbon bl ack dispersion is seen in Fig. 30 for t he i nvention

sanpl es[SampIpNe Fandaesx] DioeT|c B3] Wﬂm ebwlrad| Rehvend| Betmgod) t €S i n
accordahce with the rl!ggm_m_c (180l G inrte
advant afjeotrs| y ar%s bdl &4 |} né530 5°°30 rdasal I} of2th cont r ol
sanpl es| hal qi $Herlsi % g abﬁ" Ifi n 5361.‘ n faez
preferrg P ts etgar— 50 vaI ue
of . 2% eyen, . rralg Vial yg dvgnt gegaks! Y| exsgeddigg .|4 %110[err]. The
data shpwrs ' (VN C 3 € a8ip L1je BRCr|O- gersson| qual ity of
t he nov i tas, |di eel osedider|e, 8Torpr wSirjg $4l i Eon-treat ed
car bon pek% of téﬁ hat 8¢hilevadl q u$# ng| conpar abl e
i ngr edi gnt-34 i 4 "g;!—" | ues for
the el agt offgr qde | ngenti ho Fi gy 15 53 30 are
descri bed ] | 0Rg: | D( % ézg 1. eé/ 44 (25)
when ‘ S . 10ker 1] ; asend I ogo (D) zslcg~(51.0> + 2.0 X
[MNerr | ~&h0. 4 x650]leraqd) l X710[ ee2s ) (1] 41 64

52 a4 28 16 27 452 68 43 €5

5-3 64 2.8 16 25 432 65 43 56

61 6 2.5 14 27 505 62 4z 54

g-2 85 2.0 A5 28 462 83 45 a5

7-1 ) 3.0 17 29 472 64 45 S5

7-2 68 3.0 17 28 459 84 4 57 -

73 67 239 16 25 429 64 48 58

7-4 67 3.0 16 23 307 65 51 s

81 &7 2.8 18 28 480 . 64 46 56

32 67 238 15 27 476 84 47 56

83 66 28 14 25 465 62 a7 55

8-4 65 28 15 23 400 §7 54 80

Blends-CIP
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when 0.4 x 10[err] < MNerr] < 1.1 x 10[err] 20 It will be recognized
that D(% iS the percent undispersed area neasured for defects greater than
10 m crons an oot Ne threshol d macro-di spersion quality bphsd
rrasterbatchesdvlvég/%liccor dance with these preferred enbodi rrents {11 8|(?Gzpr esent
I nvention. That is, none of the dry masticated nasterbatches achi eved
macr o- di sper si on quality of Blends-ClP 124 1.0%or better at any

, ft t bel 4
10 err] The pref o 'ﬂ'aye el R 's'%‘aﬁﬂ"*““&“‘?@’é‘%wr”befoﬁﬂ he

t hreshol d. Te? F] i nvention
conprising|sili con 54§aﬁ,ﬁ,du5,a£,bnr chi eved
bal ance befWea@y nakr o- di Sper sI on quaTidT nventi on

sq:'Wca filler and
38 of of Fig. 31.
{8 ferr] val ues

sanpl es nog. 3% 38} conpridding carlbon @l ack] bl en®@d wi t
correspondilngtgontyol satdtes ard cqo red in 1188 sen

Speci fi cal ﬂ-mf .Zf'\‘-’lng 31 sh t he facr 0d| sp

mjnn

of the inv pt-es - £ B—Cft sanpl es
nos. 467 - 496{ 10 Iggggellent car%on Iack hspers orh'gﬁ séen in Fig.
31 for the |n\é£gnt| DN sanplegs, reqresegpti na pref ggred epbaghsgen} of

e _present d| claymure The

el astomer g¢o ites 'in_2esordande wi#h t
i nvention éa%ws hdvant #¢éousl y jar e 16kl oj li 15831 wher eas al |

of the confrol¥%anpl es hd¥¢ poor¢r di'%persj on, b 311. In

fact, all ¢f e preferrngenbodi rrent;'g sh . Pl ow a D( %
val ue of . 4% Al oS Ho- 5 that the

macr o- di spgrsiggn qpal i tyaq t he rnovelgs 113 0.158

53 1.99 _&2 98 0.152

&-1 1.64 15 101 0.188

&2 0.81 81 107 0.185

X 4.59 70 117 0.178

72 430 75 132 0168

73 4.81 58 ) 144 0,151

74 3.43 52 146 0.132

X 5.08 66 S 112 ~0.186

8-2 480 - s 134 0.131

8.3 519 58 140 0.168

8-4 4.43 &4 138 0.140

Abrasion Rating = (weight loss of reference sample/weight loss of sample) % 100
{reference sample was sample no. 2:1)

Blends-CIP
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el astomer conposites, disclosed here, conprising carbon black/silica blends
over a range of MNerr] values, is significantly superior to that

achi evabl e Wsbdgegeonparabl e ingredients in prior dry mastjGaidehs Xi ng

met hods. The nacro-di spersion values for the el astoner conposites of the

I nvention shown in Fig. 31 are described by the follow ng equations: 20

D(% < 0.8% - ¢ ' than 0.5 x
10[err]; and |%5“?£"?‘F%’%%¢%§S{W§{W’§ﬁs}”- zn%.éix 10[err])] x
10[err] (28) when 0.5 x 10[err] < MNerr] < 1.1 x 10[err] Blends-Cl P 125
It will bédixingMetheded t hat % is the percent undispersed area neasured
for def ecsy:grMamiesed REH) wagmined wish atheringredimts) s t he t hreshol d

macr o- di s gBCs | BiendCEF geb, imwhich pheachondlack vae loadedawidemapgtioated hese

pref err ed RS&bend pibnths ratiostdf CES: vatusaltrubbet tnREHinnatury qubbier wene9800f t he dry
mast i cat eQ0/80B0 Bt Ws achi eved macro-di spersion quality of 5 0. 8%
or better at any MNerr], even after dry mxing sufficiently to degrade
MN err] beoliong Prbcedured[ err]. The preferred enbodi ments shown in Fig. 31 fall
wel | bel ow thive stage Banhwly shixywes usedifor frymix compontnd and dvo stegi Bagbidy mben bel ow . 4%
It can be fodSC/RIVblands RSBH naranlsrbbetwasgensticated beforgdirst sroermix &or &Y npri si ng

car bon bl aniktenponrderd CERMRSSH bleads. pr ovi de her et of ore unachi eved bal ance

bet ween macro-di spersion quality and MMerr]. 10 ADD Tl ONAL EXAMPLES

El ast omer morpadivétonbdsiids: Wwere prepared in accordance with the present

Fill factor: 0.75
Rotor speed: 100 rpm
Banbury Temperature: 30°C
Total batch energy: 950 Watt-Hours
Banbury mixing procedures:
Dry:
Stage 1.
Fill factor: 0.65
Rator speed: 70 rpm
Banbury temperaturc: 30°C
Time Operation
0" add masticated RSS1
30" add 30 phr of CB
1"00™ add ¥ remaining CB
1'30" add remaining CB
10° dump according to power curve
| Sample Code. | Mixing time Dump temp. (C) Energy input (KWH)|
Dry (stage 1) 10’ . 130 1.7
Stage 2: '
Fill factor: 0.70
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
o* add stage 1 masterbatch, oil and all chemicals except
curatives
300" dum L
__Sample Code | Dump Temperature (C) _Energy Input [KWH)
Dry (stage 2) 124 0.42
Stage 3!
Blends-CIP
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i nvention and conpared to correspondi ng bl ends made using prior known
dry/dry m xi ng techni ques, as now descri bed. The el astoner conposite bl ends
wer e prepared Wolbbekho el ast omer conposite sanpl es ref e%@)g,sgs?}ggﬁl ow as
"CEC' "or "CEC nmasterbatch.” CEC nasterbatches were nmade using fre at ex
nat ural rubber and Vul can 7H carbon bl ack (ASTM N234 carbon bl ack) as
follows: Preparing El astonmer Conposite (wet m xing step) Elastoner
mast er bat ch was pingsksed i n accorgggce with the present invention.

Speci fically, anrebegpte@irer 20 708@st er bat ch was produced conpri sing
standar d nat ur al Biisempeiaiksl | at aged rom Mal aysia with 71 phr filler

consi sting of carbonfgrack of opgpignr ci al grade N234 avail abl e from Cabot
Cor poration. The congeund for gy stipé DEbmipgdiid arl@lbupslivid nor ordinary | atex
additives) is set fontgy"in Talksp / bel ow. Blends-CIP 126 Tabl e 7A

Mast er bat ch For nul at mp Temperature ('C) Energy oA R Py W . Rubber
100 5 11 ar pon B#fac i 0.38 71.
Sant of | ex 134 (anti oxi dant) 0.4 TNPP (ant1 oxi dant)
0.3 Tot al CEC: 171.7 The el astonmer nasterbatch
producti on apggaratus was substantially identical to the 10 appar at us
descri bed above Fifltfieter:ef erence toof5gs. 1, 3 and 7 of the draw ngs. The
Rotor speed: 70 pm
Banbury temperature: 30°C
Time Cparation
g add CEC masterbatch
4 add masticated RSS!
7 add powders and oil
€9  dump
Sample Code | Dump Temperaturs [°C) Energy Input (KWH) __ Mixing Time
CEC-1 (stage 1) 113.9 1.28 3
CEC-2 (stage 1) 1042 1.78 g
CEC-3 (stage 1) 107.1 1.72 0
CEC4 (stage 1) 103.8 : 1.78 ¢
Stage 2: :
Fill factor: 0.65
Rotor spesd: 70 rpm
Banbury temperature; 30°C
Time Operation
0” add stage 1 compound and curatives
3700” d-‘mp
Semple No Dump Temperaturs (“C) Energy input (KWH)
CEC - 813 0.63
CEC-2 76.7 0.46
CEC-3 . 81.0 0.46
CEC4 83.3 0.48
Blends-CIP
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slurry nozzle tip (see reference No. 167 in Fig. 7) was .018 inch dianeter
with a land (see reference No. 168 in Fig. 7) having an axial length of 0.2
inch. The coapddhgggyzone (see No. 53 in Fig. 3) included apftfgdsnp@sti on of

. 188 inch dlaneter and approximately .985 inch axial |length (being partly
within the nix-head and party within 1 t he extender seal ed thereto);
a second portion of .266 inch dianeter and 1.6 inch axial length; a third
portion of .376 inch diameter and 2.256 axial length; and a fourth portion
of .532 inchpgrprerer—gnd 3. 190 inch axial length. In addition, there are
axially shorls fdir#e &nterconnections between the aforesaid portions.
Prepar ati on Q-EE erbatch is described in further detail imediately
bel ow. 20 a |I. rbon Black Slurry Preparation. Bags of carbon bl ack
were m xed ' ed water in a carbon black slurry tank equi pped with
an agitator.
slurry was f
recircul at ed
continually
for initial
punp to a h
M210 from M
shear, to pr
m cr of | ui

15.1 w. %carbon black. The crude slurry was

peline grinder. During operation, this slurry was
nair 25 di aphragm punp to a colloid mll
The slurry was then fed by a progressing cavity
specifically, Mcrofluidizer Blends-Cl P 127 Model
I nternational Corporation for pressurizing and

ely ground slurry. The slurry flowrate fromthe
Ftngaé i Xi ng zone was set by the microfluidizer speed, the
Aadt i ™s a high-pressure positive displacement punmp. Slurry

CECEodw s
c
(o
7

mcroflwgz
| il
E 2 MY T
g ,§§ﬂ§§§§
3
- § i
i B
i
THE
g@g?
fis8
§§§§
$
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5 flow rate was nonitored with a Mcronotion[err] mass fl ow
nmeter. The carbon black slurry was fed to the nmicrofluidizer at a pressure
of about 250 pgigheaide t he out put pressure was set at 7500 psicgnisSsiBre
accurul ator set at about 1200 psig output pressure, such that the slurry
was introduced as a jet into the mxing zone at a flow rate of about 3.6

| b/mn and at a vel oci f out t/sec. 2. Lat ex

Del ivery. The | atex vva‘tsX'(‘: argeﬂf’"f'dégﬂféﬂﬁt'c'gbw%a{“?? a 55 gallon feed
drum Anti qXainpi cédsl EBodldRabeer g Char gi ng.

Ant i oxi dantis were addé¢ pfbieng of 0.8 phr tr| s ngnyl pghenyl phosphite
(TNPP) and (0. Z-®ir - Santopl ed| er r [ Y T34 (@@kyl -aryl_p-genenyljene di ami ne
mxture). 15 '353'1 -Eac® of the ant®#®xi dantp was4liprepdred as a 40 wt. %
enul si on ugi ng CRart § pot SI um pl eat eNfer 100 part4® antijoxi dant al ong

W th potasgiu dr ox{ de tosoadj usy{ the § | sion| to aiJpH off approxi mately
10. A peri statro-pomrTeas—UsSetto—rove—the—atex—i+ ' feed tank to the
m Xi ng zone of the coagulumreactor. The latex flowrate was 3.2 to 3.3

| bs/ m n and about 4.8 feet per 20 second, and was netered with a
Endress + Hauser (G eenwood, |ndiana, USA) nmass flow neter. The desired
carbon bl ack | oading of a 71 phr was obtained by naintaining proper ratio
of the latex feed rate to the carbon black slurry feed rate. Blends-ClIP 128
3. Carbon Bl ack and Latex M xi ng. The carbon black slurry and | atex were

Blends-CIP
147

SUBSTITUTE SHEET (RULE 26)



mxed by entraining the latex into the carbon black slurry.. During

entrai nnent, the carbon black was intimately mxed into the |latex and the
m xture cowbﬁtﬁm Soft, wet spongy "worns" of coagul umppiidseshobise

coagul um 5 react or. 4. Dewat ering. The wet crunb di scharged
fromthe coagul umreactor was about 80% water. The wet crunb was dewat ered
to about 11 to 13% noisture wth a dewatering extruder (The French Gl MI|
Machi nery Conpany; 3[err] in. dianeter). In the extruder, the wet crunb was
conpressed and wamea. sqummnaamofceamuﬁmmthe crunb and through a

100[ err

slotted barrel of the extruder. ( watered crunb
dr oppedsamiieCodeftianineas) cxE08de Mr R oy Hebouyr . At ed.
Wt er uTn!!B:ev UMBa i : e 2. at e of
t he ext| LoxiZ8 o, qu.?-a-t- MBS =0 4 o]
310[err Di Spur ¢ cﬂ enf v.ﬁs 483 : 33 B »
The hot Limgawad ragy dly geol ' r about

f orgged} ai rag¢/i by atggng 3 ' y @8t cjumgy whs
conpletefy arred to Tess than 0.5 W.%1n a forced air Convector oven

(Aeroglide, Ral.eigh, North Carolina) at a tenperature of 200[err]F -

240[err]F Dry Mxing Step In the follow ng exanpl es both of the two "dry
m xi ng" 20 TabigAs FRchirsProperfies;and Dypamis m&%’&cP'SEF’BW??JF“"éonparl son and

control -——W-m- -of the
vt/ i ot viion epiel B E e 1 ECa e pOL T

D 483 12 80 0.178

CEC-1 343 81 120 0.1789

CEC-2 431 84 110 0.174

CEC-3 3.65 97 108 0.174

CEC4 4.11 106 ) 0.1683

Abrasion Rating = (weight loss of reference sample/veight loss of sample) x 100
(reference sample was the sampls no. 2-1 in CEC in NR/BR blends application)

In view of the foregoing disclosure, it will be apparent to those skilled in the art
that various additions, modifications, etc. can be made without departing from the true
scope and spirit of the invention. All such additions and modifications are intended to

be covered by the following claims.
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a Farrell BR Banbury mxer. Reference in the follow ng procedures and the
foll owi ng exanples to "natural rubber masterbatch" refers to the product of
the first drygH stage. The term5 masti cated natu,

refers to the“?r% %? of the "natural rubber nastication coél(gtllﬂtjglgon" set
forth below The termNR refers to natural rubber. The term CB refers to
carbon black. In all cases, carbon black is or- lack. The full
formul ations for the wet and dry m xing stepqim‘mwﬂag _"@lthe

formul ati on t &% dailmmedi atel y bel ow. 10 w0 AR I seen fromthe
foregoi ng exanpl es that excellent properties are achieved in the el astoner

conposite blends of the present invention. Blends-Cl P 130 For mul ati on
| ngredients 1. A method for producing elastomer compB#ife bi¥aBBEhrising elaslofist | cat ed
RSS1 + Taktena 220 100.0,_or, CEC NR + Taktene 220 or, CEC NR +
mast i cat ed RSgartigylate fllerand gptamaliyather igstedients, chamcteripadry)

50.0 A ( : : | 9% t 1
(Santof I ex 134) REBAE ¥ ditithous flow of first fuid comprising e‘”z“?‘?ﬂl?é?% FH:HD

0.3 zone of a coagulum reactor;

feeding a continuous flow of second fluid comprising particulate filler under
pressure to the mixing zone of the coagulum reactor to form a mixture with the elastomer
" latex, the particulate filler being effective to coagulate the elastomer latex and the mixing
10 of the first fluid and the second fluid within the mixing zone being sufficiently energetic
to substantially completely coagulate the elastomer latex with the particulate filler in the
coagulum reactor;
discharging a substantially continuous flow of elastomer composite from the

coagulum reactor; and

15 dry mixing the elastomer composite with additional elastomer to form elastomer
composite blend.
2. The method of producing elastomer composite blend in accordance with claim 1
further characterized in that:

20 the elastomer Jatex and the additional elastomer each is independently selected

from natural rubber, chlorinated natural rubber, homopolymer, copolymer terpolymers of
1,3-butadiene, styrene, isoprene, isobutylene, 2,3-dimethyl-1,3-butadiene, acrylonitrile,
ethylene, and propylene, the oil extended derivatives of any of them, and mixtures of any
of them; and

25 the particulate filler is selected from carbon black, fumed silica, precipitated
silica, coated carbon blacks, chemically functionalized carbon blacks, silicon-treated

carbon black. and mixtures of any of them.
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Zinc Oxide (AZO 66) T ——4.0 Steari.c Acid

(Hystrene 5016) ”l '” ’ ’ or (Santocure NS)
.M xing Procedures of CEC NR/BR Bl en andc ’ Bl engy@ﬁ%ﬁ%ﬁmt hod

1. Blend natural rubber nmasterbatch, in which all carbon bl ack was | oaded,
with butadi gne rTihgsthaist pedducing Bi@stbradricmpSiite Bl § i di ene
rubber were 90/10, 80/20_ and 709-30.;. 2. Bl_gnéenat u'raccar;ljltji grguﬁr}%lsa eér atch, in
whi ch al | c®dErhencharetetized in that gdditionad partienlataifiller i added dutires thedlger . The

ratios of n ' . re 80/20 and 70/30; 3. Blend
nat ur al rub%ﬁe)&rﬁ?n%fg{iéég%ﬁnéﬁ?o@wﬁgib@ﬁgg%ﬁ%%r%l(#& ¢4t bon bl ack was | oaded,
wi t h but adi ene nmasterbatch, in which 50 phr of carbon bl ack was | oaded, and
oil. 'ghe rati os .qf n%‘ rubLberl to but adi ene rubber were 80/20, 70/30,
60/ 40 and 50/ 50; ' %™ PHdBEIPE Plastomgspmpesie blepd inaccordppcamitb ielabo 3phr  of
carbon bl acfuréxcthatabte@ied iNBEEhE SRRRMAaL pittic ' ; i n which
50 phr of carbon bl ack was | oaded. The raPlia%;m% isﬁlgtgﬁra ﬁﬁ%%@eﬂr}g}ﬂ)

but adi ene r ¢lawmenpEpetoghy dry mivigg gfithe elgstareroonhpsdtesaith Aditibhat BkistGine:.
masterbatch in which all carbon bl ack was | oaded, w th butadi ene rubber and

oil. The ratios of natural rubber to butadi ene rubber were 90/10, 80/20 and
70/ 30; 3. The method of producing elastomer composite blend in accordance with any of
10 claim 1 to 4, further characterized by feeding additive to the mixing zone of the coagulum

reactor, selected from antiozonants, antioxidants, plasticizers, processing aids, resins,

flame retardants, extender oils, lubricants, and mixtures of any of them.

6. The method of producing elastomer composite blend in accordance with any of

15 claims 1 to 5 further characterized in that:
the elastomer latex and the additional elastomer is each independently selected
from natural rubber latex, SBR rubber latex and butadiene ruBber latex;
the additional elastomer is present in an amount equal to 50% to 90% by weight
of total elastomer in the elastomer composite blend; and

20 the elastomer composite blend has 30 to 85 phr carbon black.

7. The method of producing elastomer composite blend in accordance with any of
claims 1 to 5, further characterized in that the coagulum reactor defines an elongate

coagulum zone extending with progressively increasing cross-sectional area from the

25 mixing zone to a discharge end.

8. Elastomer composite blend comprising particulate filler finely dispersed in

elastomer, characterized in that the elastomer composite is formed by a method
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6. Blend CEC masterbatch, in which all carbon black and oil were | oaded,
wi th butadi ene rubber. The ratios of—natural—+ubber—to- but adi ene rubber

were 80/ 20 andwiodéses 7. Bl end CEC i ch 50 giueisgs® bon
bl ack 'was | oaded, wi th butadi ene ma B} “ﬂﬂ IM@Bh 50 phr of carbon

bl ack was | oaded, and oil. The ratlo er to butadi ene rubber
wer e 80/ 20, 7(hb3®;isiﬁ@t}#(3teamf 50/ 50 8 BI end CEC nmsterbatch, in which 50
phr of carbon bl ac:ir nd al l..oil ded wi t h_but adi ene masterbatch in
whi ch 50 phr of carBoHeRqe “’ﬂf‘é’%ﬁ‘ﬂ%élaﬁ?mﬁd#@?'&Iamlmmser to

but adi ene r ubbghe ¥&d ®aBitomd eactéf)/ 30 60/ 40 and 50/50. M xing Procedures A
t hree stage Banbury m x was used for dry m x blends and two stage Banbury
m x for CEC bl ends fesdinggreaptinupesfiow efsecond Stidecampusingfationlate ﬁlhar usdeage i x

for dry @i x bllﬁ%&e hout .masti, Nat ur al
rubber rr?:st I cdtion éﬁ%@ﬂxﬁ%&*ﬂﬁﬁl@? oa?@% rgacgor% orm amlﬁm’@ i 586%%%0'
100 rpm Banburlztcﬂ' elnq:mnmtgwfehe first ﬂﬁﬁ[aﬂ Itt]e@eéfmﬂ ﬂhxdbﬁﬂﬁ&thsmyhﬂg’mne bein ng ° 950
WAt t - Hour s Ban

pr o ure M xing nethod 1: Stage 1
factor: 1c¥e éprl'm g s&gstgr‘g@iﬂcompletely coagulatethe qlgmrmiﬂgqmy the
temperature: coagublh &abthfe Bl ends-CP

discharging a substantially continuous flow of elastomer composite from the

10 coagulum reactor; and
dry mixing the elastomer composite with additional elastomer to form elastomer

composite blend.

9. The elastomer composite blend of claim 8 further characterized by macro-
15 dispersion D(%) of the particulate filler being less than 0.2% undispersed area in a first
elastomer phase of the elastomer composite blend, said first elastomer phase comprising

essentially only elastomer from the elastomer latex.

10.  Vulcanizate comprising elastomer composite in accordance with claim 8 or 9,
20 characterized by having a crack growth rate no more than 1.20 cm/million cycles,
measured in accordance with ASTM D3629-94,

11. An elastomer composite blend comprising at least 30 phr particulate filler
dispersed in a multi-phase elastomer, the particulate filler being selected from carbon

25 black, silicon coated carbon black, silicon treated carbon black, fumed silica, precipitated
silica or a mixture of any of them, and each phase of the multi-phase elastomer being
independently selected from natural rubber, a chlorinated derivative of natural rubber,

homopolymer, copolymer or terpolymer of butadiene, styrene, isoprene, isobutylene, 3,3-
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132 Ti me Qperation 0" add masticated NR 30" . add
40phr of CB 1' 00" add [err] remaining CB 1' 30" add remai ni ng
CB 8' to 13wo9dss® according to power curve Sanple No. pibitoshiss Or
MXing tinme Dunp terrp ([err]C) Energy input (KWH) 1-1 (stage 1) . 6

8' 140. 8 1.45 1-2 (stage 1) 0.65

148. 6 dialkyl-1,3-butddi&@ viheB: thsalkyjerdup is 01 ﬁﬁc3 alkyl, acryléhitrile, ethyleneand 167. 3

1.89 St age 2. ot or speed: 70 rpm
Banbury t e gfl?rraBDﬁeXtendde"‘gﬁtfv§rqff@ eﬁwaﬂ am“"‘%%@%%ﬂ‘e@ add

NR mast er bajiehbin BEcload ersibh of the &bt fiﬁerq{i’th last péﬂ)ﬁﬂ: No.
Dunp Terrperature (&err E?g’r/gy m?)él}'? (KWH) 1- eesa'fq'aoglg oSl 113.5
0.42 1-2 (d%lesret 2% undispersed@rea. 0.46 1-3 (stage 2)

116. 44 0.44

R D
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Stage 3: Fill factor: 0. 65 Rot or speed: 70 rpm

Banbury tenperature: 30[err] C Tine QOperaton 0" add
stage 2 conpound ®agkesur ati ves 3' 00" dunp Sanple. No

Tenperature ([err]C) Energy input (KWH) 1-1 _ 9§.anggmm

0.42 1-2 89.8 1730 0.43 1-3 103. 8
0.45 M xing nethod 2: Stage 1: Fill factor: 0. 65 Rot or speed:
70 rpm (50rpm when tenp. reached 160[err] C) Banbury tenperature:

30[err]C Tine Qperation 0" add masticated NR 30" add
40phr of CB 1' 00" add [err] remaining CB 1' 30" add remai ning CB
2' 00" add oj ~L0 13

dunp according to power curve Blends-CIP
133 -
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Sanpl e No. M xing tine Dunp tenp. ([err] O Energy I nput (KW
2-1(stage 1) 9' 148 1.60 2-2(stage 1)
9.5 wo 94800 1.84 Stage 2: Fill factorpcrmusssr0279
0. 70 Rotor speed: 70 rpm Banbury tenperature: 30[err]C
Ti me Operation 0" 2/30@0dd NR nasterbatch, BR bale, chem cals
3' 00" dunp Sanpl e No Dunp Tenperature ([err] ) Energy I nput
(KV\H) 2-1 (St age 2) 127 0.4 olugc )
126 0.51 Stage 3: Fill factor: APz % 0.B5 Rotor
speed: 70r pm Banbury tenperature: YBGC ii me
Qperation 0" add step 2 conpound and cy Saffple I D
Dunp Tenperature ([err]C) Energy input (KWH) 2-%417.1A8G 99
0.42 2-2 07 0. 44NNRJi hg et hod 3:
S T
. 21y ¢
L W
- ¢
sty e
7 O
/ . o )
< \ | 8 = M
‘L_d__.]l
. |
I\ !
AN
[ 4
o
L.
©
i
\
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Stage 1: NR masterpatch: Fill factor: 0. 65 Rot or speed:

70 rpm Banbury tenperature: 30[err] C Tine Qperation 0"

add mast i cat edwiyBep8d00 add 40phr of CB 1' 00" agderiRiRabng CB
9' 00" - dunp Sanple No ° Dunp Tenperature ([err]C) Energy 1nput (KW)
3-1to 3-4 (stage 1) 142 3/30 1.51 3-1 to 3-4 (stage 1)

143 1.48 3-1 to 3-4 (stage 1) 148 1.52
[err] BR nmasterbatch: Fill factor: 0. 75 Rot or speed:

85 rpm (60rpm when tenp.58eached 160[ er ) Banbury tenperature:

30[err]C Tine Qpeyation O add BR bal e 30"26 add 30

phr carbon bl ack Bleag R 134

ADDITIVES SLURRY LATEX

66_
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40
\/ DRYER

FIG. 3
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1' 00" add [err] of rest of carbon black 1' 30" add remai ni ng

carbon bl ack 7' 00" dunp Sanple No Dunp Tenperature ([err] O

Ener gy | nputwd sWkBee3-1 to 3-4 (stage 1) 159 .38 3-1
to 3-4 (-statg‘éé 1) 0000 158 1.35 3-1 to 3- XTEFRGE

157 1.33 Stage 2: FyJyB(factor: 0. 70 Rotor speed:
70 rpm Banbury tenperature: 30C Tine Qperation 0" - add
stage | masterbatches and chem cals and oil 3' 00" dunp Sanpl e No.
Dunp Tenperature ([err]C) \ 53 1 (stage 2) 115
0.36 3-2 (stage 2) %.40 3-3 (stage 2)

120 0.40 3- SN0 AN 118 0. 37 Stage
3: Fill factor: % X 70 rpm Banbury

t enper at ur e: § :&

[ A LA LA A AR A AL AR A AR R AR AR R RO LS,

\‘/ T = e
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0" .add stage 2 conpound and curatives Sanple ID Dunp

Tenperature ([err]C) Energy Input (KWH 3-1 103

0.44 3-2 107 0.45 3-3 109

0.47 3-4 WO 60 97 0.38 M xi ng et hot 4° St age
1. [err] NR nasterbatches Fill fact&/30 0. 65 Rotor speed:

70r pm Banbury tenperat ure: 30[err] C Tine Qperation 0"

add masticated NR 30" add 40phr of CB 1' 00" add remai ning CB

2' 00" add oil 9' 00" ‘ ] P 135 Sanmpl e No Dunp

Tenperature ([err]C) Enerqg)
1.49

( t o7~ #3( st age 1) 140

\

Y
7
%
%

p.

T IrrT I Il L L ld L L

B3 /
e FIG. 5
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4-1 to 4-4 (stage 1) 136 1.49 4-1 to 4-4 (stage 1)

137 1.40 [err] BR masterbatch Fill factor 0.75
Rot or speedwo 85 rpm (60rpm when tenp. reacpggﬁ r] ©
Banbury terrperggltlﬁﬁrpoe: 30[err]C Tine Qper ati on gﬁ%ﬁ; .

add BR bal e 30" add 30 pht3Qanbon bl ack 1' 00" add [err] of
rest of carbon black 1' 30" add renai ni ng carbon black 7' 00"

dunp Sanpl e No. Dunp Tenperature ([err]C) Energy Input (KWH) 4-1 to 4-4
(stage 1) 159 1.%% 4-1 to 4-4 (stage 1) 158

1.33 Stage 2: Fill

1.35 4-1 to 4-4 (stage 1)
70 rpm Banbury

factor:

t enper at add stage 1
T ’) e
50/ \50 A &6
FIG. 6
16,1
182 \~’—‘j;¢f¢/
' 150\ % v
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1
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179 |
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4-2 (stage 2) ] 133 0.56 4-3 (stage 2) 133
0.55 4-4 (stage 2) 132 0.53 Stage 3: Fill factor:
0. 65 Rotor spe@,g: 70 rpm Banbury tenperature: 027930C
Ti me QOergal (fﬁgon 0" add stage 2 conpound ané’ccr{?r%stal ves
3' 00" dunp Sanpl e No Dunp yegperature ([err]C) Energy I|nput (KW)
4-1 107 0.48 4-2 108
0.48 4-3 109 0.47 4-4 111
0.48 Bl ends-CI P 136 - M xing nethod 5: Stage 1: Fill factor:
0. 75 Rotor speed: 70 rpm Banbury tenperature: 0 30[err]C
- 2
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Ti me Operation 0" add CEC masterbatch 4" . add BR

bale 7 add powders and oil 9 dunp Sanpl e No Dunp
Tenper at ur e W &ifsédy) Ener gy Input (KWH) 5-1 (stage 1) mssis?z%z'/g
1.78 5-2 (stage 1) 107 17253(st
103. 9 1.79 Stage 2 &yl fact or: 0. 65 Rotor
speed: 70 rpm Banbury tenperature: 30[err] C Tine
Qperation 0" add stage 1 conpound and curatives Sanple No
Dunp Tenperature ([err]C) Energy Input (KWH) 5-1 76.7
0.46 5-2 1.0 0.46 5-3 83.3
0.46 M xing nethod 6: St age 1. Fill factor: 0. 75 Rot or speed:
70 rpm Banbury tenperature: 30[err]C Tine Oe.erat i on
.
.
L @
e o

=
)

MW of Sol Portion of NR Masterbatch ( x 10

FIG. 9

( vose pasuadsipun % )
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0" .add CEC nasterbatch 4 add BR bale 7 add
powders Sanpl e No Dunp Tenperature ([err]C) Energy Input (KWH 6-1

(stage 1) W0 99/1668d.4. 8 1.67 6-2 (stage 1)  pcr/usesnozhlS. 6
1.72 Stage 2: Fill factor: - 0. 65 Rot or speed: 70
rpm Banbury tenperature: 30[ err PG JDne Operation 0"
add stage 1 conpound and curatives 3' 00" dunp Bl ends-ClI P 137
Sanpl e No Dunp Tenperature ([err]C) Energy Input (KWH) 6-1
81.6 0.47 6-2 81.4 0.47 M xi ng
method 7: Stage 1: Fill factor: 0. 75 Rotor speed:
"70 rpm
N
N
\ S Y
M bl S
| v} —_
\ e
-]
“ . 3 x
. ° <
b x =4
[X]
k] 2
| ] -1‘ ~ [~
b Lp £ + . T ‘z
| o =
: o] [+ 4
Al ek To L s * 3
» o
® » t- 0 + + g
ﬂ & g‘i"go-r » 2 £
o o X a
° O, + 35
Q ® % X n
6 x|\ o8| 3 O X =
P X X x| *‘ N” B =
(-]
~N
® - - o
v S

( ease passadsipupn %, )
Anenp uoisisdsip-oiaepy

SUBSTITUTE SHEET (RULE 26)



Banbury tenperature: 30[err]C Tine Qperation 0", add

CEC nmasterbatch 2' add BR nasterbatch 5' add povvders and
oi | Sanple Iwbgg,l“(,oDunp Tenper at ure ([err] O Ener gy Inpg&ﬁ,@@ﬁ}mz 1
(stagel) 117 1.33 7-2 (stagel)

1.21 7-3 (stagel) 106.0 10/30 1.14 7-4 (stagel)

105.7 1.24 Stage 2: Fill factor: 0. 65 Rot or
speed: 70 rpm Banbury tenperature: 30[err]C Tine
Qperation 0" add stage 1 conpound and curatives Sanple No Dunp
Tenperature ([err]C) Energy Input (KWH) Mxing nethod 8 Stage 1: Fill
factor: 0. 75 Rot or speed: 70r pm Banbury

t enper at ur e: 30[err]C Tine Qperation 0" add CEC
mast er batch 2’ —aebe-BRnnslonbatloh =

N A
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5' add powders 7' dunp Bl ends-Cl P 138 Sanple I D Dunp

Tenperature ([err]C) Energy Input (KWH) 8-1 (stage 1) 106. 4
1.25 8-2 (staggg 112. 4 1.27 8-3 (stage, 1
103.1- Sobdnesyp |, o 4 (stage 1) 111. 3 B rosdanngys
Stage 2: Fill factor: 1 83):3 Rot or speed: 70
r pm Banbury tenperature: !’, P r]C Tine Qperation 0"
add stage 1 conpound and curatives 3' 00" dunp Sanple ID Dunp
Tenperature ([err]C) Energy Input (KWH) 8-1 78.8
0.48 8-2 81.0 0.45 8-3 76. 4
0.44 8-4 79.5 0.44 Bl ends-CI P
pE
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139 Bl ends-Cl P 140

Tabl e 2 Conpound Characterizati on of NR/ BR Bl ends

M xi ng Sanpl e No. Mooney Vi scosity Undi spersed Area Sol Mol ecul ar
Wei ght Boun Met hod No. M.( 1+4) @.00[ er %
< %M%& 1 1-1 58 (1) @0l PEJI’S??”"’” |
295 40 1-2 1269230 1.00 : 277
42 1-3 64 2.84 243 43 2
2-1 63 1.26 276 41 2-2
62 1.28 246 41 3 3-1
62 0. 86 337 37 3-2 61
0.58 338 36 3-3 64 0. 65
336 36 3-4 64 0. 64 333
34 4 o] waal ARNSel g 53
37 4-2 7P 0. 62 361 37 4-3
68 0} 48 342 3714-4 66
0.54 B4 35

;\

AN

/

0.7

MW of Sol Portion of NR Masterbatch (x 10 *)

L J
0.6

bl o
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5 5-1 58 : 334
5-2 58 319 ' 43 5-3
58 296 41 6 1R58k
WO 99/16600 PCT/US98720279
60 0.32 430 36 6-2 59
0. 40 347 13¥7/30 7-1 65
0.51 422 43 7-2 65 0. 46.
434 42 7-3 62 0.54 428
40 7-4 64 0. 47 404 41 8
8-1 62 0.52 401 40 8-2
64 0.52 434 40 8-3 56
0. 65 407 34624 a2 « 0.51
359 41 |Bliends-|Cl P {141 ablle| 3l | Physical Propgrties of
NR/ BR Bl ends pl 4 No.{ Hardness E100 EBOD | Tensllle El ondgation
Rebound Reb \sL Relbound a Pa VP& % 60[err] C,
Oferr]C, % r. X{l- 1 65 P\ 9 16 29 «200
62 i 62211-p 64 3.1 1y 28 182 65
43 55 1-3 5 3.2 18 2% 404 65
45 me 2-1 2.9 16 26 459 60
39 50
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2.2 69 2.9 16 24 434 60 . 41
3-1 65 2.4 13 26 510 63
3-2 56v0 99/16608 . 4 13 26 514 63
3-3 66 2.5 13 25 488 62 "CT’US%Péﬁm _
3-4 67 2.5 13 14733 468 62 49
4-1 68 2.6 14 57 502 61 42
4- 2 69 2.6 14 25 472 61 43
4-3 68 2.6 14 24 407 60 44
4-4 68 2.7 14 24 459 60 48
5-1 65 2.9 17 28 452 65 41
5- 2 64 2.8 16 27 452 66 43
5-3 64 2.0 16 25 4o 65 T 48
6- 1 66 b 14 ok 5b5 62 42
6- 2 65 9 15 26 462 63 45
7-1 68 0 17 20 472 64 45
7-2 68 0 17 28 459 64 1 - 45
7-3 57 N| |3 9 16 2% 459 64 48
7-4 67 IIN |3 ¢ 16 28 397 65 51
8-1 67 |INZ ¢ 15 28 480 64 46
8- 2 67 g 15 27 475 64 Ja 47
8- 3 66 \ 14 25 465 62 47
8-4 65 . 15 23 400 67 64
Bl ends- Cl P 142 \ Y
\ 2 %
3
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Table 4 Fracture Properties and Dynam c Property of NR/ BR Bl ends Sanple No.
Crack Gowh Rate Tear Strengh Abr asi on Rating Max. Tan [err]

x10[err], cm nghlei ycle Ae C, Nmm @ -1
4.32 %59”"%%%& ! 81 0.176 1-2 Ve fidaabers T3.11
68 83 0. 14yg ;39 1.34 54
88 0.132 2-1 4. 37 55 100
0.178 2-2 2.39 50 99
0.164 3-1 4.30 107 74
0.105 3-2 3.86 97 80
0.181 3-3 3.54 80 85
0. 153 3-4 2.23 73 100 -
0.158 4-1 piys T st amman R
0.188 4-2 4164 1.84 96
0.173 4-3 387 10 113
0.175 4-4 \ 3(73 g3 150
0.174 5-1 g 03 18 114 T+«
0.176 5-2 7 2 a5 113
0. 156 5-3 1 5{ g2 98
0.152 6-1 1] 64 15 101
0.186 6-2 0]61 g1 107 t+ &
0.186 7-1 4459 10 117
0.176 7-2 4] 3( 15 132 <
0. 188 o
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7-3 4. 61 58 144 0.151 7-4

3. 43 52 146 0.132 8-1 ° 5. 08
66 w0 sondhd 0.186 8- 2 4. 80 66
134 619%7% -3 5.19 5gPCT/USI8R0T )
0.165 8-4 4. 43 30, 64 138

0. 140 Abrasion Rating = (weight loss of reference sanpl e/ weight | oss of
sanple) x 100 (reference sanple was sanple no. 2-1) Blends-CIP 143

M xi ng Procedures of CEC/RSS1 Bl ends and Dry M x RSS1 Conpound M xi ng

Met hod Dry: Masticated RSS1 was m xed with other ingredients: CEC. Blend
CEC masterbatch, in which all carbon black was | oaded, with masticated RSS1
and oil. The ratios of CEC natural rubber to RSS1 natural rubbgr were

100/ 0, 90/10, 8g H'I'IFT O B0, M XTI No | CO0 €p A Lhnee stage«Banbury m x
was used for dr} clonpouphd apd two |s a&e Banpurly mix for éEC/ RSS1
bl ends. RSS1 na | | riubber | was| masticlat pd pbefoye ffirsft stagd mx for dry
m x conpound ang] CX( RSSL b| ends. RSS1j jrpgt) clatj onf condition:{ Fill factor:
0.75 | -
\ .
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Rot or speed:, 100 rpm Banbury Tenper at ure: 30[err] C Tot al

bat ch energy: " 950 Watt- Hours Banbury m xi ng procedures: Dry: Stage 1:
Fill factor: 0. 65 Rot or speed: 70 rp

t enperat ure: wo”’%fgf err]C Tine Qperation 0" %gﬁggﬁgig?i cated
RSS1 30" add 30 phr of CB 11 ®030 add [err] remaining CB 1' 30"
add remai ning CB 10 dunp according to power curve Sanple Code.
Mxing tinme Dunp tenp. ([err]C) Energy input (KWH) Dry (stage 1) 10

130 1.7 Stage 2: Fill factor: 0. 70 Rotor speed:

70 rpm Banbury tenperature: 30[err]C Tine Operation 0"

add stage 1 masterbatch, oil and all chem cals except curatives 3' 00"
dunp
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Sanmpl e Code Dunp Tenperature ([err]C) Energy Input (KWH) Dry (stage 2)

124 0.42 Stage 3: Blends-CIP 144 Fill factor:
0. 65 Rotor : 70 rpm Banbury tenperature
30[err]C Ti %rr@f’%ﬂssoo Qperation 0" add stage 2 co%ﬁgﬂﬁ%fn%&
curatives 3' 00" dunp Sanpl q@p?@ Dunp Tenperature ([err]C) Energy
| nput (KWH) 1-1 9 0.36 Stage 1: Fill
factor: 0. 75 Rot or speed: 70 rpm Banbury
t enper at ur e: 30[err]C Tine Qperation 0" add CEC
mast er bat ch 4' add masticated RSS1 7' add powders and
oi | Sanpl e Code Dunp Tenperature ([err]C) Energy | nput (KWH)
M xing Tine
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CEC-1 (stage 1)
CEC-2 (stage 1)
CEC-3 (stage 1

Banbury tenperat ure:

Ener gy | nput ( KWH)
75.7

83.3

. 113.9 1.28 6'
104. 2 1.78 9'
107.1 1.72 9'
CEC- 4 ( st age 1 0 99/16600 103 9 1.79 PCT/US98/20279 9
Stage 2: Fill factor: 0. 65 Rotor speed: 70 rpm
30][ errﬂ@ ’ﬁ’Qe Qperation 0" add
stage | conpound and curatives Sanple No Dunp Tenperature ([err] Q)
CEC- 1 81.3 0.53 CEC- 2
0.46 CEC 3 81.0 0.45 CEC-4
0. 46 Bl ends-ClI P 145 Bl ends-ClI P 146
°
°
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Table 2 Conpound Characteristics of CEC/ RSS1 Bl ends Sanpl e _Code Nboney
Vi scosity Sol Mol ecul ar Wei ght Bound Rubber M. (1+4) @O00[err]C

K % Drgl 61 304 38
CEC 1 WO 59166006 3 378 - 4 PCEUS8R0279
61 362 6 CEC- 3 61
363 s ceca  20738° S5 377
45 Bl ends-Cl P 147 Tabl e 3. Physical Properties of CEC/ RSS1 Bl ends
Sanpl e Code Har dness E100 E300 Tensile El ongati on Rebound Rebound
Rebound MPa MPa % 60[err]C, % Olerr]C, %
r.t., %Dry 69 15 27 472 59 35
48 CED- 1 69 16 30 533 62 36
50 CEC-2 6 T7 30 S oS - 39
52 CEC-3 GE 17 30 497 64 38
53 CEC-4 6 16 31 506 65 38
54 Table 4 Frpet gr and Dypani ¢ Praopejfty 4)f CEC/ RSS1 Bl ends
Sanpl e Code Crafpk| @ Tear B reg%t  Abrasion Rating «Max. Tan
[err] x10[err],} Epi|m De (| N @60[err]C
Dry 1143 22 80 0.178
{1 =
o
.
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CEC-1 3.43 91 120 0.179

CEC-2 : 4 31 94 110 0.174
CEC- 3 3. 65 97 108 0.174
CEC-4 - WO 9%16560 , 106 . 98 PCT/USI80%78 o

Abrasi on Rating = (wei ght |oss of reff Egce sanpl e/ wei ght | oss of sanple)
x 100 (reference sanple was the san%1 . 2.1 1in CEC in NR/ BR bl ends
application) In view of the foregoing disclosure, it will be apparent to
those skilled in the art that various additions, nodifications, etc. can be
made wi thout departing fromthe true scope and spirit of the invention. A
such additions and nodifications are intended to be covered by the

following clains. Blends-ClP 148 W claim 1. A et hod for producing
el ast omer conposite bl end conpr|S|ng elastoner partlculate filler and
optional |y other |pemetients—characterrret—iy—:s Feegng a
continuous flow ofy first fluid conprising| el astoner ljatex to a Xi ng zone
of a coagulumreacfor; feeding a continuous flow of gecond fl uidf conpri sing
particulate fillerjunder presqure to the jm xi ng zone |of the coagpl um
reactor to forma jmxture with the elastoprer |atex, tthe particulpte filler
being effective tof coagul ate tthe el astoney | atex and|the m xi ng LO of
the first fluid anp-the—seconrd—oi-d—wtH c-Rg—zone—beihnp @
sufficiently energptic to subqtantially cpnpl etely £gagul ate the éTastoner
latex with the parficulate filjfler in the
0 i1
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coagul umreactor; discharging a substantially continuous flow of el astoner
conposite fromthe coagulumreactor; and 15 dry m xing the

el astomer conposite with additional elastomer to form el astoner conposite
bl end. 2. WOM6¥et hod of producing el ast oner conposit e BITARES2R
accordance with claim21 further_gh cterized in that: 20 t he

el astoner |atex and the additid%éha£6astoner each is independently sel ected
from natural rubber, chlorinated natural rubber, honopol yner, copol yner
terpol ynmers of 1, 3-butadi ene, styrene, isoprene, isobutylene,

2, 3-di net hyl -1, 3-but adi ene, acrylonitrile, ethylene, and propyl ene, the.oi
ext ended derivatives of any of them and m xtures of any of them and 25
the particulate filler is selected fromcarbon black, funed silica,
precipitated silica, coated carbon blacks, chenmcally functionglized carbon

bl acks, silicorf-treate ar bon ck. and m Xtures ' hm é
Bl ends-Cl P 149 3. he net ho¢l of producing el agt oner conposite bl end !
in accordance With claing 1 or 2 further characterized in tha} additional ‘
particulate filjl er is added during the dry|m xi ng of| t he el asjoner
conposite withjadditiona] elastomgr. 5 4. Thie met hod pf producing
el astoner conpdsite blend in accojdance w tth claim 3 further gharacterized
in that the addrttomarpprticura T Ter—s nrxed— idBt i onal
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el astonmer prior to the dry mxing of the elastoner conposite with

addi ti onal el astoner. 5.
bl end i n accordance with any of 10

from anti ozonants, anti oxi dants,

pl astici zers,

further

The met hod of produci ng el astonmer conposite
claiml to 4,
by feeding addMoi%#s6db the ni xi ng zone of the coagul um r eacPGF/USEAEE

processi ng aids,

characterized
ted
resins,

flame retardants, extender oils, 14B/iX@nts, and nixtures of any of them
6. The net hod of producing el astoner conposite blend in accordance with
any of 15 claims 1 to 5 further characterized in that: the el astoner
| atex and the additional elastoner is each independently selected from
nat ural rubber |atex, SBR rubber |atex and butadi ene rubber |atex; the
additional elastonmer is present in an anount equal to 50%to 90% by wei ght
of total elastonmer in the el astoner conposite blend; and 20 t he
el astomer conposite blend has 30 1o 85 ohe cachon blaclk 7 The net hod
of producing el aptoner clonpositg blend | n accorldance mﬂth any pf clains 1
to 5, further chpracterifzed in tjhat the}coagul ymreactqr defings an
el ongat e coagul ujn zone extendind with pjogressijvely ingreasing
cross-sectional frea fromthe 25 m xi ng zdne to aldi scharpe_end. 8.
El ast oner conpos corprHstag—pattettatie— et rmety d%spersed in
el astonmer, charagterized in that} the el fastoner jconpositle is folned by a
met hod Bl ends-Cl P 150 conpri gi ng the}steps or: f eedijng a cofti nuous fl ow
of first fluid cpnprising elastdqner |latex to a |m xi ng
]
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zone of a coagulumreactor; feeding a continuous flow of second fluid
conprising particulate filler under 5 pressure to the HIXIng "zone of

t he coagul UW agﬁ&hgr to forma mxture with the el astoner |atex, the m xing
of the first'% and the second fluid within the nixing“%ﬂww&ﬁﬁmhg
sufficiently energetic to substzz;i |y conpletely coagul ate the el astoner
| atex in the coagul umreactor; €dfdchargi ng a substantially continuous flow
of el astomer conposite fromthe 10 coagul umreactor; and dry m xing
the el astoner conposite with additional elastonmer to form el astoner
conposite blend. 9. The el astoner conposite blend of claim8 further
characterized by macro- 15 di spersion D(% of the particulate filler
being I ess than 0.2% undi spersed area in a first elastoner phase of the

el ast OMEr  C O pisariutn@umuiirmniieehmnGrGrimh- BNg

essentially pnly el astjoner {fromt he | at ey. | cani zat e
conprising efjastopner conpogite iin acgorddnce Wwth ¢laim8 orf9, 20
characterizefl by having a qrack{gromh rgte nd norge thapn 1.2D cmimllion
cycl es, neaspH-et—tr—eacecoraarce—n SHABSe2G—04—1-1- An—fEleast orer

conposite bl pnd cpnprilsi ng {at | ¢ast BO phr parjticullate tillef dispersed in
a nulti-phasp elastongr, the pafticujate ffillgr beilng s¢l ectpd from carbon
25 bl ack, si]icon coatljed carbonjbl ack, sijlicon treated farbon bl ack,
fumed silicap—precrprtatedysrt¢aorra—rixtte—of—gry—et—thepr and each
phase of thefpmult]-phase ellastofer bging | ndegendently s$el ecfed from
natural rubbpr, ajchlorinatied de¢rivative jof ngturall rubber, honopol yner,
copol yner orjterpplyner of buta i ene| styyene,| isoprene} isoputylene, 3, 3-
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di al kyl -1, 3- but adi ene where the alkyl group is Cl to C3 al kyl,
acrylonitrile, ethylene and propyline, an oil extend derivative of any of

them and a m xture of any of them wherein macro-di spersion E?%%ﬁof t he
particul ate fiMOSPIGM t he el astonmer conposite blend is | ess HRAPHIDY,
undi spersed area. 5 Blends-Cl P 152
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(54) Title: ELASTOMER COMPOSITE BLENDS AND METHODS FOR PRODUCING THEM

(57) Abstract

Elastomer composite blends are produced by novel wet/dry mixing methods and apparatus. In the wet mixing step or stage, fluid
streams of particulate filler and elastomer latex are fed to the mixing zone of a coagulum reactor to form a mixture in semi~confined flow
continuously from the mixing zone through a coagulum zone to a discharge end of the reactor. The particulate filler fluid is fed under high
pressure to the mixing zone, such as to form a jet stream to entrain elastomer latex fluid sufficiently energetically to substantially completely
coaguilate the elastomer with the particulate filler prior to the discharge end. Highly efficient and cffective elastomer coagulation is achieved
without the need for a coagulation step involving exposure to acid or salt solution or the like. Elastomer composites are produced. Such
elastomer composites may be cured or uncured, and combine material properties, such as choice of filler, elastomer, level of filler loading,
and macro—dispersion,. not previously achieved. The coagulum produced by such wet mixing step, with or without intermediate processing
steps, is then mixed with additional elastomer in a dry mixing step or stage to form elastomer composite blends. The additional elastomer
to the coagulum may be the same as or different from the elastomer(s) used in the wet mixing step,




