PATENT NOVEL ELASTOVER COMPCSI TES, METHOD AND APPARKTYS (KR @10 -of the
| nvent.ion 5 The present 'inventi.on is_directed to novel, net hods d
appar atus for producing elastonmer conposites, and t § thovesfueras) omer

qorrp_osi t"es_ produced usi ng such apparatus. More particularly,
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el astoner, for .exanpl e, el astomer cqnposites of carbon black particulate
filler «inely 10 dispersed i'n natural rubber, such as curative-free

mast er bat ch comositions&m earing base ool L}.Lons, and rubber
mat eri al's and products f QAR 2 TS R Dl s | ons. Backgr ound
Nuner ous, products of comerci Lopifi ' \2}' el astonmeric 1.5
corrpositqons wherein particul &£8 Aspersea—a viny of various
synthetic el astoners, natural rubber or el astoner blends. Carbon black, for
exanple, is widely used as a reinforcing agent in natural rubber and ot her
el astoners. [t is common to produce_ a. nasterbatch, that is, a prem xture
of filler® elastonmer and various opi¢ldefthelmyentions sych as extender oil.
Carbon black masterbatch is prepared with different grades of 20 )
comrer cibal | y dvai | dbe pregentiientivmisidireetied ko peiel methods prd apparajesefon peadupiag
unit weight and in "structure." Nunmerous products of conmerci al

si gni ficance easohérrcdrpositessatdito noeel xbistoiier icomposites praducedusiig sireh hethddsack
particulate filler dispersed in natural rubber. Such products include, for

~exanpl e, vehi glfadpafass. mﬁfe‘f‘ﬂ , iéiﬂirfye{lﬁﬁﬁye%{i&?k%'i%&eﬂ to ESHTRRSHS IGW helidds e
used for the tread portion, 'sidewalls, wre skimand carcass. O her
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characteristics can be achieved ]
: elastomer, for example, elastomer composites of carbon black particulate filler finely

10 dispersed in natural rubber, such as curative-free masterbatch compositions, curative-

bearing base compositions, and rubber materials and products formed of such

240 L.

‘ masterbatch compositions.

Background

Numerous products of commercial ‘significance are formed of elastomeric

15 compositions wherein particulate filler is dispersed in any of various synthetic elastomers,

.; natural rubber or elastomer blends. Carbon black, for example, is widel__y used as a
reinforcing agent in natural rubber and other eiastomers. It is common to produce a

masterbatch, that is, a pre.mi'xture of filler, elastomer and various optional additives, such

as extender oil. Carbon black masterbatch is prepared with different grades of

20 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
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enpl oying currently available materials and manufacturing techni ques, there
has been a |ong standing need in the industry to devel op el astoneric
conpositions having inproved properties and to reduce the cost and
conplexity of current manufacturing techniques. |In particular, it is known

for exanple th macr o-di sper si. Level .th ' e unifor.m f

di spersi on of efal.%]tgmgg? %8%"%#%%‘}? og'rr]cag)[oH:brlacFi l13?[1ie‘:rll "*‘3? ﬁh%}ndl#% seglltg]g%%lﬁae}??b%gﬁn
significantly inpact perfaormance characteristics. For .el agstoneric )
conposi ti ons PreEhareduesy includssforcexpmplg, xyshirle Hireg ayhsssin b¢§&4@nbrelaét%ﬂ°
filler wth natural rubber or other elastonmer (such as in a Banbury m xer
or the |ike), compositioos may be used fiarcthe trdadspartion,sidemal]s)iwiessskiim apé caroass méither

i ntensive mxing, with the consequent di sadvantages of increased energy
costs, 15 manpiaGE inchide, forBampledenBinkimdiint BESARRS,Wonveyor bel, RaishieRiCWipers
fillers of certain.surface area and structure characteristics, dispersion
beyond certaj e e o} .. e | ok al L eabl e
usi ng k%ovvn m%ﬁi]rﬁ'ge g%%ar‘gﬁiz% gan t@gﬁeﬁ?’gigs. ﬁ?ﬁ{cg ?{%h,gﬁés%%‘h&{)?glg‘%ged
or nore intensive mXxin eqgr s the patyral pubber by reducing. its

mol ecul ar wei §WP1,°YF‘§rFHE%P&X;g‘FﬁgS? Pﬁf?ﬁ'@d‘“ I‘%?é’f‘%‘ﬁ%ﬂ“g t‘é%‘ﬂ%ﬁ%ahﬂgﬁ&t?eteﬁﬁl e
for certain 20 applications. It is well known to_ enpl oy, carbon bl acks

havi ng hi gher lasg stagdiag needin theindustiy o develaplastemeric compesitiopsihaing impgoved
performance characteristics of an elastoneric conmposition. Carbon bl acks
of hi gher sur pespertesendandeducievtite ist arel ¢congpléxity dficomenttmanufqenoing techmijues.
grow h resistance and cut-and-chip resistance as well as, generally,

abrasi on resi $f aG&ilar, # 3PURANLOr BBl tiaD habloldsperiod RUEBIMGEs IR Lhidratty

Commercial |y available m xing techniques have been unable to achieve

excel l ent unifermiy. of Ji ' f r k .

el ast oﬁ@r, ho&gsgbg%wgt%tghfgﬁégéggﬁ gﬁﬁgleggg?g‘gg@%%é %‘?ﬁ ?%gplr%? Elggilﬁc?nl}lgber.
In fact, for . typi ce% carbon bl ack | %adi ng | evel s in natural rgbber,. Stmh
as 45 phr to ¥BPSHRETIORARACEC TTisHEH Kgr FlRdiomericAemPesitions prpared Byntensiyelyur e
carbon bl acks, such as carbon bl acks of DBPA |ess than 1 | Ccc/100g, |
particul arly niwagthhgubanyblagk prothenfilles vathmaturabyubber 45 othey elastog®n{sugh as in
(CTAB), it has not been possible to achi eve conmpounds having | ess than
about 1% a Banbury mixer or the like), any increase in macro-dispersion requires longer or more

intensive mixing, with the consequent disadvantages of increased energy costs,
15 manufacturing time, and similar concerns. For carbon black fillers of certain surface area
and structure characteristics, dispersion beyond a certain degree has not been possible or
commercially practicable using known mixing apparatus and techniques. In addition,
such prolonged or more intensive mixing degrades the natural rubber by reducing its
molecular weight, rendering the finished elastomeric compound undesirable for certain

20 applications.
It is well known to employ carbon blacks having higher or lower structure and
surface area to manipulate the performance characteristics of an elastomeric composition.
Carbon blacks of higher surface area and lower structure are known to improve crack

growth resistance and cut-and-chip resistance as well as, generally, abrasion resistance,
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undi spersed carbon bl ack (nmeasured as nmacro-di spersion, as described bel ow)
regardl ess of the duration and | evel. Furthernore, as noted above, in the
hi ghly energy consunptive 10 intensive dry m xing nmethods currently in

wi despread commercial use, the mastication of the elastonmer necessary for

di spersing such,carbaon bl acks r |ts in unacc . ) ev . i tion
of the pol ymefi¢ oﬁﬁépﬁlg'oxman%guaﬁiil?ﬁrépmmg%@& ag’ﬁig@f)éoﬁ‘ééﬁ"% '%%“?l%é &?Ye;lé#ﬂ
reduction in the nol ecul ar wei ght of t,heﬁn tural r bbgr L’is undesi rabl e for
many i ndust r i #nable e ackiayg excellentypiformity; of qispession gk garben, plagks,throughopt.thgc o g
nmol ecul ar weight is known to 15 cause an undesirable increase in the
so-cal | ed rol klagtomerc howevenoxithoit urlaecepiabte degradatien ofithe natwidl ingbbieh el facti sl
anal ysis has indicated desirable inprovenents in certain performnce

characteri sti ¢mifl caitdn bR Nb4dinOIePas int dabutal RBBErOMichGs A31phe ko b5 phk sind ofl
hi gher surface area and lower structure, it has not been possible using

known physi Cail)orfag%g Lﬁ‘loWgﬁ'irt% ?éﬁﬁr’é P%. : g@iﬁa%ﬁ%%ﬁﬁsas L2rbBR bR SMSBPA

el astonmeric ¢ ition ar wel ght of the

nat ural rubber i reserve nd sati.sfactor cro-. dispekrsi.on.l evels
of the car bonlﬁmw Pé@‘@@“‘%cﬁﬂsﬁﬁ’ﬂm% af:e%rgg%ggﬁbqlgdﬁa{/sgftgﬁm '8
exampl e, that the elastomer reinforcing properties of a carbon black

i ncrease as t KETARr iti asenot jbgen pessiblota aghinye aemperndichavingsless thapiaow, 1%y t h
extrenely fine carbon blacks an anomal ous condition is known to be

encount er ed, iuAdispersed cirben BagkateadhrédgsrmaceordispersivBSdsGhSirideRbglow) regardless
properties is not achieved. This is understood to be due at |east in part

to the inabil igkihe difaticR MEIBel ORFHheShcHE (48 TBied GBOWS) e effSconSumptive
adequat el y di sperse the carbon black 'in the natural rubber w'thout undue

br eakd of the el r r -ha nt
i 111y to taRes S AR R Eluentih SidRRrenf Shinmel i LEL AdmadiBiRaILI® ]
bl ack and the natural rubber for each other in E??e cas,féall af such cglggon
bl acks. Si nce tRfotiestemenRecessan for disparsingm sunh satbon blacks results 1p ypacerPEBs ISl ds
has been recognized for sone tinme as one of the nost inportant objectives
for achi evi ng ofj distuptipnaofi thy palymherio rebains of thepnatunak rubber elastamac e The resultant
consi derabl e effort has been devoted to the devel opnent of procedures for
assessi ng di spedugtiéiintherholeanldrwdight € the Mtirhiadbbed év@idesieatle for many industrial

applications. For use in tire tread, for example, reduced molecular weight is known to
15 cause an undesirable increase in the so-called rolling resistance of the tire.
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 in which
20 both the molecular weight of the natural rubber is well preserved and satisfactory macro-
dispersion levels of the carbon black are achieved. Generally, it has been found, for
e);ample, that the elastomer reinforcing properties of a carbon black increase as the
particie size of the carbon black decreases. However, with extremely fine carbon blacks

an anomalous condition is known to be encountered, in which the expected improvement
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10 include, e.g. the Cabot Dispersion Chart and various inmage anal ysis
procedures. Dispersion quality can be defined as the state of m xing
achi eved. An ideal dispersion of carbon black is the state in which the
carbon bl ack aggl onerates (or pell et_,l are broken down into aggregates
(acconpl i shed, di spersi v orm e d fromeach er
(acconpl i shed oi’ﬁr‘é‘%‘? %laglygveﬁ] g'ﬁ'%fdf un r?tﬂoqﬁbg% i t iggpagytp t?%@%@‘?’bon
bl ack 15 aggre?at es corrpl etely wetted by the rubber matrix (usually
referred to aof¢anventional glastomer componnding pethbdetesadequately dispense thejcathostblack
which are often related to poor macro- dispersion can be classified into
four maj or cairaenateral rupberchithbutimdiiobreakdoen of theleRstomeripdlgmérs , Thery iadbeen,
appear ance and di spersion effici ency. The functional performance and

durabil'ity of I
ramgth Vs o Hirdbis KRBt ad Ry & kb fuf dVaithed FAY hithtaP SRy SRR RafRA, | ©

wear resistance,_are a ect bstantially

curf ace et cePEck AN ”?I'Qh%%i%l? RiRreBSh ofhen iapepoe Of SiAIcaRpBRYERs

El i m nating the presence of surface defects is of critical inportance in
ol ded thin parts PHicerggrd disprrsion fcashn biack innatiural piBer §AmRRqUPES hasobeepot h
aesthetic and functional reasons. 625163 CIP Page 4 A commercial imge
anal yzer suchreeghized fB/ASnEtimeas ompolfithe inmest) enportny pbjectives o1 achievingrgowd
Kontron El ectroni k GrbH (Mini ch, Germany) can be used to neasure

macr o- di spers lq@z[htﬁzfnd&ﬁihﬁi@ﬂ&n?r@&kct @erfoinidite, dehsideryle effbit has béenQieasted tathev e
macro- dispersion tests used in the rubber industry, the critical cut-off

EAPRIRN STk f‘é)%c%dﬁ_}eé lE‘Eor ot ﬁﬁléua;]&l er &PSMe&O%FaEVd%P

typically conS|st |sperse as wel

t th ts.. which fect both | functional
perf or ihce. ¥ am ”2{‘9959%;@%&% & °vao8¥s'vir§?sfeag%¥ﬁlﬁ‘1§9°&é ks on

a surface (generat ed by mcrotom ng, extrusion or cuttin greater than 10
mcrons in si Bispesionguality carbedefinedascthe getecefimixiggrachiayed. a‘grwieel »dispersiar afsi ng
an i mage anal ysis procedure. Macro- 10 dispersion D(% is calculated as
follows: 1 m karbbh Black is the state in which the carbon black agglomerates (or pellets) are broken

down into aggregates (accomplished by dispersive mixing) uniformly separated from each

other (accomplished by distributive mixing), with the surfaces_ of all the carbon black

15 aggregates completely wetted by the rubber matrix (usually referred to as incorporation).
Common problems in the rubber industry which are often related to poor macro-

dispersion can be classified into four major categories: product performance, surface

defects, surface appearance and dispersion efficiency. The functional performance and

durability of a carbon black-containing rubber formulation, such as tensile strength, fatigue

20 life and wear resistance, are affected substantially by macro-dispersion quality.
Undispersed carbon black can also cause surface defects on finished products, including

visible defects. Eliminating the presence of surface defects is of critical importance in

molded thin parts for functional reasons and in extruded profiles for both aesthetic and

functional reasons.
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% Undi spersed area (%9 N. A4 Mwere A = Total sanple surface area

examined N = Nunber of defects wth size D, 15 D, = D aneter of circle
having the sane area as that of the defect (equivalent circle dianeter).
in = nunber of inmages Macro-dispersion of carbon black or other filler in

uncured natural rupber or .qther suitable e|.a can_ be sessed . usi ng
mge. analysi o of A gomatirsis dsks paie’Suel af e PAS Conbity flodilRags Sralyiet
arbitrarily selected optical images are taken of the cut surface for inage
anal ysi s. Knid4vailahle fromaRentroncElertrenil Ganbdi gYupich, Germany),ean becysad taamsaswse i cal
filtering technique. Cut surface imge analysis thus provides information
regar di ng t hemadroldisperdidmoR carbopciatkoor athar itler. i Typidallya im guantitativeunbero-
conmpound. Specifically, percent 625163ClP Page 5 undi spersed area D(%

| ndicates cargn.l.agks 188 ndhARE %8R, WiAlhicl cuf SETTBRTO10 HiAHR s

aded, nt un

quality is deg perce Irspersed area I ncreases. Dispersion quality

can be_inproved, ,therefore,. by reducing,the reent. undi,spegsed..area. As
noted above. Iigst than sout, 0, Bisragy B 3ee kel ot of Sndipmitied Jckor o fer
efficiency and on nmacro-dispersion. In 5 general, better carbon bl ack
macr o- di sper sasowel] as amyhgritvercpther qamtaminants, grhich canpaffest oty visual and;fupgtiopaly
rubber masterbatch, by I onger m xing and by nore intensive m xing.

Unf or t unat el yperformaneer Thuscinessufimgminro-dispensiva irovolies peasirng defectsamgesurfager e
i ntensive mxing, degrades the elastomer into which the carbon black is

bei ng di sper s@gneratld By inferotSHiAG Cxthusion ot Qbﬂtiﬂ@ﬁ%&@tef thah he niiadas if sizectiyltosd!
rubber, whichis highly susceptible to 10 nechani cal /t hernal degradati on.

Longer and nogg, I)f'gu%ﬂggfégta%%hﬁgmeyﬁkﬁnm\f%%%i i?]r{;)aggan M%ﬁﬁ?& adcro-

apparatus, such as a m xer, reduces t ecu of the

2:£ g(rjﬁl 0r ubbeéisprg_tsslgneb?%t) ?shéafc?xﬂ?g AsttJol?onWs:Thus, i nproved nmacr o-di spersion of

n D2
% Undispersed area (%) = iz’" N, 2
AT 4
where A = Total sample surface area examined
i N, = Number of defects with size D,
15 D, = Diameter of circle having the same area as that of the defect

(equivalent circle diameter).

m = number of images

Macro-dispersion of carbon black or other filler in uncured natural rubber or other |
suitable elastomer can be assessed using image analysis of cut surface samples. Typically,
20 five to ten arbitrarily selected optical images are taken of the cut surface for image
analysis. Knife marks and the like preferably are removed using a numerical filtering
technique. Cut surface image analysis thus provides information regarding the carbon

black dispersion quality inside a natural rubber compound. Specifically, percent
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bl ack in natural rubber is known to be achieved with a correspondi ng,
generally undesirable reduction in the nol ecul ar weight of the rubber. 15
In addition to dry m xing techniques, it is known to continuously feed

| atex and a carbon black slurry to an agitated coagul ati on tank. Such
"wet" techniques are used_ co nly with nt hetic el astoner, such as SBR
The coagul at i Bﬁ*fﬁﬁpﬁfﬁ@d a5ea BT mcqs%@%b%gﬁgh SHCE;disparsion Quality o e BAS or
acid solution typically having a pH of about 2.5 to 4. The latex and
carbon bl ack dispersign quabtyns degrhded)perentgmiisparskd ared increasea.g Dispersom quahty c20
into small beads (typically a fewmllineters in dianeter) referred to as

wet crumb. Thge intdrbVed, iteefofel By eddukiig The pereent ARdSFIRd arday PACRIted abitive B NS
of a vibrating shaker screen or the like. The crunb is then dunped into a

second agitated.tank re Lt 4 . i ~ r
eutral pH  TREHER O v b i M5B i EReRAE AUtk o, Mo ARRL I
screen and drying steps apd fhe |ike. Variations on.this, nethod.have heen
625163C2P Paggenstal Reties carbon black macrogdispsrsian isachieveddn 135%%%%‘8?@8
el astonmers. In U S. patent 4,029,633 to Hagopian et al, which_ like the
present i nvenin arndterahsalibgnauhstesbatihdyy lomgepoidng gnd by morR IHERsIVS PPéREess
for the preparation of elastoner masterbatch is described. An agueous
slurry of car Uafortinacdly, itowever acldeling dettarmatrovdispersion diyuibagerpmobe syemsivet i c
el astoner latex. This m xture undergoes a so-called cream ng operation,

optional l'y uspfign@rdepfide fHe' Mtfonid? BB vHiSiPdRe RarbBH BRCR is Bedtd Ql¥peneed! Mhis is

cream ng of the <Tarbon black/latex m xture, it is subjected to a

coagul ation s . Lhical ly, cr o] . ] re i's
i Todaced ascPeapiiG PESeidsiie it i sl f ARl ABbG, Ralthyts Sherdh Shsckbefis
coagul ating |iquor,. e solid streamof creamed carbon bl ack/latex m xture
is 10 d8id toﬁ%@m&%@l AProiptansive BFIRG, HSIHE kagwg aHxg ng
liquor prior to coagulation, being then passed to a suitable reaction zone
for conpl et i otecirfiques end appatatisa sucbras afBAnbuy migers oestucesthe miodgculan weighpof thae
remai nder of the process is substantially conventional, involving

separati on of nitifal ¢hibbEb nfasrerbatdheconisolsition! athus,timpréved wdcraxdidpevsidhiofgabon
drying of the crunmb. A sonewhat simlar process is described

black in natural rubber is known to be achieved with a corresponding, generally

undesirable reduction in the molecular'weight of the rubber.

15 In addition to dry mixing techniques, it is known to continuously feed latex and
a carbon black slurry to an agitated coagulation tank. Such “wet” techniques are used
commonly with synthetic elastomer, such as SBR. The coagulation tank contains a
coagulant such as salt or an aqueous or acid solution typically having a pH of about 2.5
to 4. The latex and carbon black slurry are mixed and coagulated in the coagulétion tank

20 into small beads (typically a few millimeters in diameter) referred to as wet crumb. The
crumb and acid effluent are separated, typically by means of a vibrating shaker screen or
the like. The crumb is then dumped into a second agitated tank where it is washed to
achieve a neutral or near neutral pH. Thereafter the crumb is subjected to additional

vibrating screen and drying steps and the like. Variations on this method have been

625163CIP
Page 6



15 in U S patent 3,048,559 to Heller et al. An aqueous slurry of carbon
black is continuously blended with a stream of natural or synthetic

el astoner or |atex. The two streans are m xed under conditions described
as involving violent hydraulic turbulence and inpact. As in the case of

t he Hagopi an et al patent nentjoned above, the combined stream of carbon
bl ack slurry W33F£§?bﬁr cqagulation of Jatsel ndnsyngheis glastomess Hyp YiSe patept
addition of an acid or salt coagul ant solution. There has | ong been a need
i n various i nd029,63%30 fHagopiaaxt alyewhich dikehel prkserafinvensivh iis assigned fto | Cabot

di spersed in suitable el astoner, especially, for exanple, carbon black

di spersed in Qafgéraion’ lib&ﬁftmu&i%Vbr’&Geﬁ NBF @S PrepBfatiBn Gf SEPRETh 'maderbskch Gy'ssed
above, inproved macro-di spersion can provide correspondlngly I mpr oved

aest hetic and 6 e

desirabl e ar eder?gévéeér a&:'{' o%?ggﬂgn?‘r%gg&hgpg*“ca?%gﬁ”g% | n ng{)uﬁ% rah X'bber
wher ei n |rrprovedh macro di spersion is achieved toget her vgoth hi gher .

mol ecul c4ic qlastomer latex)  [his aixture undergges g spsalie Freﬁrﬁélgpm&aémn,
invention to maet some or all of these long felt needs. 5 Summary of the

I nvention | n eptivarlinwsing adytdf varibuy kytowasquesning agents. Hodlofving the ersamingopof the

el astoner masterbatch involves feeding sinultaneously a particulate filler
fluid and an edrissmtblackAatéamixiord, it shbjeoted to atoagnlatian siep O Sperificatiyltheihetifadt Or .
A -coagul um zone extends fromthe m xi ng zone, prefer abfy progressi vel y

i ncreasing i nca%aﬁsraa@méxqmm@ﬁmrb&héea%s chv;g&t Eohfenl] &&9{ Ptk Qofd

entry end to a discharge end. The el astoner tex may e el ther natur or

synthetic and e fil id c ris l.ack oth
particul ate fSt{eIQ'% &%ﬁtgpﬁ@{’g b%uo[ro f@%éﬁlﬂd %ﬁ[’egmt ?agfegfar%?ﬂg’?aﬁg}j?t%m&'@
filler fluid |s fed to the m xing zone, preferably as a continuous, high
vel oci t§ jet $d topaearge sheappg an rqr@maé)yﬁaeés(e#mmf&oa@l#tm ligyor pHgr to
velocity. The velocity, flow rate and particul ate concentrati on of the
particul ate 1éagulatien, Bding thear passed to @i suitableoreacticre zonex farr eompletiomiofjthes hear
of the latex fluid and flow turbulence of the m xture within at |east an

upst ream por t ¢cagulatiohhe FoDagidg Ustich OftagaiatiéP 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
15 in U.S. patent 3,048,559 to Heller et al. An aqueous slurry of carbon black is
continuously blended with a stream of natural or synthetic elastomer or latex. The two
streams are mixed under conditions described as involving violent hydraulic turbulence
and impact. As in the case of the Hagopian et al patent mentioned above, the combined
stream of carbon black slurry and elastomer latex is subsequently coagulated by the
20 addition of an acid or salt coagulant solution.
There has long been a need in various industries for elastomeric compounds of
particulate filler dispersed in suitable elastomer, especially, for example, carbon black
dispersed in natural rubber, having improved macro-dispersion. As discussed above,

improved macro-dispersion can provide correspondingly improved aesthetic and
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to substantially conpletely coagul ate the elastoner |latex with the
particulate filler prior to the discharge end. Substantially conplete
coagul ati on can thus be achieved, in accordance with preferred

enbodi nents, without the need of enploying an acid or salt 20 coagul ation
agent. In accordance w th_another aspect, a continuous flow nmethod o
produci ng el fuBetionsl characteristigsn tEispecialyrdesicable are,pew glastomeric sompernds OfiFarBeeous
feeding of latex fluid and particulate filler fluid to the m xing zone of
t he coagul um blackcinonatemt aibberswherginampé@ed 68:CrédRpersiod is ectti¢ved dagsther with
sem -confined flow of a mxture of the elastoner latex and particul ate

filler in thgooaRiuat weidht offthe AAArEE FubBBS LR isRa dbject bEHR gréseﬁthﬁvénabm@f
"wormnms" or globules are discharged fromthe di scharge end of the coagul um

reactor as a substantiall flow concurrently with the on-going

f eedi ng of. t HEOT 3 %)?%%%%%’%%rﬁg’}ﬁgg%hemfﬁ?l er fluid streans 5 into the m xing
zone of the coagulumreactor. Notably, the plug-type flow and atnospheric
or near atnospheric pressure conditions at the discharge end of the

coagul um reactor are highly advantageous in facilitating control and

collectfon of the el astoner nasSummanyofthelmyentionych as for inmediate or

subsequent further processing steps. In accordance wth an apparatus

aspect, neans are lnrauordastefwith 4 fistlaspgcteh asetiwdefor preParing elastdrher masterbattie
m xi ng zone of the aforesaid coagulumreactor, preferably under |ow

pressure, su ba@avésif@édi%g Aiﬁ%@gg%ly gga&il:&a\sfeqm@ﬂhaihqn& an @laGtoHRA RfexAAd to a

provi ded for sinultaneous particulate filler fluid to the m xing

imet o aner gy 0t £ o4 Eoakom eBiiBhof aluliezche sktbhed S the HPUAELink.

achi eve coagul ati on before the m xture flow ng downstreamfrom 15 the

m xi ng zone resgtasebly progressiyely dngreasingdn GossHRCLIOPA AR i the dewpitreamydirection
accordance with certain preferred enbodi nents described in detail bel ow,
means flor f eeffomgan emreemdbtoadischarge end.f The elastomnes dgsex atay beesither fasurat oedi ng
the particulate filler fluid each may conprise a feed channel in a mx

head i nt egral synihetic #nd5tHP phrtichilac! filkér flkidEotpriS&rdaHonbhick Ur deher Particaiakdillerm
zone. The m xi'ng zone may be provided at the junction of such feed channels
effective to coagulate the latex. The particulate filler fluid is fed to the mixing zone
preferably as a continuous, high velocity jet of injected fluid, while the latex fluid is fed
at low velocity. The velocity, flow rate and particulate concentration of the particulate
15 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 discharge end. Substantially complete coagulation caﬁ thus be achieved, in
accordance with preferred embodiments, without the need of employing an acid or salt
20 coagulation agent.
In accordance with another aspect, a continuous flow method of producing

elastomer masterbatch comprises the continuous and simultaneous feeding of latex fluid

and particulate filler fluid to the mixing zone of the coagulum reactor establishing a
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20 within the m x head. In accordance with certain preferred enbodi nents,
the mxing zone is sinply a coaxial extension of the coagul um zone.
Progressive increase in the cross- sectional area of the coagul umreactor
is continuous in certain preferred enbodiments and is step-wise in other
preferred enbodi ments. Additionally, the coagulumreactor may be prgovi ded
with such optéantintoysesemircosfined fowiofemixureaf the elastpmeniateyand particalaterfilies ner
descri bed 625163CIP Page 9 bel ow. Additional optional and preferred
features of tihqheqoagulanuenei Elastemer tnasterieatchoorumb dmthierform of fwarmspoogiebulepn of
el astoner masterbatch are discussed in the detailed description below In
accordance W i j%&ar %o'ﬂ%eﬂé&%?é@en&bﬁﬁfe%@ﬁéul&ﬂmfdrtﬁi sabstarifally téiRehneS a

5 product of the protess or apparatus disclosed above. I n accordance with

preferred enpodinments.. nayel el astoper. co ' . /. '

macr o- di sper st WW@%fw“\'{’[th%°$§?‘P$ fegdling 8@?%%?“?” %Daﬁlé:% at?lfégg}x@ﬁs}/ﬂe%?st he
el astoner, particul ate | oading | evel, choice of pg%%éi c#l aLHe filler d

(i ncl udfng, fito dhemiKiag zomeRinths| eoagulpm reaftorof Natablyy the, pltiertyps, fighy an
surface area and | ow structure) and/or other characteristics not previously
achi eved. | n dfhosphetic pengar atmospheriopressotkscoaditionsap thealisgharge eud ofthe copguiung an
achi eve excell ent macro- dispersion, even of certain fillers, such as

car bon bl acksrdatorage highlyradehntageous irs facilicatiag xoawol andt doliedddin: GTTAB elastomet han
1.2 and even less than 1, in elastoners such as natural rubber, wth

little or no &Eﬂ@@gﬁ%' ?ﬁiu%{, shéifas'fot %?H%ﬁ{te_ bisHibqudht fuftRepraedssiB stepd.n

accordance w yet er ‘aspects e invention, iInternediate products

are provided as well as . final, 15 products ich are fo f i oner
conposi tes produce WTW%Q‘WBGBWF&“%?B PGS ﬂ'leé’ﬁ?‘ggéez@gﬂgere (eh.BB?lr?gtl‘)ﬁ'%}
accordance with another aspect, novel el astoner conposites Pr rovi ded,
conpri 90ng a latex fluid te the mixnggongiof therafaresaid coagulym reactppppietergblypunder low
macr o- di spersion level of the filler in the el astoner conposite being | ess
t han about 0. pféssurelj syubstaneiallyalamsinar26yppr fidve revbtifiohs sandt meansa brsu prayideds for
undi spersed area. Consistent wth the discussion above, nmacro-dispersion

here means t hgmiiRseSusly felfisparticuldt @il fluid® thefdang kdraindsepressudufficient

to create a jet of sufficient velocity or kinetic energy to entrain the elastomer latex as
described above, and achieve coagulation before the mixture flowing downstream from
15 the mixing zone reaches the discharge end of the coagulum reactor. In accordance with
certain preferred embodiments described in detail below, means for feeding the elastomer
latex fluid and separate means for feeding the particulate filler fluid each may comprise a
feed channel in a mix head integral with a substantially tubular member defining the
coagulum zone. The mixing zone may be provided at the junction of such feed channels -
20 within the mix head. In accordance with certain preferred embodiments, the mixing zone
is simply a coaxial extension of the coagulum zone. Progressive increase in the cross-
sectional area of the coagulum reactor is continuous in cerfain preferred embodiments and
is step—wxse in other preferred embodiments. Additionally, the coagulum reactor may be

provided with such optional features as a diverter at its discharge end, as further described
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as percent undi spersed area for defects larger than 10 mcrons. |In natural
rubber masterbatch and other el astoner conposites disclosed here, the

nol ecul ar wei ght of the natural rubber, that is, the MM (weight average)
of the sol portion, preferably is at_|least 625163ClP Page 10 about

300, 000, nore preferably at |east abouyt 400, 000, ing in certai referred
enbodi nent s beelasenAdditional @P&ﬁ%ﬁ 99@ PER%?IT ét“é?sa%tﬁgﬁél?paﬁ?}% g’é?l?gg RESE?
optionally conprise extender oil, such as about 0 to 20 phr, nore

pref erabl y abeontifhious flbs productiont efidlastonier mastedbateh arendiscussagr indtherdesailedch
as are well known for optional use in 5 conmpoundi ng natural rubber wth
carbon bl ack fyeddriBfion Bslo® scussed further below in connection with certain
preferred and exeﬁp?ary enbodi ments, the novel elastoner conposites

di scl osed here can, provide highly desi P |.cal '
per f or mance charac P‘fcﬂ‘?a@g? “&Sc’%? ﬁ‘?oiib{r%,%?%ﬁeéﬂ%?\dv@%tcpgﬁg%%tsa&é(ﬁ?rso agd asa
significant technol ogi cal advance. 10 |.n aca/{o#danc Wi t h, anot h&r a%zreﬁt ,
novel el%st omprodushpbdhe BEcessOrAPpasainsdisciosed bRYe. ¢ b Ageardange yth preferre

her et of ore unobt ai ned, conbi nation of properties, including certain

macr o- di sper siembodiments, noiveltelastomer eampdsitescace providad haying sagrorfispeisighievekofi he
natural rubber, carbon black |oading |evel, carbon black characteristics
(i ncl udi ng surkesetcalesfiliRfdmoletulucweight ofehgelastomer partiohlatelodding level, divice
exceptionally high surface area and | ow structure) 15 and/or ot her

charact eri sti GF-pabficufte HMERRRGudihg, Tol edniihs affdRBIEckofillerNOf exveptidrialiy high

mast er bat ch conpositions and i nternedi ate products are provided, as well as

final products which are fo d_qf :

advant ages of SUHPGEAIE %‘15@8‘& s@%&”g&&fl &@Egl l}egg\‘ga?]%t%ﬁﬂcﬁﬁlﬁ)‘fr%e ;ﬁcﬁxgﬁéﬂj In
understood in view of the follow ng detailed discussion.af certain

preferr i 20 thatsaarde thesmethpde andyapparatps displogad hefe cap m%esexf-:ﬁ@enf SR ng
di scussion of certain preferred enbodi ments will nake reference tq the
appended dr awidispersiohgeven of certain fillers, such as carbon blacks having a structure to surface area

ratio DBP:CTAB less than 1.2 and even less than 1, in elastomers such as natural rubber,
with little or no degradation of the molecular weight of the elastomer. In accordance with
yet other aspects of the invention, intermediate products are provided as well as final

15 products which are formed of the elastomer composites produced by the method or
apparatus disclosed here.

In accordance with another aspect, novel elastomer composites are provided,
comprising a particulate filler dispersed in natural rubber, the macro-dispersion level of
the filler in the elastomer composite being less than about 0.2% undispersed area,

20 preferably less than about 0.1% undispersed area. Consistent with the discussion above,
macro-dispersion here means the macro-dispersion D(%) of the carbon black measured
as percent undispersed area for defects larger than 10 microns. In natural rubber

masterbatch and other elastomer composites disclosed here, the molecular weight ofthe

natural rubber, that is, the MW, (weight average) of the sol portion, preferably is at least
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625163C1P Page 11 Fig. 1 is a schematic flow chart illustration of the
apparatus and nethod for preparing el astonmer nasterbatch in accordance
with certain preferred enbodinents; Fig. 2 is an elevation view, partly
schematic, of a preferred enmbodi ment_consistent wth the schematic flow
chart illustration of Fig. 1, 5 Fig. 3 is an elevation view, partially
schemati c, of atmut B0000amore poefefablyr atdleass nabout #60,008,0being tiw reertaint prefetred
schematic flow chart illustration of Fig. 1; Fig. 4 is an elevation view,

partially in gfBédiments Hetwéen 4005000cast 00B000.UrTHee¢lastOmer ecrApositey opfioriallg
enbodi nent of Fig. 3; Fig. 5is an elevation view, partially in section,

correspondi ng . he. .yl e 1. | ratl I |
preferred enb%%ﬁ?ént?’&{?ﬂgf 8@' @gﬂaassaé&tiﬁoohd %/dl) §\;ﬁ\}t’targ:¢g?fﬁér%8§g%%wﬁtébg-g6ph{)f
Fig. 5, Fig. 7 is,a section vjew of .a m x head suitable f use in an.

al ternative pPeeader a)l, andios ptherpgrediegts suc sasaarﬁr‘éiﬂ'ﬁgg‘i’l‘ﬁwqﬁb °PH%"£&P? dke
area and structure properties (CTAB and 15 DBPA) of carbon bl acks enpl oyed
in certéin higimpoundingenatural mbberewithicatbon dlaskdiller.onts disqussedcforthembalowiin h
the present invention; Figs. 9 - 25 are graphs show ng the

macr o- di sper s¢atnectivat with| ceftbin Dsreferrel emd| exemplagy gmbodin@dhry tiet hevel elastomer
characteristics of novel elastoner conposites in accordance with this

i nvent i on conpéhsasigs CASAANAA Dhet6 KganS PRYYE Righlyd dedirablen phfital GRSFEHIE ARY
with data rel atiﬁ% 20 to control sarrgl es forgﬁlcygrrpari sorr:, execrﬁ?)llmi ng the
significant i oV nts in si cal racteri sti a rfor .
properties acﬁ‘})rlg ré“%‘"n%y ct%ﬁreaaeeﬁgt)s( sbrrelrs‘c%oggrrl‘% 1tte§; ﬁ’&?“éi".“ %ges? StiQQar g?azilpt)hs
showi ng nor phol ogi cal .properties of carbon blacks, i.e., structure (DBPA)
and surface ateSBNIeEI9RkAdvanse| | dentifying regions or zones of car bon
625163C1P Page 12 bl acks (by such norphol ogi cal properties) which are

sui t abll@ for speciIn acqnrdahge with another aspect, novel elastomer composites are provided in

which there is a novel, heretofore unobtained, combination of properties, including
certain macro-dispersion level of the carbon black filler, molecular weight of the natural
rubber, carbon black loading level, carbon black characteristics (including surface area and
structure, e.g., carbon black fillers of exceptionally high surface area and low structure)
15 and/or other characteristics. In accordance with various aspects of the invention,
masterbatch compositions and intermediate products are provided, as well as final
products which are formed of them.
These and other aspects and advantages of various embodiments of the invention
will be further understood in view of the following detailed discussion of certain preferred

20 embodiments.

Brief Description of the Drawings

The following discussion of certain preferred embodiments will make reference to

the appended drawings wherein:
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applications; and Figs. 30 and 31 are graphs show ng the nacro-di spersion
and natural rubber nolecular weight of novel el astonmer conposites in
accordance with this invention,-along 5 with control sanples for
conparison. It should be understood fhat the appended draw ngs are not
necessarily precisely to scale. Certain features may have been enl arged or
reduced for convenFigndeisor schemetie flowpghart) illusifatign;afthe pppasatys GH%\I’“QF}&%(& Ences
used in the foll owi ng discussion are based on the orientation of
conponents il bﬂéﬁ&ﬂi@t élaktorhert hsstebatoh ngcovdameeswith tertain prefestedtegbodimentsher wi se
10 clear fromthe context. In general, apparatus in accordance with

different embodi meps,;Qf e}cﬁﬁi&n’?ﬂe@f‘bhﬂ?s&ﬂﬂmﬁ@oﬁ teBteell énibodihént dbnsistent
|

arrangenents. It wFl be withinthé abliiity of those skilled in the art,
given the benefit of the, present disclosur, 0 determ ne appropriate

di mensi ons an¥iththeschemp é°‘1’8Far5ng§1tFae{‘[°Hs°f§§g'bhe i nvention enpl oyi ng
routine technical skills and taking into _account well-known factor
particulsar to the Fig éhdedn eevation vieay, i Rartially schematicy 0f; %alt?FP%}H’GCWF%Hed
volumes, material selection, duty cycle, and the |ike. Reference nunbers
used in one dembbdifenmgonbistentswith the sobénaaticdloamehagsillistrationef Eigmb, feature or
el ement. Detailed Description of Certain Preferred Enbodi nents By virtue of.

the method and appgfgal iin@HessidhSGev, JirRallysh section it thembelidadicoliguban reaztbrbe
produced in a contifuous flow process involving mxture of elastoner |atex

and parti cul %s‘EmLi 'c{f‘zﬁée érhﬁk}]ﬂﬁerﬁtoﬁ% Bul ence | evel s and flow control
nt to a coa

conditions sufticCl chieve gll ati on even wi thout use of
traditional coagul afi agents. In fact, it will be imged at . [e i zed
to be of great com%lﬁ- g?%q" ‘%‘é’ﬁ%‘?‘? YieWnhBaTtidy 8 seeion metsggn;gﬂjr%% tﬁ%%’ﬂ%‘%@?@
Page 13 crunb is achieved, that is, coagulated | atex is achieved, here

Wi t hout10 he ndetlusteatingianialternative praferred egPbodimesti cation of el astoner with
filler or exposing a liquid |atex/particulate conposition to a stream or
tank of coagul ant. Fid6ds aiséction viewrakemtimsughi lme 6-6 ofFigngnt ati on the cost and
conpl exity of enploying acid coagul ati on sol utions can be

Fig. 7 is a section view of a mix head suitable for use in an alternative preferred
embodiment;

Fig. 8 is a graph showing the surface area and structure properties (CTAB and

15 DBPA) of carbon blacks employed in certain highly preferred masterbatch compositions
in accordance with the present invention;

Figs. 9 - 25 are graphs showing the macro-dispersion, natural rubber molecular
weight and/or other characteristics of novel elastomer composites in accordance with this
invention comprising carbon blacks shown in Fig. 8, in some cases along with data relating

20 to control samples for comparison, exemplifying the significant improvements in physical
characteristics and performance properties achieved by the elastomer composites;

Figs. 26 - 29 are graphs showing morphological properties of carbon blacks, i.e.,

structure (DBPA) and surface area (CTAB), and identifying regions or zones of carbon .
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5 avoided. Prior techniques involving prem xing of |atex and particul ate,
such as in the above-nentioned Heller et al patent and Hagopi an et al

pat ent do not even recognize the possibility of achieving coagul ation

W t hout exposing the latex/particulate mxture to the usual coagul ant
solution with its attendant cost _ and waste_ disposal disadvantages. Feed
rates of | ateklaeksuky syh parrholagicat ®ronerties) vwhich are: spitahle for xspagfic phedust t he
10 coagulum reactor can be precisely netered to achieve high yield rates,
with little famdicitiinexandand little undispersed filler in the product crunb
at the discharge end of the coagulum reactor. Wthout w shing to be bound

by theory, it preSﬁ%&'xo lafid 8 GL gta@ﬁgsﬁ{lkghgQh&HﬁEﬂoidinrPHﬁ&ﬁatﬁVaﬂr@Jﬂei-5

established in the M xing zone e pt that coagulum solids are being

formed there and/ qr. downstream,thereof in .the | um . Extrengly high
15" feed vel ocRpedt e BEpRISeAFhS Horlrdpted T GARAPLELAR s iR Rt
the coagulumreactor and velocity differential relative the latex fluid
feed are bel i withgontsolsample FArfcORRAASIDN  achi evi ng suffici ent turbul ence, -
i.e., sufficiently energetic shear of the latex by the inpact of the
particul ate fill erltfshaildibg widefstaodtthatrtheiggpended drgwingd atti nsy eecgissamilyoprecibely
particulate into the latex fluid and coagul ati on. H gh m xi ng energi es

yi el d product tosesle.eCoaiif featurestinay Aavid bebn exlaged enteddt&dofor 8domRnich@g®tdiaity wi t h
controll ed product delivery. The coagulumis created and then formed into

a desirable egﬁﬂHﬁ@JﬁGn. g?fe%gérdﬁl Wfﬁgﬁt{eg Gk £ Qg% RSO HLDEEA ghow

of met hods and appar at us produci ng the nove ast onmer conposites

di scl osed here. Wil e.variou referr.e enbodi nents..of the jnvent,ion. can
im0y a var| Giepapn GF Bt BhEi the dFRARER iEh Buhuhd Salel R Opiclisd §
certain portions of the follow ng detail ed description of nethod and

appar atlls aspdeardrom theioqatexhy\dargeneral, apparatus in acsprdancesyigndifferent gmbodiments
conveni ence, describe their use primarily in produci ng masterbatch

conpri si ng nadfithainventiob ean Ersinployedom viricuslarrahgenvants. Ibevillvbe Wwithinttineabilitpiofi t y
of those skilled in the art, given the benefit of this disclosure, to

enpl oy the meinagdl skilRAGn3AB e giverd tRCbARAH oR]RE préleMC BIREIORAIRE CtoMIEtRrmhiRE
princi pl es of operation discussed below to produce masterbatch conpri sing

a numper  of aJi[}p%ﬂ}ﬁ{ei d{ﬁer%{ongm c;rieﬂaﬁlms for apparatus of the invention employing routine

technical skills and taking into account well-known factors particular to the intended
15 application, such as desired production volumes, material selection, duty cycle, and the
like. Reference numbers used in one drawing may be used in other drawings for the same

feature or element.

Detailed Description of Certain Preferred Embodiments

By virtue of the method and apparatus disclosed here, elastomer masterbatch can

20 be produced in a continuous flow process involving mixture of elastomer latex and
particulate filler fluids at turbulence levels and flow control conditions sufficient to achieve
coagulation even without use of traditional coagulating agents. In fact, it will be

immediately recognized to be of great commercial benefit that elastomer masterbatch
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el astoners, fillers and other materials. In brief, such nmethods for
preparing elastoner masterbatch involve feeding sinmultaneously a slurry of
carbon bl ack or other filler and a natural rubber latex fluid or other
suitable elastomer fluid to a mxing_zone of a coagulum 10 reactor. A
coagul um zone extends fromthe m xing zone, preferably progressively

i ncreasi ng i ncumbssacheeyed,ahat is,aoagulatad latex i aclrieved chare witheutt the neddr fonreitirer
entry end to a discharge end. The slurry is fed to the m xing zone
preferably asmem;mtdr? itidticatioh OF elaghiee iwlith filRE oPexpddingtd kghid lasbdpariihiildte t he
natural rubber latex fluid is fed at relatively low velocity. The high

vel ocity, flo . and. pardi.cul LN h | r are
15 suft ei ent yoPRRict " sl B SpRCNICRAAAaRE", Thud, 2 iRl olinidEicl
turbul ence of,the m xtur within at | east an upstream portion of the
coagul um zonel™ ?faefg%g&tﬁﬁf?%ﬁwcwan‘ﬁ%t ICPPI%&ﬁﬂ“gf%agB}%E%F utiQffeRn Pst ex
prior to the discharge end. Substantially conplete coagulation can thus be
achi eved, in aveidediaPder techriques énvelvingipremboeg nlatex, andi partinylate, iuch aeiadthef
enpl oying an acid or salt coagul ati on agent. The preferred continuous flow
20 et hod of abovementioned Helle et gl patent andHagspidrea ab patpiiti dvartot telien moogrizethe s
and sinultaneous feeding of the latex fluid and filler slurry to the

m Xi ng zone OpodsiBRitycErastil iOf witBShtabbsiiy OPAHibNER Ysixture to the
sem - confi nedﬁ?l ow'of a m x Ségﬁgﬁ&g he I&gtt ekbszﬁngd&?il%fe? sl urrymiune ttohe
coagul um zone Si.t 1Nt f .of “worps" . or

gl obul es are g?@cﬁ%%gfég{%oﬁgfnqaﬁéh%%éeﬁg%gtggsetnaggo a?{ehrﬁéﬂ)&%%l‘gﬁ*g%anﬁa Sttor as a
substantially 625163CI P Page 15 constant f|low concurrently with the

on-goi ng feeding o e?%‘éat?sa?fgweérﬂ}“‘g% Gﬁ”!SP'éFPKﬁ’EqTJM‘i/to & BERS Fonertithe

m xi ng zone of the coagulumreactor. Notably, the plug-type flow and

at nospH@ri ¢ oeoagulum reacterspmbe precisalemetared te achitive high yield ratdsewith ditlecfragdatend of
t he coagulum reactor are highly advantageous in facilitating control and
col I ection of andEttielundispereed fileg dipHRProudd cAMICAL, the disbharge &M of thiBReagulen Or
subsequent further processing steps. Feed rates of the natural rubber
latex fluid a r I ), % m
reactor can bgg%rsgc‘?gg?l?} ﬁgﬁﬁgégﬂsi%o@gﬁpg%ﬁﬁ%ﬂ%eﬁg?ﬁ ﬁrygf fengb dV\tnﬁ?[h |a"E§|i tle

oo ratex e bl Ml SRLBARed B B2l Shnk BelaBf ok QMRS SR 4 P

being formed there and/or downstream thereof in the coagulum zone. Extremely high

15 feed velocity of the particulate filler fluid into the mixing zone of the coagulum reactor

and velocity differential relative the latex fluid feed are believed to be significant in

achieving sufficient turbulence, i.e., sufficiently energetic shear of the latex by the impact

of the particulate filler fluid jet for thorough mixing and dispersion of the particulate into

the latex fluid and coagulation. High mixing energies yield product masterbatch crumb

20 with excellent dispersion, together with controlled product delivery. The coagulum is
created and then formed into a desirable extrudate.

Certain preferred embodiments are discussed below, of methods and apparatus

for producing the novel elastomer composites disclosed here. While various preferred

embodiments of the invention can employ a variety of different fillers and elastomers,
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coagul umreactor. Wthout wshing to be bound by theory, it presently is
understood that 10 a quasi-nono- phase systemis established in the m xing
zone except that coagulum solids are being forned there and/ or downstream
thereof in the coagulum zone. ExtrenelLy high feed velocity of the carbon
bl ack slurry into the m xing zone of the coagulumreactor and velocity
differential redtsin porcionsraf threcfoliowing detailed désatiptionf dfimethddoandl apperabusl aspectsioft o
be significant in achieving sufficient turbulence, i.e., sufficiently

energetic sheqge fHvehtih Will 9 séiite ifdfandds, foamverténceNgestabd theli ik @rimiarilyein
fluid jet for thorough m xing and di spersion of the particulate into the

| atex fluid and | ' J X1 | =y h : uct
with excell entpr?@gﬁg%lg é}gg@g Fgl'rrllgn%%%é%tﬁ%} ﬁ@ﬁgérﬂiﬂ?o%ﬁ%ﬂ roglb?aecg' gtr‘ggl\l:%w‘ggf P&er y.
The coagulumis created.and then f.orned into a .desirable extrudate. The

af or esai d preﬁh‘i?yquﬂ?éﬁ daths ag, @%@’H‘E‘F'@ﬁ?@é‘ qu]ps gPSIBﬂHF’rFS enpLOYe 8&168}?@

20 conposites disclosed here are discussed in conjunction w th the appended
drawi ngsS  whandiapparausmiisclused berke|inaconedange with the prineipleg of pperatipnediscussed
mast er bat ch enpl oys a continuous, sem -confined flow of el astomer |atex,
for exanple, malow ab probies nlasfefbatdhl tehprisingtae nuraberc of altamatives or rddditdnali t h
~a filler slurry, for exanple, an aqueous slurry of carbon black, in a

coagul um r eactePfs; Jfdrgi m&rﬁ%ﬂm&gﬁﬁéﬁﬂgawbﬁ% GRAMethdds!Tof Siepastiy elastomer

625163C1P Page 16 preferably wth progressively increasing cross-sectional

area, froman entr nd t.0 di scharge end. rm " | - [ » 4l ow
refers to a hi"&ﬁ{eﬁ&g\)&%‘t‘&‘g@s@&g F'énau?l %qu%y%sgu}gg%éﬁ%@brrgg bt?fcgl%rg?ﬂngr iﬁggridanntdt-‘f1 nded
to mean that the flow path followed by the m'xeg Jatex , fluid &nd filler
slurry withi n el sbgirigrfivid o8 pthier suitable glastgmst fuid fe p ixipg ZPYe @ ,eq2guiym

upstream of the m xing zone and is open at the opposite, downstream end of
t he coatul um restmt oA codgatum geneaextends fiomcthemisingrnzbnesf prefiesally pgogressively
reactor. Turbulence conditions in the upstream portion of the coagul um

zone are nai Ntiairéfdhg i @Ossettichal afea lif &5l dotiitream Sfiredtibh Sbmtan dndryhendrio a
concurrently with substantially plug flowtype conditions at the open

di scharge end ag I ool r hSa oustthidreast
in the sense fggcph%t% e:ﬁf[a pzirl%g}lé?gﬁsgegﬁgrtgé;&o gz%%‘gu uﬁ%hi?éﬁwg?ﬁoré}ﬁear

atmospheri c Ple O%H;’ ?et %?Cxirijected fluid, while the natural rubber latex fluid is fed at relatively low

velocity. The high velocity, flow rate and particulate concentration of the filler slurry are
15 sufficient to cause mixture and high shear of the latex fluid, flow turbulence of the mixture
within at least an upstream portion of the coagulum zone, and substantially completely
coagulate the elastomer latex prior to the discharge end. Substantially complete
coagulation can thus be achieved, in accordance with preferred embodiments, without the
need of employing an acid or salt coagulation agent. The preferred continuous flow
20 method of producing the elastomer composites comprises the continuous and
simultaneous feeding of the latex fluid and filler slurry to the mixing zone of the coagulum
reactor, establishing a cbntinuous, semi-confined flow of a mixture of the latex and filler
slurry in the coagulum zone. Elastomer composite crumb in the form of “worms” or

globules are discharged from the discharge end of the coagulum reactor as a substantially
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typically, by sinple gravity drop (optionally within a shrouded or screened
flow path) into suitable collection neans, such as the feed hopper of a
de-wat ering extruder. Thus, the sem-confined flowresults in a turbul ence
gradi ent extending axially or longitudinally wthin at |least a portion of

t he coagul umreactor. Wthout w shing to be bound by theory, 15 it
presently is constansflowdoncheentlylvathetbe gargoimg fesding of the ltexfand aatbon blagk shwrmyt i ng
hi gh turbul ence m xing and coagul ation in an upstream portion of the

coagul um r eackwéams inabe htxingzbte sfthe taaghiual teictpt. UEotam,ettﬁipwg:qgﬂofvl and of
a solid product at the discharge end. Injection of the carbon black or

other filler §“” ' jﬁﬁ | ] Al |

on- goi ng fashion sél%/er?g?){ ger?ggﬂi Sﬁlllé\?\illE ?’ R eaeslé&g#ioh%%t@c%#dggrggé Q?E’g&%%gé (%érlr@r 20
mast er bat ch crunb di schayged under suhstanti all | ug-type flow conditions
and gener al | y ¢35t} 3éﬁE“Egiye%‘g’ﬂ{“ég%&“st'ﬁgcﬂlt%‘%@@‘gfiﬁﬂjg 6‘?'@“‘%" 883‘5 Hamer
reactor. Simlarly, axial velocities of the slurry through the slurry

nozzl e iSnt o t kempésite prpduot; suchras for imestidte gr subsequisnt fupbenpraegssiag steps. Kded
coagul um zone are substantially higher than at the discharge end. Axial

vel ocity of thftesbfthe yiatirdl lrutibeplated fluid hrd sabed blaclkhslony esltHeanikingedons efthed as
it enters the 625163C1P Page 17 mixing zone, preferably froma small bore,
axi all'y ori entgghffffadttfiGnbe pRERAY HRAE tWiatiieveMighlyidld e WhRditRESlatex

di scussed bel ow.” The axial velocity of the resultant flowat the entry end
of a coagul um.r or_w th ndi,.ng, G - | r ' '
application rrﬁi}ggigt?e f"(’)ar%pg{(sggp e,°n§ 1%(1)( 158ﬁ$gg%%%te‘?rﬂgjlgcagﬁggdgﬁ%f? %%))rﬁgd ﬁ@ﬁ’a |y
7 to 15 feet 5 per second. At the discharge.end, in.contrgast again, .axial
vel ocity of tﬁ%&?&’é‘i'@?ﬁ%’t C‘NQ‘QHImﬁﬁgﬁé&“ﬂsyg‘&oﬂf’éﬂ{ﬁwgﬂ‘St"H‘gF@t%plt atin a
typical application be approximately 1 to 10 feet per second, and nore
generallly 2 t @ qBasi-gwnopbasesysteamis.estiblished intthe afixing zenedkxseptithat coaguilym dolids
turbul ent flow achi eves the highly significant advanfage that natural

rubber or ot hRsbeRlFsRaRlere @idfor dobmaRRAGIh@bsHin B coigulusi 2ond. t Bxeendlphighl ack
.or other filler even in the 10 absence of subsequent treatnent in a stream

or tank of aci ; Eaﬁﬁufh ' r?goib et LABtILR tb&Sor and
pref erably qugl%flyénlg#lé'eﬁr%fo uctb&ggﬁlpﬁwoftﬁeg% e (Izlg\aé%u um gl? eacrt or rfaélr
subsequent pr nglce)gltsyl cﬁ'ge'rential relative the natural rubber latex fluid feed are believed to be significant

in achieving sufficient turbulence, i.e., sufficiently energetic shear of the latex by the

15 impact of the particulate filler fluid jet for thorough mixing and dispersion of the

particulate into the latex fluid and coagulation. High mixing energies yield the novel

product with excellent macro-dispersion, together with controlled product delivery. The
coagulum is created and then formed into a desirable extrudate.

The aforesaid preferred apparatus and techniques for producing the elastomer

20 composites disclosed here are dis;cussed in conjunction with the appended drawings,

wherein a continuous flow method of producing elastomer masterbatch employs a

continuous, semi-confined flow of elastomer latex, for example, natural rubber latex (field

latex or concentrate) mixed with a filler slurry, for example, an aqueous slurry of carbon

black, in a coagulum reactor forming an elongate coagulum zone which extends,
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It should be understood in this regard that reference to the coagul um
reactor as being "open"” at the discharge end is not intended to nean that
the discharge end is 15 necessarily exposed to view or easily accessed by
hand. It may instead be permanently or rel easably attached to a collection
devi ce or subsequent processing device, such as a diverter (discussed
further bel owpreterably with progresinelyiincreasingecrasssestionah areao fgm ¥hentBagidbio aj s
open in the inportant sense that the turbulent flow within the coagul um
zone of the . disclpirgeiend: cEtetterm “sehiicbnfiredlifiderrefergio phighly adeantagdoustaitack.
agai nst any significant rearward 20 (i.e., upstream travel at the m xing

zone, 1s permakl,gd hé:fé 186t lid iffenddacto heah eRat itk FA5ve PEHTEI0védhyOthe WidkedTlhtey

gradient as it travels toward and exits fromthe discharge eénd. It should
al so be recogni zed in.thi.s regacd that the turbul.ence of the flow | ns
al ong the coaaﬂiﬁu?ﬂ‘fr gg@’t‘ﬂ‘l‘"’f iy the, goaguluy, Leagior I glos ul?étsélﬁft?%{ *‘W&%‘%% | ow
of a solid product is achieved prior to the discharge end, ,dependent upon
such fadtors upstsamesthe mixing 5 2SS DPerreljhe appositey dewisiressp end Qg £ SAagulum
selection of materials and the |like. Reference here to the flow being
subst anti al | yreactey, thhioisy atheodisdhefgeread ofithedioagiiamgeactord Tofrbulense cordjtionsin
reactor should be wunderstood in |ight- of the fact that the flow at the

di schar ge end teSySReRaSRMIGH bE cbiguRim z61Y dré aintsihedTidsdresding, ot lestigdasi-1 hat
i's, globules or "!wor nms"™ of coagul a%ggd el astomer 5 naster batg%. The crunb is

typically q uaggggdy;%agggsﬁi& mgu&&a&hq,ﬁh Séﬁ?#%\li\:/ﬁg)é Eiggefma%le BhdifoMat e dpe8

point along t ul um zone at I ch substantially plug flow.

The ever-advanci,ng mass.Qf "worns" ar obyl es advant ageou hav

pl ug-type flo SFlﬁggeteﬁa o_gg’ﬁ%agtuh’ﬂ reﬁﬁgygt}}eegis%q ?’ﬁds g‘gﬁa@r 3{ l%vtg%ﬁlre)rs?%ri ly
axially toward the discharge end and at any_point in tinme in a given
cross- skt i onthat it m@@gﬂ'ﬁ 26 ceagwlum, generally 3t AL RGAE atmosphendpreesuse padr | y
uni formvelocity, such that they are readily collected and controlled for
further procesypidally, by kitiple grivdtyfdrop @ptidratewithiniarshrondedot saieened ewgatiyimocan
advant ageously be carried out at steady state or quasi-steady state

condi tions, 1 ggitinid dfllettibnthéis) s%&l?hssth@ffeedn{oPEéMf alRlwakAhd dxtruleR! FRBY thed

enbodi ment of the method and apparatus disclosed here is illustrated
semi-confined flow results in a turbulence gradient extending axially or longitudinally

within at least a portion of the coagulum reactor. Without wishing to be bound by theory,
15 it presently is understood that the coagulum zone is significant in permitting high
turbulence mixing and coagulation in an upstream portion of the coagulum reactor,
together with substantially plug-type discharge flow of a solid product at the discharge
end. Injection of the carbon black or other filler slurry as a continuous jet into the mixing
zone occurs in on-going fashion simultaneously with ease of collection of the elastomer
20 masterbatch crumb discharged under substantially plug-type flow conditions and generally
ambient pressure at the discharge end of the coagulum reactor. Similarly, axial velocities
of the slurry through the slurry nozzle into the mixing zone and, typically, at the upstream
end of the coagulum zone are substantially higher than at the discharge end. Axial

velocity of the slurry will typiéally be several hundred feet per second as it enters the
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15 schematically in Fig. 1. Those skilled in the art will recogni ze that
the various aspects of system configuration, conponent selection and the

like will depend to sone extent on the particular characteristics of the
i ntended application. Thus, for exanple, such factors as maxi num system
t hrough-put capacity and nmaterial selection flexibility will influence the

si ze and | ayomxingfzong,prefrablyrfiamarsmall bpre, gaallyr eriented feed wbp i arsprdaneswitiy | |
be well within 20 the ability of those skilled in the art given the benefit

of the presengrefinedleabodinentsidiscussed belowi. | Thesixia veldcity of ihg reshiltarst floseat the
I nclude nmeans for feeding natural rubber latex or other elastoner |atex

fluid at | ow RV ' | X icaPf a
coagul um roactp eifh B Eotdllny TLRE Wi PR SHote siiontl Hihn @ Rpicel 0
hol d. the feed supply of |atex unde sure. Alternativel a,la
storage tank ¥plicsionaygbe, ?‘6'2"31’@8 1 t@éﬁiﬂﬁiaefeﬁﬁ?'ﬁgéa‘? Wof%u%m;%? .t%ﬁgfeﬁ c

punp or series of punps or other suitable feed neans adapted to hold
el ast onBr | at per secondd Abtheadischargeiend.finsantrash @gaip, axial yelgewty A thegnastespatgh
coagul um reactor 14. Latex fluid in tank 10 nay be held under air or
ni trogen presaumb peoduthiseing discharged tieré Will intahtgpikatapplidation te approeithately 1 he
m xi ng zone at a line pressure of preferably less than 5 10 psig, nore

preferably abpyfeetper s@ofs iafld mdRlgdnkidil§ 2/th s fedt et séeoR@ i Thus! i dféresaid sead
pressure and the flow Iines, connections, etc., of the |atex feed neans

shoul d be arran ro bl ok . | fd i S
reasonabl y pog%rﬁ%?%.t&r&r“g@gfog%?@&%lef h}@ll%éb?y %'gﬁgqé&gﬁ J(j)‘?ahe grtriﬁ#élgmga?éh lgﬁr’g{)gt h,
with only large radius turns, if any, and snpoth or faire ne-to:-|ljne

i nt er connect i %@(elweﬁh&‘éﬁ?‘@gﬁﬂéw@éy Bpfwg Wi cyﬁ%ep&laﬁﬁé’fagﬂ %’tﬁ LW the
velosity 10 into the m xing zone; an exanple of a useful flow velocity is
no nor d0t han slisence 0P sybsequenptreatmenioinch stswim abtank«if asidoselt or gthex ceagulant

i nclude both natural and synthetic elastomer latices and |atex blends. The
| at ex must, ofolGwkeH, Kith doatrolld; pleferablp quasbagidedt produdtydetivery frohetht edagulum
particulate filler and nust be suitable for the intended purpose or
application o i coproduct. It will be within the ability
of those skil feea%tlafﬁgrtsﬂgéeg#%t?g&ggﬁﬁx}?gt suitable elastoner |atex or a

suitable bl end _Of ﬁl s%gltllg%%runhggtlo% ?n Ih?sr reggr% thzﬂ rgégen@{ohﬁg%o%%m reactor as

being “open” at the discharge end is not intended to mean that the discharge end is
15 necessarily exposed to view or easily accessed by hand. It may instead be permanently or
releasably attached to a collection device or subsequent processing device, such as a
diverter (discussed further below), dryer, etc. The discharge end of the coagulum reactor
is open in the important sense that the turbulent flow within the coagulum zone of the
coagulum reactor, which is under high pressure and sealed against any signiﬂcanf rearward
20 (i.e., upstream) travel at the mixing zone, is permitted to establish the aforesaid pressure
and/or velocity gradient as it travels toward and exits from the discharge end.
It should also be recognized in this regard that the turbulence of the flow lessens
along the coagulum reactor toward the discharge end. Substantial plug flow of a.s.oli.d.

product is achieved prior to the discharge end, dependent upon such factors as percent of
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apparatus disclosed here, given the benefit of this disclosure. Exenplary
el astoners include, but are not limted to, rubbers, polyners (e.g.,
honopol ynmers, copol yners and/or terpolynmers) of 1, 3-butadiene, styrene,

i soprene, isobutylene, 2,3-dinethyl-1,3-butadiene, 20 acrylonitrile,

et hyl ene, and propylene and the |ike. The el astoner may have a gl ass
transition te iftutiligation Keleatorrefvhatesisls byd thefliker Refetence herana thiedflow being
calorinmetry (DSC) ranging fromabout -120 C to about OC. Exanpl es include,

DSC) :
but are not Im%@%ﬁ gl'ug fﬁ,gygtgj}%éﬁ,lﬂé ﬁg:ﬁgﬁygﬁ%&@a@lm}% shatipge and

its derivative s-chl orinated ut adiene, pol yi soprene,

pol y(stryene-co; but adi ene) .and the oil, extended, 625163C| P Pa 20 .
derivatives o\‘“dgmpogfm Eﬂ’éﬂf %Bf”é?h@? tgf ﬂSWftt gI?e ‘fiﬁ’ga%rea &%&‘Pﬁa%‘emw‘w
used. The latex nmmy be in an aqueous carrier liquid. Al ternatively, the
liquid carri eentirgly ofanastenbateho eaunbo that 45| glehvles gr*vearnse € gpagulaied elastomener

| atex fluid nust be suitable for controlled continuous feed at appropriate
velocity, premastesbaschd Theroowmb isatypicallyi quiasi-rhdldedrioxtha insitdershapeRafithe cadgalund

sui tabl e synthetic rubbers include: copolynmers of fromabout 10 to about 70

percent by vedrglhi theboit M6y 18e 8oHEulunPrBrRle WhichGlowPbetRMk subktanfiel e Sing ABW.

wei ght of butadi ene such as® copol yner of 19 parts styrene and 81 parts

but adi ene, a A t> ' .

copol yror of T SRl s 88 S S BRuRE Hauae BBl bR ERE RO in
parts styrene and 50 parts butadj ene; | yners and .copol rs of 10

conj ugat ed di@ﬁégn%ﬁlazﬁt e g ’t"&(ﬁ%‘ﬂgl,y é’o‘?'}’?@ﬁb?"@ﬂ ,t%érr%wdg%ﬁ%ﬁ@ and
the |ike, and copolyners of such conjugated dienes with an ethylenic

gr oup- cont ai nangdcpt ARY-RNImSN time I given ¢rossniestiomef thaicedgubim ronenear the diseharget hy |
styrene, chlorostyrene, acrylonitrile, 2-vinyl-pyridine,

5- met hyb- 2- vi énd Haye a fhirleuniformtvlpkity) sutctthapthey aierreadily-coliécoad arfd-controlled for
vi nyl pyridi ne, alkyl-substituted acrylates, vinyl ketone, nethyl

i sopr openyl kﬁ}gﬂﬁyr%%g%@é ITHhS, tifd qm&'ﬁﬂsé Riféing éb&bﬁﬁgﬁéiwh%féecaﬁ%@é}%&%ebﬁslﬁci ds

and the esters thereof such as Tacrylic acid and dial kyl acrylic
acid am de. so sujtable for use herein are copol.yners of. ethylene apd
other i gh al RREBRLPTAL SeabhollE oo AGyrEad) TS EBRGITR, Ferdlion FLiNK BY8LEF
noted further bel ow, , the rubber conpositions of the present invention can
contain, in product uniformity.

A preferred embodiment of the method and appafatus disclosed here is illustrated

15 schematically in Fig. 1. Those skilled in the art will recognize that the various aspects of
system configuration, component selection and the like will depend to some extent on the

particular characteristics of the intended application. Thus, for example, such factors as
maximum system through-put capacity and material selection flexibility will influence the

size and layout of system components. In general, such considerations will be well within

20 the ability of those skilled in the art given the benefit of the present disclosure. The
system illustrated in Fig. 1 is seen to include means for feeding natural rubber latex or

other elastomer latex fluid at low pressure and low velocity continuously to a mixing zone

of a coagulum reactor. More particularly, a latex pressure tank 10 is shown, to hold the

feed supply of latex under pressure. Alternatively, a latex storage tank can be used,
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addition to the elastoner and filler, curing agents, a coupling agent, and
optionally, 20 various processing aids, oil extenders and anti degradents.
In that regard, it should be understood that the el astonmer conposites

di scl osed here include vul cani zed cgppositions (VR), thernoplastic

vul cani zates (TPV), thernoplastic elastoners (TPE) and thernoplastic

pol yol ef i ns ( Eqdpped Ptk a RFisaltia pump PP rien pEpumpssoraatherfsyitatiiefeed means adapigd by

their ability to be extruded and nol ded several 625163C)P Page 21 tines

wi t hout | 0ss @ hBRF dlastomectex Thidrt vy fed tviacfeed MiRUR tol imixing zopetdfie cohggtroner
conposites one or nore curing agents such as, for exanple, sulfur, sulfur

donors, acti YBLRi 34 BRESHGH AR 100 | fifBundePar 6f ﬁ%g&yﬁkm ortfel ike

ef fect vul cani z 0 tomer conposition rmay be used. 5 Wiere the
el astonmer | atex conprises_natural rubher |atex, .the natural e X
can conprise e ‘gﬂtlﬂr&’( latex gwgllsa{egio th TuEing Izgreee%(t(apl}n&%%sg&r,e q?g;éféér?@%qsé?ﬁa@y
evaporation, centrifugation or cream ng). The natural rubber | atex nust,

of course, be 19psigatsherefpreferablyaghouti-chpdigs anddypieallyahowt 2ere. ke latex &sed; s
provided typically in an aqueous carrier |liquid. Alternatively, the liquid
carrier may berasiy aidheflowlingptonnadtions,retangf the katex feehmedr sheuld berrrangsder

| atex fluid nust be suitable for controlled continuous feed at appropriate

vel ocity, pressuhRe sidr iﬁ@mw%ahﬂeﬁﬂuihra& fow Rereaiotiablg posyitste. Fieeruisty bll Rowwn

instability of natural rubber Tatex is advantageously accommobdated, in

Lhe. syst em undPe [ refpEri St vich Sy TP TS IS, KR, SRS Shobllgh et

t he system unti ntraine or esal sem -confi ne

turbul ent flow upon encounterin e extraordinari ly.high vel ocit 15
ki netic ener g)}mﬁ‘fwﬂﬂ%“ﬁ%{%‘?{ﬁc‘b‘? cbhh§ PEFSFYFeittS q"?gedrﬂ) %’faﬂ%g‘féjﬁg.re%fﬂr?v%l‘ée?&g?n
preferred enbodinents, for exanple, the natural rubber is fed ai)o t he

m xi ng Hbne atintg theraixingrzone;an expmple of apsefyl flow velogityaig ng arqse thap apput; Izdfestange
of about 3 - 12 ft. per second, nore preferably about 4 - 6 ft. per-
second. Sel ectgepsecond.a suitable | atex or blend of latices will be well
within the ability of those skilled in the art given the benefit of the

present disclosure sﬁ;ﬁ&le agstanhé‘r IKtBeki@SAGuA botk hattidl 8 §ntHeit eRstORTRE latitdsy
eln

wel | recogni zed in ustry.

and latex blends. The latex must, of course, be suitable for coagulation by the selected

particulate filler and must belsuitable for the intended purpose or application of the final
15 rubber product. It will be within the ability of those skilled in the art to select suitable
elastomer latex or a suitable blend of elastomer latices for use in the methods and
apparatus disclosed here, given the benefit of this disclosure. Exemplary elastomers
include, but are not limited to, rubbers, polymers (e.g., homopolymers, copolymers and/or
terpolymers) of 1,3-butadiene, styrene, isoprene, isobutylene, 2,3-dimethyl-1,3-butadiene,
20 acrylonitrile, ethylene, and propylene and the like. The elastomer may have a glass
transition temperature'(Tg) as measured by differential scanning calorimetry (DSC)
ranging from about -120° C to about 0°C. Examples include, but are not limited to,
styrene-butadiene rubber (SBR), natural rubber and its derivatives such as chlorinated

rubber, polybutadiene, polyisoprene, poly(stryene-co-butadiene) and the oil extended
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The particulate filler fluid, for exanple, carbon black slurry, is fed to
the mxing zone at the entry end of coagulumreactor 14 via feed |line 16.
The slurry may conprise any suitable filler in a suitable carrier fluid.
Selection of the carrier fluid will depend l|argely upon the choice of
particulate filler and upon system paraneters. Both aqueoui 625163? P Page
22 and non- aqdestyativesiofanylof thein. Flends of any\pf the {Regqing aiay glsp e pegd: khe; lafexany
enbodi ments in view of its cost, availability and suitability of use in

t he producti omapbe inanaqueohs earherdiquid. Adtenativelypthediquiflichirier my be mihgdrocien a
carbon black filler is used, selection of the carbon black wll depend 5

Opt Lo 1y, ek chnelidieohi
ge'y up t%]cg‘f'en{. %%gﬂ@%lnggﬁ ePistoiee lafek R PHBE HERGH:AY1ORIr €ontp6 tinuous

Optional |y, car filler can include also any material which

can be slurrigd,and fed to the mxin ' M t .
principles di &?%‘S@Br%)gﬁg-y el@ﬂ&’ 35‘?5%“’5%&‘??&%%}5 at?o%éx?{oﬁ@%ﬁ%ﬁé@ %clthel gfrig icular

I ncl ude, for exanple, conductive fillers, rei Eﬁ_orc' ng fil !aa?)rs, (Li | | erg
conpri sPng shsiteblesyhesicrubbsrs imcluge:ngopakners of frem abait-10 toaboyt TRpercent by
40), flakes, etc. 10 Thus, exenplary particulate fillers which can be

enpl oyed i n pweighiifistyreneasd Eoer aborti8Q tor abmut B0 percem byrwrighs of hirtadieng guchds hods
and apparatus disclosed here, are carbon black, funed silica, precipitated

silica, coategopobmeeof DI pus styréie ahd 8l pattsibutadiengazbpalgder afBOants styaeresandsuch
as those having attached organic groups, and silicon-treated carbon bl ack,

ei ther al one ' i nat | - e i . . g
functionali zez6 lﬂgﬁégdrﬁg%ﬁ 1 gg‘{ég%f E’ggﬁt ﬁ%{slegtyr'eﬁél ahd@Y7epnchltadiee/ and 2

di sclosed in International

Application No. RPCT/US95/016194 (W9613688),. the discl f ' i

her eby i ncor pS?%ffl%’Berb?P?éP %ﬁté%e.(“el.aﬂgisfal ‘?avf‘)(?nb-utt%a?eengt e 1@3%%%&)6?&%&3&
silicon containing species such as an oxide or carbide of siligon,. IS

di stri @ ed t ronmggteddienpench a%qu&utaﬁ@ne,eplytsaareeeamlyﬁhlsr%weawf &5 Jke and 4
intrinsic part of the carbon black. Conventional carbon blacks exist in
the form of agopatyndresf such kofjgated dieagy with aancetbylagic groumcesftaiping meflamer
phase, which is carbon. This phase may exist in the formof a graphitic

- crystal |l ite apggpslymerimabRRRsIEWRR s s sBftehe, et lytene Schidrsityfene, Gdcryilbritrilé, Wo

forms. As discussed el sewhere herein, carbon bl ack aggregates may be
modified by 2-vinyl-pyridine,  5-methyl-2-vinylpyridine, ~ 5-ethyl-2-vinylpyridine, 2-methyl-5-
vinylpyridine, alkyl-substituted acrylates, vinyl ketone, methyl isopropenyl ketone, methyl
15 Qinyl either, alphamethylene carboxylic acids and the esters and amides thereof such as
acrylic acid and dialkylacrylic acid amide. Also suitable for use herein are copolyrﬁers of
ethylene and other high alpha olefins sﬁch as propylene, butene-1 and pentene-1. As
noted further below, the rubber compositions of the present invention can contain, in
addition to the elastomer and filler, curing agents, a coupling agent, and optionally,

20 various processing aids, oil extenders and antidegradents.

In that regard, it should be understood that the elastomer composites disclosed
here include vulcanized compositions (VR), thermoplastic vulcanizates (TPV),

thermoplastic elastomers (TPE) and th_ermoplastic polyolefins (TPO). TPV, TPE, and

TPO materials are further classified by their ability to be extruded and molded several
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depositing silicon-containing species, such as silica, on at |east a
portion of the surface of the carbon bl ack aggregates. The result nay be
described as silicon-coated carbon bl acks. 625163ClP Page 23 The material s
described herein as silicon-treated carbon bl acks are not carbon bl ack

aggregates which have been copated or otherw se nodified, but actually
represent a difes sYiEthaut dpssqofope Sracharagtensticy  sThusc ih making; e elastaraer

bl acks, the aggregates contain two phases. One phase is carbon, which wll
still be presenmpasitegrenehdr more cyrirga hgentse swohddsp forsexample hsnifer, salfimodonosk)i | e
t he second phase is silica (and possibly other silicon-containing

speci es) . Thugctivattfs, atdeléibrss peroRides, afld SRRE sRfen1ASE tPéffdch QuigariZzafion of figat ed
carbon black is an intrinsic part of the aggregate; it is distributed

f
t hr oughout at Lk on_of. I h aggregate. It will be appreciated
that the nul tiekgtggltgrg%'ggé%tgf el yatr’eeusgﬂ'i te different from the silica-coated

carbon bl acks mentigQned above, ich consist o e-forned, single 10 phase
car bon &aok aggr e %%mﬁ&\??tﬁ@eggw&?fﬁpwaé?# ﬁ’g["?dété eBQﬂB’é?‘f@ﬂr latex
their surface. Such carbon blacks may be surface-treated in order to place
a silica funccamaamprise figd latere on larexgomcentraterépreducedrfop exampledyyr evgperation,n
this process, an existing aggregate is treated so as to deposit or coat

silica (as wekentsifugaties obkteamingdr The Inatupal-rabber Zdtexk mysts p€ cowrsy, beanitatile frast
a portion of the surface of the aggregate. For exanple, an aqueous sodi um

15 silicate sebubilbrBymbRasdabiic 4900k sABGBROBICEY intdh AftediiCcabiid ace

of carbon bl ack ~aggregates in an aqueous slurry at "high pH such as 6 or
hi gher, as di s LN, . i b d- kai) . Publication
No 63 63755, e sty AR Bhid SHBECR B b GSREN BT L atinelic e 1
obtain gn aqueous slyrry copsisting, for exanple, of about 5% by wei ght
car bon B ack aﬂaraés%%sﬂ%ﬁ fgwi s 65 suitgble qentrolledscantinuus feesl a8 @ppiopyate
about 70C, such as to 85-95C, and the pH adjusted to above 6, such as to a
range of 10- 1yelogityt pressurend aoncentriation it tha nyxipg zane Pheowell kndveminstgbilitydd of

sodiumsilicate solution, containing the anount of silica which is desired

to be deposit astupbribber 1stax Badvabgeolisly acsbnanodatddd irsthhilit isaabjectedd td reatively
sodiumsilicate solution to a neutral pH The sodiumsilicate and acid

sol utions are 1&&’9:%%% SRYoRSsnbS tmﬂgﬁ&ﬂ the/ syswm &ftit §tSs BRI RS he aforesaid
semi-confined turbulent flow upon encountering the extraordinarily high velocity and
15 kinetic energy of the carbon black slurry in the mixing zone. In certain prefeﬁed
embodiments, for example, the natural rubber is fed to the mixing zone at a pressure of
about 5 psig, at a feed velocity in the range of about 3 - 12 ft. per second, more preferably
about 4 - 6 ft. per second. Selection of a suitable latex or blend of latices will be well
within the ability of those skilled in the art given the Beneﬁt of the present disclosure and
20 the knowledge of selection criteria generally well recognized in the industry.
The particulate ﬁlle; fluid, for example, carbon black slurry, is fed to the mixing
zone at the entry end of coagulum reactor 14 via feed line 16. The slurry may comprise
any suitable filler in a suitable carrier fluid. Selection of the carrier fluid will depend

largely upon the choice of particulate filler and upon system parameters. Both aqueous
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625163CI P Page 24 at its starting pH value with acid or alkali solution as
appropriate. The tenperature of the solution is also maintained. A
suggested rate for addition of the sodiumsilicate solution is to
calibrate the dropw se addition to add about 3 weight percent silicic acid,
wth respect to the total anmount of carbon black, per hour. The slurry
shoul d be sti RRbEPRRRUEAYs Inuidsmayden usedvithywates being preferredonpiasy emhodioentsr om
several mnutes (such as 30) to a few hours (i.e., 2-3). In contrast,
si1icon-tr eat érviemobitscdst, avaisbilitp undsuitabilii sfade ytheproduetidniof debonAddXkRd

bl ack in the presence of vol atizable silicon-containing conpounds. Such
carbon bl ackgedif ofteEfilldralinfes?r 0duced in a nodul ar or "staged" furnace
carbon bl ack reactor aving a conbustion zone followed by a zone of

' di t f L nj ect i . i th trict
i ot o and 5 o SEaPh EHERE DIk e S is U5 OE héoer otttk PaEfbnsnd: ne

reaction zone, Typically, a quenching fluid, generally water, is sprayed
into thé strelafgdy upenithe ntandediuseefithe elastonier masterbatchsprptesti nGpfionatly t the
reaction zone. In producing silicon-treated carbon black, the aforesaid

vol ati zabl e skanboorblackrfiller Bam nclude ajsolang materiah twhixhicanchel shireied lafd €l to0the
bl ack reactor at a point upstream of the quench 15 zone. Useful conpounds

are vol ati zablfixifi@ "Feae Al acadrdamteORith Rhé pkinéifRS (dclostE WBR! akHitsble aBiRBRAICS
i nclude, but are not limted to, silicates such as tetraethoxy

orthosilicat e { TENS t: %II’T% t WE sil. such a
tetrachl oro spf%l%,ge g'rl}%s t"r?%htgz org%rr%r{]@%/’l g(l? é‘ﬁ{é?eagﬁe s’cg‘l["gf.aﬁ%ncg ? ﬁfrls’c@r%%rs

pol ymers such _as__.oct | cyclotetrasilo e C]\/ITS{S. The fl te of the
vol ati | i zabl e°%'8PHB8{}%3H‘% ﬁgefﬁgtyab‘?@f Wi @%@#@W Rfese 6‘?’%@% &H-in
the treated carbon black. The weight percent of silicon in the treated

car bon 181 ack Ths. caxemplapy pasisulates flerp ovhictp can be remployedoin2prodyeing stastomer
preferably about 0.5 percent to about 10 percent, and nore preferably about

2 percent tomakterbatch ipacaeddnce With the Inithotiafahé apparmas ditcizesd hte, pire ciibsgd
with the carbon black-formng feed stock and introduced with the feed

stock into thglateafbed kilka precipfisted Qiticd FedatdiScation 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
15 carbon blacks include those discl;)sed in International Application No. PCT/US95/16194
(WO9618688), the disclosure of which is hereby incorporated by reference. In silicon-
treated carbon black, a silicon containing species such as an oxide or carbide of silicon,
is distributed through at least a portion of the carbon black aggregate as an intrinsic part
of the carbon black. Conventional carbon blacks exist in the form of aggregates, with
20 each aggregate consisting of a single phase, which is carbon. This phase may exist in the
form of a graphitic crystallite and/or amorphous carbon, and is usually a mixture of the
two forms. As discussed elsewhere herein, carbon black aggregates may be modified by
depositing silicon-containing species, such as silica, on at least a portion of the surface of

the carbon black aggregates. The result may be described as silicon-coated carbon blacks.
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Alternatively, the volatizable conpound nmay be introduced to the reaction
zone separately, either upstreamor downstreamfromthe feed stock

i njection point. As noted above, additives may be used, and in this regard
coupling agents useful for coupling_silica or carbon black should be
expected to be useful with the silicon-treated 5 carbon blacks. Carbon

bl acks and nurfdeonaterialsidesasibad hergin apsilicanatrested,Farben blackears npt warbon black
comercially available and are known to those skilled in the art. Sel ection
of the parti cuaggtegates Which havenbeehwoatedforpathénwdsd modified,| butr actwilly | represemna

| argely upon the intended use of the el astoner nmasterbatch product. As
used here, pargg faol C ' earay ' ' ;
slurried and fdleﬁ(??%H(t)ﬁ%lﬁeOf#F%e éte'z%teﬂe?ﬂilc?‘g%accof g@gﬁggla%kst,ﬁﬁ%%egr rféﬁ?zisgtﬁlgs

di scl osed here. Syitab ticulate fillers include for,.. .
Conduct | ve 11 PR PEESeY et red bitel i 7l b retéah s 3P SRS s

(typically having an LJD aspect ratio less_than 40), flakes, etc. In,
addi tior® to t (a0 mmnawﬁ@hasecgnd plage isysica(and passiblyeather siican-gpaspiaing
fillers can be fornmed of clay, glass, polynmer, such as aramd fiber, etc.
It will be wi tspécies) HHEhusthé siliopneontaimirgespstied plede ofithe Isiticam-trested saben black is
suitable 15 particulate fillers for use in the nethod and apparat us

di scl osed her ndhttiBictgaet sahebpgrepite; it RditfiBwed thrdlgHoudat!le@st 2puHibA of the
expected that any filler suitable for use in elastonmer conpositions may be

f
I ncor por at ed iag%,gﬁgt . : Hgﬁ ' | i p
present discl osur pgt%%:'gﬁé ggﬁ?é%ﬁgn s%ﬁegﬁﬂgﬁlé/%?f‘ gg%%ngggglge¥ePf grrns
et son conthLruELofed Cubn AL %uEBLRN N ShEAF o b anae
preparation of particulate filler fluid conprising aqueous slurries of .
car bon 1&| ack phase sarbern &lack cggregpter Meving pilicaaicontaining spegjes |depeasiigd v thedod
t hat carbon bl acks having | ower surface area per unit weight must be used

i n hi gher concerfdceaSuchcarbontblaeks pay el satfhatteeasddLin loyder @o plabe e silicd foactianatity
coagul ation efficacy as | ower concentrations of 625163C1lP Page 26 carbon

bl ack havi ng Rj,GResurFite ek Girbch Bk apprdgaV! Bithis pPSdelsd taf Exitting REbrb@it& is18

receives water and carbon black, e.g.,” optionally pelletized carbon bl ack,
to prepare anul_egtlealsé’;ﬂ

as to deposit or coat silica (as well as possibly other silicon-containing species)
on at least a portion of the surface of the aggregate. For example, an aqueous sodium
15 silicate solution may be used to deposit amorphous silica on the surface of carbon black
aggregates in an aqueous slurry at high pH, such as 6 or higher, as discussed in Japanese
Unexamined Laid-Open (Kokai) Publication No. 63-63755. More specifically, carbon
black may be dispersed in water to obtain an aqueous slurry consisting, for example, of
about 5% by weight carbon black and 95% by weight water. The slurry is .heated. to
20 above about 70°C, such as to 85-95°C, and the pH adjusted to above 6, such as to a
range of 10-11, with an alkali solution. A separate preparation is made of sodium silicate
solution, containing the amount of silica which is desired to be deposited on the carbon

black, and an acid solution to bring the sodium silicate solution to a neutral pH. The

sodium silicate and acid solutions are added dropwise to the slurry, which is maintained
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m xture fluid. Such m xture fluid passes through discharge port 20 into
fluid line 22 equi pped with punping neans 24, such as a di aphragm punp or
the like. Line 28 passes 5 the mxture fluid to colloid mlIl 32, or
alternatively a pipline grinder or the like, through intake port 30. The
jcarbon bl ack is dispersed in the aqueous carrier liquid to forma

di spersi on fl @tits SamiegpH yalpewith acid ar dlkalisolytion as appsepriate. Lhetempgrature of thess
to a honogeni zer 34. Punping nmeans 36, preferably conprising a progressing
cavity punp onolutien is alke maimtaipedo VA segiested rate for3@ditieio wb thersodium glica tfonnel y
di sperses the carbon black in the carrier 10 liquid to formthe carbon

bllack slurry ywhig Balibtatk@fe Hfopwie dditidhdtozadacabdlit B Neeigitgiadentrilicie acidpwithd.
It has an inl ‘é‘é:tcf)g?tb?%7 I n flpyiid comuni cation with l%’iﬂne 33 fromthe

colloid mll 32, .Thg h eni a | aclﬂ,méle,
a M crofl uidi 2% ;o 3‘&}%%8@‘%@#%5%’ﬁéﬁﬁbﬁégﬂﬁwkﬁﬁ?%ﬁ?ﬁcs _

I nternational Corporation_ (Newton, @ Massachusetts, US&. AI;@ sui al%.lfe are
honogenizers shecaddision,and after ityompletiontor framsevesalrinytgs Gueh as éﬂﬂg‘éﬁi BFs
avai |l abl e from the APV Honogeni zer Division of APV Gaulin, Inc. )

(W1 nington, Nbss23hubetansrastigigon-toedtest casbon klatks mayrhs pbrainedrby manufacturing
comercially available and will be apparent to those skilled in the art

gi ven the benghibon bfack irlthe pissemietof domtizabieisikiconloomtainihg yompamidenSidhamakbann
wat er prepared in accordance with the above described systemw ||l have at

| east about 9Q¥AREIOPrRIAIRS plodiced! i 2 mERRAK or3Qtag@d Nfuehiae8 Tarbdh bfacRrédcesrabl v
at | east about 90% aggl omera?es | ess than about 20 mcrons in size.

Preferably, the carbgn bl ack is 0 0 : . S 2
mcrons, e.g. ?Vlélﬁoaufo@g?ﬁ%fgp gRse @g’wegpbg'r ¥'9%‘§f ng%@é%%&gg‘re Eeg’nggﬁegcsﬁocw
slurry fromthe honogenizer to the m xing zone through feed |ine, 3[6. The
slurry My redsRctian 29 with resrigted diametery, anda reagtiomglle b Auench gongig ogated | e
honogi ni zer at about 600 psi or nore. Preferably, a high 625163CH P Page 27
carbon bl ack alomnstream of thesreattipn zored diypicallyea qeenkhing fluid generally #satessis sprayesr or
other carrier. Typically, about 10 to 30 wei ght percent carbon black is
preferred. ThQmd thKitrdadflof ﬁbv&l%ﬂ)rm%ﬂ fcatbioh black pegities Bowig/feom ttherdaetivaf Zone.of

this disclosure, that the carbon black content (in weight percent) of the
slurry and thg,SlHiiding SifWn.Bldted CarbOf bRALK | HE af?EGidSPSIMiAbR silicon-containing
corripound is int_roduced into the carbon black reactor at a point upstream of the quench
15 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
octamethylcyclotetrasiloxane (OMTS). The flow rate of the volatilizable compound will
20 determine the weight percent of silicon in the treated carbon black. Thé weight percent
of silicon in the treated carbon black typically ranges from about 0.1 percent to 25
percent, preferably about 0.5 percent to about 10 pefcent, and more preferably about 2

percent to about 6 percent. The volatizable compound may be pre-mixed with the carbon

black-forming feed stock and introduced with the feed stock into the reaction zone.
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5 coordinated with the natural rubber latex flowrate to the m xing zone to
achi eve a desired carbon black content (in phr) in the masterbatch. The
carbon bl ack content will be selected in accordance with known principl es
to achieve material characteristics and performance properties suited to
the intended application of the product. Typically, for exanple, carbon
bl acks of CTARltematizelyp the volstizable sompeend mayube jietraducediputhe feactiongzone
achi eve carbon black content in the nasterbatch of at |east about 30 phr.
The slurry pr eégaratelyy eitier upsttbaim orrdosinstréamt frompthe fied tsiook injectiedipainel y upon
being prepared. Fluid conduits carrying the slurry and any optional
hol di ng tanks and t | | 4 | ' I ok i ch
substantial ly presé}‘\?‘eoltétdhe ‘(’jei g?)de}ﬁ{é%orﬁ%%q{sh%%gg} onﬂa%iﬁ-gcrél?ﬁ?ﬁ%t gﬂglsalsjéﬁrﬂy.
That is, substantial reagloneratiopn or.settling, oyt of.th articul ate
filler in the1&@pP %Pﬁ%“ﬁ%@é‘?&“@%@%&‘&&& ‘iSSﬁ‘[ Wﬁhi’% éh¢t°"'tgeal°%
reasonably practical. Preferably all flow lines, for _ exanple, are snooth,
with snobt h | icaehoncblagkse Carbersblaghsrand:nugesouscgsiditional qujtablg pagiculats filleryare; s

used between the honogeni zer and the mixing zone to reduce fluctuations in
pressure or veoomergialtyf avatlablsand ary kaowi hethobaskilednoielast. tip in the m xi ng
zone. 20 Natural rubber latex fluid or other elastonmer latex fluid passed

to the mixing zone Seléefior 6k pariilalefillRner wixfupoof fartalatesillery will degeddiatgety

m xi ng zone via feed line 16 under proper process paraneters as di scussed

above, can P QARG u&l RSOURORE RSk Bch pRREEL T ACaldhers baRCARR!

mast erbatch cru ans nay al so I ncorporating “various
additives int he el.ast pner nast.erb h. An additive f|uid comprising. one
o ! 62576301 ilaE a8 O R T Lo i o e Difvied af ded, . e PTBHe. S0t
separate feed stream One or nore additives also may bhe pre-mxed, if

sui t abl 0 wi t raceordanes wisth the prnciples disglossd hergyr Suitablepartigulate fillessyinglyde, for

el astonmer latex fluid.. .Additives also can be mxed into the masterbatch
subsequent | y, example, byndlicsiventilidrs) geinfabing dillers, filMasreoropdsimgishari filess @ypicalb |
known to 5 those skilled in the art and include, for exanple, antioxidants,
antiozonants, waliaAghh E/I¥ &pect rathé RS A0), AkES, €€ Th addifichodthe Garboeblack &id S

and the like), resins, flame-retardants, extender

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

15 particulate fillers for use in the method and apparatus disclosed here given the benefit of
the present disclosure, and it is expected that any filler suitable for use in elastomer
compositions may be incorporated into the elastomer composites using the teachings of
the present disclosure. Of course, blends of the various particulate fillers discussed herein
may also Be uéed_

20 Preferred embodiments of the invention consistent with Fig. 1 are especially well
adapted to preparation of particulate filler fluid comprising aqueous slurries of carbon
black. In accordance with known principles, it will be understood that carbon blacks

having lower surface area per unit weight must be used in higher concentration in the

particulate slurry to achieve the same coagulation efficacy as lower concentrations of
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oils, lubricants, and a m xture of any of them The general use and

sel ection of such additives is well known to those skilled in the art.
Their use in the systemdisclosed here wll be readily understood with the
benefit of the present disclosure. In_accordance with 10 certain
alternative enbodi nents, curative also can be incorporated in |ike manner,
to produce acarbormbikek laving higherrsufacejareaipeeunitheight nAgitited meting tank li8gecaives
curabl e base conpound. The m xi ng zonel coagul um zone assenbly is di scussed

in nore detai kyag! AW caldofl bl&kasgQ r&fiioﬁm@tp&ﬂ&iﬁeé leaforBlacks tpasewae b drihidl he
di scharge end of coagulumreactor 14 to 15 suitable drying apparatus. In

P et e ORI suth dibchre o YasfER YheG IR Ufsthdt e Bk WOIREGORES fine 22

mul ti-stage d IS passed Trr wat erTng extruder 40 and
then via conveyor ,or. sinple gravjiy drop or .other suitabl ans, 41 to a
dryi ng ext r ud&fuipped with p H’Lgi"?f"é“b#‘{ef'é“rq‘raé(f ?P&‘B%ﬁ%%‘f‘g%g}%éﬁ‘s@me RSP hat
illustrated in Fig. 1 producing natural rubber nmasterbatch with carbon

bl ack fid | er, themaixtiwe flaiddo icnliﬂig mjll 33 asaliemativaly awpipling grindes or thedie, thinveh

wat er content to about O to 1 weight percent, nore preferably .0 to .5

wei ght  per cefiitakeéSpoit B0l €Tl saebon black lsefispeisad imtheraduensioarrer dibbid ta\faimh abl e,
I ncluding for exanple, extruder dryers, fluid bed dryers, hot air or other

oven dryers, aiferkiBf ahill Khich I Saised UgolgEARIt Pbrt 3% add Blidake 3316 @Moldgediz@nCh
G | Machi nery e OB qua, oﬂ% USA) Sl bok 53 Page 29 Dried e

cruTb oM o il 37, b o et RSO SRRYG oM e
AMSERNEIECE DR QS A A R 1 R

75 pound quantities of the elastonmer 5 nasterbatch are conpressed into

bl ocks Wr bal diquidoto form theearbon tlask: shsry whish dssfetl tey theamixing zane of thgtcoagylym ¢ he
product is provided as pellets, for exanple, by chopping the crunb. The

di mensi ons angegeadrtli4c Ut his zﬂﬁﬁl'egForft gatinfleid cofmniunicatiomgithuine 32 oo thelodlloid

i ncl udi ng the m xi ng zone/ coagul um zone assenbly, suitable for an

enbodi ment i n miggﬁ.o Fﬂg 'ﬂSﬁoE@r{i{ér Rl gnay]preréf;abiy aRFRd fhieddiple, @MirTRIERS®IN

factors as the desire

system commercially available from Microfluidics International Corporation (Newton, '
Massachusetts, USA). Also suitable are homogenizers such as models MS18, MS45 and
15 MC120 Series homogenizers available from the APV Homogenizer Division of APV
Gaulin, Inc. (Wilmington, Massachusetts, USA). Other suitgble homogenizers are
commercially available and will be apparent to those skilled in the art given the benefit of
the present disclosure. Typically, carbon black in water prepared in accordance with the
above described system will have at least about 90% agglomerates less than about 30
20 microns, more preferably at least about 90% agglomerates less than about 20 microns in
size. Preferably, the carbon black is broken down to an average size of 5 - 15 microns,
e.g., about 9 microns. Exit port 38 passes the carbon black slurry from the homogenizer
to the mixing zone through feed line 16. The slurry may feach 10,000 to 15,000 psi in the

homogenizer step and exit the homoginizer at about 600 psi or more. Preferably, a high
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10 throughput capacity, the selection of materials to be processed, etc.

One preferred enbodinent is. illustrated in Fig. 2 wherein a coagul um
reactor 48 has a mx 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 elastoner |atex to the m xing zone, subsystem 57
for feeding cearbenblasksonrtentisused toreducerthe tagkpk 1eROVINBEXEGSE Water OF QtheT £4MERe

m xi ng zone, and 15 subsystem 58 for feeding an optional additive fluid,
pressurized afTypicatycabouo 10 be30riveighgperzem earbdhblack is prefected.0Thesesskilied imthhave
three feed channels 60, 61, 62. Feed channel 60 is provided for the
natural rubbe Erth‘afl f{?o%i:&éhi?f,%i?ﬁqlhé B&fAE BAMRiscuteS tHidk thel cAesbnl Bickdonfat (inf eed

of gas and/or a VE n connection wth preferred enbodi nents

enploying direct. injecti of, addi t.i ves, significant vant a i peved
in connecti on“(ﬁl&thﬁp eW@dﬂ?gE%FlBB'H 338&}4? gy @}w r?ﬁgﬁg tagg%r%ﬁ |Z§$e P\%or@(\?/\g%'er
mscible additives. Wiile it is well known to enpl oy enul siop, .

i nt er nedi at es ceardinatedwith theatura) subbsilptex daw ratg tq %I@W&Fo?ﬁ"@-“&e@%ﬂp?ﬂeﬂj th
an el astoner |atex, preferred enbodinents in accordance with the present

di scl osure enprbyn rbjacki comeent i(inj phr) inothe ohasteditch. v dhe carbos| ilaskneontenh ovill bal y
the need for emulsion internedi ates, but also the equi pnent such as tanks,

di spersing eqgépsredtin a8ddrdance ithOididvh PiaktspléDtadachidve Ufidtyridl haratteriftivs indg
t he enmul sions. Reductions in manufacturing cost and conplexity can,

therefore. be  gelhileHpropSrel SR8 thelitichdi apfilaMh o i1 drBlct:Cropealy, R

t hrough which®slurry 1 to the mxing zo I's preferably coaxial with
the m xi ng zone nd the ul ne.of .t he coaqul um,r. il nly
a single feedeﬁﬂﬁﬂﬁ’ef’ Qn §Pa§aﬁ509&ﬁ&é%r¥:%‘éq%/ Of ROT| es?%&ég%ﬁgit%{ee?t mh?rg,@any
sui tabl e nunber of feed channels .max be arranged around th?lrcent_ral f eed
channel 1& hr ougehiews carpanrplack coptept indhe masterbatchof gt least gbowt PhrThys | or
exanple, in the enbodinment of Fig. 2 a fourth feed channel could be

provi ded through whThe Bluatyipirefetablyiis used ih mgktefhaechquoduction innmediatebrupgadeing f ed
to-the mxing =zone. Pressurized air may be injected Iikewise with the

slurry throughydshRdCEmid @ndatd @rryidg the idrr§ RAd RS oftibnalMolding Ginks amielle like,

channel s can be tenporarily or pérmanently seal’ed when not in use.
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

15 particulate filler in the slurry should be prevented or reduced to the extent reasonably
practical. Preferably all flow lines, for example, are smooth, with smooth line-to-line
interconnecfions. Optionally, an accumulator is used betWeen the homogenizer and the
mixing zone to reduce fluctuations in pressure or velocity of the slurry at the slurry nozzle
tip in the mixing zone.

20 - Natural rubber latex fluid or other elastomer latex fluid passed to the mixing zone
via feed line 12 and carbon black slurry fed to the mixing zone via feed line 16 under
proper process parameters as discussed above, can produce a novel elastomer composite,
specifically, elastomer masterbatch crumb. Means may also be provided for incorporating

various additives into the elastomer masterbatch. An additive fluid comprising one or

625163CIP
Page 28



The coagul um zone 52 of the coagulumreactor 48 is seen to have a first
portion 64 having an axial |ength which may be sel ected dependi ng upon
design objectives for the particular application intended. Optionally, the
coagul um zone may have a constant crgss 15 sectional area over all or

substantial ly allgﬁ%.its a iafl§ | engt h.. Thus, for exang:qﬁ, t he _coagul um
reactor may d@PTsaAditivgsmaycbe fed to theiixing zane s § peparat ks Siream o e REMOF&i ng
zone to the discharge end. Preferabl however, for reasons di scussed

above, and asadsditivesi alsa may ber preemixed igﬁlbitﬁble;ré’dth the| qashangblack lurry s, more
drawi ngs, the cross-sectional area of the coagulum zone 52 increases

progressi vel ytyfai’cﬂm, WhE tiRMastomRePlteR Buido AddRivesilgs cartt miked iivo chedfasterbatch
specifically, "the cross-sectional area increases in the |ongitudinal

direction fromthe r nd to. i r : R Raf kgt tpf
Fig. 2, the c%ug(f]%quﬁgﬁwzof‘%’ ifyngl;yerg’s’fﬁe%etlen (@{%éﬁ‘;‘?@?f%ﬁf‘@?ea p?‘ggr essitd\ael y
in the sense that (it i ncreases c Q?L uously fol.l ow n const ant ..

cross- séct i ontosgstiled dmtheart @éﬂ%‘ﬁ W&WP%@&“&H@“@WSS@?@&%{ Sonal
area of the coagulumreactor (or, nore properly, the coagul um zone defi ned
within the 6poEsiaadPeg liguidpolmersupilsaad thediky), ating flame-Tetardantseptender

unl ess stated otherwi se, are intended to nean the cross-sectional area of
t he open f | owifsaubzigats,yandraimixnerei of any @f theaneThe gederalush ahd selectipasd agavay .
El ast omer conposite, specifically, coagulated elastomer latex in the form

of 5 nast er baidilvests Wl kidwn tSthoSEkilRaIiin theirS CTIRAARE irf the By dtéif diserased here

reactor 48 through a diverter 70. Diverter 70 is an adjustabl e conduit

attached 10 t B £98gi| 801 A e bl RO A Bflonlt IaRBIHRLANE SO

as to selecti pas stomer master cru to any of

various different receiying sitfes. This feature advantagequsly facilitates
renovallOof masertam akterpative gippodimpents, icurative &@e tcag tbFé%‘fﬂrp‘?rg@(aéSl é‘%f) [Anngr, fo

testing 10 or at the beginning of a production run when initial process
i nstabi | ity npsodues al curabie elastomer cympositerivhich onaypheorgfrsted tonasadi ghablgrbase he
di verter provides design flexibility to direct product fromthe coagul um
reactor to di ¢dmmpsind. post - processing paths. In accordance with the
preferred enbodi nent of Fig. 1, the masterbatch crunb 72 being
The mixing zone/coagulum zone assembly is discussed in more detail below. The
elastomer masterbatch crumb is passed from the discharge end of coagulum reactor 14 to
15 suitable drying apparatus. In the preferred embodiment of Fig. 1 the masterbatch crumb
. undergoes multi-stage drying. It is passed first to a de-watering extruder 40 and then via
conveyor or simple gravity drop or other suitable means 41 to a drying extruder 42. In
routine preferréd embodiments consistent with that illustrated in Fig. 1 producing natural
rubber masterbatch with carbon black filler, the de-watering/drying operation will typically
20 reduce water content to about 0 to 1 weight percent, more preferably .0 to .5 weight
percent. Suitable dryers are well known and commercially available, including for

example, extruder dryers, ﬂuid bed dryers, hot air or other oven dryers, and the like, such

as French Mills available from the French Oil Machinery Co., (Piqua, Ohio, USA).
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di scharged from coagul umreactor 48 through diverter 70 is seen to be
received by a drier 15 40. The cross-sectional dinension of coagul um
reactor 48 is seen to increase at an overall angle a between entry end 66
and di scharge end 68. Angle a is greater than O and in preferred

enbodi nents is | ess.than 45 nore.preferably.less {han 15 ;

preferably from O.SIS“ Watéh@uﬂhggg‘ %N’%e@%‘gﬂ' ‘@ds & By4 $°°g‘ﬁ§%%‘,“’° ® t hat
it is measured 20 fromthe central |ongitudinal axis of {he coagulum.zone
to a point A 4ttotatbalepd6.cThe balercis an epéonab agvantageounieaiyreof the Appasgtus ﬂg}lénd of
the coagulumreactor. In this regard, it should be understood that the

cr 0ss- sect i onflyiRfeRAhe Hridd RastepbdtElearimbas tompressed within ccmmbeuinta foamtstable t hat
is, the portion near the entry end 66, preferably increases sufficiently

slowy to achieve quasi:hpel ding:af ' CRAAGHEICT thé blbstber
625163C1P Pag‘éowe%rg?z)(ll:?cg? ggkl%ﬁé%us’g@gzag%g%goﬁogﬂngr ge l:éﬁég)'anggl e o?‘t

expansi on of the coagul um zone resul t, inthe el ast h not
bei ng p?oduce@a’r‘ﬁbb‘ég Pfea?ﬂ“@rﬁﬁs%&? Blpﬁl?soqr ba.&sg%ruﬁrggp%rf, @D@Mﬁ%gégﬁeﬁy |
spraying through the coagulumreactor, Increaging the bore .of the coagulum
reactor too sABesngtively, thecproduct is provided éﬁPF“Sﬁbg’a F%%?ngr,byi choppipk ths °6‘r‘m§'

cl oggi ng of the feeds and reaction product into the mx head. In a

downst r eam por t i onThefdimhéesions zamd| panicutaredesignefeaturest ¢fethe acegulnmsrepeton 14,
substantially coagul ated and fl ow has becone essentially plug flow, the

coagul um zonejRRYingXthe NHixfigt Ase/cohdulufr zonk tasdnibly, | saititteger am embodiment in
cross-sectional area. Thus, reference here to the coagulum zone in

preferred e ' -Rai n Dr ' [ 4 S cddsped!
R e A
coagul um zone wherein flow is not substanti.all plug fl T

cross- 48ct i onthroughpyt GFpacity, @Séﬁlﬁﬁﬂﬂ 9 W@te(‘%ﬁég bles‘?rogiss?dg\gg - the plﬂepfg??%am
portion thereof as discussed inmediately above) y increase in.s eg-%se
f ashi on, rat hembodiment isrillusteatesoinHig dowherrshreagulum [Fé?tpéftg a§ g mix head
enbodi ment of Fig. 2. In the enbodinment 15 illustrated in Fig. 3, a.
continuous f| gMaches teacobagulymi echecd with afflual-tghtceaat joirgtSdr Fig.chschematically

illustrates a first subsystem 56 for feeding elastomer latex to the mixing zone, subsystem
57 for feeding carbon black slurry or other particulate filler fluid to the mixing zone, and
15 subsystem 58 for feeding an optional additive fluid, pressurized air, etc. to the mixing
zone. The mix head 50 is seen to have three feed channels 60, 61, 62. Feed channel 60
is provided for the natural rubber latex fluid and feed channel 62 is provided for direct
feed of gas and/or additive fluid. In connection with preferred embodiments employing
direct injection df additives, significant advantage is achieved in connecﬁon with
20 hydrocarbon additives or, more generally, non-water miscible additives. While it is well
known to employ emulsion intermediates to create additive emulsions suitable for pre-
blending with an elastomer latex, preferred embodiments in accordance with the present
disclosure employing direct ihjection of additives can eliminate not only the need for

emulsion intermediates, but also the equipment such as tanks, dispersing equipment, etc.
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accordance wth the nmethod and apparatus disclosed here, is seen to include
a mx head/ coagul um zone assenbly wherein the cross-sectional area of the
coagul um zone increases in step-w se fashion. Preferably, the individual
sections of the coagul um zone in such a step-w se enbodi nent have a faired
connection to adjacent sectjions. That is, 20 ey. conbi ne t.0 forma. snpoth
and general | yPE‘B’Fﬂ“F‘lHu‘Eﬁ‘}a in togmingths SulLops aézte{aué?ns dBp’g%"ug"fcufrbnlg %%ztirrp e,
to a sharp or instantaneous increase in dianmeter from o)ge seesc%\i%(ﬁ tq t he
next. The coagomplexiyosas, therefore beachipyede Ascdisqupsed furgher delops th Cliaﬁ%? %here
are four different sections or sub-zones 74 - 77. Consistent with the

desi gn princi phresghdiiichisharpyis fedwortle mixihg zaredy preferatdy coaxdd wathahé mirang zonsa of
coagul um zone 53 1 ncreases fromthe entry 625163CIP Page 33 end 66 to
point A at 1 hendhiFOALORNPAfe S e BBnAreddior nWhile bl Gl sifgé el earrePis

necessary flow contr In the upstream portion of the coagul umreactor.
The first sectjon 74 can pe . taken,as incl udi InBjeer
portion %f t hEITESEYS °iel?ﬁ‘é’8}°5!ai‘f’§/ﬂ“' Oa\%ﬂg@?aggeﬁuéﬁx&? ﬁg%a%?%{aegong , and

(b) the sanme or sinmilar dianeter portion connected 5 thereto. at j.0int.54 at
the entry end agengefraraund thecentell fed rhannel thre WE‘H’P the, g‘é@ ?J&‘? F‘bh‘&| mixing
dianeter D, and an axial dimension or length L1, In this first sectiogon 74
the length L, zosho®hus, lfer examplesin theembodineant of Figs 2tfougthfeed ehanmsl conldrbs
preferably greater than five tinmes D1, and nost preferably from about 12
to 18 times Dprovideditkrabghywhitihambieficdid erhigh priessubsaieonothenggslis fefl talheurhixing
fifteen times D . Each subsequent section preferably has a constant 10

cross-sect i onglyndi PROSIBI & thatRITeSEF ikEWAge wih B SRRPY BXOUEN tak Yerrinl biial
that of the %ngegﬁ%ir?lgdg agpst gan) lsection. Thus, forlr%xarrpl e, section

i ch i © Do cdomiehgmgion AR e aGpRy RPedal QR AEITRNED

section 76 is double that of section 75, and the cross-sectional area of
section 77 isngbWHse- that of section 76. In each of sections 75 - 77, the
length is 15 preferably greater than three tinmes its dianmeter, nore |
preferably about tFheeosgniserere 52 éfithscoagsludi eactord8 isrrderytoniava ja|figst posian
five times its diameter. Thus, for exanple, in section 76 |ongitudinal
di mensi on L3 ie3 Havifg & @bl Yengthomtiic mxebd selered désendingipbe dedifh objectives for the
particular application intended. Optionally, the coagulum zone may have a constant cross-
15 sectional area over all or substantially all of its axial length. Thus, for example, the
coagulum reactor may define a s’imble, straight tubular flow channel from the mixing zone
to the discharge end. Preferably, however, for reasons discussed above, and as seen in the
preferred embodiment illustrated in the drawings, the cross-sectional area of the coagulum
zone 52 increases progressively from the entry end 66 to discharge end 68. More
20 specifically, the cross-sectional area increases in the longitudinal direction from the entry
end to the discharge end. In the embodiment of Fig. 2, the coagulum zone increases in
cross-sectional area progressively in the sense that it increases continuously following

constant cross-sectional portion 64. References to the diameter and cross-sectional area

of the coagulum reactor (or, more properly, the coagulum zone defined within the
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A m x head and coagul um zone assenbly corresponding to the enbodi nent of
Fig. 3 i1s shown in Fig. 4 partially in section view Mx head 50 is
integral with coagulum. 20 zone extender 53 via joint 54. It defines a

m xi ng zone wherein nultiple feed channels 60, 61, 62 forma junction, with
an el ongate, substanti al i ndri cal chapnel 8 ubst anti al | coaxi al
with the coagf? uf’cfﬁ%“?fé%‘Ef%‘h“vﬁ"ﬂﬂ"ﬂ“ﬁ%t"é‘&&%?m@g .oaﬁwwe’l gre Bgteb’%e gLy
that it is not essential to the operability of the nethod and appar at us
di scl osed her the crass-seational ateg of theopencflavh paspaggwan andsthe drsiderfiamgten ¢fgushy flew
and/ or coagul um zone. Nunerous variations are 625163Cl P Page 34 possible
in the desi gnp@‘sagdmyflow channels junction area, as wll be apparent to
those skilled in the art given the benefit of the present disclosure. In

that regard, as a | [ j blRstB M it e he Gborth HT
type illustrated i %?%?%ﬁérf,/o?ﬂg{s{%e’)eggﬁgﬁgwt Egigsulﬁﬁ?drsgstti p 6% genereal ly is

upstream of the beginnin cylindcical porti.on , l 0%l y 5
centered | ongimtaﬁtﬁﬁﬁtﬁhl %;ur;x:lh %h'é s]e%r\%eer'gbcﬁsc&%gteﬂ F ofmeglg @ Eé“r%uﬂlglrg&&frn&st% h
enbodi ments, preferabl is the_m ni num cross-sectional area defined by the
i magi nary coné divesier 7 Diverter 7 is anpdiustable qanduit aftachsd &9 the GOABUINDTEIRLPTAL o
the beginning of the cylindrical portion 80 is advantageously greater
than, or at | disshargeiend 68.0]t ishadjustablessosasapisoleatively pass dhe elagtomgr masterbatel
channel 60. Preferably, both channel 80 and at |east the upstream portion

of the 10 coaghimtn720Mecayhef @arods! diffefleht Paceivingesirexi STis (fedtore ddvantageously
substantially conplete coagulation of the el astonmer |atex, have a circular

C1 0SS~ SeC! | O focfiifed BTl bPhad ERELH il AN bidalict el oPExalPli For testing

particulate filler flurd s seen to conprise a t ube 82 éxtending

substantjally coaxjally. with the m xj.ng _chanher. t. n [ or . sl y
nozzl en][q p 67°\5\Aﬁ?)c(the ib§¥'8‘3‘8ﬁ ?%Mf‘gg"fh%. r%'bggig] dﬁ#@oﬂé’ N °§ﬁ‘ﬁ§5¢]g‘?’a&‘i§ ’ﬁ‘ﬁ’g hly
advant ageous feature of the preferred enbodi nents di scusqs?e((j] herﬁ. ,'[Be
carbon bl ack temperarily igdnfedewprogduey dn additipa.fthe sliverter provides degsm fexibiliy o
hi gh velocity relative the feed velocity of the |atex, and the axi al
arrangenent ofdireer produbofrenf eeed coagniund Zeactarutd different epastptosassingepatho prlent
of flow turbul ence. The dianeter D. of the channel 80 (which, as noted

above, is prefheidlinte WRSTHR Préfédred efBoimeitft g HitBéRiasterbatchrumbTe deinige! y

discharged from coagulum reactor 48 through diverter 70 is seen to be received by a drier
15 40.

The cross-sectional dimension of coagulum reactor 48 is seen to increase at an
overall angle a between entry end 66 and discharge end 68. Angle « is greater than 0°
and in preferred embodiments is less than 45°, more preferably less than 15°, most
preferably from 0.5° to 5°. The angle @ is seen to be a half angle, in that it is measured

20 from the central longitudinal axis of the coagulum zone to a point A at the outer
circumference of the coagulum zone at the end of the coagulum reactor. In this regard,
it should be understood that the cross-sectional area of the upstream portion of the
coagulum reactor, that is, the portion near the entry end 66, preferably increases

sufficiently slowly to achieve quasi-molding of the coagulum in accordance with the
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20 follow ng portion of section 74 of the coagul um zone) preferably is at

| east twice the inside dianeter of slurry feed tube 82, nore preferably
about four to eight times the dianeter of feed tube 82, typically about
seven to eight times that dianeter. Feed tube 82 is seen to forma
fluid-tight seal .with the entr ort 83 at the upstream end of feed channel
61 0f iy headnBgPlesslscuisedabous. Bpo lrge andngle dfshansignel e Sosgulumciane ol

| argely by the 625163CIP Page 35 required volunetric flow rate and axi al
vel ocity of t mesultl wrthe elastamerpmasterbatth motifeing Ipsodiiced iy desimblel grutmbpfo6i dfnt o
t he m xi ng chanber. The correct or required volunme and velocity can be
readi |y det er giobglds Srywérhi3afd Sittiply spehyin thirbighahd cdiigiiem redteord @meédsinghe béves

di sclosure, and wll be a function, n part, of the concentration and
choi ce of mat el ' Ll ' ed
here, wherei n%t'i~ Irtllgé ?%aggf@ﬁgégg?gﬁé? E‘éﬁ@g? onS'E)lpgéfhhéﬁﬁeﬁbéhﬁgn?sg%ggﬁéf&
provi de desiraple flexibility.in manufacturing di.fferent sterbatch .
Gomposi 51 ons. SIPBEEE His-feeds g acachin praduigt iniaBe i bead, 18 3¢lo3mStigAR PeRoRuN
can be renoved and replaced by a |larger or smaller bore tube appropriate
to a subsequesf thercoagdumaane, wherein the latex hascbesn substantiallinepagulatediang flow hasi ch
the slurry exits the feed tube, it nay be referred 10 to as a spray or jet
into the m xi becanmnesserthally phigofldw, the coagidumtzond nay extand éithentvithesrswithout
certain enbodi nents, high speed injection of the slurry into an area

al ready subst @ittdadd ih ¥rosé-sédtiofal\trdal THuY) rdfereHab Bereith theScodg@lBmPbnk th préferegnse
of its imediate distribution as it passes through the slurry nozzle. tip

, and not nec E&Fﬁ'] (el gnﬁﬁ . gs-f I NG ' I in a
simpl e spr ead?ﬁg rglj*séc Or%{fpr% & a'ﬂzglr | §ncg(?(sls?'%élgﬁ %J%géﬁﬁgpglgggmggé’gtggﬁar e
seen to forma junctjon, 84, 85  respectively, with feed channel 60 and
downst ri@am chihifisr Pstnacily to that poriioro t%ﬁé"%ﬁﬁ‘&"é“@‘?ﬁ?}“%ﬁwﬁéﬁw whiraetial¥nt s
have a value fromgreater than O to less than 180'. Typically, 13 nay be,
for exanple, Phgflo®0 - 90. It is desirable to avoid a negative pressure,
that is, cavitation of the latex fluid as it is entrained by the high
velocity slurry 1 JTHee@xdssise@ionhl srealof Yheeoaghlni zdheO(that 98, it dedshtte Wistream
di sadvant ageously cause inconsistent mxing |eading to inconsistent
mast er bat ch pLogidf theredk fas BiscillddGmddittefy3BoRs naliftFda88inMeRbilE ¥R, rather
than in the continuous fashion illustrated in the embodiment of Fig. 2. In the embodiment
15 illustrated inFig. 3, a continuous flow system for production of elastomer masterbatch in
accordance with the method and apparatus disclosed here, is seen to include a mix
head/coagulum zone assembly wherein the cross-sectional area of the coagulum zone
increases in step-wise fashion. Preferably, the individual sections of the coagulum zone
in such a step-wise embodiment have a faired connection to adjacent sections. That is,
20 they combine to form a smooth and generally continuous coagulum zone surface, as
opposed, for example, to a sharp or instantaneous increase in diameter from one section
to the next. The coagulum zone of Fig. 3 increases in three steps, such that there are four

different sections or sub-zones 74 - 77. Consistent with the design principles discussed

immediately above, the cross-sectional area of coagulum zone 53 increases from the entry
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fed to the m xing zone to assist in breaking any such vacuum In addition,
an expanded feed line for the natural rubber latex leading to the entry
port 86 of feed channel 60 is desirable to act as a latex fluid reservoir.
In the preferred enbodiment of Fig. 4, latex feed 625163C1P Page 36
channel 60 inte cts.the m xj.ng zone, adjacent slurry nozzle tip 67.

Al ternatively ,enJ %MS’&‘ r‘l‘ gt W& 4‘“‘&3@%" ?’@e@ Jéﬁ%lﬂYFéT‘lF%FF ‘%h‘f"é? s fkﬁ"é'cﬁ?sﬁ?rﬁg
channel upstream or downstream of the slurry nozzle tip 67. The carbon

bl ack slurry 8ewsontel ipthe upstighmmpertion|of the copgulemiregstaralThe firs sectonl T4ecantbe
feed 5 tube 82 at a pressure above about 300 psig, such as about 500 to

5000 psig, e. mkeﬁth@uhcludiﬂ%@a)ﬂﬂé @ondtir fdednfdterypdrti6n lof ehe MixSheadr30 inmddedeliy Nt 0
the m xi ng zone through the slurry nozzle tip 67 at a velocity above 100

ft. per secon Ré@%ﬁr . . )
preferably abga togW%Bé%gg@o@g%%gpg%{%qmé?&g%%ﬁ%g8 ¥§gt ,
per secqnd. Arrows 5L in Fig. 4 represent the general direction of f.low of
Phe 10 a1 ast ofHEreRs aaint St o satrt SHRLor s frdk Phal Lot neATRNY SRS CSRUARAL <
60 and 62 into the channel 80 below slurry nozzle tip 67. Thus, the slurry
and | at ex fl ufdismeter D fand anaxial dimension g lenghek - Jin this Sgst is¢etignf7fethenlength do
streamvelocities, in accordance with the nunbers set forth above. Wile

not w shi ng t shdud bogreatery thanethreg times the diameter P,; moreptefesabiyogreatenthan tfive
differential feed achieves | atex shear conditions in the m xing zone

| eadi ng to gogghes HP afBeid3t prefepfblpfrom aBBGt LORINS ihésID,. Typiclly ahidabition will

preferred enbodinent is illustrated in Figs. 5 and 6 wherein the single
axial feed tu ' rmgl t Ofﬁiﬁi | |
axially ext eﬁ%eﬁée@ewa es ﬁ?ﬁ&& ve%’béeﬁlelglﬁgé&ﬁ’u%%%??%’fﬂz?étgé%ﬁges

b | oyed, for. | t o about 8 axial | y- ext endj d
Tubes. Ravan: SgissneitionaFaRtaen A stsFoestons) ey spEosprmdy BH0E5 haige

different feed tubes of different dianeter for. production of different
f ormul at i ons. priceding (hsl.tupsireant)eseetion, bEwscton eample.csgctiomil hasrpeenmstant ¢rss-
achieve good flow turbulence within the m xing zone and coagul um zone of
t he coagul um sedomabdimeAsiormariday snedsisetionattared iwhichtis tWicd thet ofi sectiomat. | Similarly,
illustrated in Fig. 7. Mx head 150
the cross-sectional area of section 76 is double that of section 75, and the cross-sectional
area of section 77 is double that of section 76. In each of sections 75 - 77, the length is
15 preferably greater than three times its diameter, more preferably about three to seven
times its diameter and generally about five times its diameter. Thus, for example, in
section 76 longimdinal dimension L, is preferably about five times its diameter D;
A mix head and coagulum zone assembly corresponding to the embodiment of
Fig. 3 is shown in Fig. 4 partially in section view. Mix head 50 is integral with coagulum
20 zone extender 53 via joint 54. It defines a mixing zone wherein multiple feed channels 60,
61, 62 form a junction, with an elongate, substantially cylindrical channel 80 substantially
coaxial with the coagulum zone portion within extender 53. It will be recognized that it

is not essential to the operability of the method and apparatus disclosed here, to precisely

define the boundaries of the mixing zone and/or coagulum zone. Numerous variations are
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IS seen to define a mxing zone 179. An axial feed channel 161 receives a
feed tube 182 625163CIP Page 37 adapted to feed carbon black slurry or
other particulate filler fluid at high velocity into the m xing chanber
179. 1t can be seen that the central _bore in feed tube 182 term nates at
slurry nozzle tip 167. A constant dianeter nozzle land 168 is imedi ately
upstream of  Possible imghe design of the flow chammelyjunetion aras, g Wik be apparent toghose
Preferably the axial dinmension 5 of land 168 is about 2 to 6, e.g. about 5,
tinmes its di agkiletin the segiventhé badficbthe presdrfi @iscfosunes Ia thatiregard)as 4 8édnenallyh
the m xing zone 179 at a 90 angle for feeding elastoner latex fluid to the

m xing zone. &P&e@f@ﬁ{eﬁﬁe‘:w infbh@/T8 e typRfillishited RIS 4, 'for &aﬁﬁggthteﬁgmel

160 is substanti arger than the cross-sectional di aneter

slurry nozzle tip 167 .and | and 8, Wthout w.shing..t U hegory,
The axial el ot ESREra i wsram Pé‘ﬁ&bi%'&“’gi#l cylmdneal °?§B$?1°2‘9%@g’5%’8-%‘e®

di aneter bore section upstreamof the nozzle |and, is believed to provide
advant adeous senterdd lopgitudinally in|thevjwictien @f the faed sihgrneleedn sudheembodipgats, ¢ he
m xi ng zone 179. The bore of feed tube 182 is found to function well with a
20 chanfer, préfatablysthecninimah cosaedtialires defingdabydtheiimagingry qose froamthe
direction at about a 20 angle. Downstream of m xing zone 179 is an

el ongat e coaguumtip@1ee tHeRitSirfifefRtial Perimett@ thSbeinnig ¢¥ tBe celindfice potioatsove,
such coagul um zone need be only marginally elongate. That 1is, its axial

di mensi on neeg Qo%aﬂagg?dyzwe%{emﬂ thifn,| 3130 Rhast! 488 tb! the & AURE GonalHéd S RDlaVex

however, a progressi arged ’coagul um'zone’ I's use | scussed
above, coagul ation of .the el astoner sterhatch is substantially. congplete
at or before 3?\"@ ‘QWBD%TGBt rﬁe‘?@&ﬁa%%ﬁl gﬁ.maﬁéfeaftst?e 88&6?%??’83“8 rs
within 20 the coagul um zone of the coagul umreactor wthout the necessity
of addi Hy a stcoagulnmonessherdimflew susbulerice axigs priercto| sukssantipfly sorgplets Geagulatian ude
the possibility that sonme initial coagulation occurs in the m xing zone.
The m xi ng zorsftieelastemerdatek dawed catulaxdrossesedtiorpor t i on of the coagul um zone
for this purpose. Also, reference to substantially conplete coagulation

prior to the el ast offermds ks ot cafbdn BIAk shitfy SOGRHSH pabfiduRAS Flr flukd 8 Qéen
meant 625163CI P

to comprise a feed tube 82 extending substantially coaxially with the mixing chamber to

an opening or slurry nozzle tip 67 which is open toward thq coagulum zone. Thisisa
15 highly advantageous feature of the preferred embodiments discussed here. The carbon
black slurry, as noted above, is fed to the mixing zone at very high velocity relative the
feed velocity of the latex, and the axial arrangement of narrow bore feed tube 82 results
in excellent development of flow turbulence. The diameter D,, of the channel 80 (which,
as noted .above, is preferably substantially equal to the diameter D, of immediately
20- following portion of section 74 of the coagulum zone) preferably is at least twice the
inside diameter of slurry feed tube 82, more preferably about fopr to eight times the
diameter of feed tube 82, typically about seven to eight times that diameter. Feed tube 82
is seen to form a fluid-tight seal with the entry port 83 at the upstream end of feed channel

61 of mix head 50. The diameter of the axial feed tube 82 is determined largely by the
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Page 38 to exclude the possibility of subsequent processing and foll ow on
treatnent steps, for any of various purposes appropriate to the intended
use of the final product. In that regard, substantially conplete '
coagul ation in preferred enbodi ments of the novel nethod disclosed here

enpl oyi ng natural yubber |atex means.that .at .|.east about 95 wei gh rcent
5 of the r ubb&quﬁ?{ﬂ’ FHgHOW fate I’l‘l‘(ilc{| qx}fﬁ é&o‘?@ °£H‘§dﬁ‘ﬂ¥?’é&,paﬁ58f‘ fehr?h‘%\‘tb? glﬁw at
| east about 97 weight percent, and nost preferably at |east about 99

wei ght per cennoize tipoigjotoethe ehixing phansher h The eeraech opEaauired volpaie apd selogityrcan
descri bed here produce el astonmer conposites having excell ent physical
properties ange p&idflp deRnfifed btiveé skillés inehe argiveh thedleasfitafehis discpase,tand of
the present invention include nasterbatch conpositions produced 10 by the

above-di scl osed d. a HoldeSS I RslEAdlE€ ERBBAHRES and
finished pr odﬁ”eltl gg%g@@mlﬁﬁ’ol&%thﬂ#g?gﬁgﬁg# gtgérr%oéi tions. Notably,

el astoner nmasterbatch_can be pyodyced ,using natur ber | ate l,at ex
concent fat e osu¢h ay that Hlugtrated a‘?:f{ g‘ﬁ‘g°§ﬁgthr‘?“?r X%efﬁﬁ% H&?ﬁﬁig"% orcglf ch‘ﬁJ oélbi%:
filler, having excellent physical properties and perfaqrnance

characteristi cshlrr)(iarmabﬁapmi@rd@;ﬂ q flexibility in manwfactuang different mastgbatchcn
15 application as tire tread have been used successfully, as well as carbon

bl acks her et ofcompositions ai différext times.uThefebd:tuboused amonerproduiction Bini gan b semoved
production apparatus and net hods. Those unsuitable because their high

surface area %Hﬁij repReby H1aigef & snlEeB Rl nibe@Ppropheds laisGBdeqliént pedtuetien. In
acceptabl e | evel s of macro-di spersion at routine commercial |oading |evels

for the carbon.hl iﬁgﬁ%&r i QelB 'ﬁlfsag ?vfféﬁmesld\ﬂ &g%'{lﬁrfeé’éetiugatit Rhy bd'Rferred

el ast oner arevbeﬁiv prererre € no astonmeri c nasterbatc

h
conpositions disclosed here. Such . el astoger co sites are found. to,have
excel | et di speAs? shIaLPr ChtCHeHRYKINg 2% | Stsﬁ%‘ﬂyﬁﬁf’ﬁ&éftof’ﬁbcb@??n 'P(?S(lae[a%er
wi th good preservation of the nolecul ar weight of the natural rubber.

Mor eover, t hesertzinembodipentsshiglespeed injeation of theishurardinto ag arerlready aubsaatialivor a
coagul ation step involving a treatnent tank or stream of acid solution or
ot her coagul ariled WBIL&B CliiRisFia @ca SiayTintke sensé ofiird ipnnwedinte distribotion zstipasses

conpl exity of such coagul ant treatnents be avoi ded, so

through the slurry nozzle tip , and not necessarily in the sense of free-flying matenial

droplets in a simple spreading trajectory.
15 The additional feed channels 60 and 62 are seen to form a junction 84, 85,
respectively, with feed channel 60 and downstream channel 80 at an angle B. The angle
B may in many embodiments have a value from greater than 0° to less than 180°.
Typically, B may be, for example, Ifrom 30° - 90°. It is desirable to avoid a negative
pressure, that is, cavitation of the latex fluid as it is entrained by the high velocity slurry
1| 20 exiting at slurry nozzle tip 67, since this may disadvantageously cause inconsistent mixing
leading to inconsistent masterbatch product. Air or other gas can be injected or otherwise
fed to the mixing zone to assist in breaking any such vacuum. In addition, an expanded

feed line for the natural rubber latex leading to the entry port 86 of feed channel 60 is

desirable to act as a latex fluid reservoir. In the preferred embodiment of Fig. 4, latex feed
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too the need to handle effluent streanms from such operations. Prior known
dry mastication techniques could not achieve equal dispersion of such
fillers without significant nol ecul ar wei ght degradati on and, therefore,
could not produce 5 the novel natural rubber masterbatch conpositions nmade

in accordance Wt rtain preferr.ed enbodi nents of the present,invention.
In that regar ﬁha“ﬂgklg ! tFEig‘t'tg ¢ MIYREF50F tag@cgﬁeamélpgggglphé& %erg%ve ¥ ent
macr o- di spersi on of the carbon black in the natural rubber, even of carbon
bl acks havi nghewester, sk lates feed channel samintersegt the mdng ciiapnel gpstrsameercdawnstyeam o
and' even less than 1.0, wth high nol ecul ar weight of the 10 natural

rubber. Knownofith¢ish@rytmeeheitipds i n the past did not achieve such excellent
macr o- di spersi on of carbon bl ack w thout significant nol ecul ar wei ght

degradation of theThadrbéiilackeh§ or 8itidr pdrfi@ié ANG flusl Gpieelly Bisesblee té fed

novel masterbatch conpositions and other el astonmer conposites of the

t Pr ef d I t it i
P Cor darfco i Pibe & BGrei e anPE oy 0T bAEych TEIcHl 380 (' sSRIRES el ki1 0
| evel s not heretof ore _achi eved, .cal e d.i I .of i k
ma\s{t e?bat ch hé&’?@s‘ﬁoc})ﬁé‘g}aﬁéc g ligp ﬁg-f"é’iuisﬁref?d ﬁﬁgl}eamce Ogei“grﬁ'lttg#"épgﬂgfqﬂggﬁ

here can be incorporated into cured conmpounds in accordance wth known

t echni ques. Soozelatip 67 at g velecityahoye df@i 8. peresecendy pireferally ebeytrlof te abwui8Atnt s
to have physical characteristics and performance properties generally
conpar abl e t oft. pétdecshdsMoEe préfetabicabdut 2@Mof 300 tpey sdeohd, €for eaniphgaboiiti3see of
ot herwi se conpar abl e cured conpounds conpri sing masterbatch of poorer

macr o- di sper sieQh-peMasloRli DA 31 i Fig 'ORBERENt e FERREITAREAONOE ROWNGF the
present invention, however, wth reduced m xing tinme, reduced energy

i nput, and/or

t her st _savings. -Particularl ith, res t rtal
or ot or 20 enp ettt 2088 aR iRy sl macdaig el dodd BERRER ol Y dhe
* mast erbatch cap be produced havi ng excel | ent physical , 625163Cl P . Page 40
characteristi G@alﬁ’ﬁbgﬁbgﬂpﬁf $HamRY: BORHOMR P d Ps,ﬁ‘?:g}‘%ﬁ{‘d H’é@‘ré‘!‘% ?ﬁé?if%ﬁeof
the carbon black is achieved, even using carbon bl acks of exceptionally

hi gh surface anixing aomeslabgreatly diffetent feed sir¢anmowelodities, eagrendandfe withythgdumbens of |
the natural rubber which would be caused A

set forth above. While not wishing to be bound by theory, it presently is understood that

.the differential' feed achieves latex shear conditions in the mixing zone leading to good |
15 macro-dispersion and coagulation.

An alternative preferred embodiment is illustrated in Figs. 5 and 6 wherein the
single axial feed tube 82 in the embodiment of Fig. 4 is replaced by multiple axially
extending feed tubes 90 - 92. Even greater numbers of feed tubes may be employed, for
example, up to about 6 or 8 axizﬁly-extending feed tubes. Advantageously, production

20 flexibility is achieved by using different feed tubes of different diameter for production of
different formulations. Also, multiple feed tubes can be used Simultaneously to achieve
good flow turbulence within the mixing zone and coagulum zone of the coagulum reactor.

An alternative embodiment of the mix head is illustrated in Fig. 7. Mix head 150

is seen to define a mixing zone 179. An axial feed channel 161 receives a feed tube 182
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by dry mastication for sufficient tine and at sufficient intensity levels
to achieve the sane 5 degree of carbon bl ack dispersion. Especially

advant ageous in this regard are novel natural rubber nasterbatch

conposi tions wherein a high degree of dispersion is achieved, using carbon
bl acks having structure to suyrface areg rati.o, A AB.of l.ess .th 1.2
and even | essadapigd t‘lg"ﬁg cargon lark shispyor 0&759%?%%}%)%@?%}}% §‘ﬁ?"§la’ﬂ?%tydgtﬁa¥ﬁg
measured as the dibutyl phthal ate adsorption (DBPA) val ue, expressed as
cubi ¢ cent i memixng canibBPI/D ekt canbe seen ghat the esatrpldere infeed tube d 82 trrmipates 3 he
procedure set forth in ASTM D2414. The carbon bl ack surface area can be

measured as CifBy a3pAeas o723 SeHRediaibRf Aoty lagd 268 isdhmediatedyugstraark of
according to the procedure set forth in ASTM D3765-85. Novel natural

rubber mast or B8k okl 88 167 i6kind °5 BBl Sor @KL 1600 "RBEANO0R MnRGRIANER!

conbi nati ons characterrstrcs such as nol ecular wei ght

distribution apd fjll.er digpersion, levels, 15 and/or in '

her et of 8r e ungﬂﬂ‘ggsés ?t?qufzrt% 65818 +APQUL 2 IR ATSSIAGEE A@f‘?&?‘@?&%ﬂf%ﬂéﬂ?ﬁl;mhigh
surface area and | ow structure. The dispersion Byalit of nat Lil‘a| rLibber
mast er bat ch  farmg ajungtiom! ¥ty the mbangzane k7Rat 42 h&E&legﬁf eeéﬁ't&? agtQger latex
di scl osed here can be denobnstrated with reference to the well known
charact eri st i @sidod thelixing ¢onei The cseseatjedal dameteraf the-lates Suidsfeehchannel 160
Specifically, the nmacro-dispersion |evel in masterbatch produced 20 in

accordance Wi {dy,p&edtfly b ThafineRAdsS-sedtionaldiarhéterdt thy slhry nezzl¢ tipri 60hat i n
mast er batch of approxi ma%el y equal produced using dry nmastication.

MA/,
Most tably, .t ' i ' :
ot depend 4 B ASNARGHS SIS Be bbindth R il SOABRORTPAGLATRNS LEBET,
i cvall o uPHPIRAT D RS PR ol LUt e o AR T

625163C1P Page 41 the concentration of the carbon black in tn;he slurr

total energy toprevideadvantageasustabjlity ipithediozy gfslumy shrough fasg exm?gmB%/thhe
fluid streans, etc. The macro-di spersion quality of carbon black in natural
rubber mast er atisgzondi198] Thebbréof feed tmbe i 8P found i fimctinat well withaR0f lshamfen

previ ously known masterbatch of 5 approxinmately equal MAN, (weight

average). |n R8s RoRA &0 NIRiEh Efinds Rf th® @¥&team direction at about a 20° angle.

Downstream of mixing zone 179 is an elongate coagulum zone. Consistent with the
15 principles discussed above, such coagulum éone need be only marginally elongate. That
is, its axial dimension need be only marginally longer than its diameter. Preferably,
however, a progressively enlarged coagulum zone is used.
As discussed above, coagulation of the elastomer masterbatch is substantially
complete at or be_fore the end 6f the coagulum reactor. That is, coagulation occurs within
20 the coagulum zone of the coagulum reactor without the necessity of adding a stream of
coagulant solution or the like. This does not exclude the possibility that some initial
coagulation occurs in the mixing zone. The mixing zone may be considered an extended
portion of the coagulum zone for this purpose. Also, reference to substantially complete |

coagulation prior to the elastomer masterbatch exiting the coagulum reactor is not meant
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el astonmer conposites, excellent carbon black distribution is achieved with
MN ", approximately that of natural rubber in the field |atex state,
(e.qg., approximately 1,000,000) a condition not previously achieved. The
di spersion quality advantage is especially significant in the above

menti oned preferred enbodi nent si ng car bon bl 10 with | ow structure
and hi gh sur f #exchde the pessility quqlé% Pf%&ﬁ'“ﬁf@??ﬂ%@? eI nh FERY g‘?r AW han
45 to 65 nRk/ g, and DBPA: CTAB |l ess than 1.2 and preferably | ess than 1.0.
EXAMPLES Tes bf Varoos punpeses Bppropohtedoiithegintended yseof thelfinabpigdret. s &t regaidie
exanpl es and conparisons 15 presented below. 1. Bound Rubber. A sanple

wei ghi ng. 5 9. suifdedntislly cémpreied b&ubufition Hhasrefémed ebiiddinénts of lthemeveinmethedal ed
flask and stored at anbient tenperature for approximately 24 hours. The

toluene is t hﬁﬁgE’%ﬁL*r’pgfegeq}P@YE“%"w@”%Mdﬁ?? g}%&‘ﬁ]ﬂ{% 1&80aHoE94 {,@@Iﬁ bérc%it or ed

t
for 4 days. en renove e solvent and air-drie

under a hood at 20 anbient t erature for 24 hqurs. Th e 1s th
further 3dried ofwwggdﬂ%%ég’ggé’f %‘egﬁﬁﬁf‘ésn‘foag'élﬁﬁgr%{ﬁge%ﬁ’%’% lﬁ%tgbso.m ?ﬂe '
sanple is then weighed and the bound rubber is calculated fromthe weight
| oss data. 62%eihCpercemaans most prefesably at least abowi P9 weight perepnt isicgagiiateding i n
the clains, MNd refer to weight average nol ecul ar wei ght of the sol
portion of the nat el methbbeand apparatisr disdied and cdescrihed shefre provuice eldstomer
wei ght nmeasurenent were foll owed in accordance with the followng: 5 2.1

Two 10m 106A eghpsdiss h@iﬁé@%é%ﬁ%kﬂl@oﬁ&ﬁeﬁaﬁ ini&ide RRdactedtissMNbyeim
e

Pol ymer Laboratories, UK~ 2.2 tection at 215nm 2.3 Solvent: Tetra

hydro furan ( -tl;ta@om%r ébn%%@f&%&%%&&t ir%ﬂﬁdﬁ%éh)ﬁe%@(e@atéh%oﬂﬁ%sitions produced

10 by the above-disclosed method and apparatus, as wéll as intermediate compounds and
finished products made from such masterbatch compositions. Notﬁbly, elastomer
masterbatch can be produced using natural rubber latex (latex concentrate or field latex),
along with various grades of c?.rbon black filler, having excellent physical properties and
performance characteristics. Carbon blacks presently in broad commercial use for such

15 application as tire tread have been used successfully, as well as carbon blacks heretofore
considered unsuitable for commercial use in known production apparatus and methods.
Those unsuitable because their high surface area and low structure rendered them
impractical to achieve acceptable levels of macro-dispersion at routine commercial loading
levels for the carbon black and/or to preserve the molecular weight of the elastomer are

20 highly preferred for the novel elastomeric masterbatch compositions disclosed here. Such
elaétomer composites are found to have excellent dispersion of the carbon black in the
natural rubber, together with good preservation of the molecular weight of the natural
rubber. Moreover, these advantagebus results were achieved without the need for a

coagulation step involving a treatment tank or stream of acid solution or other coagulant.
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10 2.5 Sanples are left to dissolve in THE for 3 days, stabilized wth BHTI.
2.6 Solutions are centrifuged to separate any gel and the supernatant is
i njected onto the colum. 2.7 Sanple Preparations Sanpl e preparation is
designed to prepare sol concentrations in the range of 0.5 to 0.05 percent

by wei ght to provide 15 good detector. response for r nt
01}/ thegm)l ecul%ﬁﬁ"s’ et HY <2 @g FP%&P&SWPI%‘%?&%H@C%%“E‘H%é?éiﬁ'ﬁ@%%f’gg ;ﬁ%@gﬁ
sanpl e weight is adjusted according to the follow.ng forrmula: sanple w. =

(100 + filler toothdinaed togtanylle effugnt sitpamg from sugh ogeratignsy) es are placed in WV

protected vials and dissolved in 4 nL of 20 stabilized tetrahydrofuran
(THF) contai ni ng OPpadidowntirpimastichtiuhrtechyiques avaldmof RitiEye equal dispessioniaf/such The
supernatant fromthe dissolution step, containing nostly the sol portion,

is transferr e%uggwﬁﬁ@tg{gﬁﬁg%moi&m&ew&,phg%@aﬁimr iher@d, ddulProtdredice 30

(Beckman) centrifuge m nutes a 000 revol utions per mnute
(corresponding to a_ 25 xipum field strength.of 57,500 ' L.el d
strengti, a ndh®npYs) nguralimy ﬁe‘fm&fg%t&h §8@ﬁﬂ%‘ﬁ?’§ r<[;’1ﬂeolf/-r)‘vi aﬁgé’%‘aé%ﬁ &Pirl ch‘tduﬁ
supernatant. This gel-free solution is diluted a{f 1.5, a gi nu IT‘%

stabi | i zed THPreferrediembedimants pfdhe peasentelgvetion; r i %rfF%% 18°Y§§>6 I and
pl aced inside a Waters 717 Auto- Sanpler (Water Corporation, MIlford,
Massachuset t s cotipdiitesare 8iclpsedhaviagiexcellent macre-digpersiansaf; the carken dlagk i the

Wei ght Determ nation The wei ght average nol ecul ar wei ght of the sol
portion MN i §3hlien retetr BVenedf dafiongbltitsl havingnasefristarecto (sarfadd atdaeratioom
Waters Corporation, MIford, Massachusetts, USA) a baseline is defined
using a val | eyskpa¥athARedUifn 1oldhlibvbd Red (HIR 1. AAHORER BoRRaRr Wight of ereent s

of 15 and 35 m I me increnent 1s appropriate for

10 natural rubber. Known mixing techniques in the past did not achieve such excellent

macro-dispersion of carbon black without significant molecular weight degradation of the
natural rubber and, therefore, did not produce the novel masterbatch compositions and
other elastomer composites of the present invention. Preferred novel elastomer
masterbatch compositions in accordance with this disclosure, having carbon black macro-
15 distribution levels not heretofore achieved, can be used in place of prior known
masterbatch having poorer macro-dispersion. Thus, masterbatch disclosed here can be
incorporated into cured compounds in accordance with known techniques. Such novel
cured compounds are found in préferred embodiments to have physical characteristics and
performance properties generally comparable to, and in some instances significantly better
20 than, those of otherwise comparable cured compounds comprising masterbatch of poorer
macro-dispersion. Masterbatch can be produced in accordance with the present invention,

however, with reduced mixing time, reduced energy ipput, and/or other cost savings.
Particularly with respect to certain preferred embodiments, natural rubber latex

and carbon black filler masterbatch can be produced having excellent physical
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the col um set descri bed above in paragraph 2.1 with the nobile phase flow
rate set at 0.75 mJmn. Once a reasonable baseline is established the

di stribution can be determined. The elution tine is converted to nol ecul ar

5 weight. Polystyrene solutions nmade fromcomercially avail abl e standards

(Easi Cal : Pol . abor ah or o e . ai_ni ' of
ol ecul ar el SHEECSHER® o84 PetGiinant Bronefis, BREREh HaG Bl gfus Rahh

pol ystyrene nol ecul ar ., wei ght tq pol yi soprene, nol ecul ar wei ght equi val ents
"s based on t Rlack s axbievsd. cvep PHRSCIBRR RiBckoRF oenicnel hlahaw?%fe@m Py,
The hydrodynam c radius is proportional to the product of the nvolecular
wei ght times ttmactirefwithost the degreeof degradationeof theomaterat rubgert which poulddteyaansed

nol ecul ar wei ghts to pol yi soprene equival ents, the calibration curve

rel ates absol w{ aryTRAsEdtHon for¥affigieht fifle Shd dtisfficlenfRitentifPletéla Rfladhitse MeSsanieun

under conditions identical to the sanples, and the standards are 15

I ntegrated to assi th opr.i at r ' Ly.gn, el ution
e, besed ofeaopab et WEk Bl B g Efhdbuy LR HpLwE b
distribution is properly converted to nolecul ar. wej ght, .the appr.opri at

nol ecul ar wei gﬁwo@ggge@%wmmrwwew ﬁé“gﬂe °§'°fI9fsPFréﬁ’Bd chieved,
software. 20 3. Mooney Viscosity: Standard procedures were followed for M
(1+4) @00' C. - using Fasbon lsbagkp havir@ strictGonidi suifaessareareatio, PBRAe CTAB ef lesythan 1 3
150C for the time periods indicated below. 4.1 Tensile Sheet: 20 min. 4.2
Resilience: 23ndeven les®thad.1. Has dseddete, Bk carban. blatkstrdetate & Hednddsured as thien.

5. Dispersion: The Cabot D spersion Chart nethod is used wth subjective

eval uati on of 4afix ?mm&ehd hftloRYDBPAY -val(xé\%zg/}e@%@% clybi RestimetBrs of DBPA per
Stress-Strain: Tested to BS903: and 1 SO 37. .

10 100 grams carbon black, according to the procedure set forth in ASTM D2414. The

carbon black surface area can be measured as CTAB expressed as square meters per gram
of carbon black, according to the procedﬁre set forth in ASTM D3765-85. Novel natural
rubber masterbatch is achieved, therefore, having heretofore unachievable combinations
of physical characteristics such as molecular weight distribution and filler dispersion levels,
15 and/or incorporating heretofore unsuitable fillers such as carbon black of extraordinarily
high surface area and low structure. The dispersion quality of natural rubber masterbatch
produced in accordance with the methods and appara.tus disclosed here can be
demonstrated with reference to the well known characteristics of MW, (weight average)
and macro-dispersion. Speciﬁcﬁlly, the macro-dispersion level in masterbatch produced
20 in accordance with preferred embodiments is significantly better than that in masterbatch
of approximately equal MW, produced using dry mastication. Most notably, the
dispersion quality of these preferred embodiments does not depend significantly on the
morphology of the carbon black filler. It will be recognized that other factors affecting -~

the level of dispersion achievable using the method and apparatus disclosed here, include
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30 7. Hardness: Tested to 1SO 48 (1994), tenperature 23C. 8. Resilience:
Tested to BS903: A8 (1990), Method A tenperature 23 C (8 nm nol ded di sc
test piece). 9. Heat Buildup: Tested to ASTM D623, Method AL 9.1 Start
tenperature: 23 C 625163C1P Page 44_9.2 Static load: 24 Ibs. 9.3 Stroke:

0. 225 inches. , 9.4 Freguency: 3 9. n_f m n Tan 8:.
Veasur ed on RIEGABSPIEERT ot e gapomplac i g sy, Btal ferll Wb thehrry B, 1
strain sweeps. Strain sweeps at 0, 30, and 60C, 1 Hz, and 0.1%to 60%
strain. 11. CenesRy @puturingamixingof ke fluid siseamss eicn accor dance with ASTM
D3629-94 Exanple A 10 El astoner nmasterbatch was produced in accordance
with the present i Mhenha@o-dispEsion quality bf carbon dilackt in maturalasibbet mastrbateh
produced conprising standard natural rubber field |atex from Malaysia with

52.5 phr fill Qscfodb ih%%ér i;sgsrig&ﬁ%ﬂ?%ubﬂ ffak 1Rkt MOPFERTOBSIR| knoWnagasteidarth of

avail abl e from {1 on.” The properties of the natural rubber

field |atex are provided | abl e h

Nat ur al RubbePPRISTERteh, B‘B‘é'l m?ﬁ/’&‘éﬁ&a"%@ﬁ' a?g ﬁ%@% {;éﬁr e@ge?%{) ??nee-gﬁﬁ&(t? o—h‘)
Addi tives Rubber Solids % Ash ppm Fatty Acid. @00.C, 0..15(V%iHN%' 2%. W4. 2
0.38 0.366 0. @ggtoggroqopgqgntg; excellent carbon black distribution is achieved wit ool

- approximately that of natural rubber in the field latex state, (e.g., approximately
1,000,000) a condition not previously achieved. The dispersion quality advantage is
especially significant in the above mentioned preferred embodiments using carbon black

10 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

Test Procedures
The following test pfocedures were used in the examples and-comparisons

15 presented below.
1. Bound Rubber: A sample weighing .5 g. + .025 g. is weighed and plaged in 100
ml. toluene in a sealed flask and stored at ambient temperature for approximately 24
hours. The toluene is then replaced with 100 ml. fresh toluene and the flask is. stored for
4 days. The sample is then removed from the solvent and air-dried under a hood at
20 ~ ambient temperature for 24 hours. The sample is then further dried in a vacuum oven at
ambient temperature for 24 hdurs. The sample is then weighed and the bound rubber is

calculated from the weight loss data.
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5 ZnO, TMID' a. HNS: hydroxyl am ne neutral sulfate, Money viscosity
stabilizer. b. ZnO TMID. used for biological preservation, typically 0.025%
of 1:1 mxture. The full conmpound fornulation is set forth in Table 2

below, and is representative of a 10 _commercial truck tire tread known to
have excellent resistance to reversion during cure. Table 2 Masterbatch
Formul ati on | Rgr ediMWsaParAssussd igythis drglesene apdgn thesclaimsy MWl eeége tgwveightn o
4.0 Stearic acid 2.0 6PPD (antioxidant) 2.0 Sunproof |nproved (wax) 2.0
20 Ennerfl ex d<derage amdécular pydight 3ofOthe Sot pbrtibaSofSthe Taeurall abbernre StamdatdeGBEL ch
production apparatus was substantially identical to the apparatus

descri bed aboygngiqhbs ffméIeaAE »ba%ig;ﬁiéansuﬂﬁngeaﬂ %%r@foub%d Gf AvedPdance i feUr 1y

25 nozzle tip (see reference No. was .039 inch dianeter with
a land (see rf&[o%ﬁ ce No. 168 in Fig. 7) having an axial length of 0.2
i nch. The coagul'umZone was 0.188 inch dianmeter and had .985 inch axial
| ength of constant djaneter betvve;en the m.xing zgne and its_ discharge end.

Prepar atd on of theZnlast d¥eatQim 1§ Agolupng,ad0pm qolimn and 31 Qum meedivede y
bel ow. 625163C1P Page 4selumurfem Pelymek Laparatofiepd@sar ati on. Bags of carbon
bl ack were m xed with deionized water in a carbon black slurry tank

equi pped with an adi2 at &FV déteetionsayi2l damr broke the pellets into fragnents
and a crude slurry was formed with 12.5 wt. % carbon bl ack. During

operation, this slgryy WRHerCMetrd hpdioMuiad TPEE) by an
2.4  Concentration, nominally 2mg/ml in THF.
10 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 a
15 good detector response for accurate measurement of the molecular weight
distribution. Depending on the filler loading, sample weight is adjusted
according to the following formula: -

sample wt. = (100 + filler loading (phr))*20/100 mg +/- 2 mg

Samples are placed in UV protected vials and dissolved in 4 mL of
20 stabilized tetrahydrofuran (THF) containing 0.02% butylated-
hydroxyltoluene (BHT) for three days. The supernatant from the
dissolution step, containing mostly the sol portion, is transferred to Teflon
centrifuge tubes and centrifuged in an Avanti 30 (Beckman) centrifuge for
60 minutes at 26,000 revolutions per minute (corresponding to a
25 maximum field strength of 57,500 g). At this field strength, a majority of
the gel phase sediments allowing a gel-free supernatant. This gel-free
solution is diluted at 1:5, again using stabilized THF. At this point, the
samples are transferred to GPC vials and placed inside a Waters 717 Auto-
Sampler (Water Corporation, Milford, Massachusetts, USA) in
30 preparation for the GPC testing.

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
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5 air diaphragmpunp to a colloid mll for initial dispersion. The slurry
was then fed by a progressing cavity punp to a honogeni zer, specifically,
a nodel MB honogeni zer from APV Gaulin, Inc. The honopgeni zer produced a
finely ground slurry. The slurry flowrate fromthe honogenizer to the
m xi ng zone was set by _the horr&geni zer speed, the hanogeni zer acting.as a
hi gh- pressure positive ingrements efcldrand3 Spninptes.ST s rt‘\}“efll"ifﬁi“ﬁ'&t'%a%%?%%f Tor ed
with a Mcronotion(r) nshescolainpsetndeseribed pheveciarpsmeranhad k vaththe ynahde Phasg t o
the honpgeni zer at a pr dewuate setran0F5 mi/ihino Q6O a reasar@ble paselinein ¢stablished the
hormogeni zati on pressur e disibutiéi cantbe detefningds i The eliriointitb it conherte tormolecudes
introduged as a jet intQgdhe PalystyréheZoRfomimade flofloninidrélallyfavdilable startlartis
| atex vas charged 1o a 28 CAP Fdlyrie? abbraRGles ‘?f-”mﬁ%i{ﬁ“"%‘“ﬁé’ s s
emul si on was added to t® "1°g"t°8 Hfﬁéfs ‘f'@"é Pa?ﬁg.dd‘sin |%’Q?'Qg%%§3ﬂ\xg%gmp %dded
consisting of 0.3 phr tPPYSHEHS bh !*W{nea PR Y '8 -
Sant of | ex(r) 134 (al kyl -eﬂP'yPleB‘-S% #sg( ondhe paiversal Galibratipn method ¢f %oft d
anti oxiants was prepar sawerkess. The wydrodyaamicsadivs 13B5ORErGn4 e the RiBeuLt @
ol eate 20 per 100 parts moledubsti weight tiines thenintrinsisoviaeasityim N expveeingothe
adj ust the enul sion t o palytyteoé majepulansveigtteloypolyisoprins gquialghts, thg calibgasionoi |
was added. Air. pressur gurvebdatpsibgolutemsolétalariwtightrto elutibh emea(Tiwe sfandands hee
feed tank to the m xing gpnrAdef céiitions dashficlimo ghiCagiplesThmd kins spéndardyvareat e
was 3.2140 3.4 Ibs/mn gy QY5 akigh the §bpropriard EdfiekBlaPa@Reh for RESiven BRI,
and was “autonati cal |y mepel adsafdy QIR B |the leddadts sl ODREL B fithe bARYS
Rk

flow nmeter and a rubber e pinc al.ve, ﬂ"e I in
of a 52.5 phr was obt ai i%ﬁd?iggeﬁeﬂ}'ﬁ rif %JI%:I la?%g?%’e&le%ﬁpﬁg%d )
rate to the carbon bl adRlEfA \eirREAVTagss arg .C“Eg‘?dbg}ﬁt aeREnd SR
M xi ng. The carbon bl acléog}"’ﬂ'fery and | atex were m xed by entraining the
latex into the carbon black slurry. During entrainnment, the carbon bl ack
was i nt2omat el \3. i x ddoomeyVisdosity:aStandand grachdures wererfellawedfor Mle (il +4)@100°C.

4. Test Sample Cure Conditions: Test pieces were cured to 150°C for the time

periods indicated below:

41  Tensile Sheet: 20 min.
42  Resilience: 23 min.
25 43 H.ardness: 23 min.
44 Heat Build-Up: 25 min.

5. Dispersion: The Cabot Dispersion Chart method is used with subjective
evaluation of 50x optical micrographs. (ASTM D2663 Method).
6. Stress-Strain: Tested to BS903:A2 and ISO 37.

30 7. Hardness: Tested to ISO 48 (1994), temperature 23°C.
é. Resilience: Tested to BS903:A8 (1990), Method A, temperature 23°C (8 mm
molded disc test piece).
o, Heat Buildup: Tested to ASTM D623, Method A

9.1 Start temperature: 23°C
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Soft, wet spongy "wornms" of coagulum exited the coagulumreactor. 4.
Dewat ering. The wet crunb di scharged fromthe coagul umreactor was about
10 79% water. The wet crunb was dewatered to about 5 to 10% noisture with a
dewat eri ng extruder (The French G| M.II Machinery Conpany; 3'h in.
dianeter). 1In the xtr der t crunb was conpressed and water
squeezed fromthe 2 a&ﬁ&oa@h%%h a slotted barrel of the extruder. 5.
D, ring & Cooling. The dewat ered crunb dropped into a second extruder
where 15 it was afdi n Stroke:&s22Sdnehes heated. Water was flashed of f upon
expul sion of the crunb through the dieplate of the extruder. Product exit
tenperature was appr oxFreguency: 308 and noi sture content was about 0.5 to 1
wt.% The hot, dry crunb was rapidly cool ed (approximately 20 seconds) to
about 100F by a fo 3 for'd {dag conveyor. The resulting dry crunb had
about 66. wt.%rub er so 55 20 and about 33. wt.% carbon bl ack. 625163CI P
Page 48 Exarrple B mas tch was _pre a by d { ] ion.
The control edPi oy@& R’é&ﬂ'ﬁ‘i 2@“’:95’? ngonﬁg n%ﬁé ﬁ (gé%&%%b#ﬁ@f ad
above), except that the natural rubber was SMR 10, rath {;ar;m%} id | t
was prepared kaxisusefsorn gein Seess. tSrain syrases at &y, 30 @G@d y foto
(approximately 3 kg) at 50 rpmusing 10 phr carbon bl ack. The
premasti cati oB0%estrapier f orned for approxinately 3 min. to a total of 800
M/ nB8. Conparisons of Exanple A and Exanple B The masterbatch of Exanple A
‘and the contrgh Mm@k GroktP Refivanpe: MEsurden acoorunoadétl ASTM D36a9<Kage
m xi ng operation in a OOC Banbury m xer (approximately 10 3 kg). Table 3
bel ow sets forth the m xing schedule for the first stage. It can be seen
that the Exanple A masterbatch followed a nodified m xing schedul e. Table
3 Stage 1 M xing Schedules Tine Exanple A Exanple B

Example A :

10 _ Elastomer masterbatch was produced in accordance with the present invention.
Specifically, an elastomer masterbatch was produced comprising standard natural rubber
field latex from Malaysia with 52.5 phr filler consisting of carbon black of commercial
grade N234 available from Cabot Corporation. The properties of the natural rubber field

latex are provided in Table 1 below.
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(mn) Dry Mx Control 15 0.0 Al ingredients Pre-Masticated Rubber 0.5
Carbon Black and Gl 1.0 Sweep 1.5 Remaining Ingredients 2.0 20 2.5 Sweep
3.0 X dunp at approx. 700 MJ/ nB8 dunp at approx. 1,000 MI/nB 625163CIP
Page 49 In the second stage, curatives listed in Table 4 bel ow were added
with a further nixing cycle of 500 Mi/ni. Table 4_Final. Stage Curative
Addition Ingredient Parts Hablal NS‘“S@%U"I"J@P{%BFRP%S’ 5 Goodyear

W nstay 100 (anti oxi dartz 1.0 TBBS r) 1.8 Sulfur 1.0 10
Total 169.3 mx .ylgotgne gy for|figgenomratinei nd vl &xangpl e A
mast er bat ch ':'Rﬁ tlga,dgan fA¥%h M Kb en(EIFWAIE;ﬂQLI@ﬂ)dCfO t he

prenasticati off—are—eeffetfen ohtt+p—reatettat—of—Hxanmpte.
Despite the r¢duseHNENG28Y | anit42 the B&anpl £0.266 mat 8106h1 wg$Ef ound |t o have
very good naci63%iNBer di on, and the | ecul af wei ghtt (wei ght] 15 average) of
its sol Yorti d substantiallvl higherlthan that of |
These data are summarized in Table 5 bel ow. Table 5 Conpoundi ng and Curi ng
Dat a a. HNS: hydroxylamine neutral sulfate, Mooney viscosity stabilizer.

b. ZnO/TMTD: used for biological preservation, typically 0.025% of 1:1 mixture.

* The full compound formulation is set forth in Table 2 below, and is representative of a

10 commercial truck tire tread known to have excellent resistance to reversion during cure.

‘Table 2 Masterbatch Formulation

Ingredient Parts by Wt.

Rubber 100

15 _ Carbon Black 52.5
ZnO 4.0
Stearic acid : 2.0
6PPD (antioxidant) 2.0
Sunproof Improved (wax) 20

20 Ennerflex 74 (aromatic oil) 30
Total 165.5

The elastomer masterbatch prc;duction apparatus was substantially identical to the
apparatus described above with ;éference to Figs. 1 and 7 of the drawings. The slurry
25 nozzle tip (see reference No. 167 in Fig. 7) was .039 inch diameter with a land (see
reference No. 168 in Fig. 7) having an axial length of 0.2 inch. The coagulum zone was
0.188 inch diameter and had .985 inch axial length of constant diameter between the
mixing zone and its discharge end. Preparation of the masterbatch is described in further

detail immediately below.
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Sanple M x Energy (MJ/m) M (1+4,1000) MV Pre- Stage 1 Final Total Stage
1 Final wt. av. Masticate Exanple A 0 694 500 1,194 102 72 444,900 20
Exanpl e B 800 965 500 2,265 92 67 327,000 Additional testing results for
the cured (unaged) Exanple A and control nmaterial are set forth in Table 6
bel ow. 625163CI P Page 50 Table 6 Additional Test Data Sanple Hardness 100%
Mbdul us 300% Nbdul (earbem Black Slyrry) Prepagation. ( Nfags fxeashane black wege gnixeds withp g 7
Exanple B 72 3.12 16.2 28.5 5 Sanple Elongation at Resiliance (% Heat
Bui | d- Up Max Tan DaleiohizeBrvenér i0%) carbdn biack S0y @dnk dquipped evith &iggitator5 THe. 5
0.203 0.240 0.290 Example B 511 57.6 76.5 0.206 0.236 0.286 Exanple C
El ast omer mmast er batyelay ol?éan@EaﬁéihtB%ﬁﬁhﬁ%&%cﬂd&lﬁd‘}&vw@ﬁﬁéﬂwﬁh 12.5

il el ast omer

i nvention. 10 Spec cally, a mast er bat ch was produced

conpri sing standard tural ,rupber . field.l atex from_IVal LA wth. hr
filler consisting Q(?éﬂ?(?ﬂ b[flcg'c uppe 88%%?'&?'3? SIB%aveasw%ﬂg%@f"ﬁS( P"}&‘%“gg%ﬁ
avai l abl e from Cabot Corporation. The conpound. fornulatign (excluding

mi nor or®inary | at e diaphragmpuanp tp g cellaid millfopinitial despersiony H&%W.y wapihen fed
Mast er bat ch Fornul ation 15 Ingredient Parts by W. Rubber 100 Carbon

Bl ack 55. by a progressing cavity pump to a homogenizer, specifically, a model M3

homogenizer from APV Gaulin, Inc. The homogenizer produced a finely ground
slurry. The slurfy flow rate from the homogenizer to the mixing zone was set by
the homogenizer speed, the homogenizer acting as a high-pressure positive
10 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 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.

15 2. Latex Delivery. The latex was charged to a 100 gallon pressurized feed tank.
Antioxidant emulsion was added to the latex prior to charging. Antioxidants were
added consisting of 0.3 phr tris nonyl phenyl phosphite (TNPP) and 0.4 phr
Santoflex® 134 (_alkyl-aJyI p-phenylene diamine mixture). Each of the
antioxidants was prepared asa 15 wt.% emulsion using 3 parts potassium oleate

20 per 100 parts antioxidan’; along with potassium hydroxide to adjust the emulsion
to a pH of approximately. 10. Also, 3 phr extender oil was added. Air pressure
(51 psig) was used to move the latex from the feed tank to the mixing zone of the

coagulum reactor. The latex flow rate was 3.2 to 3.4 Ibs/min and about 3.8 feet
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Sant of | ex 134 (antioxidant) 0.4 20 TNPP (antioxidant) 0.3 Total 155.7 The
el ast onmer nasterbatch production apparatus was substantially identical to
the apparatus described above with reference to Figs. 1, 3 and 7 of the
drawi ngs. The slurry nozzle tip (see reference No. 167 in Flg 7) was 025
inch dianmeter with a Iand (see 25 re erence No. 168 in Fig havi ng

axial |ength of 0.Pefsseend, Yometeredaand crptroliey ‘Y‘H‘F °r°8)°“°“®
included a first portion of 188 |nch di anet er and approximately .985 inch
axi al length (bei ngmssaﬂcbw;netu'mlrd arubber mhewmbadvanﬁhpdcsixgcdwhtbbhrblatchdzoading
extender sealed 625163CI P Page 51 theret o) a second portion of .266 inch

diameter and 1.6 T Reh sasipht whstidined by nidiitaifin dpaqanoefthe?raéxfdaahatdr@fﬂ%ter
and 2. 256 axi al Iength and a fourth portlon of . 532 inch dianeter nd

3.190 inch axial there are axrally short, farred
i nt erconnecti ons g@\%gl C?ﬁ@q’g or esar d portions. Preparation of the
masterbatch is described in further 5 detail imediately below. 1. Carbon

Bl ack Slurry Preparation. Bags of carbon black were m xed with deionized
water in a carbon black slurry tank equi pped with an agitator. The

agi t at or5 br ok@&- t he GacbdneBlack anddftexMiveng. sThmearborchlagkesigrrand latgs sveromirned
wth 14.9 w. % carbon black. The crude slurry was recircul ated using a
pi peline grinder. b§ dnutining thpdatak imo thé barbors black slungs Daritg entedihiierpUthged
by an air diaphragmpunp to a colloid mll for initial dispersion. The
sturry vas then f eduBonbIROUCHRMARY FREHoRIETbe i MTRRARE Z6Agulated

specifically, Mcrofluidi zer Mdel from Mcrofluidics Inter natr onal
Cor poration for pr u sal round slurry.
The slurry flow rat%éﬁf wgﬁﬂ%ﬁﬁwglﬁﬁ% %fFﬁggz“é“?‘; ?’g%t%ﬁlegﬁ‘? E‘S‘l éfg‘%)gne was set
by the mcrofluidizer speed, the mcrofluidizer acting as a high- pressure
positive displacenent punp. Slurry flowrate was nonitored with a
M cronmotion(r) mass flow nmeter. The carbon black slurry was fed to the

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

10 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).
Ixt the extruder, the wet crumb was compressed and water squeezed from the

crumb and through a slotted barrel of the extruder.

5. Drying & Cooling. The dewatered crumb dropped into a second extruder where

15 it was again compressed and heated. Water was flashed off upon expulsion of the
crumb through the dieplate of the extruder. Product exit tempetature was
approximately 300°F and moisture content was about 0.5 to 1 wt.%. The hot, dry
crumb was rapidly cooled (approximately 20 seconds) to about 100°F by a forced
air vibrating conveyor. The resulting dry crumb had about 66. wt.% rubber solids

20 and about 33. wt.% carbon black.
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m crofluidizer at a pressure of about 130 psig and the output pressure was
set at 3000 psig to an accumul ator set at 450 psig output pressure, such
that the slurry 20 was introduced as a jet into the m xing zone at a fl ow
rate of about 3.9 Ib/mn and at a veglocity of about 300 ft/sec. 625163C1P
Page 52 2. Latex Delivery. The |atex was. charged to a tank, specifically,
a 55 gallon feed drum Antioxidant emul sion was added to the | atex prior
to charging. Antioxidants were added consisting of 0.3 phr tris nonyl
phenyl phosphExampleN®p) and 0.4 phr Santoplex(r) 134 (al kyl -aryl _

p- phenyl ene di am ne m xture). Each .of 5 the antioxidants was prepared as a
40 wt. % enul si on ugi coptrél masterbatehtveas prepareddiysdry enasticativo0 The corfral gmployedant
al ong with potassi um hydroxide to adjust the enulsion to a pH of

appr oxi mat el ytlﬁq';am@ forehulstica Jsimcaﬁlgmmw T4bR®D AovER éRcdphthat tirtraturdlrabber he
t

feed tank to the m xing zone of e coagulumreactor. The latex flowrate

was 3.2 to 3.3 | ] nd 9 f : tig 0
W th a Endr os3e SMELS e BRRH s iarc®y sRERATCuG PROPR iR
desired carbon bl ack |oading qQf a, b5 hr obt ai ned. b i,nt ai,ni,Ng L oper
ratio &f theBeabWY F‘@‘&H(?Pé’é"é’“’t“&tefyhz I&Qr%\ggosﬁ?'ﬁc‘ﬁ"ﬁgl g?rp¥y" 1B nfba{?cé(ﬁ :}ﬂ °

Carbon Bl ack and Latex M xing. The carbon black slurry and, |atex yere m xed
by entrai ni ngptemastication wasperfomeedfar appiopmateky 3 min. 19 a tosal ofRPOMI/MY nnent
the 15 carbon black was intimately mxed into the latex and the m xture
coagul ated. Soft, wet spongy "worns" of coagulum exited the coagul um
reactor. 4. Dewatering. The wet crunb di scharged fromthe coagul um reactor

was about 78%0%%0“5'5?@,(%5@9(%{;)5 |éBwat ered to about 12 to 13%

noi sture with™a dewatering extruder e French Q1 MII Machinery

Conmpany; 3" h in. di .20 e B B
AR ekbar ?fllﬂca}t{i') e K%hd Jmtréhx?#%ﬁat&ﬁ% xdifiple B were

conpressed and wat er squeeze romthe cru an a slotted barrel

of the extr Ud%[)mpggt?dleg?ncll It:.wo-stage mixing operation in a OOC Banbury mixer (approximately

10 3 kg). Tablé 3 below sets forth the mixing schedule for the first stage. It can be seen that

the Example A masterbatch followed a modified mixing schedule.

Table 3 Stage 1 Mixing Schedules

Time Example A Example B
(min) Dry Mix Control

15 0.0 All ingredients -1 Pre-Masticated Rubber
0.5 _ Carbon Black and Oil
1.0 Sweep
1.5 Remaining Ingredients
2.0

20 2.5 Sweep
3.0
X dump at approx. 700 MJ/m* | dump at approx. 1,000 MJ/m’
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Page 53 5. Drying & Cooling. The dewatered crunb dropped into a second
extruder where it was again conpressed and heated. Water was flashed off
upon expul sion of the «crunmb through the dieplate of the extruder. Product
exit tenperature was approximtely 280F to 370F and noisture content was
about 0.3 to .4 W.% The hot., dry .cr s, rapi dly..cooled -
(appr oxi mat el y % & Rge, £y aﬂ%eﬁﬂ'tsyediﬁg. %B%{fh%%&eo&agﬁfw'\fﬁt?rﬁépp?{gmmng
conveyor. Exanples D and Two dry mix control nmnasterbatches were prepared
by dry masti cayélenfSathM/montrol s enpl oyed the sanme fornul ati on as Exanpl e
C (see Table 7 above), except that 10 in Exanple D the rubber was RSS 1 NR
rather than latex. In Exanple E the rubber was SMR 10 NR. Each was prepared
by premastication of the rubber in a BR Banbury m xer. The rubber of

Exanpl e D was nasticated at g1 P rindl Sthge CutiiifSAdditon ubber of Exanpl e
E was masticated at 77 rpmfor 4 mnutes. Conparison of Exanples C. D and E

15 The masterbatch of Exanple and.the two control tﬁr!ﬁ hes of
Exanple D and E were conpoundggug-ﬁ‘—'“é-"-éR Banbury m xrenFa Al bel ow sets

forth the conmpoundi ng schedul es. 625163CI P Page 54 Tabl e 8 Conpoundi ng
Schedul es Pre-Mastication St4#e 1 campauad Stage 1 (Fi nal 56%5t er bat ch
M xing No No BR Banbury 77 GoosyeardViastay PO gntioxidant) R Baddliry BR Banbury
BR Banbury 77 Exanple D m xdBBS Gulfpmaccelerator) 77 rpm 3 rph84.5 nin. 10
mn. mn. Sulfur ' 1.0

10 ' Total ' 169.3

Thus, Banbury mixing energy for the compounding of Emple A masterbatch was about
53% of the Banbury mixing energy required for the premastication and compounding of
the control material of Example B. Despite the reduced energy input, the Example A
material was found to have very good macro-dispersion, and the molecular weight (weight
15 average) of its sol portion MW, , was substantially higher 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+4,100C) | MW
Pre- Stage 1 | Final Total Stage 1 | Final wt. av.
Masticate _
ExampleA | 0 694 500 1,194 102 |72 444 900
20 Example B [ 800 965 500 2,265 |92 67 | 327,000

Additional testing results for the cured (unaged) Example A and control material are set

forth in Table 6 below.
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BR Banbury BR Banbury BR Banbury 77 5 Exanple E m xer 77 rpm 4 mxer 77
rom 8 rpm 4.5 mn. mn. mn. The conpounding fornulation is given in
Table 9 below. Table 9 Stage Il Curative Addition |Ingredient Parts by W.
(10_ Exarrp!g )4 Z/agt erbatch or Exanple 5.or 6 Stage 1 Dry Mx 155 Azo 66
zi nc oxide . Hystrene 5016_(stearic..aci 2. Sant of | ex 13
(antioxidant) 2.0 15 Sunproof I'ﬁéhlﬁ\fed“t%”ﬂ)ﬂ‘eétgwangstay 100
(antioxidant) 1.0 Santocure NS (sulfur accelerator) 1 8 Sulfur 1 0

Total: 168. 8 [QQ AT thrdgygcamounds [ idagrs wel Jookakavrsl dureasivinmy)
mni mal revers! Oh. Despi tle the reducqdmeaer gy | njumMpag he Exanpl e C nmat erilal

was found to -h-a#e—-.m—g-n-r—f—re—&n«-i-—y—-bet-t-a;g MECT o= UTrgper ST o tha tNe ary Ty
control s, and Exaaplenl eculla wei ght (vei&8ht averaddf! of its s porti on

MN ., was sulgstantrarty rjgher than t of the @ rols. The data are

sumari zed i EFAIHPI§B1F hal‘gw (£251 RQ(LQM%%Q_H@M

Conpoung ProfeyfpeS B LGt EXdnmbianet 292 | HeatBuiltUpt gr batvidy Tkn Dl t i gs

Mooney Viscodity 125 1leakd®) MJ144) @000 o) 60°C 30°C 0°C
Example A | 526 56.5 70.5 0203 | 0240 | 0.290
Example B | 511 516 76.5 0206 | 0.236 | 0.286
Example C

Elastomer masterbatch was produced in accordance with the present invention.
10 Specifically, an elastomer masterbatch was produced comprising standard natural rubber
field latex from Malaysia with 55 phr filler consisting of carbon black of commercial grade
| Regal ® 660 available from Cabot Corporation. The compound formulation (excluding
minor ordingry latex additives) is set forth in Table 7 below.

Table 7 Masterbatch Formulation

15 Ingredient Parts by Wt.

Rubber 100
Carbon Black 55.
Santoflex 134 (antioxidant) 0.4
20 TNPP (antioxidant) 03
Total 155.7

The elastomer masterbatch production apparatus was substantially identical to the
apparatus described above with reference to Figs. 1,3 and 7 of the drawings. The slurry
nozzle tip (see reference No. 167 in Fig. 7) was .025 inch diameter with a land (see
25 reference No. 168 in Fig. 7) having an axial length of 0.2 inch. The coagulum zone (see
No. 53 in Fig. 3) included a first portion of .188 inch diameter and approximately .985
inch axial length (being partly within the mix-head and party within the extender sealed
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5 Bound Rubber 50 32 44 (% MWsol (x10;) 0.678 .466 .463 Percent .12
1.48 2.82 Undispersed Area 10 (D% Conpound Properties Hardness 62 65 62
100% Modul us 239 315 270 (psi) 15 300% Modul us 1087 1262 1216 (psi)
"Tensile strength 4462 4099 4344 (psi) Elongation, %675 591 600 20 Max.

Tan Delta O. . 6 5.8
Eat ﬁl 25 (c][ﬂ p@??ﬂg’lqm p@g}g 03)5%6(,&8%1}@} ﬁtgilvg@za %élg&garl]g %\(g{t Qtl’gr(g%cﬁ‘tslgn

i ghl'y preferred. el astoner conposites in accordance with th

i nvention weefe3 7 el diametes QQ@GMCWFW Heh pegionf - %&h&ﬁ@eter

di scl osed above. In 30 particular, novel nasterbatch conposi tions were

for med of nat ande3. 190uinble axihlciesath.ahrladditidn thebd arelaxfally skort, fhiged intgrconnections
"significantly better nmacro-dispersion | evels and/or natural rubber

gglrrgcm ar wei ghivebh ek d167esdi® bordné. OPRarafiok BPIHe fiskfarpaLH isaiescribed i curther t he

5 detail immediately 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

th.% carbon black. The crude slurry was recirculated using a pipeline grinder.

10 During operation, this slurry was continually pumped by an air diaphragm pump
to a colloid mill for initial dispersion. The slurry was then fed by a progressing

cavity pump to a homogenizer, specifically, Microfluidizer Model M210 from

Microfluidics International Corporation for pressurizing and shear, to produce a

finely ground slurry. The slurry flow rate from the microfluidizer to the mixing

15 zone was set by the microfluidizer speed, the microfluidizer acting as a high-
pressure positive displace_ment pump. Slurry flow rate was monitored with a

Micrdmption@ mass flow meter. The carbon black slurry was fed to the

microfluidizer at a pressure of about 130 psig and the output pressure ;vas set at

3000 psig to an acqumulator set at 450 psig output pressure, such that the slurry

20 was introduced as a jet into the mixing zone at a flow rate of about 3.9 Ib/min and

at a velocity of about 300 ft/sec.
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or simlar starting materials. Fig. 8 shows the surface area and structure
of various carbon 625163CI P Page 56 black fillers used in these preferred
mast er bat ch conpositions, specifically, the CTAB surface area expressed as
square neters per gram of carbon bl agk per ASTM D3765-85 and di butyl

pht hal at e absgrption PA) val.ue expresse {C | r

per hundred gfans g‘ﬁﬁsgﬁe—l%%%calhﬁg?teﬁgﬁﬂcﬁﬁgii%a%gﬁls(h%?\%ﬁﬂcﬂyggggs%agg%?gﬁ to
be 5 divided into three dif_fe.rent'relgj ons of carbon bl acks. .Region | .
contai ns carbon bl 848 Hntipxigantogmulsion, was Lﬁdéecgn‘a Wgﬁé‘?" £nek g%ecqléf%%ﬁ'
being those nost difficult to disperse in natural rubber and other

el astoners usi ng t Aatoxidanmsavere agdedicansisting ofhh phyutss nonyt pheny! phasphyte( TPk s
of Region | are not used commercially as wi dely as other carbon bl acks.
Mast er bat ch and cutgsloQl fhs SanfRpies @ BARAKY L ArNS-phigyfendidiamimegixvire). Eashindn
bl acks using 10 traditional dry m xi ng techni ques have poorer

macr o- dissper si on apd i.cal 0 Js i {i I
have hi gher struct LE}Pee&%{ O%&Pk%‘g&és %ﬁﬁ%%“f’. fgﬁlg’?%,%agﬁzp;ﬂ Eg%eﬁgﬂ
reasonably good di spersion in natural. rubber faor vehicl il and
the like if subjeCledt PE @8&%@8&’8@%{“&?@3#@? H&‘afﬁ‘u‘é‘{‘%t"%‘le‘?"@ﬁ\%%q@g thee
natural rubber is significantly degraded. The carbon bl acks of Region Il
of Fig. 8 have | owsmulsigntea pH:of approximatsiydf.y A Remstalticpumpoy s ysed Kb’@g?’ﬁ{}’ﬁgl y
t hey have been used with acceptable dispersion in natural rubber via dry
m xi ng, but again, latet fromntie fed ainketodthe mirdag zane affthdiyagulufheeactdi.sphe btesn of
carbon bl acks of all three regions of Fig. 8, specifically,

macr o- di spersi on,  fow rateGsi3 £ .B Yosi ik aad @Bout’3.9 feet pérastsndeindwapmeteteds
di scl osed here, and can be achieved wth significantly higher MN., of the

nat ur al , y ubber in acgor i . i ) I

Sanpl esldl- 443 Contv?ghag‘g%ﬁ%g%&s%@r%@gﬁ%%%fﬁe@gﬁegar%SSﬂbo)?P (E:]I({re Sé'n‘il;(}}eng
in accordance with the foll ow roc res, fo ur,poses .of. conpari son to
el ast oner conposi té’§5'{9§°€’§8“ 8'6?@8@‘5:'{‘3 ?ﬁfjﬁrﬁ\' Ss oé'fg'f%gbﬂg'mmmng propér ratid

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

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

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

78% water. The wet crumb was dewatered to about 12 to 13% moisture with a

dewatering extruder (The French Oil Mill Machinery Company; 3% in. diameter).

20 In the extruder, the wet crumb was compressed and water squeezed from the

crumb and through a slotted barrel of the extruder.
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Page 57 1. Mastication of Natural Rubber In order to produce dry

mast erbatches with a wi de range of nol ecul ar weight, comercial natural
rubber (RSS1, SMR CV, and SMR 10) bales were pre-masticated in a BR
banbury m xer using the follow ng conditions (fill factor: 0.75): 5 Table

11 Natural Rubber Mastication CondjtTons, Sapple stication Rotor eed
Cool i ng Masti%ati M&O@E&ﬁTW&’PmWWWE;P%P&/&/ﬁmNG swnaggtrygergﬁ%ﬂe 10
MB Yes 118 On 6 Mt Yes 118 On 10 2. Mxing Carbon Black with

Pre- Masti cat ed Natitiwas$ agairhdvenprdssedand beatedy Watepwasflashedoffupen pxputsiaty 6f the
mast er batches with different |evels of macro-dispersion quality, the

fol l ow ng m xi Ng pERmB ok V¥he eispiftel dfnthe eRffudénbProductl bxitritet@yeratdieewhs | |
factor was 0.70. The nasterbatch ingredients and m xi ng procedures are

descri bed as follows _in _Tabl : d r, alxat ch
Formul ation | ngr edPER™, %rpy fg(Ol;lsgrt?-sga}ge}’r3 &ungredé g%“r‘@sfb’g‘? alr)u t?éjrva%t; wei ght)
Nat ur al Rubber 100 _20 Carbon Bl ack See_ _Tables Bel ow ,,Q,L See . Tabl es Bel ow
Sant of e® (anti oxi &Rt hob diy srysd wias raidly d’&ﬂlle? (69%‘0’%3&8'3%6 SFRRdY PO o

m nute: Add pre-masticated natural rubber (77 rpm 45 Q)
100°F by a forced air vibrating conveyor.

Examples D and E

Two dry mix control masterbatches were prepared by dry mastication. The

controls employed the same formulation as Example C (see Table 7 above), except that

10 in Example D the rubber was RSS1 NR rather than latex. In Example E fhe rubbér 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.

Comparison of Examples C, D and E

15 The masterbatch of Example C and the two control masterbatches of Example D
and E were compounded in a BR Banbury mixer. Table 8 below sets forth the

compounding schedules.
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1 m nute:

Add bl ack,

oi |

and anti oxi dants 625163C1P Page 58 Different

| evel s of macro-di spersion were produced by dry m xi ng sanples of M

through M pre-nmasticated natural

shown i n Tabl

e 13, bel ow

For exanp] e,

rubber for different mxing tines,

as

sanpl e code M2D1 in Table 13

i ndi cates a control sanple of prenmasijcated rubber M2 (see Table
11, above) nmixed for 10 mi nut efali’ﬁ E\F%Fadt'ﬂlfé 5 forrrul(at i on of
Table 12. Table 13 Mxing Tines Dry NR /hqf erbatch Dr - MasticatedNR M xi ng
Time Sam|e [Code MDA I\/Il 4
Pre-NdildtiolyL (Gsta NeD4 M2 4
\EDS V2 6 15 \EpR NB ) M {§7§1‘0°|\/BE|\%él ,,Ilr\f%F 8 20
MBDI MB 10 MaiERsEgrDate I\/leI MADD N o g W %25%3@;
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.
1 10 min. min.
BR Banbury BR Banbury BR Banbury 77
5 Example E mixer 77 rpm, 4 | mixer 77 rpm, 8 | rpm, 4.5 min.
min. min.
The compounding formulation is given in Table 9 below.
Table 9 Stage IT Curative Addition
Ingredient Parts by Wt.
10 Example 4 Masterbatch or
Example 5 or 6 Stage 1 Dry Mix 155
Azo 66 (zinc oxide) 4.0
Hystrene 5016 (stearic acid) 2.0
Santoflex 13 (antioxidant) 20
15 Sunproof Improved (wax) 2.0
Wingstay 100 (antioxidant) 1.0
Santocure NS (sulfur accelerator) 1.8
Sulfur 1.0
Total: 168.8
20 All three compounds exhibited well-behaved cure with minimal reversion. Despite the

reduced energy input, the Example C material was found to have significantly better

macro-dispersion than the dry mix controls, and the molecular weight (weight average) -

ofits sol portion MW, was substantially higher than that of the controls. These data are

summarized in Table 10 below.
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Page 59 3. Final

m xi ng of Natural

eval uat e conpound performance,

dry masticated natural

r ubber

-Rubber
addi ti onal
mast er bat ch contr ol

Mast er bat ch Contr ol
I ngredi ents were added to the
sanpl es of Table 13 in

Sampl es To

accordance wth the fornmulation shown in Table 14. 5 Table 14 Additi onal
I ngredients for Final % é ﬁﬁﬁ (zi nc oxide)
4.0 Hystere 5016 (stearflt?%g%}éi rg’é‘ént g?ftgi“‘ g‘“{ I'oxidant) 2.0 10
Sunproof | npraued (wax) 2.0 Wangstay 100 (api-i-oxdai— sant ocure NS
(sul fur accel ¢rat or) 1.8 Sutj,upleto Th¢=Eemnucmnds xﬁmﬂuEed i n| accor dance
W th standardfcure—tectmmgues at 150C 15 untit_at Teast substaptially
conpl et el y curl &psterbatsh Beapprfiehet ween 10 and 30 nminutes. In that | regard, the
same or substarMJoﬁael I%e&h? ?ge final mxing procedyrgg, includipg the
formul ati on gi\ﬁﬂ Yo | Tabl e 14, were used for fall control psanples, as
well as all s pSHes—ef—thg—tnventTon prepared in
t he manngr ded@oudiRubbal ow s0( see " Pref ¢82 ed Enbodi et s Exanpl eg) whi ch
were cured ang (?/.ested for conpound 20}properties gnd perfornmange
characteristidqs, _The 1 ||o tables 152 23 set fogé3h t he sol | nol ecul ar
wei ght M ang Npapid! % 31 Lontrol—samples—i—+hreligh 443. The
sanpl es are grigdpred i n the hables accondi8ng to choiz8 of carbop bl ack.
Wthin a giver| unabpesedidba fanpl es are grouped by choice of nattpral rubber
and by c¢arbon |ibsgk | oading and oil | odding. The taple headings| 625163C1P
-Page 60 show tjfits 1nt g,r nmat] on 1n accordance wth standard nonengl at ure.
Thus, for exarjftempoyngtroperties
Hardness 62 65 62
100% Modulus 239 315 270
(psi)
15 300% Modulus 1087 1262 1216
(psi)
Tensile strength | 4462 4099 4344
(psi)
Elongation, % 675 591 600
20 Max. Tan Delta | 0.189 237 .184
@ 60 C (Strain
Sweep)
Crack Growth 0.8 5.0 58
Rate
25 (cm/per million
cycles)
Additional Examples and Comparisons
Highly preferred elastomer composites in accordance with the present invention
were produced in accordance with the method and apparatus disclosed above. In
30 particular, novel masterbatch compositions were formed of natural rubber latex and

carbon black filler, having significantly better macro-dispersion levels and/or natural
rubber molecular weight than heretofore found in known compositions formed of the same
or similar starting materials. Fig. 8 shows the surface area and structure of various carbon
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headi ng for Table 15 "N330/55phr/0" indicates 55phr N330 carbon black with
no oil. The table sub-headings show the choice of natural rubber.
Specifically, control sanmples 1 through 450 are seen to be nade from
standard grade natural rubber RSS 1,_SMRCV and 5 SMR10. Techni cal

description of,t : [ ] | e |

rusher ver %ﬁ%ﬁ%@%‘%ﬁfﬁ*&%@@%gﬁ?as#é%*t%"ﬁ%ds.“ﬁ’?%t PSHEANETe CTAD
ron, i 0, A). The nol ecul ar wei ght f the natur i or

to any prenasueERreexpiossedAs §auae E}ctegﬁger\'\{ﬂggr88§“§%%%§p%3&%t%%6|5%5t i on

(M2-M1) also are shown below in Tables 15 - 23. 625163CI. P Page 61 Table

15 N33N55phr i GandSftyl $lifatite shsoeptisar(PBP AYwaluexprmssed assulic coptimetsrs of DRS

(K) No. (K)y ML 1300 971 M2 932 725 M3 664 596 W4 485 482 ML D1 1 465

4.24 17 426 4. 3» hdfed %mﬁzam%omaaﬁ peh ASTM D24Vk lar®shcdvii 0Bigd 879 sdeh 18
4.86 ML D4 4 770 4.52 20 535 4.78 WDl 5 445 3.66 21 380 2.44 N\eD2 6 490

2.88 22 298 3. £Jigel B8 ttre@ hfreflnt Pegtohs b atbort Black® Diteglor ¥ torkaids carbort 8ficks 81

MBD1 9 373 1.

having lower structure and higher surféce area, being those most difficult to disperse in
- natural rubber and other elastomers using traditional dry mixing techniques. Hence,
carbon blacks of Region I are not used commercially as widely as other carbon blacks.
Masterbatch and cured elastomeric compositions made with Region I carbon blacks using
10 traditional dry mixing techniques have poorer macro-dispersion and typically lower MW, .
The carbon blacks of Region II have higher structure than those of Region I. Typically,
ﬁw 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 I1I of Fig. 8 have lower surface area
15 relative their 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,
s signiﬁcantly'improved in the elastomer composites disclosed here, and can be achieved
with significantly higher MW, of ‘the natural rubber in accordance with preferred
20 embodiments.

Control Samples 1 - 443
Control samples of masterbatch were prepared by dry mixing in accordance with
the following procedures, for purposes of comparison to elastomer composites of the

present invention.
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MBD2 10 402 2.50 26 358 4.35 MD3 11 407 2.98 27 371 5.55 MD4 12 452
3.35 28 408 5.01 wmiD1 13 311 3.63 29 311 3.66 MAD2 14 337 3.40 30 325
5.31 M4D3 15 362 5.03 31 344 5.91 MAD4 16 382 5.23 32 369 5.67 Table 16
Tabl e 17 Bl acl. PeaiMasti¢@tioh phNa@raBRabB&phr | 20phr RSS1 SMRCV RSS1  Code
Sample Mv,, D (/.) Sanple Mvw D (% Code Sanmple Mv,, D (A) No. (K) No. (K)
No. (K) ML 1041 869 oMeert85réthide My hafErbatvRestRith 4 Widd/BanBO 3f mikechid7 waidht, VB
601 ML D1 113 507 12.20 129 418 5.15 ML D2 114 551 15.10 130 482 4.94 I\/[L

0% 401,855 o2 Sy o SEICR RS Wieleefh ARy 11

403 .2.60 MLD4 404 1130 4.91 MD2 118. 441.6.5 4382 74 M2D3 119 549
7.70 135 434 aBRDb mrsﬂé\% %?}il ovyipggonditipng %l}g? @é 530 3.88 M2D2

406 668 2.16 MD1 121 387 3.26 137 366 .2.38 M2D3 407 675 2.98 MD2 122
409 2.98 138 378 2. 83 M(Pablkld NdtutalRubhedDastixatiosCopdétions39 399 3. 04
MBD4 124 483 4.61 140 431 2.39 M3D1 409 532 1.10

Sample Mastication | RotorSpeed | Cooling Mastication
Code (rpm) Water time (min.)
M1 No
M2 Yes 77 On 4

10 M3 Yes 118 On 6
M4 Yes 118 On 10

2. Mixing Carbon Black with Pre-Masticated Natural Rubber
In order to prepare natural rubber dry masterbatches with different levels of
macro-dispersion quality, the following mixing procedures were used in a BR Banbury
15 mixer. The ﬁll factor was 0.70. The masterbatch ingredients and mixing procedures are
described as follows in Table 12.

Table 12 Natural Rubber Dry Masterbatch Formulation

Ingredient phr
(Parts per hundred parts of rubber by
weight) :
Natural Rubber . 100
20 Carbon Black See Tables Below
- Qil See Tables Below
Santofex (antioxidant) 0.4
TNPP (antioxidant) 0.3
Mixing Procedures:
25 0 minute: Add pre-masticated natural rubber (77 rpm, 45 C)
1 minute: Add black, oil and antioxidants
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MADL 125 339 2.13 141 311 2.22 MBD2 410 537 2.17 MD2 126 367 2.23 142 332
2.27 MBD3 411 535 2.45 MAD3 127 360 2.60 143 344 2.27 MBD4 412 558 4.06
MAD4 128 403 1.96 144 390 2.73 625163CI P Page 62 Tabl e 18A Regal

250/ 55phNn RSSI SMRCV D( L) Code Sapple Mv,,, D ('A) Sarrpl e MABW No. (K)
No. (-) ML 1332 1023 896 748 603 581 . M3, 504 M. 4 585 6. 95
49 609 1.93 Riffersmt Melsebn@rwfmﬂ%we@ ppasiuced Byzdryaniring Si‘BP‘SS %'}Mégﬁmz‘ gy
MLD4 36 896 14.1 52 702 4.09 MeDl 37 580 2.71 53 539 2.14. MD2 38 602
2.61 54 569 2Mdpre-wRRiRatd nathifal fubber fosdifeentmixisg tivesas showsin Tablsl3 delows
6.25 MBDLl 41 457 1.53 57 466 2.88 MD2 42 476 2.09 58 449 43.19 .53

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 accordance with the

5 formulation of Table 12.
Table 13 Mixing Times
Dry NR MasterbatchJ Pre-Masticated NR | Mixing Time
Sample Code L
M1D4 M1 4
10 MID3 M1 6
MI1D2 Ml 8
MID1 Ml 10
M2D4 M2 4
M2D3 M2 6
15 ' M2D2 M2 8
M2D1 M2 10
M3D4 M3 4
M3D3 M3 6
M3D2 M3 8
20 M3D1 M3 10
M4D4 M4 4
M4D3 M4 6
M4D2 M4 8
M4D1 - M4 10
625163CIP
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MBD3 43 493 2.32 59 464 MBD4 44 495 3.54 60 500 5.89 M4DL 45 372 1.53 61
423 2.89 MAD2 46 382 . 2.09 62 433 3.42 MD3 47 381 2.32 63 437 4.39
MAD4 48 403 3.54 64 447 4.73 Table 18B Regal 250/6510 Regal 250/ 75/ 0 Regal
250165110 RSS1 RSSI RSS1 Code Sanple Mv,,, D ('~G Sanple Mv,,, D ('.Q
Sanple Mw D (/) No. (K) No. (K) ML 1138 1138 1138 M2 901 901 901 M3 660
660 660 M 433 48Bingdmixing ofNageral RubberMasterbatch. ContrejPamples; go v 1 D2
66 622 3.25 82 624 4.50 98 702 2.69 M D3 67 707 7.50 83 685 4.17 99 741
3.14 MD4' 68 788T4.evdluité compourndl piivfohfitndd2Riditichal inyRiitnBvGe 4ddedao tiss 484
4.32 101 593 0.91 MD2 70 548 4.19 86 512 2.96 102 572 3.48 WMD3 71 585

4.31 87 557 4 2atfd Ratfiral AubbMPindstdrBaeR Lofiral bakiBleS 8P T4bl8 D3 iDabcbfddncz. 35
MBDI 73 459 3.‘“&“%’3 ﬁtgg 5@27 105 567 2.”%5 ONBD? 733469 579 90 446 2.68 106

544 2.96 MD3.75, 511 5 30 91 466 107 535 3.69 M3D4 76 541 9.13 92
491 6.22 108 gt&?%’i‘“‘%ﬁﬁa‘f‘f‘%&%ﬂf‘l’g‘i 93 368 2.11 109 416 1.85

5 Table 14 Additional Ingredients for Final Mixing

Ingredient Amount (phr)
Azo 66 (zinc oxide) 40
Hystere 5016 (stearic acid) 2.0
Santoflex 13 (antioxidant) 2.0

10 Sunproof Improved (wax) 20
Wingstay 100 (antioxidant) 1.0
Santocure NS (sulfur accelerator) 1.8
Sulfur 1.0

“The compounds were cured in accordance with standard cure techniques at 150°C
15 until at least substantially completely cured, typically between 10 and 30 minutes. In that
regard, the same or substantially the same final mixing procedures, including the
formulation given above in Table 14, were used for all control samples, as well as all
samples of elastomer composites of the invention prepared in the manner described below
(see “Preferred Embodiments Examples) which were cured and tested for compound

20 properties and performance characteristics.
The following tables 15 - 23 set forth the sol molecular weight MW, and macro-
dispersion D(%) of control samples 1 through 443. The samples are grouped in fhe tables
according to choice of carbon black. Within a given table, the samples are grouped by

choice of natural rubber and by carbon black loading and oil loading. The table headings
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MAD2 78. 392 2.86 94 372 3.13 110 413 3.18 MD3 79 399 4.59 95 375 2.92
111 418 6.96 MAD4 80 395 4.57 96 388 2.92 112 441 6.46 625163CI P Page 63
Tabl e 19 Tabl e 21(A) N326/55phr/0 56740/ 55phr/0 RSS1 MR V RSS1 Code
Sample w,,, np a w,, Code Sanple w,,_No. (K) No. (K) No. (K) F™Mw 1200

1060 ML 1080 1030, 934 M2 837 724 777,NB 724 635 644 53 3. 49
161 644 1.15 %ho® thxgyﬁorgygomn?&oqgéarﬁgthétagégﬁgxog&?"&lg@f%gfh"fg %’é e%iﬁﬂgﬁais

556 1.32 M D3 147 650 5.89 163 697 1.35 ML D3 414 633 1.41 . MLD4. 14@9724
4.79 164 732 BeaingEor[Pable1s “WN330/55phe/0" indioates 5iphs N33 &carpomack wighng oo The by
416 433 0.86 MD2 150 572 2.41 166 621 1.56 M2D2 417 451 0.90 MeD3 151

613 3.11 167 phfe axba?eahﬁgésrﬁ)wtlﬁ%oﬂcew nafPdD4ubite?. Spécifically, dopisrobFanlesalL
MeD4 419 542 2.15 MBDL 153 489 2.78 169 551 1.22 M3DI 420 405 0.25 NBD2

154 521 1.93 4f a3 Qrad BlARIrADBLER RSB 11 SMROV 268

2.06 M3D3 422 M%@gére%%%égﬂgégﬁ%&gg 1%a578 21' 68 MBD4 423 469 0. 73

2/1_4 5 % %/2524125%gééloé?ﬁ@ﬁldlde%gﬁp%glofl%gée %Zt%raq 'r&b%ers%%%dé? %vzﬁf%le,z sch a4 49°
Rubber World Magazine’s Blue Book published by Lippincott and Peto, Inc. (Akron,
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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MAD3 159 466 3.13 175 505 2. 99 MAD3 426 382 0.30 MAD4
: . 160 469 2.93 176 526
3.37 11 MAD4 427 396 0.56 Table 20 Table 21(B) N110/55phr/ 0 S6740/ 55phr/ O

RSSl SI\/RC,\/ SMRCV Code Sanple wa .

anp a wa . Code sanple w,,, . No.
No. &ﬁm% 937 730 ML 876 M2 764 653 M2 754 "B 560 541 1B 5(75)
M 449 463 AA4 T DI 369 360 1.7 gpng ML DI 428 4
D2 370 426 33 0.5 M1
2 50 386 33800 RWgs1DZ 429 441 U. 36 M 1 SMRGY/1 2 290 2.
372 1.42 M 1 0 90 2.169 387
0 84 NeDL 373039 5‘{," i STB ST Tliwg, 50 169 K01 540
0,54, MRDL 38 =70 3.2 ng 30 .inoNE[/)é 2133 8&80033? (KNeD2 374 3596 0. 85
422 0.62 MeP4 376 433 1.17 33‘ 80 2.94 M4 435 469. f’1@5441' %Dgﬂzg??llg&
0.81 393 271/ 0. 84 MIDL 436 340p&k 44 NBD2 378 313 1.275884 292 0.93 MBD2
ggg §6§ 0.81 379 333 1.20g395 314 1.4 M3D3 438 287 0.89 MM 380
So3 Lo 398 ot 7 NGD4 439,403 0. 8fpe . MDI17381 25326, 12 383526 0. 74
383 287 1.30 g §82/‘4?2538§m%297£-21g432§& 26f7 0.183 MAD2 4871 32838905 MAD3
' D - 7 19 52| M4 4 .
MADA 443 360 1 A0 @25153C1P 70 419 B 384 3% 1.67 460 P97 1.83
M2D1 5 445 3.66 21 380 244
M2D2 6 490 2.68 22 398 3.71
M2D3 7 512 3.68 23 433 4.30
M2D4 8 581 383 24 498 5.81
M3D1 9 373 1.33 25 342 3.79
M3D2 10 402 2.50 26 358 435
M3D3 11 407 2.98 27 371 5.55
M3Ds | 12 452 335 - |. 28 408 5.01
M4D1 13 311 3.63 29 311 3.66
M4D2 .14 - 337 3.40 530 325 5.31
M4D3 15 362 5.03 31 344 5.91
MaD4 | 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. (K) No. (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] 129 418 515
MiD2 | 114 = 551 1510 130 482 494 || MID1| 401 854 208
MiD3.| ‘115 700 1020| 131 515 693 || MiD2| 402 969 341
MiD4 | 116 786 572 | 132 583 874 ||MID3| 403 1040 368
M2D1| 117~ 420 565 ( 133 403 260 || MID4 | 404 1130 491
MD2 | 118 441 650 | 134 438 274
M2D3 | 119 - 549 770 | 135 434 283 ||M2D1| 405 648 115
MoDa | 120 606 588 | 136 530 388 || M2D2| 406 668 216
M3Di | 121 387 326 | 137 366 238 |/ M2D3 | 407 675 298
M3D2 122 409 2.98 138 378 2.83 M2D4 | - 408 721 470
M3D3 | 123 45 361 | 139 399 3.04
M3Da | 124 483 461 | 140 431 239 || M3D1| 409 532 1.10
MaDi | 125° 338 213 | 7141 311 222||M3D2| 410 537 217
MaD2 | 126 367 223 | 142 332 227 mM3D3| 411 535 245
M4D3 127 360 2.60 143 344 227 M3D4 412 558 4.06
M4D4 128 403 1.96 144 300 273 '
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Page 64 Table 22(A) Regal 660/ 55phNn RSS1 SMRCV MR1I0 p a w,., V (W Code
Samp e w.. nmp a w,, Sanple No. (K) No. (K) No. (K) ML 1110 836 746 84,4
709 632 M2 584 492 WMB 609 416 W 522 513 M DI 177 674 8.35 193 564 1.87
209 501 9. 54r M, aAD2 178 792 7.89 194 611 2.50 210 572 6.68 MD3 179 891

8.53 195 708~ 6847 ST Rigal B50/85pRr . 46 106 671 2. 31 21P 594
7.18 €MDl 181 598 856497 5REE55 28 213 443 2. V182 602 3.$9 198
558 4.85 214 483 4.|5%—bP3—1LS—Bt 70 190 Sampie’. 5O MW, S65D3%D2| M2D4
184 659 5.7] X85 5 250 5.68 MBID1 I8k 473 2(K)3 201 486 2.79 217
395 2.13 M : —t : 276 218 393 1.98 108803 187 563 1.94
203 504 3.5 M 188 559 4.33 204 526 27481 220 449 1.90
MADL 189 .. |40MD 1 iq16 221 335 1.49 MID2 188 426 1.72 206. 418
2.92 222 34§ 1.8’?1 MAD3 1-91 A; 1.48 207 446 2.80 2235@63 1.78 MD4 192
449 3.57 208 483 3. 113 234 374 ¢35 g5 49 609 ;.gg
8.03 50 634 '
M1D2 34 669 2.21
10.5 51 681 -
MiD3 | - 35 759 409
14.1 52 702 :
M1D4 36 896 : . 539 014
M2D1 37 s80 271 53 289 2.72
M2D2 38 602 261 54 587 475
M2D3 39 631 3.61 55 . o8
M2D4 40 667 5.43 o o 2.88
M3D1 41 457 153 57 a8 3.19
M3D2 42 476 2.09 58 449 453
M3D3 | . 43 phe: e pod 500 5.89
M3D4 | M4 495 354 | 60 ) > 85
M4D1 45 372 1.53 61 42 S 4
M4aD2 | 46 382 . 209 62 433 220
M4D3 47 381 2.32 63 437 439
MA4D4 48 403 354 | 64 447 :
Tt TP Regal 250/65/0 Regal 250/75/0 Regal 250/55/10
~ RSST RSS1 RSS1 -
Code |Sample Mw,, D (%) |Sample Mw,, D(%)| Sample MWy, (%
| No. (K No. (K No (9
W 1138 1138 13
M2 901 ) 901 901
M3 880 660 660
M4 483 483 483

5 570 1.50 81 539 2.87 97 661 1.89
hl\:: g; 26 622 3.25 82 624 4.50 98 . 702 269
M1D3 67 707 750 83 685 4.17 99 741 3.14
M1D4 | 68 788 4.77 84 763 14.35| 100 822 5.24
M2D1 | 69 534 1.62 85 484 432 101 593 0.91
M2D2 70 548 4.19 86 512 296 102 572 3.43
M2D3 71 585 4.31 87 557 4.7 103 642 42
M2D4 72 621 6.21 88 605 4.85 104 664 5.35
M3D1 73 459 364 89 429 227 105 = 507 265
M3D2 74 469 5.79 90 446 268 106 544 2.96
M3D3 75 511 530 91 466 3.46 107 535 3.69
M3D4 76 541 9.13 92 491 6.22 108 524 3.2;
M4D1 77 380 234 93 38 2.1 109 416 _1.88
M4D2 78. 332 286 94 372 313 110 413 3.;6
M4D3 79 389 4.59 95 375 292 111 418 6.46
M4D4 80 395 4.57 96 388 2.92 112 441 6.
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Tabl e 22(B) Regal 660/45/0 Regal 660/6510 Re
_ gal 660/65/10 RSSI -- RSS1
5581 D(N , np wwanp a Mv,;j Code Sanple Mw No. (K) No. (K) No. (K)
. .1245 1245 1245 M2 876 876 876 M3 625 625 625 M4 482 482 482 M DI 225

646 3.45 241 563 14.55 257 639 1.63 /
699 3. 55 Tebled®r07 782 7.70 24 D2 226 69y Sfia ?428314 0922875
VIiCATL AT

244 790 1. 26 bao 764 11 288 r.fm'l 5 e 1S
MeD2 230 $89 3l02 24RSS] oal. MR oot .
.9.72 263 6260'5? W wr . e -
471 2.66 P49 apoNe 4g (Bhg 47/

5.72 M3DB WMi5|510 7. 251 463 8. 81 }W 502 6

‘ . D4 236 7.8
471 9.55 26M2495 7. 131 ND1 23f 388 3.x28 253 33 Mal9 269 39%. 02 9l\/IleZ

3
238 392 5!6M32%4. 344§§§06 270| 365 5. Ggaq MAD3 A3OMEO7| 5. 14 25582344 -5.50 271

410 7.45 |MIBa1240. 4037 54 255 341 8. @4 2721884 W9 £25163T5P Page b5

1

M1D2 | 146 636 3.54 162 1.32 M1D2 | 413 1.32
M1D3 | 147 650 5.89 163 697 1.35 M1D3 | 414 633 1.41
M1iD4 | 148 724 479 164 732 2.01 M1D4 | 415 732 1.43
M2D1| 7149 517 3.16 165. 590 1.50 M2D1 416 433 0.86
M2D2| 150 572 2.1 166 621 1.56 M2D2 | 417 451 0.90
M2D3 | 151 613 3N 167 641 222 M2D3 | 418 4395 1.53
M2D4 | 152 696 4.37 168 676 231 M2D4 | 419 542 215
M3D1| 153 489 278 169 551 1.22 M3D1 420 405 0.25
M3D2| 154 521 1.93 170 550 1.62 M3D2 | 421 418 0.50
M3D3| 155 504 3.14 171 563 2.06 M3D3 | 422 447 0.756
M3D4 | 156 538 2.81 172 578 2.68 M3D4 | 423 469 0.73
M4D1| 157 415 1.74 173 487 1.86 M4D1 424 371 0.21
M4D2 | 158 447 217 174 495 222 M4D2 | 425 387 0.42
M4D3 | 159 466  3.13 175 505 2.99 M4D3 | 426 382 0.30

M4D4 | 160 469 2.93 176 526 3.37 M4D4 | 427 396 0.56

Table 20 Table 21(B)
—__ NT10/55phri0__ S6740/55phr/0
RSS1 SMRCV SMRCV
Code [Sample Mw,, D (%) |Sample Mw . D7%) || Code [Sample Mw .y 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

M1iD1| 369 360 1.24 385 334 1.28 M1D1 428 433 0.25
MiD2| 370 426 2.50 386 339 1.60 M1D2 | 429 441 0.36
M1iD3 | 371 490 269 387 372 1.42 M1D3 | 430 467 0.34
M1D4 | 372 618 468 388 413 2.80 M1iD4 | 431 540 0.84
M2D1 | 373 340 068 389 309 0.72 M2D1 432 399 0.35
M2D2 | 374 35 0.85 350 314 1.147 M2D2 | 433 399 0.41
M2D3| 375 385 0.80 391 342 1.27 M2D3 | 434 422 0.62
M2D4 | 376 433 1.47 392 380 2.94 M2D4 | 435 469. 0.44
M3D1] 377 295 081 393 2711 094 M3D1 436 340 0.44
M3D2| 378 313 1.27 394 282 0.93 M3D2 | 437 363 0.81
M3D3| 379 333 1.20 395 314 143 M3D3 | 438 37 0.89
M3D4 | 380 383 1.35 396 351 1.77 M3D4 | 439 403 0.86
‘M4D1} 381 255 1.12 397 260 0.74 M4D1 440 363 0.65
M4D2| 382 - 269 1.14 398 267 0.93 M4D2 | 441 328 1.05
M4D3 | 383 287 1.30 399 284 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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-II_-?bl e 23(A) N234/55phr/n --Rs-sl1 SMRCV MR1O Code Sanple W Sanple w.

505 577 445 WA 4&3? a7 35(35) M D (5)73 350 188 289 312 0 61 305 3 2L e
0 1.88 289 312 0.61 305 32

MLD2 274 476 3.40 290 317 0.64 306 363 1.66 MID3 275 459 2. 70 21 381 3. 03

307 400 1.fuble 2AA¥ 276 665 2,70 292 2419 1 _56_208 45G BB 323

0.40 293 ¥0Z 0.V6 309 294 0. 54 _\prp Regal S8UASAA, oo, ooe o +6—4

MeD3 279 398 0. [4 295 RS SMAL 7 1730

312 363 1.|3Gode\poAmAIe1 MW (! > P w . Doop/ 1.30
0.83 298 472 0. b5Ne14 2d¥ 0 48 | U N3, © 59 132 552 304
MBD4 284 JGOML. (6 300 34401, 14 31 49 89 1.38

85 251 @3@1 301 244 0.53
B9 0. 77 4M¥D3 287 p73

B04 296 Q188 320 2p8

RSSh9 RSSORSS19.54
210 872 6.68
211 681  7.37
212 594 7.18
213 463 2.82
214 483 4.57
215 565  3.92
216 550 5.68
217 395 2.13

317 236 1.]JooM2 VD2 286 B886% 0.51 3
0.64 303 J66Md. 2 319 28890, 72

1. 30- Tablle ¥8(B) N2
as(B) Ne341 g0 Npga

MiD2 | 178 792 7.89
MiD3 | 179 891 8.53
MiD4 | 180 676 7.46
M2D1 181 598 8.56
M2D2 | 182 602 3.89
M2D3 183 697 6.40
M2D4 | 184 659 571
M3D1 185 473 2.03
M3D2 | 186 506 1.66 218 393 1.98
M3D3 | - 187 562 1.94 . 219 443 2.49
M3D4 | 188 558 4.33 204 526 241 220 449 1.90
M4D1 189 . .401 2.18 205 415 3.16 221 335 1.49
M4D2 | - 190 * " 426 172 |. 206 418 292 222 345 1.71
M4D3 | 191 466 148 | 207 446 2.80 223 363 1.78
M4aD4 | 192 449 3.57 208 465 3.13 224 374 2.35

Table 22(B) . :
Regal 660/450 | Regal 6607650 | __ Regal 660/65/10
~ RSS1 ~ RSS1 RSS1
Code [Sample Mw,y D (%) | Sample MW . D (%) | Sample Mw,y D (%) |
No. K ___ No. (K) No. (K)
M1 | 1245 1245 1245
M2 | 876 876 876
M3 | 625 625 625
M4 - 482 482 482

MID1 | 225 646 345 | 241 563 1455 | 257 639 163
Mio2.| 226 697 304 | 242 638 1400 | 258 699 355
MID3 | 227 762 770 | 243 691 1364259 814  5.44
MiDs| 228 830 675 | 244 790 1126 | 260 784 1125
MD1 | 229 574 479 | 245 469 588 | 261 572 277
MeD2 | 230 'ses 302 | 246  s07  7.31 | 262 580 4 39
M2D3 |- 231 63 641 | 247 558 972 | 263 610 5.51
MaDs | 232 675 655 | 248 543 1059 | 264 638 729
MaD1 | 233 471 266 | 249 420 548 | 265 474 410
M3D2 | 23¢ 481 517 | 250 426 697 | 266 485 572
M3D3 | 235 510 778 | 251 488 881 | 267 502 6.24
M3Da | 236 518 789 | 252 ~ 471 = 955 | 268 495 743
MaDi | 237 © 388 320 | 253 335 519 | 269 390  5.02
MaD2 | 238 3%2 585 | 254 344 606 | 270 365 588
M4D3 | 239 397 514 | 255 344 559 | 271 410 745
MiDa | 240 403 754 | 256 381 854 | 272 388 759
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Code Sanmpl e

w,,, u anp a w,,,

Semple wl

No. (K) No. (K) No.

1185 1185 1185 M2 828 828 828 M 623 623 623 M 462 462 462 M g):()

ML
321 -

507 7.33 337 336 3.44 353 395 5.51 M D2 322 598 8.
15 338 458 5.09 354
7.68 MLD3 323 731 8.97 339 479 8.17 355 555 9.46 MD4 324 772 12.02 3388

706 9. 90 35@able23(A)30

\NPDL 325

326 479 5. 4F 342 [288 PRLELAT ' 058 MeD2
394 1.35 NZlc%% 3bg8 566 mi'!:ﬁ’m..ﬂ “Ei ToEMRIG 299 4-’654%9
0.88 345 23] Cpdso|Semple, dW e o AR o o D134 | Sample "WW.y “DTRFY.
MBD3 331 431 2. 55 Mo 270Kb gq 8 73 1.2 340,252 478 362 150 1 5o
364 340 2. b 3 1 -
P15 900 25k Mo 32232‘3’? "99° 3%32325171 0 1.37]351 233 a7 367 491 1. 39
V4 ) 5 4 -
o LI DR 0 e L e e e
accordance NPk he res 18%61 t|§§ we 38 aféeﬂﬂ;dgvsgpos;zses e
series of nat ast 296 0 467 PresariedosSpecsds caligs |a
with the préd n t G9fTPOsadies 103 | 1307 32 400 accosgnce
i '%Bsm’aszﬂf(dléﬁfd usisng ap@afr aposs andss  1.73
M2D1 | 277 323 040 | 293 304 076 | 309 294 0.54
M2D2 278 371 0.73 294 306 0.72 310 321 1.24
M2D3 279 398 0.74 295 318 0.74 311 354 1.28
M2D4 280 464 1.42 296 357 1.30 312 363 1.39
M3D1 281 278 0.47 297 260 0.53 313 260 0.69
M3D2 282 304 0.83 298 272 0.65 314 268 0.48
M3D3 283 323 0.82 299 295 0.58 315 289 1.38
M3D4 284 360 106 | 300 302 1.14 315 303 0.78
M4D1 285 251 0.61 301 244 0.53 317 236 1.00
M4D2 286 266 0.51 302 253 0.81 318 239 0.77
M4D3 287 273 0.64 303 266 0.62 319 257 0.72 ]
M4D4 288 282 0.53 304 296 0.88 320 268 1.30
Table 23(B)
N234/45/0 N234/65/0 N234/65/10 ‘
RSS1 RSST RSST
Code [Sample MW,y D (%) |Sample Mw .y Sample MW, D(%)
No. (K) No. (K) No. (Q
M1 1185 1185 1185
M2 828 828 828
M3 623 623 623
M4 : 462 462 -462
M1D1 321 507 7.33 337 336 3.44 353 395 5.51
M1D2 322 598 8.15 338 458 5.09 354 478 7.68
M1D3 323 731 8.97 339 479 8.17 355 555 9.46
M1D4 324 772 12.02 340 706 9.90 356 637 8.39
M2D1 325 486 3.48 341 255 3.22 357 295 0.58
M2D2 326 479 5.44 342 288 3.34 358 352 1.23
M2D3 327 527 5.51 343 295 4.65 359 394 1.35
M2D4 328 566 7.70 344 393 5.45 360 449 2.37
M3D1:| .329 419 0.88 345 237 1.50 361 292 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 2.19
M3D4 332 458 4.03 348 304 3.92 364 340 2.51
M4D1 333 341 0.62 349 226 1.18 365 265 0.83
M402 334 338 1.13 350 214 1.81 366 273 0.99
M4D3 335 319 1.37 351 233 2.97 367 291 1.39
M4D4 336 354 2.06 352 258 3.83 368 307 2.41
625163CIP
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5 procedures generally in accordance with those of Exanple A above. The

el astoner conposites conprised natural rubber field |atex from Mal aysi a
with the properties showmn in Table 24 bel ow. The el astonmer conposites each
further conprised carbon black with _porphol ogi cal properties (structure
and surface area) of Regions I, Hor Ill in Fig. 8. Specifically, the

foll owi ng carbon bl acks were uPpderrtdEmbddimentbxamplast, N326, N110, 10
Regal (r) 250, N330, Black Pearl (r) 800, Sterling (r) 6740 and N351. The

carbon black | oadjgd@itiohsl"ffples’ siel&Porhér ddmpYdites anaccdidanpel evithothle presedt ngs
were in an amount fromO to 20 phr. The production details for elastoner

conposite sanpl e .nos, - 32 . I I ove,
Che. appar at usTFHOR MsteRiEpeiel SpBelal sens o il FARLCelispomechfofesiol = |
- 32 were generally in accor danc§‘ wi th those, of Exanple A .includi ng éhe
mast er bat ch f drndf 3 ReFPrdange (withetheMeskat [myentigsy was proguegs Wsing, ApRaraiys an
description of the apparatus and procedures used for el astonmer conposites
no. 1 -532 i speeedurey gé¢nebadlydw.accardantp prithathose bfiEsample A shoys. eheglastomer 32
wer e prepared using masterbatch production 20 apparatus substantially in
accordance W tdmpdiites Omprisddaatuedd pibbadt fisdd e d¥drh Mhlsysia\weththe propesties skavwee t 0
Figs. 1, 4 and 7. The dianeter of the slurry nozzle tip (see item 167 in
Fig. 7) and e WRast ! ! ok i in
Tabl e 25 for {en?(c:%ﬁieg‘a%iggpﬁp es no@ﬁgli cﬁ’ ﬁgg?{e&rﬁge%{ggtgﬁbﬁpg%%d?%?éﬁg&vm
apparatus had_four,zones of progressive 625 .
di aneter fr onﬂoﬁémrlﬁgﬁaﬁﬁmfcgﬁ £s 3%“@“&" & é )é‘hrgarcéea}%ig kﬁfg'gggllg&n@% Zl;lqg'ri]:?
| ength of each of the four zones (the first zaone bein tly wiihin the
m x- head and pRgaificpliythe folowingecaghandiarks werapsed: Regal & %&3\[@45@%,37'{] i
Tabl e 25. There were axially short, faired interconnections between the
zones. 19 2. CRegad® BSQAW338| Black Peark Ba8C0, iSterliBn®@H740 andN3Gh. Ahacarborbleckr xed
wi th deionized water in a carbon black slurry tank equipped with an

agi tator. ThejqagingRtmped oS3 0itoe75RMk, Ridextenla dillogdiRgstviert th drDdriduint from 0

. 8. .
axi al

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.

1. 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
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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
Table 25. During operation, this 10 slurry was continually punped by an air
di aphragm punp to a grinder for initial dispersion. The slurry was then
fed via an a|r di a hragmpurrp to a CO||OId mll which then fedu_’:xgﬁ a
progressi ng cdaF yi? from the mbnRERORE sethe dispharge endy) The diameterand leggth
Model M210 from M crofluidics International Corporation. The mcrofluidizer
produced a fiofedch ofthefout zohesr(the first benedbieimg ipartllylvaithin theenik+head arddepartly within
m crof |l uidi zer to the mxi ng zone 15 was set by the mcrofluidizer
pressure, the H%E)Et@ﬁqe'r”sgﬂ 'd?gséfefoﬁhmﬂﬂblé)ﬁfsmér% WARE lakiaNeshort, faired
di spl acenent punp urry a e was nmonitored with a Mcromotion(r)
mass flow neter. The .pres ure t _which the carbon black slurry was fed to
the hormpgeni zdRteEgRAngCtigns “%%WB tﬁFZ‘é’? Sout'put pressure (all pressures are
psig) are set forth for each sarrpl e in Table 25. Fromthe honobgeni zer the
carbon bl ack slurry was fed to an accunul ator to reduce 20 any fluctuation
in slurry pressure at the slurry nozzle tip in the mxing zone. The slurry
nozzle t$p pressur CabdniBlack Slarey Btepakitiom t he slurry was fed to the m xing
zone for each sanple are given in Table 25. 625163C>P Page 68 3. Latex

Delivery The | atex B%@offbﬁwﬁﬂla&l@w%réﬁb@@hﬁmm&diﬁéddvminArwibmibttnhtslurry
enmul sion was then ded to the latex and mixed in prior to charging

Ant i oxi dants Wﬁ@%ﬂ%glvﬁlﬂ?ﬁr %ﬁﬂaﬂﬂ Ghe a%l’idt& BBKY thePRE&Y int® RaghBits & foEHI%P)

and Sant of | ex peny ene diamne 5 mxture) in the
t h Tab] e h d
e o o S s ST e s e e N B f e

along with pot a55| um hydroxi de to adj ust. the enul sion to a

appr oxi mat el y cagbonehlack-sharry farjeach of the s3mple asservenda d'ap W%Shé)%&ﬁﬁemﬂ%mﬁ‘% n
Tabl e 25. A peristaltic punp was used to nove the latex fromthe feed drum
to the mdxing shane vak ddneineadigopimpedr Baah cir dikphragmt pamp [tova pindert for anitial
velocity are shown in Table 25. Latex flow was automatically netered with a

EB f'r ess d+bHau Sfibperiss. The Wul§tveds-theh Rd YRSdn' SOdiSFHr SR plinp &l alconsit mell watich
obt ai ne y

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. Slurry 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 homogenizer the carbon black slurry was fed to an accumulator to reduce
20 any fluctuation in slurry pressure at the slurry nozzle tip in the mixing zone. The slurry
nozzle tip pressure and flow rate at which the slurry was fed to the mixing zone for each

sample are given in Table 25.
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mai ntai ni ng proper ratio of the latex feed rate to the carbon black slurry
feed rate. 4. Carbon Black and Latex M xing The carbon bl ack slurry and

| atex were mixed by entraining the latex into the 15 carbon black slurry.
During entrainnent, the carbon bl ack_was intirrately m xed into the |atex
and the m xture coagul ab&tj Soft, wet spongy "worns" of coagulumexited the
coagul um r eactdr. deatepRshiveryng The water content of the wet crunb

di scharged fromthe coagulumreactor is 20 shown in Table 25. The wet
crunb was dewat er edlheilatex wasicharged to a§ S srllonfeed drumm e Antipxidant emplsiog was then
Machi nery Conpany; 3'h in. dianeter). In the extruder, the wet crunb was

conpressed and,jaed thélaiéR ardmixed inprioh €o cltaug’ibg.aAdtio:tidmgttrem xlded ¢adistiag oft
of the 6251630I P Page 69 extruder. The final crunb noisture content is

shown in Tabl g W%P%‘%F@'ﬁ’h‘ mcon Qﬁtoﬂé,@@mb@mﬁmﬂ )Sh 1&@&&9&3 ing

The dewat er ed ext ruder where agai n
conpressed and’ heat ed Wat er s fl d,of ul s of the
through ¥he dPigtER)dR @W%@@Q‘P’Pdﬁa‘g;ﬁeﬁ ﬁa@fgﬂk m{;‘a‘ﬁfr ée%?ﬁ #Y
noi sture content are shown in Table 25. The hot, dry crunmb was rapi dI%/
cool ed (appr 0x40mat.¥ gmusion wsing dParts otastum 01@@1)@%‘;""&’%#&%@“%‘\‘ alﬂ“ﬁr"ﬁ hng
conveyor. Table 24 Natural Rubber Latex Properties 10 Latex Type Source
Addi tives % DrpotasEiainchydioidetoNdjusothe emiisiaii tolacpH BfiigipeoxifiatelydH0. pgxterddzr Dil,
Acid Concentrate TITI Latex 0.35% NH3 60 62.0 0.15 0.29 0.022 SDN. BHD.
ZnO, TMID 0. 1% ifySwas added in the amount shown in Table 25. A peristaltic pump was used to move
the latex from the feed drum to the mixing zone of the coagulum reactor. The latex flow
10 rate and velocity are shown in Table 25. Latex flow was automatically metered with a

Endress + Hauser mass flow meter. The desired carbon black loéding was obtained by

maintaining proper ratio of the latex feed rate to the carbon black slurry feed rate.

4, Carbon Black and Latex Mixing
The carbon black slurry and latex were mixed by entraining the latex into the -
15 carbon black slurry. During entrainment, the carbon black was intimately mixed into the
latex and the mixture coagulated. Soft, wet spongy “worms” of coagulum exited the

coagulum reactor.

S. Dewatering
The water content of the wet crumb discharged from the coagulum reactor is
20 shown in Table 25. The wet crumb was dewatered with a dewatering extruder (The
French Qil Mill Machinery Company; 3% in. diameter). In the extruder, the wet crumb

was compressed and water squeezed form the crumb and through a slotted barrel of the
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Field Latex RRIM, 9/94 0.15% HNS 28.4 34.2 0.38 0.366 0.052 0.3% NH3,

ZnO, TMID a. RRIMis the Rubber Research Institute of Ml aysia b. ZnQ TMID:
used for biological preservation, typical 0.025%of 1:1 mxture 15 c. HNS:
hydr oxyl am ne neutral sulfate, Money-viscosity stabilizer 625163CI P Page

70in 08 0 AV. Vv - r. V- V- V- V. 1 rr rr e, ~
! Ss$m0sy. 1HEReD TR o poisprg sordeng s in Fabler 23 for Ragh ot nvdhiohy
NNNN O4-1c =L {{yrrONANArrY fininrinininininin in in Y9 inOnmm O
0 00O 000 OGZOPIEsr c 0 0 0 0 0 0 0 0 0 0 ZJ =YnaasnwOni'I* Ain mmma
mmmin WM ) AAAAAAAA AANNNNNNNNNNNNNNNNNN
NNNNN ~O0OO0OO0OO0OO0OO0OO0OO0OOOOOOOOOOOOOOOOOOO
ay 000000 000e0000000000000000000000 O 10 Z 0 OO0 00 ' OO00 o
n in O

I
e b Dl S, JLE e i)
The dewatered crumb dropped into a sécond extruder where it was again
5 compressed and heatgd. 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.

Table 24 Natural Rubber Latex Properties

10 Latex Type | Source Additives % Dry | %Total % Ash | Nitrogen | Volatile
. Rubber | Solids ppm Fatty
Acid
Concentrate | TITI Latex 0.35% NH, 60 62.0 0.15 0.29 0.022
SDN. BHD. ZnO, TMTD
0.1% HHS
Ficld Latex RRIM", 9/94 0.15% HNS* 284 342 038 0.366 0.052
0.3% NH3,
ZnO, TMTD?

a. RRIM is the Rubber Research Institute of Malaysia
ZnO/TMTD: used for biological preservation, typical 0.025% of 1:1 mixture
15 c. HNS: hydroxylamine neutral sulfate, Mooney viscosity stabilizer

o
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m a E 6251638 $Bou at(femfﬁda that sfpRlFtiZ ged dovera prodiced 2 @Q"ﬁ“‘&?f&%‘%‘f‘é’"
produced with approximately no outlet pressure at the M crofluidizer
outlet, etc., ptessuiestsheMicroftuidizer dutigteate tordetermine magrerdispersipngmdersadverse
conditions. The excellent carbon bl ack dispersion in the resultant
mast er bat ches pigtest ORAEIBAS.r at ed by their macro-di spersion quality and

nol ecul ar wei Bht of the sol portion MN,. Table 26 bel ow shows the MM and
macr o- di spersion v I I.on: Al o , i t he
carbon bl ack and o?#’g?’??eh%{r%f?& &gg&dc?ﬁnsggtg:h'sﬂgfﬁeﬁgsuét%ﬁpw%ﬁ@ﬂﬁﬁ%sggr bon bl ack

| oading Sand Oldlaml)r(x)sztirgltergigoy%[lgr ﬁlggr\cl)\@dis%ser&or}quuv 1t|yua%§ rrlloqec-[n?al%lv(/aeigh% %f the sol portion

MW,,. Table 26 below shows the MW, and macrd-dispersion values for invention
samples 1 - 32, along with the carbon black and oil (if any) used in each of the

samples. The carbon black loading and ol loading are shown as phr values in Table

26.
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625163CI P Page 75 Table 26 Sol Ml ecular Weight and ""di spersed Area of
I nvention Sanples Invention Sanple No. CB/ LoadingJO|l My w (K) D NO 1
N330/55/0 305 0.26 2 N330/55/0 726 O. 54 3 N330/55/0 544 0.40 4 8250/55/0

876 0.08 5_R25
o 1atanooss3He b TR Rl BT O RSB0 0 0.1 11

R660/ 45/ 0 7 0 ; R0

ND34/ 55/ 0 4javeption Samaie Noy b, B ARINGIL ‘ L4

N234/55/0 560 0. 101 18 N23§/ 45/ 33U o 17 02820 " bo H

N234165110 B50 0.12 21 le[O/ 55N3EP0 o, 1 23

S6740/55/0 B30 0.18 24 N2B4/ 48NBURP o 05
4 R250/55/0 876 0.08
5 R250/65/0 670 0.16
6 R250/75/0 655 0.03
7 R250/65/10 519 0.02
8 BPB00/55/0 394 0.14
9 N326/55/0 666 0.20
10 R660/55/0 678 0.12
1 R660/45/0 733 0.05
12 R660/65/0 568 0.04
13 R660/65/10 607 0.02
14 N234/55/0 433 0.15
15 | =~ . N23aiss0 .. 1000 0.10
16 N234/55/0 500 0.15
17 N234/55/0 -~ - 550 0.10

L la 1B N234/45/0 ... 485 0.17
19 , N234/65/0 - 359 0.20

20 N234/65/10 350 0.11
21 'N110/55/0 612 0.17
22 N351/33/20 800 0.10
23 S6740/55/0 630 0.10
24 N234/48/5 569 0.05
25 N234/53/5 485 0.12
26 . N234/58/5 447 0.12
27 N234/63/5 403 0.13
28 N234/68/5 378 0.16
29 . N234/49/5 618 . 0.12
30 N234/54/5 482 0.16
31 N234/63/5 390 047
32 N234/65/5 325 0.20
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25 N234/53/5 485 0.12 26 N234/58/5 447 0.12 27 N234/63/5 403 0.13 28
N234/68/5 378 0.16 29 N234/49/5 618 0.12 30 N234/54/5 482 0.16 31
N234/63/5 390 0.17 32 N234/65/5 325 0.20 625163CI P Page 76 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 nmacro-dispersion and MV, val ues
for a correspbatasyts forall iaxensionsaraplaybavingeashan black lnsding 9495@ &B’B’é‘? shoytit 1R o
sanpl es produced by dry mxing techniques. At |east one data point for an
i nventi on sanpheesemiripgi slongof Fig. thialong | witll inmagretispersibn cad MW | avelues dorshown
in Fig. 9, along with all of the control sanples having carbon bl ack

| oadi ng of 55 c&%ﬁoﬂtgiﬁ%@ﬁﬁéﬁ of tREBBRR desblibe® ndtliral nibbeOconfroYsamplesrpréduced by used
ac

33 phr N351 carbo and 20 parts extender oil.) It can be seen in

Table 26 and,in FEiq. t hat i i . A3V ,

macr o- di sper sf"é¥r{“"°§g CI T Acal ﬁ&/?e%ftr?ggs‘{'}%\‘/’g'ﬁ% ﬁg%ﬁﬁﬁ%s%&&%h\gésfg
general ly below 0.2% even_at MN ., val ues, above 10 .85 x }‘g6 wher eas, t he
cont rol 3sanpl B%?dﬁ'&&fgreaﬁ}é Rarbow blagk is showm| 1p &ig- Sralong fhsg‘e?gﬁ (foRtrol samplegpy. |
Thus, the data shown in Fig. 9 clearly reveals that the nacro-dispersion
qual ity of t hbavingrarboa|black doasingcefihSphirt €Contxad samples 4 toAlgealsst showm inFig. ues
is significantly superior to that achi evabl e usi ng conparabl e ingredients
in prior-know, sked 33 photNdsl ¢aebdinisiack abde20gyanis ektendeg @il. )f Iircah be seenrin Table @6t a
points shown in Fig. 9 and those 15 used in subsequently discussed Figs.

éng i (ngngr e expd RIFEY thi? the1fvenBEEAHDIR B WxcQIRIARATH RispPAh. KpekikigdllyCthe

invention samples have D(%) values generally below 0.2%, even at MW, ; values above
10 .85 x 10° whereas the control samples never achieve such excellent macro-dispersion at
any MW,_,. Thus, the data shown in Fig. 9 clearly reveals that the macro-dispersion
quality of the novel elastomer composites over a wide range of MW, values is
significantly superior to that achievable using comparable ingredients in prior-known dry
mixing methods. The symbols used for the various data points shown in Fig. 9 and those

15 used in subsequently discussed Figs. 10 - 25 are explained in the legends below.
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Figure 9 Dispersion Quality and MW Sol
sanples 177 to 224 control
e control sanples 369 to 400
1to 32

sanples 401 to 412 ~ invention sanples Fi

of NR Mast er
sanples 273 to 320

o control sanples 33

control

control sanples 113 t FigueCaptiopBht ;o] sanples 412 to 443

bat ches x control
sanples 145 t
to 64 x control

ure 10
Sol of NRFijarier iDidpeisien QuﬂugammsokofMa%Mﬁl
i nvention sanple 10 4 " control sanples 145 to 174
control sanples 33 to 64 o0 invention sanple 4 K cg
I nvention sanple 1 control sanples 113 to 144 ~ |
11 Dispersion Quality and MN Sol of NR Mast er bat cheg
sanples 273 to 320 ” invention sanple 14 A control
i nvention sanple 21 Figure 12 Dispersion Qality an
Mast er bat ches (Region 111) control sanples 401 to

% chiitfol Satnpes 177

I nvention sa fm
ik GOBYF! SAPRIESAS | 2
ReoRfdl Samsies a5 ¢o B6H
S
‘s‘%ﬁ‘fq Iégsm@%%astg gb 400
® qomratsamples 3o 64
4dcdntrol samples 1 to 32
@ control samples 113 to 144
o control samples 412 to 443
¢ control samples 401 to 412

Figure 10 Dispersion Quality and MW Sol of NR Masterbatches

m invention samples

o 176

sanpl es
control
Di spersion Quality and MV

9 o
32 O
I gure
t r ol
0

(Region 1)

x control samples 177 to 224
« invention sample 10

s control samples 145 to 176
s invention sample 9

o control samples 33 to 64.
pinvention sample 4 -

x control samples 1 to 32
minvention sample 1

@ control samples 113 to 144
m invention sample 8

Figure 11 Dispersion Quality and MW Sol of NR Masterbatches

(Region Il)

A control samples 273 to 320
minvention sample 14
A control samples 369 to 400
pinvention sample 21

Figure 12 Dispersion Quality and MW Sol of NR Masterbatches

(Region Il '

& control samples 401 to 412
minvention sample 22

© control samples 412 to 443
ninvention sample 23

Figure 13 Dispersion Quality and MW Sol of NR Masterbatches
(N330 Carbon Black, 55 phr)
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@ control samples 1 to 32
m invention samples 1to 3




A Invention sanple 22 control sanples 412 to 443 o Invention sanple 23
Figure 13 Dispersion Quality and MV Sol of NR Masterbatches (N330 Carbon
Bl ack, 55 phr) control sanples | to 32 ~ invention sanples | to 3
625163CLPighiege DEpéisign Qualiyiang MY Sokaf HiRk W’H‘%"ﬁnd MW Sol

of NR
Mast er bat ches  (FEGRAL250%roaBlask) Bl ack) control sasples—33—t

i nvention sanple 4 o control sanple 65 to 80 p i%ﬁéﬂm@aﬁrﬁ‘@%
*control sanples 81 to 96 A invention sanple 6 [winvention sampieides 97| to 112
I nvention sanple 7 Figure 15 Dispersion Quality a

| "6lcditféiSampie B5 k8O
Mast er bat ches (BLACK PEARL 800 Carbon Bl ack, 55 p}?%yénﬁén%letp 144
control sanp ”~ invention sanple 8 Figure 16 D spe '

S1 0 I d| MV Sol
of NR Mast erbat ches (N326 Carbon Bl ack, 55 phr) :%FR"FE'I’%E‘%%)P%?%

45 to 176
A invention sanple 9 _ Figure 17 Dispersion Qual i Alpventien samPief of NR
Mast er bat ches

o control samples 87 to 112
Alnvention sample 7

Figure 15 Dispersion Quality and MW Sol of NR Masterbatches

55 phr,
(BLACK PEARL 800 Carbon Black, 55 p ) | me‘ oies T3 vy
]

invention sample 8

Figure 16 Dispersion Quality and MW Sol of NR Masterbaiches
(N326 Carbon Black, 55 phr)

@ control samples 145 to 176
m invention sample 9

Figure 17 Dispersion Quality and MW sol of NR Masterbatches
(REGAL 660 Carbon Black)

@ control samples 177 to 224
‘minvention sample 10
o control samples 225 to 240
' v' pinvention sample 11
. o control samples 241 to 256
Alinvention sample 12
 control samples 257 to 272
A invention sample 13

Figure 18 Dispersion Quality and MW sol of NR Masterbatches
( N234 Carbon Black )

@ control samples 273 to 320
m invention samples 14 to 17
o control samples 337 t0 352
pinvention sample 19
& control samples 32110 336
Alnvention sample 18
& control samples 353 to 368
Ainvention sample 20
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(REGAL 660 Carbon Black) O control sanples 177 to 224 I nvention sanple 10
o control sanples 225.to0 240 p invention sanple 11 p control sanples 241
to 256 p Invention sanple 12 control sanples 257 to 272 A invention

sanpl e_13  ,Fi Q[,h awgo,gm@,,;,g AattnddV sol of NR Mast er bat ches (
N34 CHOWS BE ﬁﬁa\rrpl es 2/3 to 320 ~ invention sanmples 14 to
17 1 o contr o 352 D invention sanple 19 . p control
sanples 321 to 336 & | nventlon sanple 18 contig 360 460 (368 A

i nvention sanple 20- 625163CI P Page 79 Figure 1‘ sl%grg"% aI i tly and MW
Sol of NR Masterbatc hes (N110 Carbon Bl ack, 548 o—saHpl es 369
to 400 ~ invention sanple 21 Figure 20 Di spersi on QJallty and MAsol of NR

Mast er bat ch N351 Car bon Bl ack 33 control sanples 401 to 412
Figure 20 Dispersion Quality and MWsol of M%sta)bamh P

( N351 Carbon Black, 33 phr)

@ control sampies 401 to 41ﬂ
minvention sample 22

Figure 21 Dispersion Quality and MW Sol of NR Masterbatches
(STERLING 6740 Carbon Black, 55 phr)

o control sampies 412 to 443
minvention sample 23

Figure 22 MW sol Effect on Crack Growth Rate
(NR Compounds Containing N234 Carbon Black @ 55 phr Loading)

@ control samples 273 to 288
pinvention sampie 16

Figure 23 MW sol Effect on Crack Growth Rate .
(NR Compounds Containing N326 Carbon Black @ 55 phr LLoading)

o control samples 145 to 160
o invention sample 9

Figure 24 MW sol Effect on Crack Growth Rate .
(NR Compounds Containing REGAL 660 Carbon Black @ 55 phr Loading)

@ control samples 177 to 182
ginvention sample 10

Figure 25 Max. Tan § (Strain Sweep @60 C) of NR Compounds Containing N234 Black
at Different Loadings

e invention sampies 24 to 28
o invention samples 29 to 32
control sample 444 to 450
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A invention sanple 22 Figure 21 Dispersion Quality and MV Sol of NR
Mast er bat ches (STERLI NG 6740 Carbon Bl ack, 55 phr) control sanples 412 to
443 " invention sanple 23 Figure 22 MVsol Effect on Crack Gowh Rate (NR
Conmpounds Cont ai ni ng N234 CarFiyuie Ghptibbn€ c) 55 phr Loading) control sanples
273 to 288 a invention sanple 16 Figure 23 MNsol Effect on Crack G owth
Rate (NR Con@o iatsih Huaily AAAWGSbiPortiBh ot R Wassbanh Loading) f trol
sanpl es Fi¥%® Lo é-%g b(Phasé\{Galtn Blacl/ghikcapAggregbss ol  Ef fect on Crack Growth
Rate (NR ConpolPB® B8t ai ni ng REGAL 660 Carbon Black (c) 55 phr Loadi ng)
control sanples 177 to 192 a invention sanple 10 Figure 25 Max.
(Strain Sweep @0 C) of NR Conpounds Containin 451 to[3S6
Loadi ngs Invention sanples 24 to 28 o Inventi onimh%maeaso 32
control sanple 444 to 450 625163CI P Page 80 Filgur aphiarase ta 4¢érie 30
Macr o- di spersion Quality and MV of Sol. Portion Emﬁmmch

n

Cont ai ni ng Dual Phase (Carbon Bl addSilica) Aggr sanples 451 to
458 '

Figure 31 Macro-dispersion Quaiity and MW of Sol I?orﬁon of NR Masterbatch
Containing Blend of Carbon Black and Silica

@ control sampies 491 to 498
m Invention sampie 38

o control samples 483 to 480
g invention sampie 37

o control samples 475 to 482
ginvention sample 38
@ control samples 467 to 474
.s¥invention sample 35
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A invention sanple 33 o control sanples 459 to 466 a invention sanple 34
Figure 31 Macro-dispersion Quality and MW of Sol Portion of NR Masterbatch
Cont ai ni ng- Bl and of Carbon Black and Silica control sanples 491 to 498 ~
I nvention sanple 38 o control sanples_.483 to 490 D Invention sanple 37 a
control sanples 475 to 482 a |nvention sanple 36 contro rlstsarrpl es 467 to
474 |l nvention sarfpe mag-dispersivsyelpes fopte ebatormécmsaew & MYERIPNSHOYB s
for the el astonmer conposites of the invention shown in Flg 9 are

descri bed by idFEigf ®atecdeseribed hyiahe followinR eqiigtions0. 2% (1) when MV, , is less
than 0.45 x 106; and 5 1log (D) <log (0.2) + 2.0 x [MN, - (0.45 x 106)] x
10-6 (2) when 0.45 x 106 < MW,, < 1.1 x 106. It wll be recognized from
t he di scussi on above, that macro-dispersion D (% in the above equation
(1) is the percent undispersed area ﬁ@; r dofzg}r defects greatep, than
mcrons. It can be seenin Fig. 9 th I‘_’)tj% equal to 0.2%i s thé threshold
macro 10 dispersion quality for all carbon blacks in Regions I, Il and III
for natural rUﬂB@MW&y‘Slﬁﬁébﬂ%ﬁéHQ andhat is, none of the dry nasticated
mast er bat ches achi eved macro- di spersion quallty of 0.2% at any MV, ,
even after mxing sufficiently to degrade MAN,, below 0.45 x 106, as
descri bed by equation (1) above. Wien the MVN,, of the

5 log(D) < log(0.2)+2.0x [Mwwl -(0.45x109]1x10° (2)

when 0.45x10° < MW,, < 1.1x10°%

It will be recogﬁized 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 caﬁ 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, II and I 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 mﬁsterbatch control samples shown in Fig. 9 is between 0.45 x 10°and 1.1 x 106,
15 the dispersion quality is even poorer while, in contrast, the dispersion quality of the
invention samples having MW, in that range remains excellent. None of th'e'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 (and in other
20 Figures discussed below) to lie on the X axis (i.e., at D(%) value of 0. 1%) may have

macro-dispersion quality of 0.1% or an even better (i.e., lower) D(%) value.
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dry masterbatch control sanples shown in Fig. 9 is between 0.45 x 106 and
1.1 x 106, 15 the dispersion quality is even poorer while, in contrast, the
di spersion quality of the invention sanples having MN,, in that range
remai ns excellent. None of the preferred enbodinents shown in Fig. 9
having MV ,, between 0.45 x 106 and 1.1 x 106 exceeds the preferred
macr o- di sper siRegidn Carbon BlagkSampleshat regard, it shoul d be understood
that the data points for preferred enbodi nents which are seen in Fig. 9
(and in other 20 Filguentich sdmples sarmptising|catbpn blacksihavingmbtphologicel properties (i.eqt
D(% value of 0.1% nay have macro-dispersion quality of 0.1% or an even
better (i.e., 9 RSIECTiE joRbin CEAfrBIAMBlEACK
Sanpl es | nvents%rg‘\rflﬁgéasn%e%ﬁg?n%??)s? ng —car 8?15?2?@%???3?@ mg)r phol ogi cal
properties (i.e.,.. structures and face ane of Regi i i 8., and
cor r espondi ng dSﬁﬁbF‘g F{’%Vﬁrﬁ}? sw'%H%“scﬁ :i{eg}?&%acﬁﬁt{?@)brl&%% a\?\ng F ‘%’Hg%rg% H'R’gs ?%"r%ﬁf)g
carbon bl acks, are_conpared_in the sem-log 5 plot of Fig. 10.

Speci fi al |y, pat gfFigol G Sipgeificatiy %dpéh‘?}V%tbéﬂ@F@nd‘%ﬂrﬁ%%vgm MHMWan YAUES of
the invention sanples and correspondi ng control sanples conprising the

car bon bl acks of fegrvefition séffles Mgix®respogding contb samples@mpaisthgBhercdrberebladksr )
800, at carbon black loading ranging from30 phr to 75 phr and extender

oi | | oading r Reghl®I640; D326, RéPal® 2SENIBD; and Biack Pes® 800y dt@arbbh 8likk loading
di spersion is seen in Fig. 10 for all of the invention sanples, 10

representing py ig*%{c,gq] g(ggﬁg{:onﬁq#ﬁoagﬁteﬁ{eﬂaér%ﬁ'baﬁﬂ ideSPorh B pi GOROBREE

with the prese I'sC e 1 nvention sanples advant ageously

poor or di sper Sblenh Sy Blsgh diseritona 2o it Fle, ) or ALbF s AR SaBEE

enbodi ments shown in Fig. 10, even through conprising carbon bl acks from
Regi on 10t he representing iprefered embedimgnts f elastomer comppates in 20¢3rdance ayithethss
.3% The 15 nost preferred enbodinents all have a D(% val ue not exceedi ng
. 2% even at amprdskiit disclosuae.UAll afitha inveition sahplesadvestdgeogsly dredbel®6 lineThel ddtig
shown in Fig. 10 clearly reveals that the macro-dispersion quality of the

Pecke” Srer R SRR g ostbenae o s it o
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

15 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 here comprising
Région 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.

20 The macro-dispersion values for the elastomer composites of the invention shown in Fig.
10 are described by the following equations:

D(%) < 1.0% 3)

when MW, is less than 0.7 x 10°, and
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t hat achi evabl e usi ng conparabl e ingredients by prior dry mastication

m xi ng nmet hods. 20 The nmacro-di spersion val ues for the el astonmer conposites
of the invention shown in Fig. 10 are described by the follow ng
equations: D(9%9 < 1.0%(3) when MN_,. is less than 0.7 x 106; and
625163C1P Page 83 log D< log (1.0) + 2.5uﬁthNV, - (0.7 %x 108)] x 10-6
(4) when 0.7 x 106 < MiggD< <1 log£1.90625x W b0.7 8d80hxA8d thd® D (% is
t he percent undi spersed area nmeasured for defects greater than 10 m crons
and 1% is thewhéiegholod reMW. dispenx i quality for all carbon 5 blacks
in Region | for natural rubber masterbatches in accordance with the present

' tion. Thaty o ' i '
I nvention Riwill Be r%&?@g&% ?HIB 0(%)3{5 ﬂ?éi:%#déﬁtt WRidispBséLirlea hiehiredfohidefeed

macro- di spersion qu % or better at any MV,, , even after dry

m xing sufficiently t degr ade abelow .7 x 10 '

Equation (3) &T?G‘?é?lhaﬂﬁgﬁ“?%é‘s R ?%V‘s HFEiE"ﬁé < ?aﬁéé&épre%g?rgﬁﬁg@n@?glll ‘b'%{’g?rtf)l es
shown in Fig. 10 is between 0.7 x 106 and 1.1 x 10 106, the g;espersion

qual ity 5i s evblacksinRegion|I forratrabrsbberimasteshasches i arqorsanss with Hie Rresent

i nvention sanples having MV,, in that range remains excellent. The .
preferred ennventionntThahisyuonerof Ehegdry hiasticaredmastarbatchdsaichievsd macre- 106 and
1.1 x 106 falls well below the preferred nacro-dispersion limt of .2% It
can be seen t RaberkiBf qBAIRT bPBY% orCk¥iiRPSt dn§ MWL, [ dven aftsredty inixing euffiientyno
carbon bl acks from Region | provide 15 heret 0f ore unachi eved bal ance

bet ween Mt 0l SREK OefilP i doskeibed by ERBEIGHT3) bbdve! WPREnthempwSanp! es
S conpfisi ng carbon acks havi

| nvention sanp ng nor phol ogi cal properties

(i.e., structyre and surface area) o eqgion Al Jin Fig. 8 6

cor r espondi ng°g3ﬁtd|r¥)¥m§t5¥?ﬁ¥ §°“ﬁ§§)ﬂ"‘?[§ég}“§’ﬂb\9 g s gft?'ﬁe%&gﬁp &eéﬁn SRk
carbon bl acks are conpared in the sem-log 20 plot of Fig. 11..

Speci fildal |y, 164, the dispessiorvgnalitycis mmrsgwgntfﬂﬁt,mﬂ dispersiopiaialy otheies  of
the invention sanples and correspondi ng control sanples conprising the
car bon bl acks 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
below the preferred macro-dispersion limit of .2%. It can be seen that the elastomer
composites of the invention comprising carbon blacks from Region I provide

15 heretofore unachieved balance between macro-dispersion quality and MW, .

Region II Carbon Black Samples
Invention samples comprising carbon blacks having morphological properties (i.e.,
structure and surface area) of Region II in Fig. 8, and corresponding control samples
described above made with such Region II carbon blacks are compared in the semi-log
20 plof of Fig. 11. Specifically, Fig. 11 shows the macro-dispersion values and MW, values
of the invention samples and corresponding control samples comprising the carbon blacks

N234 and N110 at carbon black loading ranging from 40 phr to 70 phr and extender oil
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N234 and N 110 at carbon bl ack | oading ranging from40 phr to 70 phr and
extender oil 625163C1P Page 84 | oading ranging fromO phr to 10 phr.
Excel | ent ‘carbon bl ack dispersion is seen in Fig. 11 for all of the

I nventi on sanples, representing prefegrred enbodi nents of el astoner
conposites in accordance with the present disc] OSLir . ..The.i n.venti.og:.sarrpl es
advant ageous| Joeding rangingfram ,phrito 10 phr. fixgellent cargn b ispersiofy 1s SegQ 1R 5ig- 14
sanpl es have 5 poorer dispersion, being above line 111. In fact, the
preferred embgsh alerifsths Hinvemtiom sknples, fepresentingi prefegred semhndimenss jof elastamer
Region Il fall below a D(% value of .3% Mst preferred enbodi mrents have

a (% val ue g axeRed AdcorditB! wilfYihtVproseht Uiscidiee. 0The ishaion  sanfle. 11
a O-

clearly reveal the nmacr | spersion quality of the novel el astoner

it di sgl dh I, Si Regi I jed
10 Tange of whtvaaRsoLsy e RF e ) i FlarbL, VnrebabiheChil Sfpleitttel

conparable ingredients in prior dry m xi t hods. , Th cr.o-di spension
val ues for t hepoeresdisparsen, b@B&ﬂG%’FPE%IUfﬁF%gLH%\Pé?FWﬁe?ﬁ% e?tﬁs%“é)%ﬁ are
described by the follow ng equations: D% _< O.B%QMSIJD when MWV, _is | ess
than 0.35 x 108; comptisitg ¢agepniblacksftpm Region Il falgbslowalP(%) valyg of .3g6)llost
10-6 (6) when0.35x106 < MV, < 1.1x106. It wll be recognized that D (%
of .30% i s theyréfefred Babsdiiests havt £DEYe) vaine fotdxiceedirign2%aati any MWpovalug. altes i n
Region Il for natural rubber masterbatches in accordance with the present

| nvent i on, a“ddata SRown éﬁ?g/:l i ﬂa&gygf&émhﬁ MWM%@FerImt vality 6fothe mivelt he

dry 20 nmasterbatches a -di spersion quality of 0.30% or better

at any MN even after dry.mxin fficien . r kOVEWM wik X
106, as descr | BRYECBEF ltﬁsna(‘s‘il‘%)eg %evcg_me;{*%igé I%ﬁ%‘e%glg’g HM% dry
mast er bat ch control sanples shown, in Fi g' 11.is 25163Cl 1 Pagﬁ% 85 l&?atb en
0.35 x 106 andrange ok MWe, velwes.ds sigaiicamsly {ipenor (P that aqueyap§isee <o
contrast, the '

ingredients in prior dry mixing methods. The macro-dispersion values for the elastomer

composites of the invention shown in Fig. 11 are described by the following equations:

D(%) < 0.3% (5)

when MW, is less than 0.35 x 10%, and

15 logD < log (0.3)+2.8x MW, -(35x 10%]x 10°  (6)
when 0.35x 10° < MW,; < 1.1x10%
It will be recognized that D (%) of .30% is the threshold macro-dispersion quality for all
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
20 masterbatches achieved macro-dispersion quality of 0.30% or better at any MW, even
after dry mbdng sufficiently to degrade MW, below .35 x 10%, as described by Equation

(5) above. When the MW, of the dry masterbatch control samples shown in Fig. 11 is
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di spersion quality of the i'nvention sanples having MN in that range

remai ns excellent. The preferred enbodi nents shown in Fig. 11 having MV, ,
between .3 5 x 106 and 1.1 x 106 fall well below the preferred

macro-di spersion limt of .2% It can_be seen that the 5 el astoner

conposi tes of the. |nvent|on corrprl sing carbon bl acks from Region |1

provi de her ebesveens0.3h xd0f andeti 1 xall0Sthe dispersier qualify: isevem BRRIES | rEofHiast #e and

MV ,, . Region Il Carbon Black Sanples Invention sanples conprising carbon
bl acks havi ngdipersibrwiualitysfithginegionisamples having MW, & thattange seneaind excellfeatc e
area) of Region Il in Fi g 8, and correspondi ng control sanpl es descri bed

above nmade wi l‘faﬁmﬁr «| 0g
pl ot of Fig. tlrg B%%Ef ht!s&ﬁ@“??@’ghom t fre gglggg:ks¥%‘ﬁan\§gmu)es
and MV ., val ues on, sa s and cont r

sanpl es corrpr|9 ql\‘é’egﬁ\‘ gﬁrpf F‘Eﬁig‘ag‘pﬂs‘gﬁl’eﬁﬁﬂl @'f“él"?sf(o gﬂg bé zpen tﬁ?tbtgﬁ

bl ack | oading ranging from30 phr to 70 phr and 15 extender oi | loading
rangi ng 5f r om €lastomercoptpogites.of Ebecievénsion comptising earberkblacksfeam Region d1 PfQé’é‘ﬁ in
Fig. 12 for all of the invention sanples, representing preferred

enbodi nent s oheretdferetunattieved bplancd esween marodispersngualityahé MWgsent

di scl osure. Al of the invention sanples advantageously are below |ine 121

in Fig. 12, whereas all of the control sanples have poorer dispersion,
bei ng above line 121. In fact, the preferred enbodi nents shown 20 in Fig.

12, conpri sing, car %?Eﬁ on 11, fall at or below a D(% val ue
of .1% even &b é'bﬁkﬁm@naﬁbagka Y n?gageousl y exceeding .3 x 106 and even

.7 x 106. The datag shown in . cl ear veal ) . ~
macr o- di sper si on qg’é yenkign %T“P{eﬁégrﬂﬂ'\'ﬁ&g “‘S’PQ V'B%WSHQ’%EO g‘gjangfm—(gls?se8"='Her e

conprising Region Il car bon bl ack, over a wide range of MN !ues1
si gni filant |y ssrugerqsandtswfaqqareaa@ﬁReglabllH iy Eign g, #hgoarespand “‘863?5 8 eI5age

86 ingredients in prior dry mxing methods. The macro-di spersion val ues for
the el astonmer despiBBdabdvesnade withesuchRegion &l catbowblacks #egomparedirethdssmi-loged
by the followi ng equations: D% < 0.1% (7) when MAp, is less than 0.35
x_106; and plot of Fig. 12. Specifically, Fig. 12 shows the macro-dispersion values and 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
15 extender oil loading ranging from Ophr to 20 phr. Excellent carbon black dispersion is
seen in Fig. 12 for all of the invention samples, representing preferred embodiments of
elastomer composites in accordance with the present disclosure. All of the invention
samples advantageously are below line 121 in Fig. 12, whereas all of the control samples
have poorer dispersion, being above line 121. In fact, the preferred embodiments shown
20 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 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
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5log D<log (0.1) + 2.0 x [MWoO, - (0.30 x 106) x 101] (8) when 0.30 x
106 < MW,, < 1.1 x 106. It will be recognized that D (% of 0.1%is the
t hreshol d nacro-di spersion quality for all carbon blacks in Region Il for
natural rubber masterbatches in accordance with the present invention, and

0.3 x 106 is the threshold MV, value. That is, none of thgsn{j?r 1?
mhst er bat ches ingsiaisdn PRACAR-HxiBaRehast. (s macio-depersiop yalugs (or s elastomsrcn

after dry mxing sufficiently to degrade MV ., below .35 x 106, as

descri bed by kampbsites of the inveativreshownein Fighd 21 desofibedtey the follemingequations:
control sanples shown in Fig. 12 is between 0.30 x 106 and 1.1 x 106, the
di spersion quality is even poorer. In contrast, the dispersion quality of
the invention sanples having MNo, in that range remains 15 excellent. The
preferred enbodi nents shown in Fig. avjn bet ween .30 x 06 and
1.1 x 106 fall well below the preferr %ﬁ%rd}%/\i\%ersi on limt (Spl 2% and,
in fact, are at or bel.owsﬁg% value ,of 0.1 % It can be seen that the

el ast oner conpdentdW,y if lessitham0.38 k0% i addent i on conpri sing carbon bl acks
fromRegion |1l provide heretofore unachiéved bal ance between

macr o- di spersion quality and MV, . 20 Additional Sanple Conparisons The
macr o- di spersion values for the invention sanples are shown graphically in
the seni5long plots of Hog® <l3og (0 HUgROXKI[MWs, a (0.30xtl0Hx W Tt 8 My .,
values, as in Figs. 625163CIP Page 87 8 through 12 di scussed above. Mbre
specifically, vwhHenfo.3Bx 143 < hwmwgh<2% vk hod nventi on sanpl es descri bed above
conprising a particular carbon black (being limted to those of a specific

carbon black 1Pl Siretbiitzehat 19 (AFHEEN YA hethrithol %e;dggﬁ%éirgo@qﬁliﬁgf&

sem -log pl ot gether"wt he"correspondi ng contr ol s. (See the
| egends above i vin he 5 refer e nunmber.s of the |jnvention. . nd
control sanpl é‘g Wé’ﬁ&if’@gs F‘r#%%%‘hﬁff% 3?%’?;? mt;sPﬁﬁgl,aStﬁ%a{.CHi%msa ﬁ%&&%ﬁfbﬁ?ﬁﬁh@
di spersion quality and MAp, of invention and control sapples desgzr [ %ed
above conpri sipeseaEnyentionzad GhxHGhishetreshald MWay yalugolRat 1§ neng of the dry
clearly reveals that the macro-dispersion quality of the novel el astoner
conposi {@s of rhddeerbatches achieved macro-dispersion quality of .1% at any MW, , even after dry

mixing sufficiently to degrade MW, below .35 x 105, as described by Equation (7)

above. When the MW, of the dry masterbatch control samples shown in Fig. 12 is

between 0.30 x 10° and 1.1 x 105, the dispersion quality is even poorer. In contrast,

the dispersion quality of the invention samples having MW, in that range remains

15 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
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 Il provide heretofore

unachieved balance between macro-dispersion quality and MW, .

20 Additional Sample Comparisons
The macro-dispersion values for the invention samples are shown graphically in

the semi-long plots of Figs. 13 through 21, as a function of their MW, values, as in Figs.
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i nvention, conprising N330 carbon bl ack, over a w de range of MM val ues,
Is 10 significantly superior to that of the control sanples.

Macr o- di spersion for el astonmer conposites of the invention conprising N330
carbon bl ack, as shown in Fig. 13 is__.described by the foll ow ng equations:
D% < 1%(9) when MV., < 0.6 x 106; and_15 loq. (D) < lo ).+ 2.5 X
[MN, ., - (0.%througis)? discusedaboms) Morespeafically, lf%hswmrhwghé.lf“k“"f%?“ None
of the dry masticated masterbatches achi eved nacro-di s&:rsi_on guality of
1.0% at any dfples desceibediitione camprising a perticulaf carbemblagk (beingdignited do thase of

bel ow 0.6 x 106 (see 20 Equation 9, above). In control sanples conprising
55 phr N330 caghap %@g& ick 1843 wHeh So MdicatediPire BRUWH foigerher inalsiipeisethidogc 106
and 1.1 x 106‘%‘?%(: % value is even higher, such ag nore than 4%

undi spersed ar,ea. 516 P___Page i 0 | LOB: [ty
and M of th@oﬁ%ﬂsgﬁ?ivgﬁ’%%@r{:egﬁﬁd%% Jéggr%%é? ?%éggﬁﬁgﬁg@%\%sggép%gﬁg
REGAL(r) 250 carbon. bl ack. Sel ected invention an cont.rql , sanpl es. sho I n
Fi g. 145conpriefsencepymbegsofdby inyeiition %W%@Wtrﬂgfag‘éﬁdﬂﬁ“‘?% mn ﬁ?‘g'. figige )
clearly reveals that the macro-dispersion quality of the novel el astoner
conposi t es 5 Thus Fig. il3skows tha dispersioingjuality REdM Ve ofigvention sad conteal sampler g
w de range of MV ., values, is significantly superior to that of the
control sanpl @scribbd @bsecompesingss phir 330 caboebladko r ThehdatashasmonEig. d3uisady t es
of the invention conprising REGAL(r) 250 carbon black, as shown in Fig. 14
are descri bed,Ryaik NRat’ @le! ANrOQispaidRdhI ty o e rovklela8bmed Qoitdp6siteM the 0. 6
x 106 ; and | og ?ID) <log (1) + 2.5 x [I\/thl~, - (0.6 x 106)] x 10-6 (10)

when 0.6 x 1016nv§nt{\</)vn\fl cgm]pi'ig’mé NS¥0 carbon black, over a wide range of MW, values, is

10 significantly superior to that of the control samples. Macro-dispersion for elastomer
composites of the invention comprising N330 carbon black, as shown in Fig. 13 is

described by the following equations:

D(%) < 1% )

whenMW,_, < 0.6 x 10% and

15
log (D) < log(1)+2.5x MW, -(0.6x10°]x10° (10)
when 0.6 x 10° < MW,, < 1.1x10%
None of the dry masticated masterbatches achieved macro-dispersion quality.of 1.0%.
at any MW,, even after dry mixing sufficiently to degrade MW, below 0.6 x 10° (see
20 Equation 9, above). In control samples comprising 55 phr N330 carbon black in which

the MW, , was maintained between 0.6 x 10° and 1.1 x 10°, the D(%) value is even

higher, such as more than 4% undispersed area.
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None of the control sanples achieved macro-di spersion quality of 1.0% or
better at any MW, even after dry mxing sufficiently to degrade MM bel ow
0.6 x 106. In contrast, 15 elastoner conposites of the invention
conprising Regal (r) 250 carbon bl ack_and having MAN ., above 0.6 x 106 have

excel l ent macro-di gpersion, such.as D(% J.ess t 0..2% . egele]
properties and per @*r%ﬁrﬁ%@wéﬁg? gb“P%"P‘iOt tyrapd %i%&gﬁﬂvgﬁggnng&gg%ﬂ%l
sanpl es shown in Fig. 14, conprising REGAL(r) 250 carbon bl ack, are set
forth in Tabl samplés desiribed abiove comprisng REGALBZ50 carbemblagk Selpgied invention 33d s

exceptional ly good resistance 20 to crack growh, as indicated by its very

| ow crack growbdirdl dhmplsbiitivioin Fig)l ¥ dontpeised oil,rdsIset forth@poves sThe dats shown inhe
i nvention sanple is far superior to the corresponding control sanples.

This is beli el_.%c'iilinaf%g, r%sﬁ gﬁl%{aa&n%?%%és oVWeno@@peliE?&ﬁ@’coﬂigﬁﬂwSSi on

of carbon bl a I nve I scussed above. 625163C P

Page 89 Table 27 Conpound Propert] k 250
Carbon Bl ack 8? tl!%mggﬂt‘%d‘é’m in W’QBW&@% Eéé&%@é%o@%ﬂsi le
EB M(144) 1000 (psi) (psn (psi) NO_control 33 60.63 53 35 18126 999. 82
4090. 24 675, 0 valsentis significantly, S@esqr wthataof the coniselsamples o s naTaSIRISOR
control 35 81.49 58.65 243.66 1215 87 3960.32 614.0 control 36 84.04 59.95
244. 23 1259. 99alaésl for 8Be Sakomer composités df th&invesiopaonprising REGALR:256) cadgn

60. 10 57.05 216.75 1206. 60 4023.65 620.0 control 39 68.28 57.25 225.44

1256. 23 4134. @B, £2L sBowh YEigOl4 4@ dédoribed Y thefollobing 2qidRMs87 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 control ﬂ'\z‘%ﬁ% 84, 57. 05 221. 26 1223997 4018. 24
611.0

10 when MW, < 0.6 x 10°; and
log D) < log (1) +2.5 x [MW,, - (0.6x 109] x 10°  (10)
when 0.6 x 10° < 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 0.6 x 105 In contrast,
15 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 ﬁroperties and performance characteristics for the invention and control
samples shown in Fig, 14, comprising REGAL® 250 carbon black, are set forth in Tabﬂe
27 below. It can be seen that invention sample No. 4 has exceptionally good resistance
20 to crack growth, as indicated by its very low crack growth rate value of only 0.92
cm/million cycles. In fact, the invention sample is far superior to the corresponding
control samples. This is believed to be due largely to the better MW, and macro-

dispersion of carbon black in the invention sample, as discussed above.
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control 44 50.10 56.60 210.50 1140.90 4058. 33 638.0

177.47 982.86 3790.56 533.0 contr6146 38.23 54.50 198.63 1111. 04 3860. 56

629.0 control 47 :35.35 54.60 19
9.0
40.58 55.50 204.52 1139.94 3961 0 22 3110 00 3871.49 5050 control 48

control 45 36.82 52.90

1230. 30 403FabBO276 Cpmpount) ﬁvﬁggt'on 4. 71 97 °7.00 218, 18
an 0 8 Tan 8 (cniGants G%ﬁm@ﬁp e Abrasion |oss
8. 091 control g4 -GI?Q’HO Qﬂeéfo r 0 2.00 0.191 0. 167
.192 0.15 . 100 rapess 38
3.00 0.168|0.176 om«)%&%g o CG”" 36 X 64. 65
0. 190 0. 185 Ogies 90 2 B13X0. T8 175 09 oo o1
: 189 84 conyiss 41 GST.G0 2.238.14ont r 029258 (9 1.69
0.103 con1 $4.5 64 2 . ). 168
44 83 90 1 35(’ §1.40 52 0. 88065 0. 1®3.66. 101 é§5¥§9 0. £d¢ G 1ol
control 46, R:réi’ 3699 08df4 0. 10ss.95cont24812345, 6118873, 86 1) gg 0. 107
o 63 6e - 4reiS7 - 94592492 0. 861 CaMBTOl 47" 1259@2 35 3“% %
. 63.65 3. Jfirdlad 42 Oed.46 5705 21675 p.oc¢ntrol
control 39 68.28 5725  225.44 125623 413406  621.0
control 40 77.40 5010  255.15 1330.87 4059.01  597.0
control 41 44.40 5625  216.00 1214.78 403868  618.0
control 42 47.96 56.50  214.53 1202.93 3844.05 613.0
control 43 49.84 5705 22126 1229.07 401824  611.0
control 44 50.10 5660  210.50 1140.90 4058.33  638.0
control 45 36.82 5290  177.47 . 982.86 3790.56  533.0
control 46| - .. 38.23 ‘5450 19863 '  1111.04 3860.56 629.0
controt 47 | . -35.35 5460  199.03 © - °111000 - 387149  505.0
control 48 | ; 40.58 5550 20452 - . 113994 3961.06 . 632.0
invention 4 | . i 4i'g7 ‘. 5700 _ 218.18 1230.30 4036.30  611.0
Sample No.| . Rebound  Crack Growth Rate Abrasion loss Tand Tand
e o (cmlmlllion cyclos) @) _@o0C_ @60°C
control 33 |- 6450 2.00 0.191 0.167 _ 0.091
control 34| 6455 183 . 70,182 0.155  0.083
control35:|  '63.75 238 . '0.192 0.150  0.091
control 36 163.30 142 '0.180 0162  0.091
control 37 .64.65 300 0.168 0.176  0.100
control 38 -63.45 2.99 © 0.163 0.184  0.099
control39:|  63.90 217 | 0.186 0170  0.092
control40 | - 62.30 168 ' 0.182 0475  0.093
control 41 64.20 284 . 0.190 0.189  0.102
control 42 64.20 . 324 . 0.182 0.168  0.103
control 43 64.50 352 ¢ 0.177 0.183 0.101
control 44 63.90 3.50 . 0.479 0.185  0.104
control 45, 63.80 386 : - 0.199 0.197 0.104
control46:| . 64.30 394 ''0.191 0.184 0.107
control 47| ~ 76435 381 ¢ -0.192 : 0.106
contfold8 | . 6365 . 1i'346 4. 0180 0.182  0.110
invention 4 "’?64 70 C 082 v ©.0.190 0.148 0.096
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0.190 0.148 0.096 invention 4- 64-:70 "' 0.92 625163CIP Page 90 Fig. 15
shows the dispersion quality and MNw of the invention and control sanples
descri bed above conprising BLACK PEARL(r) 800 carbon bl ack at 55 phr

| oadi ng. The data shown in Fig. 15 clearly reveals that the

macro-di spersion quality of the novel elastoner om%osi tes of the |

i nvention conpri si Rig. BSahrwpdhe dispersignsuality iod MWag jof the jnvention and gonta!
superior to that of the control sanples. The nacro-di spersion val ues for

el ast omer conpasplésdesofibédngbovewentprising BLACK REARBP:800 casben blayk 8065 dF bon
bl ack, as shown in Fig. 15, are described by the follow ng equations: D(%
< 1.5% (11) m My datssHdwitn Eigl¥clearlg féledl9thattlie trlabro<dibsegsiéd qalityrofthe x
[MNW1 - (0.65 X B6)]° X 10-6 (12)g when®0.65 x 106 < MW o, < 1.1 x 106.

None of the contral .sanples achi d_nagcro-di ' ' YeLor
better at anyn°‘1\95/\7qf’$°‘8?f§ﬂmg?§"§? ogi&e‘; ‘?X%F‘%@&f’?ﬁﬁ (ﬁ%el%@? g@? g%%g{%%n% ,
bel ow 0. 65 x 106. In contrast, el astoner f%?si Llﬁ‘; of t%i n.ven'\%f' one
conpri siSng Bl icsignificantly sypegontocthatf the,contme %s MM TP S RB ST %5 x
106 have excell ent macro-di spersion, such as (% |ess than 0.2% Conpound
properties andlasenfeocompasites o tecinwention comptising Bircki Bead® $Qhcasben blagktas ol
sanpl es shown in Fig. 15, conprising Black Pearl (r) 800 carbon bl ack, are
set  forth ingfiah B8 15¢hevdestribed by tirefollewingteqaationsvent i on sanple No. 8
has exceptionally good resistance to crack growmh, as indicated by its
very low crack growth rate value of 20 only 0.27 cmim llion cycles. In
fact, the invention sanples are far superior to the corresponding control
sanples. This is believed to be due | ly {g,the better MN ., d
ot Tﬁjg%sn‘\Y/eltn?l/ [ s(g{}

macr o- di spersi on of carbon black int ° ssed

on sanple, as d
above. 625163ClP Page 91 .
when w < 0.65x10°; and

10 log (D) < log (1.5) +2.5 x [MW, - (0.65 x 109]x 10°  (12)
Qhen 0.65x 10° < MW, < 1.1x 10,
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW, even after dry mlxmg 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, comprising Black Pearl® 800 carbon black, are set
forth in Table 28 below. It can be seen that invention sample No. 8 has exceptionally
good resistance to crack growth, as indicated by its very low crack growth rate value of
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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Tabl e 28 Conpound Properties of NR Conpounds Contai ni ng BLACK PEARL 800
Carbon Bl ack at 55 phr Loadi ng Sanpl e No. Money Hardness E100 E300 Tensile
EB M (1+4 OCC (psi) (psi) (pal) (% control 113 110.5 66.4 345.0 1333.0

3878.0 598 control 114 109.0 3.67 %%427 0 4033.0 606 control 115'
106. 4 67TabieZE3. @omgnd)"m

322.0 1202.0
3856.0 626 cont mmmmcsvﬁmm- b&e}&%’oﬂwl&@& control 118
118.9 67.1 310 0 1395.0 73690t

3.0
: 121
W Qg 0 667 ﬂ;?‘l-i W N G AP : . 3 0
STI5 0 Gk 5 28650 12543530071, B8 ri 2ol 124
13890004166. 06623 G6ROrol 11987913 4 4334 281 > 12[74. 0
ol 1864101:4 625 2860 123918 42063886856 trpl 127
2.0'104.250. 0 46%0. 0 6220 cont12820128 138369 6. §2900 0
1™ i nvestion' 67131 T662. 5 2000 1204808418, 6'€32| Sanpl e
G aqyel Rate ghtasi @10/00ss THR58 Tan 367&ni ni 199 on|cycl es)
trolydg3 44. 768714 (30848 0. 283230. 184 4W8&: rol 6?14 450
0. 183p6cont r 067.615 43730 2. 541188.963 0. gggoo 17853 cohi 1 ol
116 46. 6] pord], 431194 011244 0. 1686.3cont2a3l0 117. 126809 4. 563230086 &%27 0.214
2880 12230 4217.0
control 122 110.6 65.8
control 123 115.0 675 2800 1282.0 4071.0 g;
. .0 4166.0
control 124 116.5 66.5 309.0 1388 o
4 2810 1274.0 3978.0
°°'.1§§: ::ze: 1(1:?3: 3 g:.a 2800 12220 4206.0 656
control 127 | 1055 664 2620 11500 4167.0 670
control 128 | 1107 668 2920 - - 13010 4209.0 643
vention8 | 11313 5 2270 12910 34180 532
e oo ?:i Growth Rate - Abrasion loss  Tanb Tan
Sample No.| ' ‘Rebound . Cra asion : !
P i L (unlmllllon cyclu) {(g) @ 0°C __@60°C
- - 0.148 0.281 0.184
control 113 447 314
' 0.125 0.274 0.185
control 114 450 2.72 . 0274 0188
control 115 47.0 254 0.163 . .
0.194 0.244 0.163
control 116: -46.6 2.41 _ g oo
control 117, 40.9 4.56 0.086 0.335 0.225
control 118 418 2.80 0.112 , :
control 119 417 433 0.091 0.321 0.216
control 120 42.1 3.89 0.085 0.301 0.207
' 0.075 0.312 0.256
control 121 39.2 3.38
0.108 0.344 0.236
control 122 | 387 458 | 0.344 02%
control 123 40.2 4.7: g‘:gg 0.321 0:209
control 124 a17 _ 37 0.075 gt e
control 125 38.9 3.40 : 0.352 0248
control 126:|"  38.1 5.57 0.070 . .
| 0.073 0.346 0.254.
control 127 38.2 4.79 | oud .
control 128 |.. -_';;" .~ 340 .:. . 0.113 8.297 0.199
invention8 | " 027 - . 0.130 . :
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control 118 41.8 2.80 0.112 0.335 0.225 control 119 41.7 4.33 0.091 0. 321
0.216 control 120 42.1 3.89 0.095°0.301 0.207 control 121 39.2 3.38 0.075
0.312 0.256 control 122. 38.7 4.58 0.108 0.344 0.236 control 123 40.2
4.79 0.103 0.329 0.232 control 124 41.7 3.78 0.102 0.321 0.209 control
125 38.9 3.40 0.076,0.352 0.248 ., control 126 38 1..5.57.0.070.0.355 0.241
control 127 38.2 4Figy 160shgws the 3‘@8'3’6‘.02591‘."%%% Wﬂl%éh%.“h‘ﬁnb‘?’iﬂds 6‘?%# -
0.23 invention-8 44.8 ' 0.27 0.130 0.297 0.199  625163C1P Page 92 Fig. 16
shows t he di spanplendesgrbtd shovaredmpriging NI28ccarbondhieckost nphrdeding| The datg) es
descri bed above conprising N326 carbon black at 55 phr | oading. The data
shown in Fi g. gl@ufih% 16 cleai pdveals it thehmacro-disperdiongaality of theumiveltefastdmerhe
novel el astonmer conposites of the invention conprising N326 carbon bl ack

is significantly superdor.to..th . kfRantivl i
macr o- di sper si%%p?f;{%]%fs&? %Y“Fh’égéeq‘é‘s‘?‘grﬁéjﬁégﬁp%gﬁb l((agsakc’ t‘éﬁgﬂy ?%sré?\rttiogrllat

conpri sing N326 carbon bl ack, _.as sho I n Fig. Lar escribed .

fol | owi iy equ#f thesentrahsamples. ﬂ@%emsﬁlgwéwwa“@]’g? the ?“fg%“":’ °8ﬁ‘§g§%¥ ng‘%( D)
<log (1) + 2.5 x [MW - (0.7 x 106)] x 10-6 (14)  when 0.7 x 106 < MAN <

1.1 x 106. Normveofiort hempusing 326 saptloablagkh jae shewivit: Fig. difs peer dgsembedy they of
1.0%or better at. any MAp,, even after dry mxing sufficiently to degrade

MN o, bel ow O.fdllowir@equationgont rast, el astomer conposites of the invention
conpri sing N326 carbon bl ack and having MA .,

D(%) < 1% (13)
when MW, < 0.7x 1.0‘; and
10 log (D) < log (1) +2.5 x [MW,, - (0.7x109]x 10°  (14)
when 0.7 x 106 < 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. 16, éompﬁsing 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.
Tﬁis is believed to be due largely to the better -MW_O, and macro-dispersion of carbon

black in the invention sample, as discussed above.
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the invention and control sa i i

npl es shovvn in Fi 16, i Si
bl ack are set forth in Table 29 bel ow, cangbe seeﬁogﬁglts! N Lo, carben
sanpl e Nerabf@ 28aSompoun Proparties ot iR | nvent | on

indicated by its cmtqinlno\hl%$§e@°§mﬂ‘ﬂ"'fsaﬁ'\5%&‘fi{‘1€ clack growth, as

20 cycles. In fact, the invent A of only 0 77 cnimllion
cor r espofeiftle RO i . _,,--- d"
betger 0, and |maee)y@hootr si on of h.°. be ﬁ'l Iarg )y o the
as di scuysrts PHEBYE - badd 6 13 ‘ > v Sarrpl e,
Compound} =¥ p‘,@ i nosaB26 Cargg::g% ;9§O9TZPI 252'9 CoEpou ?Droper ées of NR
Har dness o"o. q0 Tegey! e ES 68B(1+43WO C (pd " Loadi, 1 Sanp Mboney
145 64. 6 171308921 5484scont 828 146 & (EZI) --' ) ( ””0'
1917 3991 ont r 02 447 91. 1.83. 76 4 T#9 1802 553
, 183.3 3@ 5572176%ntrol 498 o6. 83
Less 1764 4D 55777 congpsl 14 6.8 4 4 326
326 1855 ""' 0 comerol 1518, 5 62%%22376%3134110 CO%%;QO' 15Eo 71 62.6
gg%rol 154 nto 16‘2 53. 67349 162363868 532 cont &0 15glg739£°60112 98D 559
525 | Ol 93 | 154 553. 2 62. 80354 1268 3975 168% ' 1589

control 154 57.2 62.8 54 1889 3879 525

controt 155 57.3 62.2 323 1763 3975 556

control 156 60.1 61.9 310 1667 3918 564

control 157 451 612 328 1748 3768 533

control 158 |« 50.1" 606 315 | | 1740 3817 546

controt 159 |1+ '83.2 ‘613" ' 306 ‘- 1675 3886 563

control 160 50.5 62.6 a3 o 1782 3884 549

invention 9 | - ‘778 60.9 ! 277 1563 - 4167 593

Sample No. |- Rebound Crack Growth Rate  Abrasion loss Tan b Tan b

P iR (cmlmllllon cycles) (@) @0°C__ @60°C

control 145. 57.8 — 2.84 0.0952 0.225 0.129

control 146 58.1 - 252 0.0887 0.217 0.126

control 147 576 203 0.0946 0.205 0.123

control 148 '56.3 1.63 0.0927 0.221 0.129

control 149, 57.2 3.39 0.0827 0.234 0.142

control 150 56.8 2.77 0.0866 0.234 0.150

control151 | = 55.6 2.61 0.0933 0.241 0.149

control 152 54.5 279 0.0857 0.249 0.155

control 153 |. 55.4 3.12 0.0911 0.258 0.170

control 154 '56.0 3.35 0.0858 0.241 0.147

control 155 554 3.63 0.0811 0.254 0.152

control 156 54.9 . 3ss . 0.0906 0.261 0.153

control 157 55.5 302 0.0931 0.254 0.149

control 158 || '55.4 381 0.0914 0.249 0.150

control 159 54.9 3.23 0.0933 0.240 0.158

control 160 ,,552_ 3.19 0.0942 0246 0.163

invention 9 |'584" - 0.77 -7 :0.0939 0.225 0.136
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control 155 57.3 62.2 323 control 156 60.1 61.9 310.1667 3918 564 cont
157 45.1 61.2 328 1748 3768 533 control 158 50.1' 60.6 315 1740 3817 546

r ol

control 159 53.2 1675 3886 563 61.3" 3D6 1752 3884 549 control 160 50.5
62.6 331 60.9 277 1563 4167 593 invention '9 . ,'7.8 Sanple No. Rebound
Crack Gowh Rate Abrasion loss Tan 8 Tan 8 0C 60'C_ (cmim|lion cies) (9)

control 145 57:8 ZFig41D.shosQ i@, diggersion goality) apg dFWe, of theginyergion agd; Go5trof 46

58.1 2.52 0.0946 0.205 0.123 control 147 57.6 2.03 0.0927 0.221 0.129

control 148 ' 56 ResldeS@ite@absw cobftismg REGABYtradafik) 66@catben tlack. Seented
150 56.8 2.77 0.%866 0. 234 0. 150 conétrol 151 55.6 2.61 0.0933 0.241 O.

contr ol

152 54 5 2 79 .0 0857 : 2
02560, 170 eugfonaiddaRiafied bl g Pridhbrsiag, @ el foRbiBo R 028

3.63 0.0811 0.254 0.152 _control 156 54,9, 3.55 0.0906.0. -0,
157 55.5 3. 02dgashewnan Figy 17 alaasly E?Bﬁaisr Hhat i@a“%%?°lg?°g‘i°’b§&%‘5€2%g.§ezﬁ‘g‘%
159 54.9 3.23 0.0933 0.240 0, 158

control

5

10

15

20

elastomer composites of the invention comprising REGAL ® 660 carbon black,l 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 ® 660 carbon black, as shown in Fig. 17 are described by the following
equations:
D(%) < 1% (15)

when MW, < 0.6 x 10°; a.nd

log (D) < log (1) +2.5x [MW,,-(0.6x 10%)] x 10° (16)
when 0.6 x 106 < 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 0.6 x 10% In contrast,
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 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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sanpl es descri bed above conpri sing

MAK, |

of the invention and control
REGAL (trademark) 660 carbon bl ack. Selected
shown i n fitge 30l 7CaopeumidRrapesties of NR CEmpPqus

i nventi on and contr ol

sanpl es

17 clearly reveal Contaiing REGAKB8LCaIPLY Hﬁlksﬁﬂlﬁo e.qnne data shown in Fig.
g: aSLOrTEr conposites of the inventjon @ ' 'Vf the novel 5
ack, owv je NO.D€ Mobaey Of Afdness 10 "E00 . . Hlie V00 EF n
of e CRETE ol s macr ol o s ST cant D that
composi t fomrt — i Pl ue.s—ig b
! RtolaTE| | nventi on comeniosi ng 21REGA
e T g L B e
) en M\ .00 £ O. G724 106 ; aa® | og 28D B J [ 1%
x 106 1 87 g 280) < | BP4(1) + P8 x |
)] x| 10-5 ,646) vdagn 0.6 x eh@6 < M, < 11188 40 . (0.6
Sarrpl es aﬁFﬁn D . ! ’ . X 106. mne of e tont |
M ob eve; Y&@1 rcrcyod,! spersi gi.oqual 1208 of 1945 or bef%8r at [5 "o
I'n contrakf" ﬁP? y rgad ng suf faem ent 182t o ded@dhde My &3el ow x|106.
5T nirofiadd{ OMBdg FONPOSi teasp of 126 i nverf@Pol 134 '
carbon bl 38?%:.'%{\‘34*&‘” ngsa M\, abswve 0. 6228 106 8960 COHP‘? > ng fggyal {r) 660
macr o- di sp&y of suchyp (% | ' 0 e exceft¥nt :
. gon 5 N704 g t hatre0. 2% 79¢onpound’ 7 4
per f or mang pfggdteriggacs for éde invese ion sRApl 4 opertigs and
control s '1'551 Hown 417 Fi 9. 17g3sonpr ies e N ancgarljous
20 set fo ntnlo GZebIe %01 bel ow g3z onpriteé ng Re¥dl (r) 6685%car bor{<ll agk, are
has except £} 8 )¢ bel ow. gZ0can het seen 883at i nvédid on s lelNo. 1
PLicaHS 18 googs sesi stangg2to ceaxk gr d@Th 4240 {No. 10
very |ow ¢ACK frdut h ggve val uespf - J , as i%8 cated By ilts
the i nvend i BIb i s 376 far uesnf ~onhg3 0. 69 4% i | || d2ycl es®n |f act,
sanpl es. THEE soblel i eggdl to be §§° ar ge the corresponding control
control T8 . o |argely to 80% bett A8, afd
invention 10 - 88.1 249 1202 4292 634
Sample No. Rebound  Crack Growth Rate Abrasion loss Tand Tan b .
o (cmy/miilion cycles) (@) @0°C __@60°C
control 177 .54.6 0.131
control 178 55.6 2.34 0.1649 0.194 0.129
control 179 537 2.78 0.1620 0.200 0.140
| control 180 52.9 298 0.1385 0.220 0.183
control 181 51.0 34 0.1189 0.267 0.185
control 182 49.9 31 0.1076 0.270 0.194
control 183 50.1 3.15 0.1086 0.264 0.192
control 184 48.0 an 0.1085 0.284 0.208
control 185 47.5 4.59 0.0937 0.306 ..0.209
control 186 48.5 4.06 0.1008 0.295 0.211
control 187 47.7 3.53 0.1041 0297 0.198
control 188 - 47.8 3.79 0.0985 0.285 0.207
control 189 47.5 3N 0.0957 0.306 0.203
control 180 1 46.8 414 0.0962 0.300 0.200
control 191 47.4 . 0.226
control 192 46.5 478 0.0897 0.301 0.226
invention 10 - 148.2 0.69 0.0942 0.271 0.178
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macr o- di spersi on of carbon black in the invention sanple, as discussed
above. 625163CIP Page 95 Table 30 Conmpound Properties of NR Conpounds
Cont ai ni ng REGAL 660 Carbon Bl ack at 55 phr Loadi ng Sanple No. Mooney.
Har dness E100 E300 Tensile EB M/(1+4) OO C (psi) fps') (psi) (%9 61.0 213

942 702 control 177 control 178 87.% 63.2 02 694

control 179 87.1 eFKigm 1Bgshowsrihe @Fspilwns%lab%%‘dor"é’% qfl‘g% ‘ﬁ‘@gg%f’c}g"l%ﬂ%g‘ﬁ 661
control 181 80.1 61.0 206 945 control 182 93.4 59.0 192 835 3924 733
control 183  8Sarfiplésidescribedalaiv® camprising Bi234 arbon blaek.c Seleqted inyentiogand central 223
996 control 185 70.1 60.0 178 794 3768 717 control 186 69.8 60.3 196 920

To1 1079 4 4188 BRI oa1 5 252 4240 652
clearly reveals that the macro-dispersion quality of the novel elastomer composites of the
5 invention comprising N234 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 N234 carbon black, as shown in Fig.
18 are described by the following equations: '
D(%) < 0.3% ' (17)
10 when MW, < 0.35x 10%; and
log (D) < log (0.3) + 2.8 x [MW,, - (0.35 x 10°)] x 10¢  (18)
when 0.35 x 10° < MW,; < 1.1x 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 properties and performance characteristics for invention
sample No. 14 and various control samples shown in Fig. 18, comprising N234 carbon
black, are set forth in Table 31 below. It can be seen that invention sample No. 14 has

20 good resistance to crack growth, as indicated by its crack growth rate value of only 2.08

cm/million cycles.
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control 190 55.7 61.1 193 942 control 191 65.0 4189 710 con

60.4 191 902 88.1 62.9 249 1202 4292 634 i nvention 10 Sanplgrﬁé.lgébgﬁhé
Crack Gowh Rate Abrasion loss Tan 6 Tan 8 (cmimilion cycles) (g) OC
600C 0.131 control 177 .54.6 control 178 55.6 2.34 0.1649 0.194 0. 129
control Tatde 58, Gompongd Propsgtissef MR Gayipoup control 180 52.9 2.98 0 1385

0.220 0.153 contGoptainipg N234 GarboryBlagk at 5§ phpl ontr ¢ '
0.220 0.153 coniGogainia %.185 control 182 49.9

184 48. 0 08MaoneB4 0 Hudnessorf108) 135FW9 5 4 Tepsy 3bgogt r28|9
control |186 48.5 MLOS)@10@0S 0. 295 0. (s 01041
0.297 0. TSR roIePI| I O 77.5 8809 0. 0885 0. 29370, 207 3U8nt rol5'189]47. 5
3.71 0. 09%Arfl230p 0. 3086 contr@h.6190 484 8 4. 12299, 0962 #2300 0.5840 p. 226
control [Qhedsyd| conpps 192 4828 4. 7860. 08972585301 0.33% i nAZAti pn 10 °
48.2 0. 694346 | 0. 24329. 178  G25163CsA 2259 3964 520 |

control 277 79.6 © 68.5 468 2453 3857 469

control 278 96.3 700 531 2499 3874 469

control 279 108.6 69.0 406 2131 3863 532

control 280 120.3 71.5 476 2273 3852 502

control 281 76.4 69.7 556 2723 4027 451

control 282 89.8 69.8 553 2574 3896 465

control 283 93.6 69.6 506 2416 3867 475

control 284 106.7 71.8 526 2384 3788 484

controi285|  73.3 69.3 529 2586 3831 444

control 286 |1 " 79.2 695 531 2574 3856 456

control287 | © - 778" 707 - 544.°: 2486 3834 461

control 288 828 712 = 485 . 2295 3799 499

invention 14 '82.6- 715 . 500 2440 3883 531

Sampie No. | Rebound Crack Growth Rate Abrasion loss Tan d Tan d

(cmlmllllon cycles) (@) @0°C__ @60°C

control 273 459 2.14 00563 _ 0.285 0.183

control 274. 472 . 1.84 . 0.0583 0.274 0.173

control 275 461 170 0.0538 0284  0.172

control 276 46.9 1.21 0.0620 0270  0.173

control 277 471 2.22 0.0628 0.305 0.173

control 278 458 2.40 0.0634 0299  0.196

control 279 45.4 2.00 0.0680 0.306  0.198

control 280 442 1.81 0.0646 0.298 0.198

control 281 46.3 3.10 0.0598 0.293 0.174

control 282 465 2.33 0.0537 0.307  0.182

control 283 46.4 2.41 0.0594 0.309  0.186

control 284 442 1.99 0.0579 0.304 0.180

control 285 47.0 2.99 0.0554 0.295 0.178

control 286 456 285 0.0551 0.294 0.172

control 287 | - 454 293 - - 0.0569 0305  0.187

control 288 440 2.39 - 0.0647 0316  0.198

invention 14 451 2.08 ©.0.0698 0.310 0.198
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Page 96 Fig. 18 shows the dispersion quality and MM of the invention and
control sanples described above conprising N234 carbon bl ack. Sel ected

i nvention and control sanples shown in Fig. 18 conprised oil, as set forth
above. The data shown in Fig. 18 clearly reveals that the macro-dispersion
qual ity of the novel elastoner conposites of the 5 invention conprisin

N234 carbon bl ack,Figyv&9 shows the disprysionuuality pad MM%..,. of ithginvertiant and canyef i or
to that of the control sanpl es. The macro-di spersion values for the

el ast oner conqaaplésatescribedabovervemprising D b carbon dlaksk a4 56 gphb toadbigackhe dasa
shown in Fig. 18 are described by the follow ng equations: D(% < 0.3%

(17) 10 whe Wuﬁ%ﬁ B %g@y"rﬁ%%% thatthé rﬂa@ﬂ) élg)erﬁoﬁ Q&hﬁgoﬁhe fiovel %la%‘to[rMV

- (0.35 x 10 .35 x x 106. None of

t he control sa es achi eved .nmacr o- di.sp 5 ual it At r at
any W PR e %tpvw Gyaisd & Z‘km&z Black. v %%fa?é%@ﬁ%“% 35
x 106. In contrast 15 el astonmer conposites of the invention conprising
N234 cafbon byakeds, insigtificantly smperior tethatofithe eantrod saymples. 1 Hhe magro-dispessipRnt
macr o- di spersion, such as D(% not nore than 0.3%or even 0.2% Conpound
properties andhlyesfbotherhswnehaomposites of thesinveation cumeprising N1 Eacarben bleck, ast and
various control sanples shown in Fig. 18, conprising N234 carbon bl ack,
are set forthshba;ﬂabige131arbal=§émedsyﬁxerfomﬂwﬁgfequahbas i nvention sanpl e No.
14 has 20 good resistance to crack growh, as indicated by its crack growh
rate value of only 2.08 cmimllion c%g}f 0%380163CI P Page 97 hgy lyl e 31
Conmpound Properties of NR Conpounds ai ni'ng N234 Car bon Bl a%k at 55 phr

Loadi ng Sanpl e Noli n»/bo rdness E100 E300 Tensile EB M (1+4 00' C (psi)
(pSI) (pSl) (w en ‘dge(y3§_|7%18,an3 . :

10

log (D) < log (0.5)+2.5 x [MW,, - (0.6 x 10%]x 10®  (20)
when 0.35 x 10° < MW, < 1.1x 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 d_isﬁersion 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 clear}y reveals that the macro-dispersion quality of the novel

20 elast;mer 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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control 273 94.5 68.0 386 2077 3718'511 control 274 121.6 69.6 464 2299
3925 501 <control 275 121.4 72.5 564 2545 3994 472 control 276 132.2 71.9
511 2259 3964 520 control 277 79.6 68.5 468 2453 3857 469 control 278
96.3 70.0 531 2499 3874 469 control 279 108.6 69.0 406 2131 3863 532
control 280 120.3 71.5 476 2273 38527502 control 281 76.4 69.7 556 2723
4027 451 control 282 89.8 69.8 553 2B¢%) 3896%65 control 283 )6 69.6
506 2416 3867 475 control 284 106.7 71.8 526 2384 3788 484 control 285

73.3 69. 3 529,Ra8MBS3¢ @49 x 100ndndol 286 79.2 69.5 531 2574 3856 456
control 287 .81 . .78.7 544 2486 3834 461 control 288 82.8 71.2 485 2295
. 3799 499 invention 14 82.6. 71:5 500 2440 3883 531 Sanmpl e No. Rebound
Crack Gowh Rate Abrasion loss Tan 5 Tan 8 (cmimllion cycles) . (g) ocC

600C control 273 45.9 2. . 056 2 0 47 .

0.0583 0.274 0.173 conf"rgo(ﬁb)ﬁgl 202) %B@&e@%éib‘cﬁﬁ& gz roI 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 4%hen0.55x W0 MW, 29d.10x106 control 279 45.4 2.00 0. 0680

0.306 0.198 control 280 44.2 1.81 0.0646 0.298 0.198 control 281 46.3
3.10 0. 3598 ON98 off tHe/eontrol samples achieved macro-dispersion quality of 1.0% at any MW,,,

even after dry mixing sufficiently to degrade MW, below 0.35 x 10% In contrast,
elastomer composites of the invention comprising N351 carbon black and having MW,
above 0.35 x 10° have excellent macro-dispersion, such as D(%) less than 0.2%.
Fig. 21 shows the dispersion quality and MW, of the invention sample No. 23 and
10 control samples described above comprising STERLING® 6740 carbon black at 55 phr
loading. The data shown in Fig. 21 clearly reveals that the macro-dispersion quality of the
novel elastomer composites of the invention comprising STERLING® 6740 carbon black,
over a wide range of MW, values, is significantly superior to that of the control samples.
The macré-dispersion values for the elastomer composites of the invention comprising
15 STERLING® 6740 carbon black, as shown in Fig. 21 are described by the following
equations:
D(%) < 0.1% (23)
when MW, < 0.3 x 10%; and
| log (D) < log (0.1) +2.0 x [MW,, - (0.3 x 105]x 10°  (24)
20 when 0.3 x 10° < MW, < 1.1x 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 0.3x10% In
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control 282 46.5 2.33 0.0537 0.307 0.182 control 283 46.4 2.41 0.0594
0.309 0.186 control 284 44.2 1.99 0.0579 0.304 0.190 control 285 47.0
2.99 0.0554 0.295 0.178 control 286 45.6 2.85 0.0551 0.294 0.172 control
287 45.4 2.93 0.0569 0.305 0.187. <control 288 44.0 2.39 0.0647 0. 316 0 198
invention '14 45.1 2.08 .0.0698 0.310 0.198 625163CI P _Page 98 Fi
shows the di sqmtrgstodasqmﬁr coynposiges\afithe iventioa cOMPESINg §F§EB|L3N ‘3 sarrpl es
descri bed above conprising N110 carbon black at 55 phr Ioadlng“ The data
shown in Fi g.catbnlsskrdnd haeing MW | dbave D3ex hatdiave ekcelben siaoro-dispdrsion, soth t he
novel elastomer conposites of the invention conprising N 110 carbon bl ack,

over a wide rﬁrﬁf/%)qgssznO@AvﬁJd n lesSthih 8184 | G@ﬂbbﬂn@ﬁ@ﬁér’u@iar{do that of

t he control macr o- per5| on values for the el astoner

conposites of the invention.compi.sing N in Fig.
19, are descr?ﬂﬁg’mwetcﬁ%raftﬁpft m%?{gmvedﬁgf' fg&pslg%( %a@ @l%é:p/n ?é‘gs)aﬁ‘gvﬁ\ggn <
0.35 x 106; and 10Q | og gD) < log (0.5) 3.106 101
(20) when 0.sown in fig- 21,\gamprisiag RL%®%H@®PHPR&K&W¢ prtl

achi eved macro-dispersion quality of 0.5%at any MNW,, even after dry

m xi ng suffi c3Zzbeloy. ftocaddgsemhcthathnydntibnvaraplgBlox 21 beés geodaesistargsito crack

el astoner conposites of the invention conprising N110 carbon bl ack and

having MV ., grabeas shc%tea fs drackegrewtittatevilue BRunty 010 b pavmillivn, cyéles: hinas
D(% |ess than 0 2% Fig. shows the dispersion quality and MV, of

i nventi on sang t?e%n@%@oﬁ Eﬁmﬂ 3.5{1 g peqﬁﬂ;ie'tﬁécél%%ﬁd?ﬁgc&mww@rmg 189

N351 carbon
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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data shown in Fig. 20 clearly reveals that the macro-di spersion quality of

the novel 20 el astonmer conposites of the invention conprising N351 carbon
bl ack, over a wi de range of MW., values, is significantly superior to
that of the co of RR | sdaer sion values for the el astoner
Conposi tes%‘?' 3#1 'ﬁ' Inﬁrﬁﬁmmfd ﬁwb%. %hmr.bgg\ph,h log8ig as shown in Fig.
20, are descri bed b§ ng equatlons 625163C1P Igage 99 D(% <

0. 3%(21) -- -u’- ::- N VW O,
(0.55 x 10f3amale Ne-16 i en v, g x 1y : : (%p of
the contro sarrplpcmr al '4-” :" lammeirs- Retyo art qey NV, ,
even after| gonoriiRilng 130 ci entI " o d& 8 Rde A0,

. below 555 X P’ |In
contrast, | conrotdIddr cHAPIEsites o Avent i o 0 risi 38 51 gy bon

t
bl ack and haeritntptily ., 9288ove 0. I X 1065?1ve e' ent rr%%;?—gdl sgey silon,
such as D( odtesatstihan 969% Fi g.668 shd¥&%t he drFaDer si on lity 4q8d
MV, ,, of {leentioharérit i or74s8@npl e N055823 ad'910 c@iPrpl sa s desgni befd
above conpf icsitte13TERLI 1820 6740 c®rbon P%0k at : hr | agg} ng. 'EE@ dat a

shown i n F{ gont@i418l [ear | 2.00veal s &t t ¥ facr o- o ersio al i tysef fhe
novel el as| ool 48nposi 8&YW of t hebhhventBl confistng ST NG 0
57h"Y
carbon Dbl aglepntrob428r| a vH&9 r ange €9 Mw V3Pues, 4 §i gni figaptly syger| or
to that of |tcherotagitl ol %l es. GHe %80 spel ghan val for th
el ast oner ¢eonmbé of 783 i nvenf¥®n C(ﬁggﬁl si ng STERLINGGT) 674%8 chr bon
bl ack, as ¢$leontroi 423 [Fi g. 8210 are de§%’1’5| bed? t he Povm ng .£quatiopg: D( %
< 0. 1% (23) comroesedV, €480 3 x 10855 and4!dg (D) 71809(0 + 2. 0% [MW -
0.3 x 106 Jonral6256| ( 2457500 when®853 x P48 < MEA01 1 x T Nonaoof |t he
428h <]
control sanmostsl eve'maﬁacro d| §g8r Si o?fsfgual |t 5610 0. 19 even43§ 2%
control 427 | 1, 7100 . 3
invention 23 -'110.50 “BM:QS;F = 22i41 0|°.. -?:;':45 1-4:“35
Sample No. |... . Rebound Crack G Rate - . fyon ] :
o (cmUmillion cycles) (@) @0°C g&ig_’c
control 412: - 59.8 5.04 ; .0._127 0.202 .
ol 413’ -80. - 363 : 0128 .0.203 0.108
control 413 60.0 )
' ' 59, 396 - 10126 0.208 0.114
control 414 59.3 ) - |
' 56 ~0.12 0.217 0.118
| control 415 58.8 . 4
trol N 567 0117 0.188 0.094
control 416 : -60.3 . )
467 "0.112 0.202 0.104
control 417 60.0
' - 423 0.125 0.204 0.105
control 418 59.3 _ . o e e
control 419 57.5 3.22 _ _ 0.122 0.204 0.099
control 420 60.0 4.23 B 0.131 0.206 0.105
control 421 58.8 3.84 ) 0.127 0.210 0.106
control 422 59.8 3.98 _ ;. 0.126 0.21 : 0.1 >
control 423 56.8 3.85 _ - 0.12 0.200 0.104
control424;_ : ._:_;58.3 454 L 0.131 0.207 0.100
control 425 .58.8 ' . 3.65 .0.129 .211 0.110
control426 | © 58.0 o807 o L0134 2.217 0110
control 427 ._: 56.9 ’-:”‘-: 3.25 I ;_;.'0.126 . 0.124
invention.23 . 57.3 ' 091 ' 0.1642 - 0.204 .
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at any MW d, even after dry mxing sufficiently to degrade MV ., below 0.3
x 106. In 625163CI P Page 100 contrast, elastonmer conposites of the

i nvention conprising STERLING (r) 6740 carbon black and havi ng MAWv above
0.3 x 106 have excellent macro-dispersion, such as D(% |ess than 0.2% and
even |l ess than 0.1% Conpound properties and performance characteristics
for inventi onAdditioneExgmples: Lwred Bamplest r ol sanples 5 shown in Fig. 21,
conprising STERLING (r) 6740 carbon black, are set forth in Table 32

bel ow. It can be sdéefunbeniof thevaasterbatch samples déscribkd dbasve, dncading bothtsalectedt o
crack growth, as indicated by its crack growmh rate value of only 0.91

Cor 1 espondi ny rauep SfmREeE ol Qe glaRRE ot Suipdtfel iRy

better MMv and cr o-di spersi on,.of. cagbon_hbl ion 10 the invent . sanpl e,
as di scussed aﬂ’g@&? wer@i@%%éﬁfﬁrd'ﬂﬁgo &@ eggﬁﬁ‘éhlff’ BRSO %Fg%rg"'?a}qﬁ’go f NR
conpounds Contai ni ng STERLI NG 6740 Carbon Bl ack at 65 phr Loadi ng Sanpl e

No. Mborfey Haddble8stoptaiyceadinalrompoped. Ebhe final campound imeaghgage Wﬂ%&‘?ﬂ cwst)
(%9 control 412 75.50 65.1 467.0 2308.0 3519 451 control 413 85.70 65.7
469. 0 2314. 0 #GbMmold 18ing standardieckiiquie® . aboutclS07 CABRIl Subz@AGally @81pdetel gire was
control 415 99.60 66.9 492.0 2260.0 3572 477 <control 416 74.50 65.8 521.0

2468. 0 3584 44ghievednt PeHoftdncé SchdfhctefisticsSBP the dudréd. Swéit6 detemiihédlby4 18
82.00 66.0 534.0 2418.0 3604 453 control 419 86.10 67.8 540.0 2330.0 3620

475 control %@su%g%%ei@%&;eéi&' &a&?%?o&he‘r%ﬁﬁ it 4cordance with the measurement

technique set forth above, i.e., using a rotating flexing machine per ASTM D3629-94. The

10 rotating type flexing machine used to measure crack growth is c_ommercially available and
well known. It is discussed, for example, in the Proceedings of the Interfxational 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 by the molecular weight of the

15 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 below, grouped by choice of carbon

20 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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control 421 76.30 67.8 488.0 2310.0 3375 440 control 422 78.30 65.8 548.6
2440.0 3549 442 control 423 82.10 66.5 487.0 2219.0 3452 466 control 424
64.80 66.5 541.0 2448.0 3397 425 control 425 67.50 66.5 524.0 2374.0 3474
445 control 426 76.30 66.9 546.0 2351.0 3428 446 control 427 71.00 68.1
554.0 2340.0 3322 435 invention 23 T:,110.50 64.8 453.6 2241.0 3324 443
Sanpl e No. ReboundContea santplesdo 4t 450 shawnein i Tahle| 3§sxerg made inraggorsiance with
(cmmllion cycles) (g) 0C 60C control 412 59.8 5.04 0.127 0.202 0. 107

control4l13” Oplx%cga%r& dé38ribedabdV8 £6r déifirol Gample dodé MED1 isidg RSSL. ds6rad. 208
0.114 contro 5. 58.8 4.56 0.12 0.217 0.118 <control 416 60.3 5.67 0.117

0.188 0.094 ro . | 865 4.23
0. 155 0 204 oriphe’ Al feh chitoll bhhck N34 W dhefodtli Kvel fhr) ST iRTablE 36O R0Rg
60.0 4.23 0.131 0.204 0.099_ control 421 58.8 3.84 0.127 0.206 0. 105
control 422 5with 5phygxiendereily 210 0.106 control 423 56.8 3.85 0.12 0.213
0.117 control 424. 58.3 4.54 0.131 0.200 0.104 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 invention 23 .57.3 0.91 0.1642 0.204 0.124
625163CI P
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Page 102 Addition Exanples: Cured Sanples A nunber of the masterbatch
sanpl es described above, including both selected invention sanples and
correspondi ng control sanples, were cured and tested. Specifically,
sanpl es were m xed accordingly to Stage Il in Table 8, above, using the

formul ation fyP3sTabfack GrévthRatélomaventibh Seplesnpound. The final conpound

I n each case was then cured in a nold using standard techni ques at about
150C unti | = ,

char act eri stji

H i -- 5 okl & O8 : (L . . N . .
oy cregggT TTT et DY ggASUri ng |t heir
respective @ o

th the measgggnent tlechni que
set forth above, Y g ating fle g nmachi ne pglgg ASTM D3629- 94.
d N2 1sed + P - S

The 10 rotatfing typ® fl exi _
commercially available and well known. It is discussed, for exanple, in
t he Proceedings of the International Rubber Conference, 1995 (Kobe,
Japan), PapeiTable34 Crack GrgwihRate pbContrpyS9mPlet, o conpounds were tested at
100C and at a 45 flexing angle. 1t is generally accepted ““&é' '
in the art fhat drack gr Ne345508%2 i su conpo| i
mol ecul ar wej ght odf the 15 nat uraRSBlbber and th
carbon bl ack| icoge ,| SempleheMmlly, and AFRY val CRA®
M, and |ower D(Y N&rrela)e geimilionicycies)duced 2 -
crack grow hyABE [arEF30T Nases 1 Nt of ned.1on f ol Mieft i 98 sanPfiles nos284, 10
and 16 are spiperit een Tagbe 33 belsav. The M2 ¢sptedi ngb¥Fest resdifs for
correspondi np\@ae8t|r adzssanpises i s set7d ort h |iMiDRabl e1434 befBw, grouﬁé’a by
choice of calp@psd0 Heack.gedl so, Tan2B8. @ GOMIRES ntdsur e®4 or i nvd®8i on
sanpl es nos. | 2bpy [32278nd fsan corr expondi ng 82Dt fol 149anpl 8Y. The. TAR95. @
60C val ues f phbRel i sngent igoa sanpl exd0 are em2Biit h150n Tabl% 35 beldf. The
correspondi ng y\izest| rgmul t sshor cont2.00 sanyiMeD3 § st fofth in TaB® 36
bel ow. 625168Gf=R, Pagg 103eFont rol sanpl es |Na2D444 152450 §%own in Pd9 e 36
wer e nmade in&E%qr dagg,e W igr the pgesedur dsmepsqri t88d abd8®k for certr ol
D2

sanpl e code | Lisbg) RSffe nat ur ap a3 M3D2 | 154 521 3.35
M3D3 283 493 2.41 M3D3 155 504 3.63
M3D4 384 495 1.99 M3D4 156 538 3.55
M4D1 285 372 2.99 M4D1 157 415 3.02
M4D2 286 382 2.85 M4D2 158 447 3.81
M4D3 287 381 2.93 M4D3 159 466 3.23
M4D4 288 403 2.39 M4D4 160 469 3.19

Regal 660/55phr/0 Regal 660/55phr/0
RSS1 : RSS1
Code | Sample Mw,, CGR Code | Sample Mw,, C{GR
No. (K) (cm/million cycles) ‘No. (K) (cm/million cycles)

M1D1 177 674 M3D1 185 473 4,59
M1D2 178 792 2.34 M3D2 186 506 4.06
M1D3 179. 891 2.78 M3D3 187 562 3.53
M1D4 180 676 2.98 M3D4 188 559 3.79
M2D1 181 598 3.41 M4D1 189 401 - 31
M2D2 182 602 ' 311 M4D2 190 426 4.14
M2D3 183 697 3.15 M4D3 191 466

M2D4 184 659 3.1 M4D4 192 449 478
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rubber. Al used carbon black N234 at the |oading |evel (phr) shown in
Table 36, along with 5 phr extender oil. 625163CIP Page 104 Table 33
Crack Gowh Rate of Invention Sanples Invention Sanple No. CB/ Loadingl d |
Mv., (K) CGR (cmimillion cycles) g N326/55/0 666 0.77 10 R66015510 678
0.69 16 N234/55/0 500 0.88 Table 34 Crack Giowth Rate of Control Sanples
N234J55phr 1D N326155phr/0 RSS1 RSSI Code Sanple Mw.,, CGR Code Sanple

Mv., CGR Nod..g@ag( Cg%ﬂ*%h'do%‘f&mkﬁﬁn% piés) (cmmllion cycles) MLD1 273

585 2. 14 84 MD2 274 669 1.84 M D2 146 636 2.52 I\/WIIDB 275
759 1.70 M 56203k T , B 6FC D1 277
580 2,22 \p(jEventign 24rpke Ng, ”‘66?@‘ 6 4ok %5 D3 279
631 2.00 M2{33 1512613 2.6] MeD4%¥80 667 1. .TL %6, 79 |BDL 281
457 3.10 MBL 153 289 3.12| MBD2 548 476 2.33 §RD2 154 52)3435 MID3 283
493 2.41 MBS 155 204 3.63| MBD4 883 495 1.99 $HD4 156 53g 4g55 MADL 285
372 2.99 M 157 215 3.02| MaD2 £88 382 2.85 W02 158 447 3,81

o 49/5 618 0150

30 54/5 482 0.171

31 63/5 380 0.228

32 85/5 325 0.224

Table 36 Tan 5 at 60°C for Control Samples

Sample No. Mw D N234 Loading/Oll  Max.Tan D
(K (%) (phr) (@60 C)
444 428 0.25 37/5 0.154
445 409 0.37 42/5 0.170
446 379 042 46/5 0.179
447 361 058 51/5 0.195
448 366 0.27 53/5 0.212
449 290 0.39 58/5 0.215
450 296 0.64 63/5 0.245
625163CIP
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MAD3 287 381 2.93 MAD3 159 466 3.23 MD4 288 403 2.39 M4D4 160 469 3.19
Regal 660/ 55phr/ O Regal 660155phr/ O RSS1 RSS1 Code Sanple Mw,,, CGR Code
Sample My,., CGR No. (K) (cmimllion cycles) No. (K) (cmimllion cycles)
ML DI 177 674 MBD1 185 473 4.59 M D2_178 792 2.34 M3D2 186 506 4.06 ML D3

179 891 2.78 MBD3 187 562 3.53 M D4 180 676 2. 188 559 3. 79 D1
181 598 3. 41 Ru¢sn begssen droma gqmpansep 0%%2‘3'662 @@%% ‘Rﬁgé"%@eﬂé Y JOWEx crags n3
183 697 3.15 M4D3 191 466 M2D4 184 659 3.11 MAD4 192 449 4.78 625163C P
Page 105 Tabl gr@GthTeate & achiesed By fthe inventiont sampleSanpmpared o he Femrobsamples. No.
N234 Loading/ O 1 (phr) Mw,, (K) Max. Tan .6 60-C 24 48/5 569 0.169 25

53/'5 485 0. 17§ 0w chadk ?d\ﬂtﬁ r@te dtrelates vath %)oﬁQﬁxrﬁbiﬁiiand 28ate@hardcterisiicefor 29
49/5 618 0.159 30 54/5 482 0.171 31 63/5 390 0.228 32 65/5 325 0.224

Table 36 Tan %ur%&rogg Qp%h'f:a%rons%ﬁlﬁﬂlg ﬁ%’fﬁﬂﬁgﬁions and the like. In addition, it can be seen

5 from a comparison of Tables 35 and 36 that better Tan 0, values are achieved by the
invention samples, that is, values which are lower than the values of the control sample.
Accordingly, improved performance is achieved by the invention samples for numerous
product applications including, for example, tire applications and the like requiring low
hysteresis for correspondingly low rolling resistance.

10 | The advantageous performance characteristics of the elastomer composites of the
inventi;m are e;(empliﬁed 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 craék growth rate of the control samples over an MW, range of about 25% 10 to

20 .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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Sanpl e No. MWD N234 LoadingOll Max. Tan D (19 ('A) (phh (@0 C) 444 428
0.25 37/5 0.154 445 409 0.37 42/5 0.170 446 379 0.42 46/5 0.179 447 361
0.58 51/5 0.195 448 366 0.27 53/5 0.212 449 290 0.39 58/5 0.215 450 296
0.64 63/5 0.245 625163CIP Page 106 It can be seen froma conparison of
Tabl e 33 and 34 that advantageously r_ower crack growth rate is achieved by
the inventi on N¥¢sabon bladhisaeeado be sighificasivtlpwer thamiblatef any|of ke casrespandiieowt h
rate correlates with good durability and related characteristics for

nuner ous appl ieatroleamples nesl U48 o160 amd BHEllibekiw theoerekitiom ind. i Likewiseiin Fig.
addition, it can be seen 5 froma conparison of Tables 35 and 36 that

better Tan S. iﬁathf:' Exceftbdt rﬁ&%—ﬂi‘eéﬁg'sigx of fventidRsaMpledid. $618¥ebF to febislf agatn in a

val ues which are Tower than t val ues of the control sanple. Accordingly,

or oduct appl | cHRREE R ir e bGP EOR PRI SR B R | o

requiring low hysteresis for correspondingly low rolling resistance. 10

The advaht agecand MWisesiehlished-by the eercespending cantrgl samplesnosst ntor 192058 Lés of

the invention are exenplified by the crack growth rate of invention sanple
no. 16 conpri sheamax tdASut 6810 Brshdwmgraplically t@be bettesrid. igwen for ineentipe saniples
control sanples nos. 273 to 288 shown graphically in Fig. 22.

Speci fically, fos®D4 t328Gh@mbentiorl Sarplesrios!23%032akdn fot eéxir&Eondiﬁg varol Baiplesaind
crack gromh rate for the control sanples, as well as the advantageous 15

| npact of exceAJsem“%%lbo-di spersion in the el astonmer conposites of the
present invention.. |1t Sshould be understood that the MNa, val ues shown in

»|[: iogii” gz :I'h§4rrglngcij T%%kﬁégqﬁ grg}%@a{’egyl gciiséugseed%géeefo?%fagt%n{@«tzgﬁlbggiés B i or
10 the present invention not only demonstrates advantageous fatigue properties, but also
indicates advantageous fracture properties, such as excellent tear and cut-and-chip
resistance. The superior hysteresis results discussed above for the elastomer composites
of this invention not only demonstrate advantageously low rolling resistance (and
correspondingly higher fuel economy) for motor vehicle tire applications, but also
15 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
20 of the invention are particularly well-suited for use as: tire tread, especially in tread for
radial and bias truck tires, off-the-road (“OTR”) tires, airplane tires and the like; sub-
tread; wire skim; sidewalls; cushion gum for retread tires; and similar tire applications.

The superior performance characteristics achieve by various preferred embodiments of the

invention can provide improved tire durability, tread life and casing life, better fuel
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material is understood to correlate well to the MNo, value of the uncured
mast erbatch. The crack growh rate of the control sanples over an MV
range of about .25 x 106 to 20 .6 x 106 is seen to fit well along a
straight line correlation to MN,. In_contrast, the invention sanple no.
16 at MV, 0.5 x 106 has significantly better (i.e., lower) crack owt h
rate than any eeonam farothe aplen yehiglecasd: other adwaptages. &ggandyig ﬁéu%’é%lt‘gf’ber
macro- dispersion D(% of the invention sanple. This is further established
by the sim | aprodabiewarigus prefeired eBodimberts ef thetiinentomete pgricutanlyrveellesuged for
i nvention sanple no. 9 conprising 625163CI P Page 107 N326 carbon black is
seen to be sigglfd GAghd mobﬁw,'éll{ggwlﬁaagﬁ@,aﬂﬁdgfs bedtihgdfand SeisrieisoREera hlo tracks

, an

control sanples nos.” 145 to I's well bellow the correlation line.

Li kewi in Fig. 4 th | | ent . - di .S ' ' :
1015 Seent o et minjss RSF end ST B RGBT VP Rerb Al E 1O

the correlation line between crack growh rate 5 and established by the
corr espdndi ng chaaetenstics aphieved by yariousyprefesred gmbodimepts pf thasinvention cgn, provids g
at 60C is shown graphically to be better, i.e., lower, for invention

sanpl es nos. iRgrdved RAigaalifej durebitifyand sthmpladvantagss faguetpproduetiappligagipns.
correspondi ng control sanples nos. 444 to 450. The superior crack growh

results discussed V6 { 10 ar@ prphieAlPépresentations ¢fatbion bladk nivplislegs structure
i nvention not only denonstrates advant ageous fatigue properties, but also

I ndi cat es adv?rﬁtgg’?\?%gum%gﬁreg dgg&”@g{ Eér?é{)orﬁﬁ@géﬁzrﬁl&qgﬁigng. ‘Caffonasbk

cut-and-chip tance. hysteresi s results di scussed above

for the el astoner, conposit . Ls.inventio ot enonst L-ait

advant ageousl| 3}“‘?'8’09?958 F@ﬂ@séle‘g?'jégc gﬁ wl‘{‘{éﬁ ng%ﬁaggsp%]g%!’%ﬁy N "é%é'?] lfsﬁ fr
econony) for notor vehicle tire applications, but also 15 i ncgi cate

advant abeous QTR Hretneadiapplications t ATOW20R dndieateshe disgrtionin whi lEEﬂ‘-’%tzélr%ﬂ’uced
heat buil d-up. One or nore of these superior properties, fatigue and
fracture resi Heasivantagtauslyngrsemiedsn accdrdancesdth theifreseopinvention, Perfatmance

el astonmer conposites of the present invention well suited for use in

comrer ci al _apRhhaakidiessuth aSladand-chif r@dRRhé< alatlogowAR fesistance BSiRAS fesistancedber
products. Regarding tire applications, various preferred enbodi nents

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 poorer macro-dispersion resulting from the
use of such higher surface area, lower structure carbon blacks. Elastomer composites of
the present invention can employ such lower structure, higher surface area carbon black
indicated by trend arrow 262 to achieve significantly improved OTR trend materials, in
view of their excellent macro-dispersion and MW,

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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20 of the invention are particularly well-suited for use as: tire tread,
especially in tread for radial and bias truck tires, off-the-road ("OIR")
tires, airplane tires and the |ike; sub- tread; wire skinm sidewalls;
cushion gumfor retread tires; and simlar tire applications. The superior

performance characterisf{ics achieve by variou ef erred .enbodi nent§ of, the
i nvention can the B3t Pifsstingedearadaiop of éE"rsFiaf’a,ongre‘z’dfalc?er‘é“cén‘g’ec@srieabchi fe,
better fuel 625163C1P Page 108 econony for the notor vehicle and ot her
advant ages. Remplecdlanwyeightofshe ubber audibrpooresmagtecdispersion resuléing fremayse of such
enbodi ments of the invention are particularly well-suited for use as:

engi ne nount S1hi§}ié?| sQrfAteUERéaScarbor blacksP Blistdifér contpositdsofithe presentinveitiort cank
tracks or tread, mning belts and sim | ar products applications. The

superior perfaqr r@cg,c&cg h@gy Qa8 bk ic&%agsﬂ%& Sich d}ggﬁegﬂgnp?,?fggrd; gthieve

Y
enbodi ments of* ™ I'nventron can provi nprove durability
and ot her advantages_for such product agﬁl icatiqns. Fi 85. 26 - gggre
graphi cal r epri@REYYeR 7B trsad mategialson VIgWy thﬁ‘BFﬁF@F@dﬁ"’%‘ PB?P’GP@“& ®) and
surface area (CTAB), corresponding generally to Fig. 8. Carbon black

nor phol ogy regi on Sémildrly, gairkpn blgcki merpholegy tegians 28blaad R83 infrig.c% shpw garbon
comercial use for 10 OTR tire tread applications. Arrow 262 indicates the

direction in whdkb corgnthnin2épnmértiabaseafdy aread Gpaseuady passéngadeat (PC) aire dreddnce
with the present invention. Performance characteristics such as

cut - and- chi p 1egestivaF CTrehdl 3bwe R8Id D8FindlcafdGRe aiEktibR & whih rédiG28) ardl €
understood to inprove generally in the direction of trend arrow 262

subj ect, howe y oadn past [ r. ' f

ot her char act\(g‘?si%stnl3 ggcth{%gr, tcgﬁrbeed%éé'gg&é%%trsr%l %@ﬁfﬂ%@ lﬁedal%%@g% Yﬁgqﬁgtpﬁ%gt
rubber and/or poorer macro-dispersion resulting from use .of such

hi gher ir f acdnvepden. Regiggpange FW%&\“’Z’&%H’%@E@'PP é‘@?@&ﬁiﬂ@&fﬁ&‘éﬁ%es of
t he present invention can enploy such | ower structure, higher surface area
carbon bl ack arednderseddiy impeve for tread B8Q int the alitectéancofstrend rfavaAs? yubject,

i mproved OTR trend materials, in view of their excellent nmacro-dispersion
and MV . 20 SiHowewed, ¥n thedakiotfo SfRaingrdepridaticrgsf thewiand othet charadtedstic2due to

i ncl udes carbon blacks currently in comercial use for truck and bus (TB)
tire tread apRlhggh h%[éﬁulm%é@w of e rubber and/or poorer macro-dispersion resulting from use
of such higher surface aréa, lower structure carbon blacks. Likewise, performance
15 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 characteristicé due to reduced molecular weight of the rubber and/or
poorer.macro-dispersion resulting from use of such higher surface area, lower structure
carbon blacks. Elastomer composites of the present invention can employ higher surface
20 area, lower structure carbon blacks indicated by arrows 282 and 284 to achieve improved
tread base and PC tread, respectively, in view of the excellent macro-dispersion and the
optional preservation of high molecular weight in such elastomer composites.

Similarly, carbon black morphology regions 291, 293 and 294 in Fig. 29 show

carbon blacks currently in commercial use for sidewall, apex and steel belt tire
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indicates the direction in which region 271 can be advant ageously extended
in accordance wth the present invention. Perfornmance characteristics,
such as wear resistance, are understood to inprove generally in the
direction of trend arrow 272 subject, however, in 625163CI P Page 109 the
past, to offsetting degradation of these and other characteristics due to
reduced nol eappligatines, gespectivetyh e Trent) menows 292 and (296 rindicate theodickctipe i Which
resulting fromuse of such higher surface area carbon bl acks. El astoner

conposi tes of rédish 25168204, iréspeativel9tafi 88 ad RigEYusHLéKRerided litdccotdahGomitintiea
carbon bl acks indicated by trend grrow 272 tcb) achieve 5 inproved TB tread

materials, in_view:. - hei - di nSLQ0,1ar : igg]arly,
car bon bl ack %ﬁ’g‘ﬁé’ﬁf Sﬁg&r e%ﬁr@g@%%ﬂ%rﬁ@g@%sg% I'g. %lIQ%Mr agﬁfﬁ%ugcks
currently in comrerci,al use for tread, pase. and passenger car (PC) tire
tread, respedifs e@wefﬁoeﬁdoampm?oz@jj%ﬁl gﬁ qiregHQn, “E“ﬁé‘"dﬁ(\‘ subiechn
which region 281 and 283, respectively, can be advantageously extended in
accor darfce wi thoweves, ip thespast, thicOoffsettingtdegradativay dfdhesa and othieneharaateristics due touch
as heat build-up (HBU and rolling resistance are understood to inprove
for tread basegeduded M6lecliliraadight 6f thé nibberunder pooredirs-dispesidn reshiving fiem usen
the past, to offsetting degradation of these and ot her characteristics due

to reduced myrgdiliGWer¥hciie cfboh BRcKsY hh&mse,mhfme lcRAradtBidties Shch8heaton

resulting fromuse of such higher surface area, |ower structure carbon

I AL R R TR T S S

are understooc? rea ection of trend arrow 284

subj ect, however, .in the past, to offsett] degradati on gf these.and
ot her char act dRateqalyia tgﬁé"?%‘of‘@&% a%‘r'&?gga‘we&e‘ilwvew{ é’-aFtub%‘éﬁsegH’é/ or

poorer macro-dispersion resulting fromuse of such higher surface area,
| ower st@ uct urdegradatidyoef thesecdnd. otheracharanteristias rdue 30 reduced malpsulsr svsight of the
i nvention can enpl oy higher surface 20 area, |ower structure carbon bl acks

i ndi cated by aubbuiand®? podetr afkérd-Gispetios yaultinp fionedse dffshelsl higharesusface &€,
tread, respectively, in view of the excellent macro-dispersion and the

optional pres t fcaﬁ% | §adtfler WothSited JF ¢ &k BRERIBRY can emplo

conposi tes. Sﬁér;# a#él}?l%car gIB]l a?ﬁ nore[r)ﬁ%rg&éye r eg%ﬁsgs 291, 293 and 294 in

Fig. 29 show 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

15 the excellent macro-dispersibn and the optional preservation of high molecular weight in

such elastomer composites.

Additional Examples: Preferred Embodiment and Control Samples Comprising
Other Fillers :

20 Additional samples of elastomer composites in accordance with certain preferred
embodiments of the present invention, and corresponding control samples, were prepared.
A first group of these employed a multiphase aggregate filler of the type referred to above

as a silicon-treated carbon black.
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carbon bl acks currently in comrercial use for sidewall, apex and steel belt
tire 625163CIP Page 110 applications, respectively. Trend arrows 292 and
295 indicate the direction in which region 291 and 294, respectively, can
be advant ageously extended in accordance with the present invention.

Per f or mance characteristics such as heat build-up (HBU) and fatigue life
are understood to iSpeeificallyf inventionesamplesinest B - diiresenloysd BEOB @& siisan292
subject, 5 however, in the past, the offsetting degradation of these and

ot her char act afdatddi ¢arboneblack cormherciallynavslableafroneiChbot cCorpbmtion b@sllersad/ or
poorer macro-di spersion resulting fromuse of such |lower structure carbon
bl acks. Likew COBY Ed i ijled

processi ng anﬁmﬁﬁ%%ﬁ%ﬂ e uﬁggﬁﬁé?@%ﬁ gﬁ%}%iceah ??Peg?gel]e"ggﬁmre

el astoneric materials in.the directdion of,t arkr 5

however, in tH@EagﬁFFaﬁa’8?&?&?ﬁﬁﬂdffﬁmﬂaékﬁ%ﬁpsénS%ﬁ£?ﬁ§%é§§ﬁhﬁﬁghé?Pm’
characteristics due to reduced nol ecul ar weight of the rubber and/ or
poorer nicr o- EGOBLACK® filler and nogxtenderiaily Sample ne 34-erpplgyed 68l ESCQBLACK®

| ower structure carbon bl acks. Elastoner conposites of the present

i nvention can fidleplang nohéxyéreler silr fEypécah filer andd¢éxtendepwd rusage fort various aragdost

bl acks as indicated by arrows 292 and 295 to achieve inproved sidewall and

steel belt rubjygficafiSiisaid Hobm if TAAETL, orlastonied cBin?Wsit_éE of thelifeneisk Cdhpiiding
macr o- di spersi on and the optional preservation of high nolecular weight in

h el ast i 1 ' : '
Cont ol - Sanpl dEEAEe: 854 a S bk it SAGN Bl ica FIB M HRAIEEDARIGTESA AR
| ast it i.th t ai . di t f
the present | HOGHEBALC I Bors BERSALPRIACBAE bE S Sou vRERS SRS B
first group of these enployed a nultiphase aggregate filler of the type

referredOto alasmaunt gEthg casbon black fillerat ed carbon bl ack. 625163CLP Page 111
Specifically, invention sanples nos. 33 - 34 enpl oyed ECOBLACK(r) silicon-
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treated carbon black commercially avail able from Cabot Corporation
(Billerica, Massachusetts). Such ECOBLACK(r) filler

has nor phol ogi cal
properties, i.e., structure and surface area, simlar to that of carbon
bl ack N234. Sanple no. 33 enployed 45.phr 5 ECOBLACK(r) filler and no
extender oil. Sanple no. 34 enployed 68 phr ECOBLACK(r) filler and no
ext ender 0i | —Ppicplrfi-r-erram 3 O0l| usage for various product
appl i cations $hp [ blie} 3l,] flo llagt omer conposites of the
i nvention conggli|EingE ufal |rlibpgr |apdl 4 bl end of carbon black and silica
filler. I't shgpl|@beSurdsr btodd|t hat hie fuse of silica filler in the
conposi tions -g1 T 4% | ¢ B4 ywobldjtypy qalily replace a |like 10 anpunt of
the carbon blig¢kld]i |eprie|6p5043¢I P | Hagel 112 Vt Zt r ON J VOlo OZZ
tt Zt CLIBINA |9Q'BINIgq N |J dq |O]~p OOlolo0g0J ZLLTt't
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15

A second group of samples employed a blend or mixture of silica and carbon
black. In embodiments of the present invention employing a blend of carbon black and
silica fillers, it is generally preferred that they be used in weight ratio of at least about
60:40. That is, the carbon black preferably comprises at least about 60 weight percent of
the filler to achieve good coagulation of the elastomer and to reduce or eliminate
reagglomeration of the silica in the masterbatch. In particular, in examples nos. 35 - 38,
as shown in Table 40, carbon black is used together with particulate SiO, filler HiSil ®
233 available from PPG Industries (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
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
nos. 33 - 38, as the case may be, is the same as described above with reference to Table
24. It 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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.0 000 0 0Oad apparam;des@ibed)ahme forichntre). sample® n@s. 45450 (Theprogessingcgle|see o

to a poo o O~ 00V r~nCR CanCOCO ng O ~ O ~g~v p CAF-CCDDF-C )U r~ NN OO

O OD Gww M@y 13 dove), filler loading, rubber, MW, and macro-dispersion for masterbatches

CO~ miln 0 mli~~~~~ T-
NN p20 ¢c Qe 0) 0) MNOF N

451-466 are set forth below in Table 39. The processing code, filler loading, rubber,
5 MW, and macro-dispersion values of the invention samples nos. 33-38 (along with the
filler and oil loadings for convenient reference) are shown in Table 40. It will be seen
from Table 39 that control samples 451-466 correspond in composition to invention
samples nos. 33 and .34. Similarly, control samples nos. 467-498 correspond to invention

samples nos. 35-38.
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=p~JO~t0JpNkhEt0O COG™ =t 3~ 04
l.- 1--1-1l- f~amMMMMMC OCD N e
:‘\l'ov;\looarrou\lo OCIC:)' OO0O0OVnnDZ=nmo CU~CPCOmMJ NE- -l E)-VegoNt |NO l:log_NP NO
V) Q MOONCE] t~ 000000 m a) 000CDOR0 GOOO-NOti O €L Z $ | COf- in CID
r10 |~ P |~ Table3 0O) W0 Qc E QIIS vioer c i 6 thl~1~crf 1 to in
.~ 0 0000 T T-CJC-~C t GREZ00GA48 A ca cacly cofX2P00/Rm hlp“le’ee" ¢ mdm
CDOcO C CD|CD IAfT) .4 In ®SB1 32 7 $ 0 nnnnnﬂiT_,;,4_,>,1’3,}*_Ja..54
CUd Q~ 14 lcede=[ Sampieh H Mw,, D(%) | Sampie  Mw. % ) m6
No. (X No. (K)
M2 909 809
M3 580 590
M2D1 451 461 348 459 333 8.61
M2D2 452 474 3.68 460 392 5.71
M2D3 453 489 747| 461 388 9.48
M2D4 454 515 628 462 394 8.05
M3D1 455 393 2.89 463 280 223
M3D2 456 422 287| 464 298 2.13
M3D3 457 435 415| 465 350 4.05
M3D4 458 449 323 466 379 722
Table 40 Sol Molecular Weight and Undispersed Area of invention Samples
invention Sample No. CB/Loading/Oll Mw,, (K) D (%) B
33 "CRX 2000/44/0 380 0.18
34 CRX 2000/58/0 448 0.10
35 N220/Mitsil 233/43/10/5 500 0.14
36 N234/Hilsil 233/40/10/0 490 0.36
a7 N234/Hilsil 233/30/20/0 399 0.23
38 STERLING 6740/Hilsil 233/30/20/0 354 0.39

625163CIP
Page 117



oe2 0It d0OO0 MvtoCcor- co 7Mn C Cvhnr O eOt+) C~7c
r~iCC) CQCtMr~i~iO~-~cn mMMM ~ ;
Jiph£s 451-498 were prepared |

The contr ol

aCM+) CcCH)
y yr

and appar at y e TEN2Z0AAGH 283143/40K1L T O
processi ng d , oading, T = =md
macr o- di sper ‘ Smpie’ | Mw]), DCT O (e ||
39. The proded®fg pbe g, 5 MV d macro-dis
val ues of tHhe_inuvel . T .
| oadi ngs for| cHvehi ent refer 8e) are showh in Table {0 It will be
from Tabl e %9 Mat [control sarf®les 451-466 porrespond i conposg 44 on
i nvention slam@Ms |no#6733 andi934. Si m-Phr | Y, trol % | es ng 4
cor respond tOMZDZE?:tidﬁB sampl B nos. 381 38| 638163C P2'page 115 Tab
CRX 20001441p M08 000688/ 0 F&81 RSS128%odp SAfble MyZ2D (. GSan
My,., D (% Nomzcip [No.4701U M61809 9092888 H9045H0 592 :
M3D1 471 417 0.95 479 3s8 6.65
M3D2 472 438 1.40 480 420 13.8
M3D3 473 433 215 481 516 13.9
M3D4 474 485 2.2 482 447 7.25
N234/Hiisll 233/30/20/0 STERLING 6740/Hlisil 233/30/20/0
RSS1 RSS1
Code Sample MW oo D (%) Sample Mw D (%)
No. (9 No. K
M2 909 909
M3 590 590
M2D1 483 394 4.37 491 430 3.77
M2D2 484 507 5.66 492 488 4.39
M2D3 485 526 4.7 493 517 5.37
‘M2D4 | 486 568 5.94 494 563 4.66
M3D1 487 3n 8.39 495 375 3.5
M3D2 488 363 4.49 496 380 273
M3D3 489 376 5.07 497 419 2.72
M3D4 490 432 5.26 498 448 3.29
625163CIP
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M2DI 451 461 3.48 459 333 8.61 M2D2 452 474 3.68 460 392 5.71 MD3 453 489
7.17 461 388 9.48 MD4 454 515 6.28 462 394 8.05 M3D1l 455 393 2.89 463
280 223 MBD2 456 422 2.87 464 298 2.13 M3D3 457 435 4.15 465 350 4.05
MBD4 458 449 3.231 466 379 7.22 TabI e 40 Sol Mol ecul ar Wi ght and

Undi spersed Area of_ | nvention Sanples Invention Sanple No. CB/ Loadi ng/ a |
Mv., (1Q D P% 33Thssxcebens cahop blagl dispersion imthemastegraliss ofinyernsian sempless
N220/ Hi | sii 233/43/10/5 500 0.14 36 N234/Hi|sil 233140/ 1010 490 0.36 37
N234/ 1-1i | si | 2338 FRddhsERed By 28mpa&oH SERIel hisré-dikPérsionsjuhlity 384 BOF()/ @54
0.39 625163CI P Page 117 Table 41 N2201HI Isl12331431101

N2341 H 151123 3bhlik0fdbles39SH1 . RER inveRia foM83-3Pmad dwithBCOBLNEK® I A
No. (p No. (19 M 803 909 M3 601 590 MDI 467 493 1.51 475 443 8. 74 NRD2

468 537 2.61 4si1¥c§>n§: e% cm%on Mzac ang%heS go?’rre%pgr%m 7Zon§r%?s&?pl§s are compared in the

5 semi-log plot of Fig. 30. Excellent carbon black dispersion is seen in Fig. 30 for the
invention samples, representing preferred embodiments of elastomer composites in
aécordance with the present disclosure. The invention samples advantageously are below
line 301 in Fig. 30, whereas all of the control samples have poorer dispersion, being above
line 301. In fact, the preferred embodiments shown in Fig. 30 fall below a D(%) value of

10 2% even at an MW, value advantageously exceeding .4 x 10°. The data ;hoWn 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. 30 are

15 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,, - (0.4 x 105] x 105  (26) -
when04x10° < 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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MeD4 470 615 2.95 478 592 8.25 MD1 471 417 0.95 479 358 6.65 MD2 472
438 1.40 480 420 13.8 MBD3 473 433 2.15 481 516 13.9 W©M3D4 474 485 2.22
482 447 7.25 N2341H1s1123313012010 STERLI NG 6740/ H11s1123313012010 RSSI
RSS1 Code Sanple Mwv,,, D (% Sanmple Mw,,, D (% No. (19 No. (10 M 909
909 MB 590 590, M2D1 483 394, 4.37 49] 430 3.77 D2 484 507 b. 492 488
4.39 MeD3 483-B46r ?tiefzfééﬂiswé’se gven '[&M%‘é‘"ﬁé% ey Y%%%%%T‘E%B%%Dl
487 377 8.39 495 375 3.5 MBD2 488 363 4.49 496 380 2.73 MBD3 489 376_5.07
497 419 2.72 .4/BD4°4Bhe preferd zebodimentsshawn in Figp30 flloyell belqye thethreshpld. It
excel l ent carbon bl ack dispersion in the masterbatches of invention sanples
33-38 is denpnghbatsech thit fHergtatdrherconipokited ofhe inventigmecompmrisingusilicoh:treated

MA ., values shown in Tables 39-41. The invention sanples nos. 33-34 nade

W th ECOBLACK(L bon Blabl @%gxpée hérBioffle e Bafdfile befiddn WaroCASpepdaPAHiR and

control sanples are co sem -1og plot of Fig. 30. céel |l ent
carbon bl ack digpersion is seen in Fig. 30 for the 1invention sanples,
representing rred enbodi nents of el astoner conposites in accordance

with the present disclosure. The invention.sanmpl es. advan u re bel ow
P Invention samples nos. 35-38 comprising crarpbon%lack glen&e%%& s?llc% ﬁﬁer and

corresponding control samples are compared in the semi-log plot of Fig. 31. Specifically,
Fig. 31 shows the macro-dispersion values and MW, values of the invention samples nos.
35 - 38 and corresponding control samples nos. 467 - 498. Excellent carbon black
10 dispersion is seen in Fig. 31 for the invention samples, representing preferred embodiment
of elastomer composites in accordance with the present disclosure. The invention samples
advantageously are below line 311 in Fig. 31, whereas all of the control samples have
poorer dispersion, being above line 311. In fact, all of the preferred embodiments shown
in Fig. 31 fall below a b(%) value of .4%. The data shown in Fig. 31 clearly reveals that
15 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
metho&s. 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% @7)
when MW, , is less than 0.5 x 10¢, and
log D) < log (0.8)+2.2x [MW,, - (0.5x 109] x 10°  (28)

when0.5x10° < MW,, < 1.1x10°
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line 301 in Fig. 30, whereas all of the control sanples have poorer

di spersion, being above he 301. In fact, the preferred enbodi nents shown
in Fig. 30 fall below a D(% value of 10 .2% even at an MM val ue

advant ageously exceeding .4 x 106. The data shown in Fig. 30 clearly
reveal s that the, ppcro-di sper,si ual,ity of the novel elastoner
conposites, & g’élrg‘i &erogpized t*@bﬁ’g%ﬁé? ts é’?ﬁ“&BH‘ﬁeré%?eaﬂe%?F%sgﬁedbqoég plects
significantly superior to that achievable using conparable i_ngredi,en}gz in
prior dry mi xigneterethandd0 miceonsnando-8%i ispthesthseshold| masrordispersien «quality ofas,
conposites of the invention shown in Fig. 30 are 15 described by the

fol | owi ng equaidsefatchéifaccordand@mithihese preferrdd¥mbadiméemns of thh preséntdnventi®e;
and log (D) <log (1.0) + 2.0 x [MW~, - (0.4 x 106)] x 10-6 (26) when 0.4
x 106 < M. ik it domkQf ROy maMibded FraltEbRQAEL A MiekEPnaddoMispetsidnl i arent

undi spersed area fneasure ects greater than 10 mcrons and 1%is

the threshol d ro- di spersi quality for t.he S t i C ance
W th thise pr GbCEBLHTBAT U e BYnater B atishe TGy B Sedfaic vegbeband
of the dry nasticated masterbatches achi eved nmagro-dj sper slibe?n ﬁﬁlljal i t}; gf
625163Cl P Page4 X110°1 . The prefaseed embodiments,shopn in Fig.cH B3l !l pelow the threshol
sufficiently to degrade MN., below .4 x 106. The preferred enbodi nents
shown in Fig. rerd-dispersiohivalnelof\8%, andteverbélowd4%l tIt canube spen that thet ¢lastormere

el astomer conposites of the invention conprising silicon-treated carbon

bl ack provide &mﬁﬁé 6f e IR @Rich QUi cufisch tisdkysitiva biend ifiliedipropide hiererofore
quality and 5 . Invention sanples nos. 35-38 conprising carbon bl ack

bl ended with sjl ¢ i ' S i Lh@Mwanpl es are conpar ed
b ended W £, Sbielibhiaite Bl QRS PR BINERID! o5 21
TG antf Cor - capona it ohieceksing AisdoRsS i ylfbe AHpEEh! B BRTRIER g ar
black 10 dispersion is seen in Fig. 31 for the invention sanples, -
representing phafvaricesiadditionsi medifications, 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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of el astomer conposites in accordance with the present disclosure. The

i nvention sanples advantageously are below line 311 in Fig. 31, whereas
all of the control sanples have poorer dispersion, being above |ine 311.
In fact, all of the preferred enbodi nents shown in Fig. 31 fall below a
D(% value of .4% The data shown in Fig. 31 clearly reveals that 15 the
macr o- di sper siWeiclgimil i ty of the novel el astoner conposites, disclosed here,
conpri sing carbon bl ack/silica bl ends over a range of MA, values, is

signi ficantly 1. supex method ®f prudlucing lelastoaizr eompositg, comppisingbl e i ngredi ents in
prior dry mastication mxing nethods. The macro-di spersion values for the

| ast t ¢ . ) . ; - ;
The'f ol Tow ng. equat  ons Feape S bkl 459 9fhrd uld Cometsid flad G h@2ilo &V,
106; d | D < I. 0.8). + 2. - (0. 1 10-6 (2
when 05 x 306 & MAIRES eonie oFa gosgfimsoatliefining i sbnkard Spqeulfy pistextériing

recogni zed that D(% is the percent undispersed area neasured for defects
greater $han 10 ni droontheamiing@on¢ to 3 dischargeca®ol d nacro- di spersion quality
for masterbatches in accordance with these preferred enbodi nents of the
present invention. Thatfeéding aaostimfous flewlofysecomt fluidt comprising cpaptiaulate §ller
achi eved macro-dispersion quality of 5 0.8% or better at any MMv, even

after dry mXxing suinfiérgr&Birt Yo the mbesg 2 ofMhé dodpalumireactdr Xo fidfh a thix€ure with
preferred enbodi nents shown in Fig. 31 fall well below the threshold

macr o- di sper si on V%M“@T%Z*{%%Wagﬂ a éotiinddusFRA R8he BREharEER¢nd! he

el astoner conposites o rising carbon black/silica bl end
filler provide heretofore . unachi eved bal ance bet r,Q-di spersion.
qual ity and v, 1678 fereeiBE TkEbts Sitshne s eGP o B BfeR, Bherlin
apparent to those skilled in the art that various, additions, = _ .
modi fi cdi ons, et c.misiag ofthe figstBuidiand ther segrnsfuid withinithemirieg zongds sulficigtlyang
spirit of the invention. Al such additions and nodifications are intended
to be covered by tenergetit [towsubgtantially reempletely coagulate the elastomer latex with the
particulate filler prior to the discharge end; and
discharging a substantially continuous flow of elastomer composite from

the discharge end of the coagulum reactor.

15 2. The method of producing elastomer composite in accordance with claim 1 wherein
the second fluid is fed to the mixing zone through a nozzle at a velocity of 100 to 800 feet

per second.

3. The method of producing elastomer composite in accordance with claim 2 wherein
the first fluid is fed continuously into the mixing zone at a velocity lower than 12 feet per

20 second.
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625163C1P Page 121 W claim 1. A method of producing el astoner conposite,
conprising: feeding a continuous flow of first fluid conprising el astoner
latex to a mxing zone of a coagulumreactor defining an el ongate coagul um
zone extending 5 fromthe mxing zone to a discharge end; feeding a
continuous flow of second fluid conprising particulate filler _under
pressure to the mixing Gidne emraining the-plastamsrletex flud inte magticulate fllsrtlwidbyy ¢ h
the elastoner latex, the m xture passing as a continuous flow to the

di scharge end and the feedihg the partieulite fllerrflubasecantinemisi jetsntocthe owgog a0re; t he
el astonmer | atex, wherein 10 mxing of the first fluid and the second fluid
within the mxing zone 3 sufficiently energetic to substantially

conpl etely coagulate the elastomer latex with the particulate filler prior

to the discharge d; and,.di scharging. a _subs i al i f
el ast omer conposi teg) f roﬁf‘h?’%‘gg%ggﬁﬁ a"“ﬁ?am é?’?{*‘ﬁ?%é‘gﬁf%&%&?@éﬁ?%%‘%ig 2.
The nmet hod of produci ng el astonmer conposite in accordance w, cl. ai

wher ei n5 t he seconepnstaps Bow of elastomgr mmpqmﬁisk&ugeﬁenwaﬁbmfy}ﬁm é? té? a
velocity of 100 to 800 feet per second. 3. The method of producing

el ast omer conposi t fuid streanasoin decnrdange withcsteps AD apdd@)-n the first fluid is
fed continuously into the m xing zone at a velocity lower than 12 feet per

20 second. 625163ClP Page 122 (ii) entraining the elastomer latex fluid
into particulate filler fluid by feeding the particulate filler fluid as a

continuous j ey int ifflask B6w HiRod of BRiuEhe Bas6E ipesifi?Bicbitindt wiar ge
end of the co%'gul u%hér%g'gltq%}rﬁkgggu Stant ?gﬁuy g hripSsite
claim 8 wherein coagulation of the elastomer latex is substantially complete in the

elastomer composite globules as they are discharged from the discharge end of the

10 coagulum reactor.

10.  The continuous flow method of producing elastomer composite in accordance with
claim 8 further comprising the step of preparing the particulate filler fluid by high energy
dispersion of the particulate filler in a liquid in a homogenizer having an outlet port in fluid

communication with the mixing zone.

15 11.  The continuous flow method of producing elastomer composite in accordance with
claim 8 wherein the liquid slurry is fed into the mixing zone through a nozzle at a velocity

of 100 to 800 feet per second.

12.  The continuous flow method of producing elastomer composite in accordance with
claim 11 wherein the velocity of the liquid slurry through the nozzle is from 200 to 500

20 feet per second.
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5 constant flow of el astoner conposite globules concurrently with feeding
of the fluid streans in accordance with steps A(i) and A(ii). 9. The
continuous flow nmethod of producing el astonmer conposite in accordance with
claim8 wherein coagul ation of the elastomer latex is substantially
conplete in the elastomer caonposite gflobul,es as they are di sch&&gedg&ﬁom’
the di schar gel®nd &he eantinuons flew mathadRpeeduriag elagiomergompog)ie i AFOIANF

met hod of producing el astoner conposite in accordance with claim@8 further
conpri si ng t helaith @pfurthermpcompmisinggthe Istep peipremioingtreindi pmeunts jofiaddidyestinignthe
energy dispersion of the particulate filler in a liquid in a honogenizer
having an out L:ﬁ%t RieF fatexTprior ¥ féediﬁ%'i‘ﬁ@’élis@&hérqﬂewid thetriiRingizshé)g zone. 15 11.
The conti nuous Pow nmet hod of produci ng el astonmer conposite in accordance
with claim8 wherein the liquid slurry is fed into the m xing zone through
a nozzle at a velocity of 100 to 800 feet per second. 12. The conti nuous
fl ow net hod of producing el astoner, c osjte ip accordance with .clajm11
wherein the véfoci fheepn P@SIWWWﬁh@O&Dﬂ?AWSG%H"%@"Wé%'gafcs?rqa%%]%o to
500 20 feet per second. 625163CIP Page 124 13. The conti huous fl ow net hod
of prodici ng elains 8ovherein thepasticutaté fillex dluish i an aquenis parben hlagk dispersieher
conprising the step of prem xing m nor anounts of additives into the

el astonmer |atex prior to feeding the elastoner latex to the m xing zone.

14. The continuous flow nethod of producing el astonmer conposite in
accordance Wi 43 516k gbifindollIRAENSASE fradicing ulaSlomef tdrhfdsind hudbebrddncamith

aqueous carbon bl ack di spersion. . The conti nuous fl ow net hod of

produci ng el asfoner. .conpqasite.j I t Lot ' &4kt Rned
Particul at o 1 P eCrR AR g G AR sk st Al ed HtRbidt o
silica, precipitated silica, and njxturgf of .any of them 16. The

conti nuous f Gilicanprerapitatgd #nd gt W%posi te in accordance with

10 claim 8 wherein the el astomer latex fluid consists essentially of
natural rubber | atex.

16.  The continuous flow method of preparing elastomer composite in accordance with

10 claim 8 wherein the elastomer latex fluid consists essentially of natural rubber latex.

17.  The continuous flow method of preparing elastomer composite in accordance with

claim 16 wherein the natural rubber latex is natural rubber latex concentrate.

18.  The continuous flow method of preparing elastomer composite in accordance with

claim 16 wherein the natural rubber latex is field latex.

15 19.  The continuous flow method of producing elastomer composite in accordance with
claim 8 further comprising mixing additive into the semi-confined flow by separately
feeding an additive fluid continuously to the mixing zone simultaneously with the

elastomer latex fluid and the particulate filler fluid.
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17. The continuous flow nethod of preparing el astonmer conposite in
accordance wwth «claim16 wherein the natural rubber latex is natural
rubber | atex concentrate. 18. The continuous flow nethod of preparing

el astomer conposite in accordance with claim 16 wherein the natural rubber
latex is field latex. 15 19. The continuous flow nmethod of producing .

el ast oner conP@si t The contimwws Gawameetiididf pragucingrelgstomertcompositsrimadegidancenyvith ng
additive into the sem -confined flow by separately feeding an additive
fluid continugleisd B wikeréi@héradditiee BaeRcted frdrh antouenhnts varttioxidants, plastizerser

| atex fluid and the. particulate filler fluid. 625163CI P Page 125 20. The
conti nuous fl iR e RS il RRPECSG ith
claim 8 where nggﬁ?%’e 'S ?ﬁ%ﬁ%g’r‘?ﬁ?ﬁ]c’gﬁ’tl ozgﬁg’n%dsa, antiéoxi dgr?‘{ms,
pl asticizers, A processing aids, resins, flanme retardants, extender oils,

| ubri cants, al¥Mni xt ures of any of them 5 21. The continuous flow net hod
of producing el astoner conposite in accordance with claim8 further
conprising injecting pressurized gas into the mxing zone. 22. The
continuous flow nethod of producing el astomer conposite in accordance with
cl ai m 2% wher2i.n t ke ontifsons la@dngiasl of pradofiag tlesiomerampbsteyin accbolahdrewith xi ng
zone. 23. The continuous flow nethod of producing el astoner conposite in
accordance W Efgim é%rqieawmaﬁsmgﬁﬁjeeﬁﬁg pﬂé@suﬂwﬁ@ﬁﬁtbeﬁle fiing Zorenj ected into
the m xi ng zone through a nozzle together with the particulate filler
fluid. 24. The continuous fl ow nmethod of producing el astoner conposite in
accordance with claim8 wherein step A(ii) conprises feeding nmultiple

streans of parficulate filler, flui t he. m xi.ng zone continuously .
Chr ough mul § Be. BB o fw merhed ctprdlfind sEsPeERRBR BRORABE with
el astomer conposite in accordance with claim8 further conprising,

si nul t aneous| ylaim 2hwhersisthe pressurizad aa4 is njectedhsepangtelyt infathe miying zovgxi | i ary
stream of elastoner latex fluid to the m xing zone. 625163C1P

23.  The continuous flow method of producing elastomer composite in accordance with
10 claim 21 wherein the pressurized gas is injected into the mixing zone through a nozzle

together with the particulate filler fluid.

24.  The continuous flow method of producing elastomer composite in accordance with
claim 8 wherein step A(ii) comprises feeding multiple streams of particulate filler fluid to

the mixing zone continuously through multiple nozzles.

15 25.  The continuous flow method of producing elastomer composite in accordance with
claim 8 further comprising, simultaneously with steps A(i) and A(ii), feeding at least one

auxiliary stream of elastomer latex fluid to the mixing zone.
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Page 126 26. The continuous flow nethod of producing el astoner conposite in
accordance with claim8 further conprising the step of drying the

el ast omer conposite gl obules received fromthe discharge end of the
coagul umreactor, through a dryer. 27. The continuous flow nethod of
produci ng el astonmer conposite in accordance with 5 claim26 further .
conpri si ng t h26.st ePhaxtonbaudus §owmethad:of pradueing elagserer:compysitedp acsprdangs vyith
conpressing 25 to 75 pound quantities of the elastomer conposite after the
drying step. clgith8 fitheteothprisinpithe tepof duyirgatie elastomedcamnpugsite globulgasceived
conposite in accordance wwth claim8 wherein the elastoner latex fluid is
fed under pre r "ag"ﬁ ' e filler fluidis
fed under pregéﬂlrtge ggﬁé@sﬂg&p |gmf%)a§r9.tmgﬁ%ﬂoﬁtmiyﬁfjous fl ow met hod of
produci ng rubber master batch by coagulating natural rubber latex with ~
carbon bl ack, conprising: A) establishing a continuous, sem -confined flow
of m xed natural rubber latex and carbon black in a coagul.umreactor.
forning a gendfal | Fhe continagus fewduethod OfMC'é&F'éﬂﬂmﬁMPP%tedP 6‘6’9@@3?@/@% '
i ncreasing cross-sectional area froman entry 15 end to an open di scharge
end, by ssi nul thiea6éShryhericpmbeisiog tig stefl ofthaliog therelastomgr qomomgw saquentisliyr

| atex continuously to a mxing zone at the entry end of the coagul um
reactor, and %rin%re%ﬂfgrzsi tBIT8 ol qudkitiesdf thelblastomentampasitaaftentheidiying st a
liquid slurry of the carbon black by feeding the liquid slurry as a
continuous jet into the 20 m xing zone; and 625163C1P Page 127 B)

si mul t aneousl y di schargi ng rubber nmaster batch gl obules fromthe discharge .

end of the coagulumreactor. 30. [ i nuous f| . i

el ast oner conﬁgsit EWP%‘fsr{f?w rgép?f&nrgé‘ugng,efzftgﬁeé%@%? léééh r o%&uégé g’%ﬁ
bl ack, silicon-treated carbon black, funed silica, 5 precjpi i(?t ed SJ Ihi ca,
and ni xtures tchim 8orherein sheyelasterperlatey fluid is fadunder Prﬁiﬂdé"rlfsséhg&) Bjiggnd the

particulate filler fluid is fed under pressure of at least 75 psig.

10 290. A continuous flow method of producing rubber master batch by coagulating
natural rubber latex with carbon black, comprising:
A) establishing a continuous, semi-confined flow of mixed natural rubber latex
and carbon blac_k in a coagulum reactor forming a generally tubular coagulum
zone extending with progressively increasing cross-sectional area from an entry
15 end to an open discharge end, by simultaneously
@ feeding a liquid stream of the natural rubber latex continuously to
a mixing zone at the entry end of the coagulum reactor, and
(i)  entraining the natural rubber latex continuously into a liquid slurry
of the carbon black by feeding the liquid slurry as a continuous jet into the

20 mixing zone; and
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preparing a particulate filler fluid by high energy dispersion of the
particulate filler into aqueous liquid in a honogenizer; and establishing a
conti nuous, sem -confined flow of m xed natural rubber |atex and
particulate filler in a coagulumreactor form ng a generally tubular

coagul um 10 zone extending with progressively increasing cross-sectional

area from an entryB) endsim@ltéheduslg hdischargingd nibbes i mastérabatohisglgbules) fioeedherg a
| iquid stream of the natural rubber latex at |less than 10 feet per second

continuously to a gixl L RQ¥acfor™ X head in sealed fluid
conmmuni cation wt h&%ﬁ%rﬁg;@?gﬁgog&?ﬂe coar'gul umreactor, 15 the m xing

zone extending coaxially with the coagul um zone, and (ii) entraining the
natural rubber latex continuously into the particulate filler fluid by
projecting the particulate filler fluid into the m xing zone in the

directi on of 3the et contisncusoflowhmethodgaf predusing, elasipmer IFOMPPELS COMBRSING
substantially coaxial with the coagul um zone, the particulate filler fluid
20 exiting thgarfiagste filbesetdcted frérh @aiboy bick 2Mitoneréated daetmin Pack, funeshilica,

si mul t aneously and conti nuously di scharging fromthe discharge end of the

coagul u?ar eachtiphBed Slicd 2hd fhidhied Hlleleéofiﬁaemisg&se&aguhm rabberf confygisit ur al

r ubber tex by the particulate filler is substantially conplete; and
625163C) P Page 128 sinultaneously.an i I ryj lL,ftthei NG
mast er batch gl obul es BfiCB¥H% ae%é?‘?"é%? tcfﬁ@} é@%&?uﬁ%’?é’éé ralgﬁr%rsg Iogast one
dryer. 31. Apparatus for producing el astomer conposite of particulate
filler dispersed ipartigylatgfillasinto aqygons liquiyin ahomaggnizer; react or defining a
m xi ng zone and an el-ongate coagul um zone _extending fromthe m xing zone
to a di scharge end; | atesablishing axsatinuobs semiseanfingsl flovnefraied natrabmubber latgx
continuously to the mxing zone; and _
and particulate filler in a coagulum reactor forming a generally tubular coagulum
10 zone extending with progressively increasing cross-sectional area from an entry
end to a discharge end by simultaneously
Q) feeding a liquid stream of the natural rubber latex at less than 10
feet per second continuously to a mixing zone defined by a mix head in
sealed fluid communication with the entry end of the coagulum reactor,
15 the mixing zone extending coaxially with the coagulum zone, and
(i)  entraining the natural rubber latex continuously into the particulate
filler fluid by projecting the particulate filler fluid into the mixing zone in
the direction of the entry end of the coagulum zone, through a feed tube
substantially coaxial with the coagulum zone, the particulate filler fluid
20 . exiting the feed tube at a velocity of 200 to 500 feet per second;
simultaneously and continuously discharging from the discharge end of the

coagulum reactor master batch globules in which coagulation of the natural rubber latex

by the particulate filler is substantially complete; and
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filler feed neans for feeding particulate filler fluid as a continuous j et
into 10 the mxing zone to forma mxture with the elastoner latex fluid
traveling fromthe mxing zone to the discharge end of the coagul um zone,
wherein the distance between the m xing zone and the discharge end is

sufficient to permt substantially conplete coagulation of the el astoner

llatex prior to thesiguitahésugly iddconBruoublyedrnpadndtpetletifrig Masietibatoly ghibaks oner
conposite in accordance with claim 31 5 wherein the filler feed neans is

for feeding.p ' i ' ' the m xing zone

t hrough a nozg{séﬂagégd?ﬁglft%éc‘%ot %lg#%g%&ﬁg%%g&@g?r}ﬁgr second. 33. The
-apparatus for producing el astonmer conposite in accordance with claim 32
wherein the |latex feed neans is for feeding elastoner latex fluid
continuously into the mxing zone at a velocity less than 8. feet per
second. 6251630 P Appagatusfor produting elastoarencamposite gfr pactiaulate) filleradispenssd in
conposite in accordance with claim31 wherein the filler feed neans is for
f eedi ng parti eldstainer, icompfising:| ui d continuously to the m xing zone under
pressure of at |east 75 pounds per square inch (gauge). 35. The apparatus

for progucing el ast oner , eoupamRi xtesctbrrueﬁﬁﬁga z0Me bfd &1 @briBatcoaBuliieiont N
the latex feed neans is for feeding elastonmer Tatex fluid continuously into

the mxing zone ug,gg%duhgégg& 'gﬁ%ﬁzéﬁqga%ﬁéggg&.per square inch. 36.

The apparatus for pro ng e I conposi 'n dccordance with claim31
further conprising auxil|iary feed ans f.or sinultaneoysl,y feeding an
addi ti onal stream of pLé%"s%(FFfji’é‘i?“? ‘?Iiée‘ilﬁgfﬁémmef('aﬁ@‘ gB‘ﬂeCP“EB“%“?g' tPrthe
apparatus for producing el astonmer conposite in accordance with claim 36
wherein the pressumixinagizoneyand i s air. 38. The apparatus for producing.

el astoner conposite in accordance with claim31 wherein the coagul um zone

has progressively incr eéfilérfigdaicansfos feetling paiticalaschillee fluidans atdostinutux jendntaone
-and the discharge end. 15

10 the mixing zone to form a mixture with the elastomer latex fluid traveling from the

mixing zone to the discharge end of the coagulum zone, wherein the distance
between the mixing zone and the discharge end is sufficient to permit substantially

complete coagulation of the elastomer latex prior to the discharge end.

32.  The apparatus for producing elastomer composite in accordance with claim 31
15 wherein the filler feed means is for feeding particulate filler fluid continuously to the

mixing zone through a nozzle at a velocity of 100 to 600 feet per second.

33.  The apparatus for producing elastomer composite in accordance with claim 32
wherein the latex feed means is for feeding elastomer latex fluid continuously into the

mixing zone at a velocity less than 8 feet per second.
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39. Apparatus for continuous flow production of elastoner conposite of
particulate filler dispersed in elastoner, conprising: a coagulumreactor
form ng an el ongate coagul um zone extending with progressively increasing
cross-sectional area froman entry end toward a di scharge 20 end,
625163C1P Page 130 neans for feeding elastoner |atex fluid continuously to
a mxing zoneyat  Reaehtds ﬁ?a&ié:cn%n?e‘elaﬁﬂﬁ:%'cHHi‘pBﬁéi:%QEéoré&ﬂg YR Gaifn01

feeding particulate filler f ufficiently energetically into the

m Xi ng zone to, create senk-confined.fl.0 fmx S r_Jat

particul ate ‘Sh?rFWﬁiJF ﬁiﬁff 'teﬁ‘i MYy ﬁ&?hf?\gﬁ'g Rmc-)t\}\%‘?age ﬁh% t?]'ﬁg%ﬂ%tr'@éﬁéﬁggg}hed

achi eve substantial coagulation of the _elastomer |atex with the particulate
filler prior mixingwongusderaressureofat leash 75 RopndscRer §auast Ingh (AMESng el ast omer
conposite of particulate filler dispersed in elastoner, conprising: 10 a
coagul umreactor form ng an el ongate coagul um zone extending with
progressively increasing cross-sectional area froman entry end to a

di scharge endjs Waﬁﬂatﬁ@ﬁﬂp%ﬁu‘éﬁn@%&fﬂ?ﬁer |cBtnPYsifel iHlabcot@itice Wit 340 a
m xi ng zone at the entry end of the Coagulumreactor; and neans for feeding
to the g1 X1 NYy A& f00! e@(’l’?n%in% &Y r-ﬂgdigglfef"aktg%{e‘ia@%cf ﬂdih %Bntin’h%u}:l%J g 'thémder
pressure, effectrve BTG @ntrain el astomer Tatex urd into a mxture wth
the particulate filler fluid ang to sul%stanéi al | cogp[‘etel y coagul ate the
el ast omer | aMBSNEFONG Uneer Rogssyne leps shap 112 pouads RRTisBYArE BiChhe ni xture arriving
at the discharge end. 41. The apparatus for continuous flow production of
el astoner conposite in accordance with claim40 wherein the m xing zone is
within a mx head and is substantially 20 coaxial with the el ongate

coagul um zone36.625The &fgaratus for producing elastomer composite in accordance with claim 31

further comprising auxiliary feed means for simultaneously feeding an additiohal stream

of pressurized fluid to the mixing zone.

10 37.  The apparatus for producing elastomer composite in accordance with claim 36

wherein the pressurized fluid is air.

38.  The apparatus for producing elastomer composite in accordance with claim 31
wherein the coagulum zone has progressively increasing cross-sectional area between the

mixing zone and the discharge end.

15
39.  Apparatus for continuous flow production of elastomer composite of particulate
filler dispersed in elastomer, comprising:
a coagulum reactor forming an elongate coagulum zone extending with
progressively increasing cross-sectional area from an entry end toward a discharge
20 end,;
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Page 131 42. The apparatus for continuous flow production of el astoner
conposite in accordance with claim4l wherein the mx head is sealed to a -
coagul um zone extender. 43. The apparatus for continuous flow production
of el astoner conposite in accordance with claim42 wherein the neans for
feeding a streamof particulate filler fluid 5 conprises a first feed tube
extendi ng substantially 1 Lit B } o Xd ; ixfloWon¥ at
nozzle tip open toward ?ﬁ%ggg%%%%l%%h{eﬁ& Eﬁex rﬂll'l?ldeéugl;t)%g?\gs%){}g a?%ur cgt){lti nuous
fl ow production of el astoﬁqir Eongosite in accordance with claim43
wherein: the m x h®8EnYyFREoLthe coagulum EACtoR Ae| substantially coaxial with
the 10 coagul um zone, extending froman entry port_toward the coagul um
zone; and the first femeansfdrdeedingpastieuiate SHer fid sufficientlyenergetically dgtothe,
channel forms a fluid tight seal with the m x head at the entry port. 45.

The apparatus for gidtg Z0HOtéScréadtOsemideordined flow obixet aiastomer latongd patteculate
accordance with claim44 wherein the first feed tube extends fromthe entry

port Loga 15 S! U" e HAEL Soluf U Rt I dREPEBAI SAPRNAE shBgshud i 1

the first feed tube 1 nme upstream of the slurry nozzle tip has an

axi al di nensi on at lci’%@%‘ %%ot}rgfeeeeé g,sral%aé laté:é\?%%lﬁ %latélﬁlgieg}ggr m@g%ya}gé or

conti nuous fl ow pr8° omer osite In rdance with claim
44 wherein the neans for feeding elastoner latex fluid conprises 20 a
second feed channetnd or ned by the m x head at an angle of 3 0 to 90 to
the first feed 625163ClP Page 132 channel, extending to a junction with
the m xing zone froma second entry port renote fromthe m xing zone. 47.
The apparatus for continuous flow production of el astoner conposite in

accordance w i cl Apparkfusibe pRIdicing @lasfontes compbsitedf| panticntate fillérdispeomd uh um
zone 5 immedi ately downstream of the m xing zone is nore than tw ce the

cross-sectl Ongilastomer, comprising;

10 a coagulum reactor forming an elongate coagulum zone extending with
progressively increasing cross-sectional area from an entry end to a discharge end;
means for feeding elastomer latex fluid continuously to a mixing zone at
the entry end of the coagulum reactor; and
| means for feeding to the mixing zone a continuous jet.of particulate filler
15 fluid, under pressure, effective to entrain elastomer latex fluid into a mixture with

the particulate filler fluid and to substantially completely coagulate the elastomer

latex with the particulate filler prior to the mixture arriving at the discharge end.

41. The apparatus for continuous flow production of elastomer composite in
accordance with claim 40 wherein the mixing zone is within a mix head and is substantially

20 coaxial with the elongate coagulum zone.
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di aneter of the first feed tube. 48. The apparatus for continuous fl ow
production of el astonmer conposite in accordance with claim47 wherein the
cross-sectional area of the coagul um zone imediately downstream of the

m xi ng zone is about 4 to 8 tines thg.cross-sectional area 10 of the first
feed tube. 49. The apparatus for continuous flow production of el astoner

conposite in 48CCOMHaNsspardths fér ebmnﬁéumw'gfbduhﬁoﬂﬁos desndrotsiipaiite | igast
one additional feed channel at an angle of 30 to 90 to the first feed

channel , extendi j MRct L t L X1 ort
Fomnte 1 rom ¢ AEREE yRpIHR'4) Shebbih e i bt e \Bated N cCdBf Aol
production of el astoner conposite in accordance with claim40 wherein at
| east a first portion of the coagulum zone extending fromthe entry end
toward the discharge end has a circular cross-section and a central

| ongi t udi nal 43i s, Thaeapparatud for consinvowse flowo praductien of refastomeri gempasitg rin

overall angle greater than zero degrees and |l ess than 25 degrees to the

central |ongi esdrdinte with Slaimb20uketéi the nagefor fdding a streemaif patiatlate fillef fluid
continuous flow production of elastoner conposite in accordance with claim

40 whergj n th%oﬁxgﬁ%?asfﬁ&tfe&f‘ e AkRAdIRL siBnBARKYakialy AitBinithe Sone to a
rd the dis

continuously to charge end. 52. Theé apparatus for continuous

fl ow production of el.astonmer conposite | 5 accordance with cl ai mb50
wherein the CFE’QQ’- é@fl'Bn%Re“é?‘é{g%&F‘eW@gb ®um zone increases step-wse
fromthe entry end toward the di scharge end. 53. The apparatus for

conti nuous flow production of elastoner conposite in accordance with claim
51 wherein said first portion of the coagulum zone conprises: a first
section of suldt antlihal appacatus femcontinunes dlowDprasucton iof celastoraerg compgsite 110
fromthe entry end toward the discharge end, L, being at |east three tines
D,, and nultiapéedade wWithQkam S8shkdrélRS each having substantially constant

Cross sectional diameter, at |least twice the cross-sectional area of an
| medi at el y the mix head forms a first feed channel substantially coaxial with the
10 coagulum zone, extending from an entry port toward the coagulum zone; and

 the first feed tube extending coaxially within the first feed channel forms

a fluid tight sezil with the mix head at the entry port.

45.  The apparatus for continuous flow production of elastomer composite in
aécordance with claim 44 wherein the first feed tube extends from the entry port to a
15 slurry nozzle tip and wherein a constant diameter land within the first feed tube
immediately upstream of the slurry nozzle tip has an axial dimension at least three times

its diameter.

46. The apparatus for continuous flow production of elastomer composite in
accordance with claim 44 wherein the means for feeding elastomer latex fluid comprises

20 a second feed channel formed by the mix head at an angle of 30° to 90° to the first feed

625163CIP
Page 132




precedi ng section, and a length equal to at least three tines its
cross-sectional dianeter. 15 54. The apparatus for continuous flow
production of el astoner conposite in accordance with claim53 wherein the
length L, of the first section is about 12 to 18 tinmes its dianeter D,.

55. The apparatus for continuous flow production of el astoner conposite in
accordance W tdhasieRieRtehdingi6 & Gurttibh SvithQRE blixifg ZéHeerdh h8Bebnd®ntry pottirBorNt Iy
end 625163CIP Page 134 r™ toward the discharge end has circul ar
Cross-secti On’ﬁdr{x‘ﬁ{ee}ﬁ%ﬁgﬂoﬂe.g ze step-wise toward the discharge end, and
has: a first section beginning at the entry end having a substantially
constant cross-sectional dianeter D, equal to 5 to 8 tines the
cross-sectional dianeter of 5 the nozzle, a cross-sectional area A, and a
length L, which is-12 to 18 tines D,; a second section extending toward the
di schar ge end 47 omEhef apparatus donentinuons tflow production afeelastomer Kompositeain
substantially constant cross-sectional dianmeter D2, a cross-sectional area

A2 appr oxi mat elcyordaficel WithScldim 48neheleih @hgickosslsectivppl aveh Noft theycdapulam kene
seven tinmes D2; 10 a third section extending toward the di scharge end from

a faireds Conrl-a%éggg%gg&m%aﬁﬁ%%é fblih® Jond RO thas WRieant ichdss¥edRmat ant

cross-sectional a cross-sectional area A3 approximately two
times A2, and a | Q(’éfll hf ragximately three to seven tinmes D3; and a
fourth secti orﬁ@%é‘% ithg, %ﬁ&&’%%e di scharge end froma faired 15
connection to the third section, having a substantially constant
cross-sectional dianeter D4i a cross-sectional area A4 approximately two

times A3, and a length L4 approxinmately three to seven times D4. 56. The
appar at us for 48ont i Theoappdratasy for cwdotinuons flow qiraductior rofc eagomet soimposite in

accordance with claim 47 wherein the cross-sectional area of the coagdlum zone
immediately downstream of the mixing zone is about 4 to 8 times the cross-sectional area

10 of the first feed tube.

49.  The apparatus for .continuous flow production of elastomer composite in
accordance with claim 45 wherein the mix head forms at least one additional feed channel .
at an angle of 30° to 90° to the first feed channel, extending to a junction with the mixing

~ zone from an entry port remote from the mixing zone.

15 50. The apparatus for continuous flow production of elastomer composite in
accordance with claim 40 wherein at least a first portion of the .coagulum zone extending
from the entry end toward the discharge end has a circular cross-section and a central
longitudinal axis, the circular cross-section increasing in size at an overall angle greater

than zero degrees and less thaﬁ 25 degrees to the central longitudinal axis.
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accordance with claim40 further conprising a diverter for receiving

el astoner conposite 20 fromthe discharge end of the coagul um zone and
passing the el astoner conposite selectively to any of multiple receiving
sites. 625163CIP Page 135 57. The apparatus for continuous flow production
of elastomer conposite in accordance with claim56 wherein the diverter
conpri ses a flxxi blhecapghsatus Ifaw icogtiruols rfiiw peodhctibh astheldstbmert Romg@osiehar ge
end of the coagulumreactor and a second end noveable to any of the

mul tiple receipidgandk tﬁ@&@is%ﬁﬁ i ;
production of a}e"?da}stone{‘}&ﬁg%?rnpg(gﬂ%giﬂn accor ar@?ﬁ%ﬁéc algynﬁg{Gid\%ﬁlg}cé?aﬁest he
nmeans for feedin articulate filler fl.uid conprises punping neans for
devel opi ng sai‘i?"g? Sy tawer tg?glé‘fl@fget%% 75 psig and the neans for feeding
el astoner latex fluid conprises a holding tank and feed |ine for devel oping
|l ess than 10 psig elastoner latex fluid pressure. 10 59. The apparatus for
continuous fl ow production of elastoner conposite in accordance with claim
40, wherein t %2 parThecdppirstus ifbt eontirudusl flov produrtion| cfcélastomer ycomgomerinsi ng
carbon black in a carrier liquid, 'further conprising carbon black slurry
prepar ats on MeRisrdinde (it clin® SUTWVHE kiR Md @Oss\bdtidnil RfeaBE MEScIaBlilulCRAE fiitreases
particulate. filler fluid to the m xing zone, conprising: 15 a m xi ng tank

for agitated rgxt rbon ier liquid, having a

di scharge por gﬁ’o&%f@%ﬁ%@ﬁ?‘%"% @i%f‘gﬁ‘g d?ﬁ%h%rﬁ;geréd'col loid mll for

di spersing carbon black in the carrier liquid to forma dispersion fluid,
havi ng an intake port in fluid conmunication with the discharge port of
the m xing tank and an outlet port for discharging the dispersion fluid;
and 20 an hontgeni Zhe ppparatus dor icantinuous fleav productipe afaelassompt gompositet ine
carrier liquid to formthe carbon black slurry, having an inlet port in
flui d communi caaterdancedthlddfl 71 whergia sdiddirst portion of the coagulum zone comprises:

a first section of substantially constant diameter D, extending a length L,

10 from the entry end toward the discharge end, L, being at least three times D,, and
multiple additional sections each having substantially constant cross-

sectional diameter, at least twice the cross-sectional area of an immediately

preceding section, and a length equal to at least three times its cross-sectional

diameter.

15 54.  The apparatus for continuous flow production of elastomer composite in
accordance with claim 53 wherein the length L, of the first section is about 12 to 18 times

its diameter D,.

55.  The apparatus for continuous flow production of elastomer composite in

accordance with claim 54 wherein the coagulum zone extending from the entry end
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wi th the discharge port of the colloid mll and an exit port for passing
carbon black slurry to the neans for feeding particulate filter fluid to
the m xi ng zone. 60. An el astoner conposite conprising elastoner in which
particulate filler has been dispersed by: 5 feeding a continuous fl ow of
first fluid conprising elastoner latex to a nixing zone of a coagul um
reactor. defip t Xt endi ; 11, %{ zone
o a di schar ol e ot SeE R RC N R et i Bl e PO 1
particulate fillgr, unde ressure to the m xing zone of the coagul um
reactor to fo%discmfﬁfﬁ?iﬂﬁﬂﬁﬁs- 10 the el astomer latex, the mixture passing
as a continuous flow to the discharge end, and the particul ate Her being
effective to coagul ate 8 Hissteegtiorobegtnning: asthe enteyrendrhaving i substatially eoristans t
fluid and the second fluid within the m xing zone is sufficiently

energetic to subst m‘sé-ﬁdc{i(ﬁnﬂGlmiefﬁréﬂ,}egﬁﬂaql5|t618€tirﬁé’s€thel:m§-§mf€i6ndl dlageteniof h
the particulate filler prior to the discharge end; and 15 discharging a

substanti al | y cont W%ﬂeu&%ﬁs&%ﬁgﬁ mn%gg‘g%%ﬂﬁ whithls i@ & dhdange

end of the coagul umreactor ast 8 osl te conprising

particulate filler finely dispersed inh elastoner,, for cont LAYQUS
f1 ow net hod conpri sing Pﬁ@cg?‘gﬁ%&'&‘:exﬁsn‘ag?t &BTaf‘isﬁ%‘enS‘sg C ?1??{%3%01?2? taited

sem -confined flow of m xed el astoner, | atex and, 20 .particul ate Her .under
pressure in a coag&?W%ﬁﬂg\eaﬁr&‘Fﬁcﬂ@“’ V@S(ﬁwﬂg’ﬁ@m‘@@a‘@%‘?@m FORESESUPRNdi ng
wi th progressively increasing cross-sectional area from an entry end to a
di scharge end, by diameter Bomcrobsysegtionad aca A, apprpximaely tw times di,napded lgrgthner
| atex fluid continuously to a mxing zone at the entry end of the coagul um
reactor, and (ii) Bpgppibﬂhﬂ&l)th@eeetbast@rthneslm ex fluid into particul ate

[

filler fluid by feeding the particulate filler fluid as a continuous jet
into they mxing zone;  , third section extending toward the discharge end from a faired
connection to the second section, having a substantially constant cross-sectional
diameter D,, a cross-sectional area A, approximately two times A,, and a length
L, approximately three to seven times D,; and
a fourth section extending to;avard the discharge end from a faired
15 connection to the third section, having a substantially constant cross-sectional

diameter D,, a cross-sectional area A, approximately two times A, and a length

L, approximately three to seven times D,.

56. The apparatus for continuous flow production of elastomer composite in
accordance with claim 40 further comprising a diverter for receiving elastomer composite
20 from the discharge end of the coagulum zone and passing the elastomer composite

selectively to any of multiple receiving sites.
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5 and B) discharging fromthe discharge end of the coagulumreactor a
substantially constant flow of el astoner master batch gl obul es
concurrently with feeding of the fluid streans in accordance with steps
A(i) and A(ii). 62. An elastoner conposite formed by a continuous flow
met hod conpri si ng the steps 10 of A) establishing a continuous

sem - confi neds§ tsor fg‘rﬂrtn @ﬁ%%#[:ﬁtgﬁ%ﬂﬁuﬂ ﬁf'cﬁl}ﬁctl Qf CdsRiRer Ot Gfpositd i

coagul um reac ner a ul ar coagu um zone extending with

progressively increasi Cro ecti rea from open
di scharge end “‘199‘{@ Iﬁ?ﬁﬂ@bﬁw&rﬁ? tﬁ? ?’VF O™ qa@elﬁebgé g‘%lqﬂggmgwbg ghe Rt
naturial rubbetremltat e%cor:ﬁldr:ugrrsgl m(ﬁgha mxw‘g zgtne at theaéag;dry }?ﬁr;gh()f t he
coagul um r eactend attaghedl toithe) dissharge, ¢ pragriumreastor amhsecp B8 dBusl y
into aliquid slurry of the carbon black by feeding the liquid slurry as a
conti nuous | etmy afme&m,plmece,ng.gzsnega, and 20 B) sinultaneously discharging
el ast oner conposite globules fromthe discharge end of the coagul um
reactor. 625163ClP Page 138 63. An el astoner conposite fornmed by a

conti nuous fl ow net hod corrpri sing the follow ng steps: preparing a

Pl er ihto adtieoud ™! tretrn (o RENEHEH: Hob BilyBRof of tfrorld LimbLcRE Gn
conti nuous, sem - confl ned flow of m xed natur rubber | at and .
particul ate fiarqosdance;wih elaigy3f Wh?fF’ééé (f?hﬂaﬁ‘é‘"&l’ﬁ'i“ﬂ‘lﬁﬁ f%ﬁﬂmﬁﬁamaﬂses
generally tubul ar coagul um zone extending w th progressively increasin

cr 0oss-'sect i onpumpingmednsdon ddvelopingisaig presseretto gaea&r ggm?-‘geslzen%/d thg means f°fg

. simultaneously (i) feeding a liquid stream of the natural rubber |atex at
less than 10 feeding elastomer latex fluid comprises a holding tank and feed line for developing less

than 10 psig elastomer latex fluid pressure.

10 59.  The apparatus for continuous flow production of elastomer composite in
accordance with claim 40, wherein the particulate filler fluid is carbon black slurry
comprising carbon black in a carrier liquid, further comprising carbon black slurry
preparation means in fluid communication with the means for feeding particulate. filler
fluid to the mixing zone, comprising: |

15 a mixing tank for agitated mixture of carbon black and carrier liquid,

having a discharge port for discharging a mixture fluid,

a colloid mill for dispersing carbon black in the carrier liquid to form a
dispersion fluid, having an intake port in fluid communication with the discharge
port of the mixing tank and an outlet port for discharging the dispersion ﬂﬁid; and

20 an homogenizer for more finely dispersing the carbon black in the carrier

liquid to form the carbon black slurry, having an inlet port in fluid communication
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10 feet per second continuously to a m xing zone defined by a m x head in
sealed fluid communication with a coagul um zone extender, the mxing zone
extending coaxially with the coagul um zone, and (ii) entraining the natural
rubber latex continuously into the particulate filler fluid by feeding the
particulate filler fluid into the mxing zone 15 through a feed tube

substantial |y coaxiith thd disthirge per® afutié bslioidmiil,and b exipdrt fou badsingfoatboarbldck ui d
exiting the feed tube at a velocity of 200 to 500 feet per second,

si mul taneousl y and ﬁ@ﬂ%b%ﬂé&nﬁf&l’f&:u %ﬁ&n{té‘ﬁi{kﬁﬂﬁd%&ﬁ%&%z@ﬂé of the
coagul um r eact or gFo l'es of the elastomer conposite in which coagul ation
of the natural 20 rubber latex by the particulate filler is substantially
conpl ete; and sinultaneously and continuously drying and pelletizing

gl obul es di scharged from the coagulumreactor. 625163CI P Page 139 64. An
el ast omer conPBsi t Ansiasiermer compqsite cdmprisingelastames in which @agicylaefiller has baenr |
the nmacro-dispersion D(% of the particulate filler in the el astoner
conposi te bei dgpeeedby:han 0. 2% undi spersed area. 65. The el ast oner
conposite of claim64 wherein the particulate filler is carbon black, 5

siliconscoated carbon bkaglnhg Stdrtin@sust ARALE frst ARG PR eldstotiél 1atek ke a
precipitated silica or a mxture of any of them 66. The el astoner

conposite of cl.aim 64 erein the QIIer. i I .

chl ori nat ed d%%%?%e%goﬁg@ﬂ?%ﬁc‘%%%&m% eﬁ’"ﬁ%%o%ﬁgéuﬁrrg??%c%xﬁquf rgei;ro%r
terpol ymer of . bufadi ene, styrene, isoprene, isobutylene, 3,3-dialkyl-1,

3- but adi ene wiHBIXINgZoge k9 p dischargeendy s 0 to 3 alkyl, acrylonitrile,

et hyl ene or propylene. 67. An el astomer conposite conprising at |east 30

- phr particulate filler @&eding sedntinnousflawtafrseeond fluid samprising pagicglaty Gler

bei ng sel ected from carbon bl ack, silicon coated carbon black, silicon
t][eat ed carbon bl agltderptaiBsle toi thé Mmikingdof€ bithé adagtlufi teactor ny foamni mikkture with any
0 : ]

10 _ the elastomer latex, the mixture passing as a continuous flow to the discharge end,

and the particulate filler being effective to coagulate the elastomer latex, wherein
mixing of the first fluid and the second fluid within the mixing zone is sufficiently
energetic to substantially completely coagulate the elastomer latex with the
particulate filler prior to the discharge end; and -

15 discharging a substantially continuous flow of élastomer composite from

the discharge end of the coagulum reactor.

61.  An elastomer composite comprising particulate filler finely dispersed in elastomer,
formed by a continuous flow method comprising the steps of:
A) establishing a continuous, semi-confined flow of mixed elastomer latex and
20 particﬁlate filler under pressure in a coagulum. reactor forming an elongate
coagulum zone extending with progressively increasing cross-sectional area from

an entry end to a discharge end, by simultaneously
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them and the el astoner being selected fromnatural rubber, or a

honmopol yner, copol yner 15 or terpolyner of butadi ene, styrene, isoprene,

i sobutyl ene, 3,3-dialkyl-1, 3-butadiene where the alkyl group is C to C3
al kyl, acrylonitrile, ethylene or propylene, wherein macro-dispersion D(%
of the particulate filler in the elastoner conposite being less than 0.2%

undi sper sed area. 62516¢1P (RagE chdOmBPiatekTRiPLAHEHEGR]y CURAR A0k dbai m

67 further conprising at | east ohe additive selecte rom antizonants,
antioxi dants, plasticizers ssing, aids, resins, flame retardants,
extender oils, |ubricanf@y %Fﬁ%"ofcﬁﬁ%?ﬁ@&’"bﬁaﬁtﬂy Bt hem 69. The el astoner
conposite of claim67 wherein the macro-dispersion D(% is less 5 than. 1%
undi spersed area. 70. Afidel asnisainingthmelasomer latexfluidsintqyparticulats filler finid by and
30 to 75 phr carbon black having structure and surface area rati o DBPA:
CTAB | ess than 1.2, havfeedingterparticiiatefitlersluid aé§ ¢dntindogs jetines thie maxing zo1é, 71.
The el astonmer conposite of claim 70 wherein the carbon bl ack has structure’

and 10sgsurface area ragjp DBPA: CTAB less than 1.0. 72. An el astoner
conposite conprising carbon black dispersed in natural rubber, the

macr o- di sper si on of;: . %ﬁh [ Ot L.t e. hei ng
| ess than 0.2% u%ﬁﬁs pe@&a@%&g%% eg%{h&c?%%ép@%%%@éc?@'%%ﬁ%@faﬁ??z
wherei n the macro-di spersion %9 of the 5 carbon bl ack in el astongr
conposite, measur e&orggnb@%efﬁ?&ﬁmgﬁmw@e@l?wnwﬁwwh é‘?‘g@& gﬁ?ﬁn 10
mcrons, is less than. 1% 625163C1P Page 141 74. The el astomer conposite

of clai m72 wherei Buidtitreamsin aspendarcsipthssteps AQ) andAdiid).cani zed and the MV d
(wei ght average) of the elastonmer conposite is at least .45 x 106.

62.  An elastomer composite formed by a continuous flow method comprising the steps

10 of:
A) establishing a co.ntinuous semi-confined flow of mixed natural rubber latex
and éarbon black in a coagulum reéctor forming a generally tubular .coagulum
zone extending with progressively increasing cross-sectional area from an entry
end to an open discharge end, by simultaneously
15 | () feeding a liquid stream of the natural rubber latex continuously to
a mixing zone at the entry end of the coagulum reactor, and
(ii) entraining the natural rubber latex continuously into a liquid slurry
of the carbon black by feeding the liquid slurry as a continuous jet into the
inixing zone, and
20 B) simultaneously discharging “elastomer coniposite globules from the

discharge end of the coagulum reactor.
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75. The el astoner conposite of claim72 wherein the carbon bl ack has
surface area 5 CTAB greater than 45. 76. The el astoner conposite of claim
72 wherein the el astonmer conposite conprises at |east 30 phr carbon bl ack.
77. The el astoner conposite of claim72 further conprising fromO to 20 phr
extender oil. 10 78. An el astomer conposite conprising carbon bl ack

di spersed in tur : | 28t ' face
area propertig'g of e%#gﬁﬁ%r%ﬁk&sﬁgﬁgﬂ%mbgrel nnn%desr%vzg‘{e%%ognﬁggf?yée has
MN  and rracro-Eogis ersion D(% in the area belowline 101 in Fig. 10. 79.
An el ast orrer Hﬁ%ﬁﬁ‘?scorrpri sing carbon bl ack dispersed in natural rubber,
the 15 carbon bl ack having structure and surface area properties of Region
Il of Fig. 8, wherein ptepazingst particulaterfillesiflued Msshiglvedergyddispersion of the
macro-di spersion D(% in the area belowline 111 in Fig. 11. 625163C1P

Page 142 80. An el g&tigulite flleMARSadueoesIiid ifiaHbnforehios; BAdck di spersed in
nat ural rubber, the carbon black having structure and surface area

propertises of Region I Lstﬁ;ilf@# : =Yy ﬁﬁgﬁmmnﬁmﬁ,gq tgf\s

MV, , aEd macr o- di sper sion ?oﬁtutx egar eécobe ow line 121 in Fi g.r a_}L2. 5
81. An el astoner conposite c rising,natural rubber, .30 to 75 phr carbon
bl ack havi ng surfQ@%@@teﬁ%@?%w.rﬁqﬁm%am%f% s %f‘nf’rcg‘.hy 20

phr extender oil, the elastoner conposite, havi ng pacr.o-di spersion D(r(@) of
the carbon bl ack i Wbulag caagulymzone geprding with progresgively(ipgreasing crgss-segtio
when MM 5 .45 x 106; and (ii) log (D) .510g (0.2) + 2.0 x (MN, - 0.45 X
106) x 10-6 when ar48 fromlhé mixihg\zong to<a discharge 204 by simultaneously

@) feeding a liquid stream of the natural rubber latex at less than 10
10 feet per second continuously to a mixing zone defined by a mik head in
sealed fluid communication with a coagulum zone extender, the rr_1ixing
zone extending coaxially with the coagulum zone, and
(ii)  entraining the natural rubber latex continuously into the particulate
filler fluid by feeding the particulate filler fluid into the mixing zone
15 through a feed tube substantially coaxial with the coagulum zone, the
particulate filler fluid exiting the feed tube at a velocity of 200 to 500 feet
per second;
simultaneously and 'continuously discharging from the discharge end of the
coagulum reactor globules of the elastomer composite in which coagulation of the natural
20 rubber latex by the particulate filler is substantially complete; and
simultaneously and continuously drying and pelletizing globules discharged from

the coagulum reactor.
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82. An el astoner conposite. conprising natural rubber, 30 to 75 phr carbon -

bl ack having surface area of CTAB of 45 to 250 and structure of DBPA (cc/
100g) less than 110 15 where CTAB is greater than 65 and | ess than 250,
and DBPA | ess than 80 + 1.6 (CTAB -43) where CTAB is from45 to |ess than
65, and 0 to 20 phr extender oil, the elastoner conposite having

1) "l RS b o
(95" 385 1sSeme Gttt ep kb cinge s

rubber, 30 to 70 phr carbon bl.-ack having structure DBPA from 110 to | ess
than 80 + 1. 602 amlispedssyl areand surface area of CTAB greater than 65 and

| ess than 250, and O to 20 phr extender oil, the elastoner conposite

havi ng macro-di spersion D(% of the carbon black in the natural rubber, as
5 follows: (i) D< 0.3%when MN, is less than .3 5 x 106; and (ii) log (D)
< 109 x (0.3) 64 2 nl Mibomer cofode R Bhinf 4 it pardbufund 630 SxrbliOaci 1 1

x 106. 10 84. el astomer co Site conprising natural rubber and 40 to 70

g
phr carhon bl ack having,stryctute PA (.C L fd.om + . - 45)
to 160, “and sﬁ’ﬁ?oé’ccgatﬁfiégrboﬁ%ﬁéﬁ’fsﬂff&%@eg c%’[gésgg%%né%&i %gﬁad P%“?pé&%%@r? ?
extender oil, the elastomer conposite having macro-dispersion D(% of the.
car bon bl ack. PhamigureRfankof theBber as follows: (i) D(% < 0.1% 15 when MW/,

is less than 0.35 x 106; and (ii) log (D <log (0.1) + 2.0 x (MN, - 0.30
x 106) x 10-6 :

66.  The elastomer composite of claim 64 wherein the elastomer is natural rubber, a
chlorinated derivative of natural rubber, or a homopolymer, copolymer or terpolymer of
butadiene, styrene, isoprene, isobutylene, 3,3-dialkyl-1, 3-butadiene where the alkyl group

10 is C1 to C3 alkyl, acrylonitrile, ethylene or propylene.

67.  An elastomer composite comprising at least 30 phr particulate filler dispersed in
elastomer, the particulate filler being selected from carbon black, silicon coated carbon
black, silicon treated carbon black, fumed silica, precipitated silica or a mixture of any of
them and the elastomer being selected from natural rubber, or a homopolymer, copolymer
15 or terpolymer of butadiené, styrene, isoprene, isobutylene, 3,3-dialkyl-1, 3-butadiene
where the alkyl group is C1 to C3 alkyl, acrylonitrile, ethylene or propylene, wherein
macro-dispersion D(%) of the particulate filler in the elastomer composite being less than

0.2% undispersed area.
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when 0.3 x 106 < MM < 1.1 x 106. 85. An el astoner conposite conprising
natural rubber, 30 to 70 phr STERLINGr) 6740 carbon black, and 0 to 20
phr extender oil, the elastomer conposite having nacro- 20 dispersion D(%
of the carbon black in the natural rubber, as follows: (1) D(% < 0.1%
when MV, is less than 0.3 x 106; and- 625163Cl1P Page 144 (ii) Iog (D) <
log (0.1) + 28 x Thé\dlastom@r Sonipdsité)ofclalf-63 furthemcdmBisingl@deast e @dditive 1 x
106. 86. An el astoner corrposite conprising natural rubber, 30 to 70 phr
N234 car bon %le?: aﬁgb?fxgi/g inlfoxﬁféhﬁn Risti@iders, ﬂb@eﬁinﬁsﬁéﬁefesiﬁgﬁm te
per5|on

havi ng macr o- the carbon black in e natural rubber,

as follows: 30/ . X 106; and (ii) log
(D) < log x (@a\g?a(n/g f’%?"? e'bnc\?gs Wgsl%{%po\?\}len '0.35 x 106 < M\ <
1.1 x 106. 10 87. An el astonmer conposite conprising natural rubber, 30 to
70 phr N110 carbon black, and O to 20 phr extender oil, the el ast oner
conposite having macro-di spersion D(% of the carbon bI ack in the natural
rubber as fol 69Ws: Thé dlastimr confpoSité ofntaim\ak wherein theomacrotdispenioawDohio ss and
15 (ii) log (D) <log (0.5 + 2.5 x (MW&, - 0.35 x 106) x 10-6 when 0.35 x
106 < Md < 1yl, %104 Q@dispdsedMte£! ast omer conposite conprising natural

rubber, 30 to 70 phr N326 carbon black, and 0 to 20 phr extender oil, the
el ast omer conposite having nacro-di spersion D(% of the carbon black in

t he natural rubber as follows: 625163ClP

70.  An elastomer composite comprising natural rubber and 30 to 75 phr carbon black

having structure and surface area ratio DBPA: CTAB less than 1.2, having macro-

dispersion D(%) no greater than 0.3%.

71.  The elastomer compoﬁite of claim 70 wherein the carbon black has structure and

10 surface area ratio DBPA: CTAB less than 1.0.

72.  An elastomer composite comprising carbon black dispersed in natural rubber, the

macro-dispersion D(%) of the carbon black in the elastomer composite being less than

0.2% undispersed area.

73.  The elastomer composite of claim 72 wherein the macro-dispersion D(%) of the
15 carbon black in elastomer composite, measured as percent undispersed area for defects

larger than 10 microns, is less than .1%.
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Page 145 (i) D(% < 1.0% when MN o, (weight average) is less than 0.7 x
106; and (ii) log (D) <log (1.0) + 2.5 x (MM - 0.7 x 106) x 10-6 when
0.7 x 106 < MW < 1.1 x 106. 5 89. An el astomer conposite conprising
natural rubber, 30 to 70 phr BLACK PEARL (r) 800 carbon black, and O to 20

phr extender oil, the elastomer conposite having macro- dispersion (% of
the carbon bl ggk | hé hGashGthét” 8dmptssitt Bl Quien 78! Whdrkir) the elas%o{?nefm &6@4{ i$
Iessthan065x106 and 10(|I}1 Ilog(D) <Iog(115‘§'l ?61“ el065

x 106) x 10-6 - 6. 90 An el ast

conposi te conﬂ?‘f‘"""'7%&?‘{1&’5&@%5%%&3’&?5@7@%% FRER COMROSEB a?ggf‘tbg%

bl ack, and 0 to 20 phr extender oil, the el astoner conposite having nmacro-
dispersion D(%loﬁf the carbon black in the natural rubber as follows: 15
(i) (% < 1.0% when MM, is less than 0.6 x 106; and (ii) log (D) < log
(1.0) + 2.5 x (MM, - 0.6 x 106) x 10-6 when 0.6 x 106 < MV, < 1.1 x 106.
91. An el astoner conposite conprising natural rubber, 30 to 70 phr REGAL
(r) 250 20 caggbonrhé eﬁ&gm@%xﬂp&sﬁe %ﬁcnam 7@mefeﬂﬁﬂhe@ubon blagk BhPuHAB 4rea

conposite having macro- di spersion of the carbon black in the natural
rubber as folgﬂﬁagg%é é‘:j%l? Page 146 (1) (% < 1.0% when MM is |ess
than 0.6 x og (D) <log (1.0) + 2.5 x (MM, - 0.6 x 106) x
10-6 when 0.6 x 106 < MW4 < 1.1 x 106.

76.  The elastomer composite of claim 72 wherein the elastomer composite comprises

at least 30 phr carbon black.

77.  The elastomer composite of claim 72 further comprising from O to 20 phr extender
oil.

10 78.  An elastomer composite comprising carbon black dispersed in natural rubber, the
carbon black having structure and surface area properties of Region I of Fig. 8, wherein
the elastomer composite has MW, ; and macro-dispersion D(%) in the area below line 101

in Fig. 10.

79.  An elastomer composite comprising carbon black dispersed in natural rubber, the
15 carbon black having structure and surface area properties of Region II of Fig. 8, wherein
the elastomer composite has MW, and macro-dispersion D(%) in the area below line 111

in Fig. 11.
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5 92. An el astonmer conposite conprising natural rubber, 30 to 70 -phr N330~ .- -

carbon black, and 0 to 20 phr extender oil, the el astonmer conposite having
macro-di spersion D(% of the carbon black in the natural rubber as
follows: (i) D(% < 1.0% when MW, is less than 0.6 x 106; and 10 (ii)

| og(D) < Il og(1.0)+2.5x(MM-0.6x106)x10-6 when 0.6 x 106 < MMy, < 1.1 X

106. 93. An el_gstoner conposite conprisin at ural rubber, 30 t r
N351 car bon ack A egsor%osﬁﬁggrg% G I?th‘{\?eéslegé'{ B%érraj) %@ﬁﬁg&ete
havi ng macro-di spersion D(% of the carbon black in the natural rubber as
fol l ows: 15 (icurbpn blackhayingrugtute anhirfase area grapgeties of Begion I of Fign 8, wherpin| og
(D <log (0.3) + 2.0 x (MM - 0.55 x 106) x 10-6 when 0.55 x 106 < MMy, <

1.1 x 106. ' 9He eldStontdr e6inpasite has MINYs iahdmacrofdisperisiog Di%e) it the arealbelow lir0l210 70
phr particulate filler 20 conprising a blend of carbon black and silica,
and 0 to 20 pgﬁF fgnder oil, the elastomer 625163CI P Page 147 conposite
havi ng nmacr o- |s%§rsion D(% of the particulate filler in the natural

rubber as follows: (i) D(% < 0.8% when MMvis less than 0.5 x 106; and 5
(ii) log (D) <log (0.8 + 2.2 x (MNWNw- 0.5 x 106) x 10, when 0.5 x 106 <

MM, < 1.1 x 106. 95. The el astoner conpQsite o | ai m 94 reint
particulte fidll er AbAFOEEE composite SOMPHSRT, PAtYE Fubben 30 tﬁlggﬁ’.’ "@'g’.m%“k
el ast omer conposite conprising natural rubber, 30 to 70 phr silicon-treated
10 car bon bl adiayingsarfgetapeaxst GFAB domefTiter lessithan 2 3(cand) Gatot 20 phr extengergiil; the
havi ng macr o-
elastomer composite having macro-dispersion D(%) of the carbon black in the natural
rubber, as folléws:
@ D(%) < .2%
10 when MW, < .45 x 10% and
(i) log (D) < log (0.2) + 2.0 x (MW, - 0.45 x 10%) x 10°®

when 45x10° < MW,, < 1.1x10°%

82.  An elastomer composite combrising natural rubber, 30 to 75 phr carbon black
having surface area of CTAB of 45 to 250 and structure of DBPA (cc/100g) less than 110
15 where CTAB is greater than 65 and less than 250, and DBPA less than 80 + 1.6 (CTAB
-45) where CTAB is from 45 to less than 65, and 0 to 20 phr extender oil, the elastomer
composite having macro-dispersion D(%) qf the carbon black in the natural rubber, as
follows:
) D(%) < 1.0%
20 when MW, is less than 0.7 x 105 and
(i) log(D) < log1.0+2.5x(MW,,-0.7x10%x 10

when0.7x10° < MW, < 1.1x10°%
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di spersion D(% of the silicon-treated carbon black inthe natural rubber

as follows: (i) D% < 1.0% when MV, is less than 0.4 x 106; and (ii) log
(D <log (1.0) + 2.0 x (MNd - 0.4 x 106) x 10-6 15 when 0.4 x 106 < MNd
< 1.1 x 106. 97. A vul cani zate conprising carbon bl ack di spersed in natural
rubber, the macro- dispersion D(% of the carbon bl ack in t he el ast oner

conposite be| | ess h n 2% A vul cani z Nt he
ey o-di sper shan DO SIgRop.Compastn comatind FuAT hiod 288 18P s o
| ess than 0.1% ,625163CIP__Page 148 99. Cured el ast r corrp site in
accordance wi havisggrusture DBP AsfTamm 11Q,taolgss tham80 Tlll‘%(q‘fﬁd 48} rand surfacs apeaofy

el ast oner conposite in accordance with claim99. 101. Tire sub-tread
conpri si ng cuiCTAR Igasatemthan 65 and déss ehainr25a¢ aral 0l am 26 phir extendeaionl) 8@ . elastoiier
Wre-skimfor a tire conprising elastomer conposite in accordance with

claim99. 5 1Q3m Jélfe%aﬁng%% dfs EFQiBhSD(%) STHRS LAPEH bREKROGE hetutd) niepradance
wth clalm99 18 fon gum are-tread tire, conprising el astoner

conmposi te in ordance with cl a| m 99. 105. A rubber conponent of an

engi ne unt rl sing el astomer conposite in accordance with claim99.
10 106. Tank trackggorrpbi)si nqg OFI astonmer conposite in accordance with claim
99. 107. Mning bevt N ng el astoner conposite in accordance with
claim99. 108. A rubber conponent of a hydro-nmount conprising el ast oner
conposite in wirchWa.naécswthan Fwildhesd 6251630 P Page 149 109. A bridge
beari ng conprising el astoner conposite in accordance with claim99. 110. A

seism c isolator cdipri $eg@)elaslbgRe0.33 eSOV, i (B5act@) ddAte with claim
99.

when 35x 10° < MW,, < 1.1x10°%

10 84.  An elastomer composite comprising natural rubber and 40 to 70 phr carbon black
having structure DBPA (cc/100g) from 80 + 1.6 (CTAB - 45) to 160, and surface area
CTAB from 45 to less than 90, and O to 20 phr extender oil, the elastomer composite
having macro-dispersion D(%) of the carbon black .in the natural rubber-as follows:
@) | D(%) < 0.1%
15 when MW, is less than 0.35 x 10%, and
(i) log(D) < log(0.1)+2.0x (MW, -0.30x 10%x10°

when 0.3 x10° < MW,_, < 1.1x10%

85.  An elastomer composite comprising natural rubber, 30 to 70 phr STERLING®
6740 carbon black, and 0 to 20 phr extender oil, the elastomer composite having macro-
20 dispersion D(%) of the carbon black in the natural rubber, as follows:
® D(%) < 0.1%

when MW, is less than 0.3 x 10%; and
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111. Cured el astomer conposite in accordance with any of clains 60 to 98
having a crack growh rate neasured in accordance with ASTM D3629-94 no
nore than 1.20cm 5/ mllion cycles. 112. A vul cani zate having a crack
growh rate nmeasured in accordance with ASTM D3629-94 of no nore than
about 1.20 cm/ mllion cycles. 113. A nethod of producing el astoner

conposite, conpri sc'ziizg: p‘oge{g'zr@ R f(b.QW+(2f0;cWWw,t|0¥§ £ 109%n0iesi ng el ast orer
| atex to a m xing ne o 0 a §oagu| um reactor defining an el ongate

coagul um zone gxt endi frWhe 1, X zone to a discharge end; feeding a
f1 ow of seconﬁﬁ‘m€?d‘ lrcbgrrﬁr' by <paﬁntlixc ate filler under pressure to the
m xi ng zone of the coagulumreactor to forma mxture with the el astoner

| atex, the m xture passing as a continuous flowto the discharge end and
the 15 particulate filler being effective to coagul ate the el astoner | atex,

wher ei n mi xi ng6. of Ahletastomertcoilpasice comprising macalnmibbery 3@l taw?® phnN23ve carben ng
zone is sufficiently energetic to substantially conpletely coagul ate the

el ast oner | at gpiciiahl 0{d€20 P extendbSiE thé bla@bmeF téthpdsite hivingl nticRadigrersionl;
and discharging a flow of el astoner conposite fromthe discharge -end of
the 20500ag ub% BF%%tcggbbn %?a%ﬁ @r?t%% Elatu?ﬁg@bbjeéqzs follows:
) D(%) < 0.3%
when MW, is less than 0.35 x 10% and
() log(D) < logx(0.3)+2.8 (MW,,-035x 10%) x 10

when 035 x 10° < MW,, < 1.1x10°%

10 87.  An elastomer composite comprising natural rubber, 30 to 70 phr N110 carbon
black, and O to 20 phr extender oil, the elastomer composite having macro-dispersion
D(%) of the carbon black in the natural rubber as follows:
® D(%) < 0.5%
when MW _, is less than 0.35 x 105, and
15 (i) log (D) < log (0.5)+2.5 x (MW, -0.35x 10%) x 10

when 0.35x10° < MW,; < 1.1x10°%

88.  An elastomer composite comprising natural rubber, 30 to 70 phr N326 carbon
black, and 0 to 20 phr extender oil, the elastomer composite having macro-dispersion

D(%) of the carbon black in the natural rubber as follows:
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(i D%) < 1.0%
when MW, (weight average) is less than 0.7 x 10°, and
() log(D) < log(1.0)+2.5x (MW,,-0.7x10%x10*

when 0.7x 105 < MW, < 1.1x10%

89. An élastomer composite comprising natural rubbér, 30 to 70 phr BLACK PEARL
® 800 carbon black, and 0 to 20 phr extender oil, the elastomer composite having macro-
dispersion D(;%) of the carbon black in the natural as follows:

) D(%) < 1.5%
when MW, is less than 0.65 x 10%; and

() log(D) < log(1.5)+2.5x (MW,,- 0.65x 10% x 10

when 0.65x 10° < MW,; < 1.1x10°%

90.  An elastomer composite comprising natural rubber, 30 to 70 phr REGAL ® 660
carbon black, and 0 to 20 phr.exten.der oil, the elastomer composite having macro-
dispersion D(%) of the carbon black in the natural rubber as follows:

) D(%) < 1.0%
when MW, is less than 0.6 x 10%; and

(i) log(D) < log(1.0)+2.5x (MW, -0.6x 10%x 10°

when 0.6 x 10° < MW, < 1.1x10°

91.  An elastomer composite comprising natural rubber, 30 to 70 phr REGAL ® 250
carbon black, and O to 20 phr extender oil, the elastomer composite having macro-

dispersion D(%) of the carbon black in the natural rubber as follows:
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(i) D) < 1.0%

~ when MW, is less than 0.6 x 10%; and

(i) log(D) < log(1.0)+2.5x (MW, - 0.6 x 10°) x 10

when 0.6 x 10° < MW,, < 1.1x10%

92.  An elastomer composite comprising natural rubber, 30 to 70 phr N330 carbon
black, and O to 20 phr extender oil, the elastomer composite having macro-dispersion
D(%) of the carbon black in the natural rubber as follows:
@) D%) < 1.0%
when MW, is less than 0.6 x 105, and
() log (D) < log(1.0)+2.5x (MW,,-0.6x10%x 10°

when 0.6 x 10° < MW,, < 1.1x 105

93.  An elastomer composite comprising natural rubber, 30 to 70 phr N351 carbon
black, and O to 20 phr extender oil, the elastomer composite having macro-dispersion
D(%) of the carbon black in the natural rubber as follows:

)] D(%) < 03%
when MW,__, is less than 0.55 x 10%; and

(i) log(D) < log (0.3)+2.0 x (MW, - 0.55x 10°) x 10

when 0.55x 105 < MW,_, < 1.1x10%"

94.  An elastomer composite comprising natural rubber, 30 to 70 phr particulate filler

comprising a blend of carbon black and silica, and 0 to 20 phr extender oil, the elastomer
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composite having macro-dispersion D(%) of the particulate filler in the natural rubber as
follows:

) D(%) < 0.8%
when MW, is less than 0.5 x 10% and

(i) log(D) < log(0.8)+2.2x (MW,,-0.5x10%x 10*

when 0.5x 10° < MW, < 1.1x10°

95.  The elastomer composite of claim 94 wherein the particulate filler comprises at

least about 60% carbon black.

96.  An elastomer composite comprising natural rubber, 30 to 70 phr silicon-treated
carbon black, and 0 to 20 phr extender oil, the elastomer composite having macro-
dispersion D(%) of the silicon-treated carbon black in the natural rubber as follows:

) D(%) < 1.0%
when MW,;, is less than 0.4 x 10% and

() log(D) < log(1.0)+2.0x (MW, -0.4x10%x 10°

when 0.4x10° < MW,, < 1.1x10°%

97. A vulcanizate comprising carbon black dispersed in natural rubber, the macro-

dispersion D(%) of the carbon black in the elastomer composite being less than 0.2%.

98. A vulcanizate of claim 97 wherein the macro-dispersion D(%) of the carbon black

in the elastomer composite is less than 0.1%.
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99.

100.

101.

102.

103.

104.

-

Cured elastomer composite in accordance with any of claims 60 to 98.

Tire tread compn'sing cured elastomer composite in accordance with claim 99.
Ti;e sub-tltead comprising cured elastomer composite in accordance wi.th claim 99.
Wire-skim for a tire comprising elastomer composite in accordance with claim 99.
Tire sidewall comprising elastomer composite in accordance with claim 99.

Cushion gum for a re-tread tire, comprising elastomer composite in accordance

with claim 99.

105.

A rubber component of an engine mount, comprising elastomer composite in

accordance with claim 99.

106.

107.

108.

Tank track comprising elastomer composite in accordance with claim 99.

Mining belt, comprising elastomer composite in accordance with claim 99.

A rubber component of a hydro-mount comprising elastomer composite in

accordance with claim 99.
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109.

-

A bridge bearing corﬁprising elastomer composite in accordance with claim 99.

110. A seismic isolator comprising elastomer composite in accordance with claim 99.

111.

Cured elastomer composite in accordance with any of claims 60 to 98 having a

crack growth rate measured in accordance with ASTM D3629-94 no more than 1.20cm

/ million cycles.

112.

A vulcanizate having a crack growth rate measured in accordance with ASTM

D3629-94 of no more than about 1.20 cm / million cycles.

113.

A method of producing elastomer composite, comprising:

feeding a flow of first fluid comprising elastomer latex to a mixing zone of
a coagulum reactor defining an elongate coagulum zone extending from the
mixing zone to a discharge end;

feeding a ﬂdw 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 mixture passing as a continuous flow to the discharge end and the

particulate filler being effective to coagulate the elastomer latex, wherein mixing
of the first fluid and the second fluid within the mixing zone is sufficiently
energetic to substantially completely coagulate the elastomer latex with the
particulate filler prior to the discharge end; and

discharging a flow of elastomer composite from the discharge-end of the

coagulum reactor.
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