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6 JUN 2002 NOVEL ELASTOMER COWMPOSI TES. METHOD AND APPARATU# Fi el d of the
| nventi on The present invention is directed to novel net ho s and apparat us
for produci ng ~ el astoner conposites, and to novel el dst omer conposites
produced using such nethods and apparatus. Mre particularly, the invention

S dlrecﬂmmmumm uous flow neth . . and apparatus for produci-ng

el ast one mﬂmwwm of particulate filler finely dispersed in ~

el astoner, fajg¥anple, el astoner conposites of carbon black particulate
filler flnely ' dlspersed in natural rubber, such as curative-firee-
mast er bat ch conposi tions, curative bearing base conpositions, and rubber
materials and products forned of such masterbatch conpositions. Background
Nurmer ous products of commerci al ni fi cance are fornmed of elastoneric
conposi tions wherein paNOﬁEhtﬂA%T@MERﬁ@ME(EIITE&ny of various
synthetic el astoners, natural rubber or elastoner bl ends. Carbon bl ack, for
exanple, is widely used as MES AN 2 A 1D rubber and ot her
el astonmers. It is common to produce a nasterbatch that is, a prem xture of
filler, elastomer and various optional additives, such . as extender oi

Car bon bl ack nasterbatch is prepared with dlfferent gr ades of connerC|aIIy
avallable carbon bl ack whi ch var \Fi¢diof theinvenfiewe area per unit wei ght and
in "structure.” Nunerous products of commercial significance are forned of

such i ~ae~soae~ The pfesentinvetidn isdlirebied t6 BEvel fefldpand apparstuior producingbl ack
particulate filler dispersed in natural rubber. Such products i1nclude) for

exanpl e, VveRjaghfied dnfpasitdiChd @ divEil dstdther CbAPbSEE ptdduced using such methods

and apparatus. More particularly, the invention is directed to continuous flow methods
{ and apparatus for producing elastomer masterbatch of particulate filler finely dispersed in
Y elastomer, for example, elastomer composites of carbon black particulate filler finely
dispersed in natural rubber, such as curative-free masterbatch compositions, curative-
. bearing base compositions, and rubber materials and products formed of such

masterbatch compositions.

Background

Numerous products of commercial significance are formed of elastomeric
compositions wherein particulate filler is dispersed in any of various synthetic elastomers,
natural rubber or elastomer blends. Carbon black, for example, is widely used as a
reinforcing agent in natural rubber and other eiastomers. It is common to produce a
masterbatch, that is, a premixture of filler, elastomer and various optional additives, such
as extender oil. Carbon black masterbatch is prepared with different grades of
commercially available carbon black which vary both in surface area per unit weight and

in “structure.” Numerous products of commercial significance are formed of such
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conpositions may be used for the tread portion, sidewalls, wre skiznggwlmz
carcass. Ot her products include, for exanple, engine nount bushings,
conveyor beltssy windshield wipers and the Iike. Wiile a wi de range of
performance characteristics can be achi eved enploying currently avail abl e
materi al s and manufacturing techni ques,,there has been a |long standing need
in the industry to devel op el astoneri c=eonpositions havi ng i nproved
properties and to reduce the cost and conplexity of current manufitcturing
t echni ques. elastomerid campasitions tof carblm dlank perticebarenfillee dispersedrincuaturdl mibbersi on

| evel, that is, the uniformty of dispersion of the carbon black or other
filler withigey BeodlcS iiRfe, f6R ExampRR] VeRiRR! tives' Whéfeln RAErENtBIAGEmeric
characteristics. For elastoneric conpositions prepared by intensively

m xi ng the carbaon bl ack or her filJer.w th natural rubber or otRer
o) st orrer (RSO betanof She réad persch, el sk R cablast Offer
macr o- di spersion requires |onger or nore intensive mxing, with the
consequent produsdsiachide, fos example, engine mguathushipgs; sanveyorleliss windshield wipsthe, and
simlar concerns. For carbon black fillers of certain surface area and
structure cimgd thet likei sWhike, a dvide eargeoof perfarmince charscienistide gredehachiened been
possi ble or comrercially practicabl e using known m xi ng apparatus and

t echni ques. erthplogiflg clirrétily aveitdblenaXeAAls anld ﬁﬁn\iﬂétﬁﬁhﬂieﬁlﬁﬁqm, there A be&d ades
the natural rubber by réducing its nol ecular weight, rendering the finished

el astoneric : ] 0, I |} i habio o ki known
o orpl oy cSBARRREIN AL Fidlet Llen D ofsonBAE cb BRI habing ipiBLd (02
to mani pul ate the performance charagteristjcs,.of an el astoneric, .

conposi 11 onPrORSFIEs ARG 1oxFeRck Hhe 3 paf COmPpleXIEE OF zent RANYBRANE echiifkfse. ar
known to inprove crack growh resistance and cut-and-chip resistance as
wel | as, ggﬁmamw!p,r, ihiskagwva for exemplethatanacro-dispension devieh ithas ds, therynifority
qualities. Commercially available m xi ng techni ques have been unable to
achi eve excef dispdrsiomiof thengarbondflacki erpsther filler ofithireghl @lastoinger keant signifighthyt t he
el astonmer, however, w thout unacceptabl e degradation of the natural rubber.

In fact, fo ' i ' i G jpuch as
15 b o TEVANPABA QARCRUREL. oM VShodlinkpis BRIl

car bon bl ac C bon.bl aeck PA_| | 100g@, .

par t1 cul ar | SRRt BBACS B Bee with o iBSte! HER AR 1 1
it has not begen possible to_achi eye conpounds having | ess than about 1%
undi sper sed® BaRBY, mixes OF theliked, any dncrease i macrardisPEFSiANSICqUIESS JORESE O BORE bel ow)
regardl ess of the duration and |evel. Furthernore, as noted above, in the
hi ghl y enerigtensivesmixingi weith rthe neinsequenty disadvantpges tdfoilsreasedr energy Gosts,

w despread comrerci al use, the mastication of the el astoner necessary for
di sper si ng manufacosing timedndclatilar Eoriceins. For cuibaicblpdkefiliegs bfveptatn suffach deaipt i on
of the polyneric chains of the natural rubber elastoner. The resultant
reduction iggt | cRiradtbiticdVe s il éél}?g i i le for
many indust%idaslgﬁ%tg%l I cat ihggr?g%}:%?sﬁ)gge?%ﬂt?re tnra‘!(laegé, O'rho%ﬁeg#%lggs)?dlé gguced
nol ecul ar wei ght is'known t.o cause an undesirable increase in the. so-called
ol 1 no- r esfasittreialte resiiabie SR8 KPP SAGE SPPOARE and FeGRanFt 40 A0dkPs: o has
i ndicated desirable inprovenents in certain perfonmance characteristics of
el ast omer i csuch peRlengedoarsmerepintepsive mixing degradescthe naturadjrybher by reducing #s ea and
| ower structure, it has not been possible using known physical mlling or
ot her nast i melecolar peight sasiering thelfinshed glastomeriasbmpaundoundesirablei for Cértain N

whi ch both the nol ecul ar weight of the natural rubber is well preserved and
sati sfactor ofs di spersion levels of the carbon black are achieved.
Generally, it has been found) for exanple, that the el astonmer reinforcing
properties of a e t he | . iwze of the bon

bl ack decr eases.ﬁﬁmgﬁ)‘%@‘gﬁ N ﬂ?%%ﬁ’%ﬁ;"%’?%‘é%%éﬁtﬂﬂé‘ﬁg sﬁ"‘#}‘"ﬁ%ﬁﬁ{ 2002

an anomal ous condition |[s,known to be epcountered, in which the expected
i npr ovenent surfcaeLe ageajtoasypylate the performance characteristics of an giastomenc compositﬂm.
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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,



in properties is not achieved. This is understood to be due at least in

part to the inability of conventional elastoner conpoundi ng net hods tgﬁ\NNZWZ
adequat el y di sperse the carbon black in the natural rubber w thout undu
breakdown of the el astonmer polyner. There has been, therefore, consequent
inability to take full advantage of theynatural affinity of the carbon

bl ack and the natural rubber for each ether in the case of such carbon

bl acks. Since good dispersion of carbon black in natural rubber conpounds

has been r aadkties performanse qualitiesreCommerciallyfavailablemixing teplmiques thavdbesat | ves

for achieving good quality and consistent product performance, considerable

effort has.f§ B ¢ t6 QéAET el dlidn? %Eﬁ'ﬁ%‘; } eréibn afeﬁﬁg«%ﬁéksfﬂ&o S86#hend

di spersi on qua ty In rubber evel oped 1 nclude, e.g he Cabot

Di spersi on a nd varl i mage OF dur es e ual ity
can be def i‘%ﬂ ?Wﬁv%t‘ﬁ ?"‘MS‘ ‘(Qfgﬁ?@(}&b ﬁ"f'tb‘éﬂlm%&seg k‘r%&bnqof
carbon black is the state in which the carbon bl ack ag%borrerat es é
pel | et's) aitypigsl saebonbiack loading lgvels ingaaturs! rubberosushias 48 Phpto d5 Hheaad gl

m xi ng) uniformy separated from each other (acconplished by distributive
m xi ng), wildadinglfensQplirac ¢8 phd low structuee carivdndiiackd, sudh as garben blacks of DBPAL el y
wetted by the rubber matrix (usually referred to as incorporation). Comon

probl ems i fes§ than 1l WRRADOG, thbdeHaviag s\uﬁuaaawamtusmag% 65mE/g0

di spersion can be cl assr ied into four major categories uct

per f or manc f @c ffo.Ci ency.
The funct i 04 T?gae?f%rﬁ%%%%a% Bty E@Bﬁﬁd@%ﬁ@&eﬁﬁﬁ ol fnrng
rubber forrrulatlo s tensi]Je stre fati uellge and we

resi st ance Un @‘%&Bﬁ%ﬁ?‘iﬁlq’%ﬁ"b‘ Rﬂﬁp&ﬁ‘gﬁw Flow) ze8aF ess

Undi sper sed carbon bl ack can al so cause surface defects on flnlshed

product s, iofitheduratign anddevel. cFustthemmore, as Bptediahove, inthe highlyr energymongmptiver ace
defects is of critical i mportance in nolded thin parts for functional
reasons andntersivedty misting npptinids baigerdtlyrin biddspreed thrmineiah nsk, themadstionion ofeasons.
2 6 JUN 2002 -5 A commercial inmage anal yzer such as the | BAS Conpact nodel

i mge anal xxz&a&m&&b&ﬁrﬁm%&&ﬁga’cﬁ&%ﬁ%&p feitd i6 Mhidtceh cEptablEfevERNY) can

be used to nmeasure macr i spersion of carbon b or other filler.

Typi cal | y) LV [.O u

Mraustry” ok QsRh bt ¥ TRRC 2ol BE i ol Bipber %%ﬁ%*n?s s G,

about 10 mcrons in size typically consist of undisp ed bl ack ,or ot her
filler, asTefuicHong themolequidr wsight o the raBralubhes i deypablerfor mATLdRsal of

vi sual and functional perfornmance. Thus) neas<ui hg naao- di spersion involves
measuri ng dapplicationsyrFar use irf tiredreadcioe exanaple, reducted molesnlan yeight isrknomartoor
cutting) greater than 10 mcrons in size by total area of such defects per

unit area Waﬂeﬂdmeuwaedsér&grﬁemm&lrsma @&%dﬂ&@of%@ﬂ’r@ di sper si on D(%
is calculated as follows: Undispersed al' % - _1 mN. D12 A ~l.i '

4 m wh A, é\y,;g} fect

W [n h 3?22 D, D Fﬁmﬁelgnrgtél% %#ﬁ%t?l’%@f&?lﬁﬂﬁl ng t e&?grrdl}s lz?rbé atntsgi '? (r:res
def ect al I t nmb f Mac

of  car bon PR PRIOGRIREERAERS of SpRReCl SHRPaNIPnS SIGRAILOPIY : abl e

el astomer can be assessed using inmage analysis of cut surface sanples.

Typi cal | y, ofhigherisarface areaapd loweristryctyee, édesaotdsen pogsibleusingsknovwan physiel of t he
cut surface for imge analysis. Knife narks and the |like preferably are
renoved usintlingonotier mastication precésses tb obtain such elalomesiv compesitiornde whithl ysi s

t hus provides information regarding the carbon bl ack dispersion quality

inside a Nabithé mbldBRE wEESHBLNE Raturl FC8tet (aLINpreftAleaSnl satisfackbory W02

dispersion levels of the carbon black are achieved. Generally, it has been found, for
example, that the elastomer reinforcing properties of a carbon black increase as the
particle size of the carbon black decreases. However, with extremely fine carbon blacks

an anomalous condition is known to be encountered, in which the expected improvement



-6 undi spersed area D(% indicates carbon bl ack macro-di spersion quality.
As macro dispersion quality is degraded, percent undispersed area 7§ JUN 2002
i ncreases. Digpersion quality can be inproved, therefore, by reducing the
percent undi spersed area. As noted above) the m xing operations have a
direct inpact on mxing efficiency and,on macro-dispersion. In general,
better carbon bl ack macco-di spersion is-~achieved in the elastoner, for
exanple in a natural rubber masterbatch, by |onger m xing and by nore

i ntensive i ngbgans%ﬁaratrﬁe@édelms N8 Rbod ALY G i Geah e 1RAE atcgPer ST on

by | onger, ntensive m xi ng, degrades the el astone nto which”t he

carbon bl ac el ispersed. This jis.e Lall robl emat i,c i he case
of nat ural F 5’?“ "&%Pﬂ? W&“%ﬁ‘ﬁé’&ﬁtf"g‘t%gq‘f“é liggﬂﬁfﬁf ﬁ’ilcﬁﬁ’é’f’rl?&&
degradation. Longer and nore intensive m xing, usi ng knovvn m Xji n

t echni ques ithe namshrubber withoutundue braakdawp of the Fﬂeh‘ﬁgﬂ’@bul ar

wei ght of the natural rubber nasterbatch- corrp05|t| on. Thus i nproved

macr o- di spaheséfore, anseyaertdinabiiite o take filbddvamthge ofithe natural kﬁniwlofmeberbanhi eved
with a corresponding) generally undesirable reduction in the nol ecul ar

wei ght of tbta%kwtrerm:drﬂraw&mr@acﬁamdrm&as@afheﬁwmmkst is known to

continuously feed latex and a carbon black slurry to an agitated

ol 2t oner ?”shiﬂﬁéﬂc%gﬁd%ma ro PO @%ﬁ%ﬁ*ﬁ‘é&’;@ﬁ olpR BT s
oo o e e LR, o RS Sas B AR BoRd

coagul ati on tank into small beads (typi caI ly a few mllimeters in dianmeter)
referred t quality amst copsistent profuct petformanael considerable efont has beendgvoted taithe
typically by neans of a vibrating shaker screen or the like. The crunb is
t hen dunpedeveidpment cfiprevaduregior adsesding dispersibrequalitytin insbbers Shfechode developede a
neutral or near neutral pH. Thereafter the crumb is subjected to additional

vibrating g ?Iiﬁldgrgoghlﬂﬂ Efs r@hzfrh‘in& '\}ﬁﬁou.~1 Rhaght hhysi a?r&c@?tﬁ'eﬁet hod

have been 2 6 J sugge for t he coagul ation of” natura

ke the pLECEHONHIENERY 4 dandl 88t T8 Ao BYSR0 At RO SRS nuous

process for the geparatl on of el astonmer masterbatch is described. An
aqueous s| Gropn §iack s the sats in shichshe carpen blacksaglomsrates (Arinslietshare brakenor

synthetic el astoner |atex. This m xture undergoes a so-called cream ng
oper at i on, dowhintm aggregates (avgoraplisheaf byudispersive méxing)runifoeralyi separatgd ffitom edehl | owi ng
the cream ng of the carbon black/latex m xture, it is subjected to a

coagul ati O@twq&cosmﬁealmnhﬁbutth%&mm £’ supfcds| GFlY thac@rbobldckr € 1S

i ntroduced as singl e coherent streaminto the core of a stream of

coagul at i ngﬁ%gﬁg f xture
is said to rgo gﬁ ng an Ege?grgnbéz}lwlﬁ ﬂ]é fe?l(eégrtr?g? ﬁkéée;ﬁ%m?nn

|'i quor prior to_.coaqul ation el ng the as a | e reactlon zone
for conpl etion 51% Pé%%ﬁt‘ﬁ?t b?fdﬁ‘ WS“‘S‘&E‘F@ 1S4 SORPOL FBFFO-t he
remai nder of the process is substantlally conventional, involving

separ at i on dispersios canhetclassified inte forrsmejop categeries: producty pesfodmanceh surfacand
drying of the crunb. A sonewhat simlar process is described in U S. patent
3,048, 559 defecty| hpface bpparand aiidissersion efficiency0 f THecfuhétivnbl getformance and

conti nuously bl ended vvlth a streamof natural or synthetic elastomer or

lat ex. The g, \BikftdFa Mo black-5d 86K Forh b, asas%%sﬁ% ?@é%t@?ati ol ving

viol ent hydraul I'c turbul ence an act. As iIn t e case opi an et
al patent nt i ned abov the cogbi n t.r car bo bl ack slurry and
el ast orrer rirg | Ve &gb 3&‘?&"@5‘%@&0@ Herglpnaﬂuaﬁh d or
salt coagul ant soI uti on, There has | ong_been a need |n various, i ndustries
fur el ast ofibdispersed,saban Black ranplso Gauss atr’@cr defects on finishadspraduats, sincluding
el astoner, especially, for exanple, carbon black dispersed in natural
rubber, hawisitide defectsv &limimating-thi pregense ofisurfase defects iseficriticalimpottagwedn ed
macr o- di spersi on can provide correspondi ngly inproved aesthetic and

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

functional reasons.



2 6 JUN 200Z -8 functional characteristics. Especially desirable are new
el astomeri ¢ conmpounds of carbon black in natural rubber wherein inprovilJUN 2002
macr o- di spersi®n is achi eved together with higher nol ecul ar weight of the
natural rubber. It is an object of the present invention to neet sone or
all of these long felt needs. Summar~r @f the Invention In accordance wth-
a first aspect, a nethod for preparing=-e+astoner nasterbatch invol ves
feeding sinultapeously. a,particulate filler_fluid and an el astoner | atex
fluid to a m xi£§°m€°'§ﬂgasw&f¥mﬂwh %@F@Akﬁmm*liﬁﬁ@%%ﬁds from
the m xing zone, preferably progressively increasing in cross-sectional
area in t tavaijrbihEomdSontriin Electranik Gmbid Gviurich, Germany)tcan de disedtoameasueend. The
el astonmer | atex nmay be either natural or synthetic and the particul ate

filler fl uhsbreietsios of arBom bRIcRWf Gtherofille! TypidallyVirAearkitdtivermaks-ect i ve

to coagul ate the | atex. The particulate filler flurd is fed to the m xing

zone prefeg i nuaus. .hi 0C] @t Pl d id, while
fhe 1 ot ox iberbn PanshsrP B RS inelily g St oS8 bl 1R Dttty
particul ate copcentration of the partjculaje filJer flyid are sufl:cient to
cause mi xtiafeer thanabont Hhmicrensin sige Bﬁ&“‘]&?@?‘# P{H‘Hi‘m Hﬁg\k L Pthel LF&e of the
m xture within at |east an upstream portion of the coagul umzone so as to
subst ant i ais|wellcasrglyegris|oy athengohtaminantse whichsean raffiect] bath wisupl andi faactionnk i cul at e
filler prior to the discharge end. Substantially conplete coagul ati on can

thus be aqkifomeaice. i Thusafeisshitipinacrd-tispdrsion volves meisucihgdefects oniatsarfiide t he
need of enploying an acid or salt coagul ati on agent. In accordance with

anot her a ﬁﬁ}m j 3,,&,}, &Rg@ f‘lﬂﬂ? ; er bat ch
corrpri'sess(? e con{li n%&gﬂg% m%ﬁltggneo ‘greeagéi ng %Q%‘Lg%@h%:bﬁ%
particulate fidler ,fdyid to.the mxing zone of the coagul umreactor

Dot abl 1 snifg of s dgfedds Rerudaten Sliited i o Smags nb 3R Brovsocey Hpest-

m xture of .the_ el ast oner | atex and particulate filler in the coagulum zone.
El ast omer dispsrsiandaehis calgwiated as followsor m of "wor ms" or gl obul es are

di scharged fromthe discharge end of the coagulumreactor as a
substantially constant flow concurrently with the on-going feeding of the

| atex and particulate filler fluid streans into the, g xi ng zone of the
coagul um r eact o%. Unisgérsed areéaqod) ug- t ype_¥ Kow a}@.an inospheric or near

at nospheric pre, ~sure conditions at the g¢i $Thidrgde and of the coagul um
reactor are highly advantageous in facilifating control and coll ection of

t he el astoner masterbatch product, such as for inmediate or subsequent
further processing. steps..In accordance with an apparatus aspect, neans are
provi ded f%‘?e'?zea'%&}déﬁﬁ‘é’le AC AP Gxamu to the mixing zone of the

af oresai d coagul umreactor, preferably under |ow pressure, substantially

| ami nar type f 1N Nomberofsetectsawith sizeeBs are provided for simultaneously
feeding particulate filler fluid to the m xing zone under pressure suff
dent to create B 5 Plameter 9 tirtle hevitig thelsafe hiea @5 that bEthedefBGLr gy to entrain

the el astoner Iqécgﬂyg&tgﬁggaiam&rﬁ ove, and achi eve coagul ati on before the
m xture fl ow ng downstream fromthe m adng zone reaches the discharge end
of the coagulumreactor..ln accordance with certain preferred enbodi nents
described in ddPZ TUMPS 86IMASES ns for feeding the el astoner latex fluid and
separate neans for feeding the particulate filler fluid each may conprise a
feed channel in a mx head integral with a substantially tubular nmenber
defining the cddamo-dispersior of Grwniblack nyothenfilleninwunoured naturad eubber ort ¢therj unct i on
of such feed channels within the m x head. In accordance with certain
preferred saitablodlastonied carl becassdssed nging k@e analysis of cut surface samples. Typically,

five to ten arbitrarily selected optical images are taken of the cut surface for image
analysis. Knife marks and the like preferably are removed using a numerical filtering
technique. Cut surface image analysis thus provides information regarding the carbon

black dispersion quality inside a natural rubber compound. Specifically, percent



is sinply a coaxial extension of the coagulum zone. Progressive increase in
the cross sectional area of the coagulumreactor is continuous in c @6t AN300?
preferred entgdi nents and is step-wise in other preferred enbodi nents.

Addi tionally, the coagulumreactor may be provided with such optional
features as a diverter at its dischargg_end, as further described -lo 2 6
JUN 2002 bel ow. Additional optional a preferred features of the apparatus
di scl osed here for continuous flow production of elastomer mnasterbatch are
di scussed undispbrsediareai DEE) thdxateis warbon Hladkomacrbrdispersiondquudiey. WiAlshmaceo- anot her
aspect, el astoner conposites are provided as a product of the process or
appar at us diipefslongaslitp R Aégradéd) pae® ihidisperselvatel intr&isey. 'Bidp&sibRqudlRytan noVel

el astomer conposites are provided having macro-di spersion | evel of the

particul atye .f1| : ' : ' | oadi ng
| evel, cho °c@964v%a¢?¥t‘ff?’;ﬂ£‘r’9m§%(P?{\"EL‘%“%M%XQ%%F’{edf’%gé‘?%?h‘ bl ack
fillers of exceptiognally high surface area _and | ow structure) and/ or other
char act er i BiKing §perations have asficert impaet; on mang, shqiency aF@Q&FHF‘Q‘ﬁ‘éP%P‘hoﬁ’S and
apparatus di scl osed here can achi eve excell ent nmacro di spersion, even of
certain figenenal besercdartson bizokimacrdvdispérsiohas/achigved intthe elastomer, Josexamalee ar ea
rati o DBP: CTAB | ess than 1.2 and even less than I, in elastoners such as
nat ural r ufbemnaturdlt fubbért inaedatchO byl danged ahiking &id by endreliftentivé miginght of
the el astoner. In accordance with yet other aspects of the invention,

|t et 1ot oGB! RoRder AN befSe Hiklo-dielsiditby MGk Ghore il ©

formed of t oner conposites pro met hod or appar at us

di scl osed here. .In accor ce wth another aspect,. novel, el astonger .

Conpost ¢ e<HtE. Sripftiale SRBAReT ol mhah s farbiuf gl i BRRE cishr Bl Thikis
natural rubber) the macro-di spersion level of the filler in the el astoner
conposi t e 45p¢cilly| preblematic, i e casg . ofopatyral sybbex avhieh ds; highlyesuseeptible 10ess t han
about 0. 1% undi spersed area. Consistent with the di scussion above,

macr o- di s pmechanical/themsal degradatiom cLonger anddhorp éntensive rhikidg, uding krowaemixing bl ack
measured as percent undi spersed area for defects larger than 10 mcrons. In

nat ural rubdiaiquePint Appahiud, sabkladd Bebupy Ablep Teduded tHeAAbIEATarAlsight T ae her e)
t he nol ecul ar wei ght of the natural rubber, that is, the MNo;, (weight

aver age) i . F-1o] VR : 2002 - 11
about 300%6'%5@6 nrr%rgéer 'g?%#’g@g% F§"‘§{’5‘F°Z’gs¥h"asb3@f°‘a§’8’?%8& dq‘??gfs’r?%ﬂl\tu’fﬁ&g%?“t ain
preferred odi nents bet ween 400, 000 and 900, 000. The el gst oner nposi tes
LT onal | PRk PBreL Hohaids KO Qb Mo HIGH HRPEaBing, deresely
preferably about O to 10 phr extender oil, and/or other ingredients such as
are wel | kindesirablgredystipn irathe modecular weight ofithe mabbent wal rubber with carbon

bl ack filler. As discussed further below in connection with certain
preferred and dxaddition 3o érybmisingRedhaiquéd) €t 3dknowned asitinpusly feep daex anl

di scl osed here can provide highly desirable physical properties and

per f or MnGEcAHE Bladiesthnsy | & 2n adlfab :sa'lagﬂwon faiR._SHAPRYEt® echhi§i&y dré uskd

significant technol ogical ad ce. accordance w th anot her aspect, novel

el astomer conposites ar royi ded in i here is novel, heretofore
nobt af necOBARY it S Bashier: S 3s S o TG deBefaith ok cBTERE fur o1 on

| evel of the carbon black filler, nolecular weight of the natural rubber,
carbon bl ORSYlaK Shehyas sal or an agueguh onrcd foletinn typically havings RH aEabet B3 sur f ace

area and structure, e.g., carbon black fillers of exceptionally high
surface arte#. die latexvand tarbon bladk)slurry are mixed and coagulated in the coagulation tank

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



and/ or other characteristics. In accordance with various aspects of the

i nvention, masterbatch compositions and internmediate products are pridiltheif?
as well as figal products which are formed of them These and ot her aspects
and advant ages of various enbodi nents of the invention will be further
understood in view of the follow ng detailed discussion of certain
preferred enbodi nents. Brief Descriptieh of the Drawi ngs The foll ow ng

di scussion of certain preferred gnbodinents wll ke reference to the
appended  CUEBFE afBe Gonguiation of patgral g Ayhers glastomers. o 18 IhSRREEE 1| ow
chart illustration of the apparatus and nethod for preparing el astoner
mast er bat ch02%:63 too Hagopian vt &l which like:ther priesant dnventidroisi assigned te-iGgbot2 i s an
el evation view, partly schematic, of a preferred enbodi ment consistent with

t he schenaCérpofation & vdntinidus Ybeess ifemthef preparatidn of ielistomher masterivdtety &t i on
view, partially schematic, of an alternative preferred enbodi nent

Fpeni Y ( 2 ; O TR
an ol ovat | Shrd, X SBITRy bf QO Shl i Rl U P meal o o
nbl f th di t of Fig. 3; Fig. 5 | ti. i
par 1 al | y el Rgipme apiew. pE Figts, wigboache chbrale Srosmiog 6@y | ng an
g

partially %R

alternative preferred enbodinent; Fig. 6 is a section view taken through
line 6-6 oiptingly wingmny of yariansknewncresming agentsi Fallowingibeereaming obthe f or use
in an alternative preferred enbodinent; Fig. 8 is a graph showi ng the

sur f ace arcarhonbhicklatexmixture, jpisgubjetted® & cCagiationistEBFSpecificallyn thecoredmherc k s

enpl oyed in certain highly preferred nasterbatch conpositions in accordance

W th the phafsdbladkdiiRR nmifre f5iiftfoduled as® single cOhdRMSstelM\thidtthe Rére of a

macr o- di spersi on, natural rubber nol ecul ar wei ght and/or other

characterigtl . S . | i 1 S
Cneentt on el Sf Qaghlaif P AT RiASHRA S cfeamel cH60 bBHRTechidiat  ©
with data relating to control, sanmpl.es,for conparison, exenplifying the
si gni fi carfid 19y %M&%@@F}Bﬁ% bl dhe, siream of Foagulating H'BP‘P’O%’/W%@e

properties achieved by the el astonmer conposites; Figs. 26 - 29 are graphs
showi ng nmopgdation, deingpthepepassedstaop suitable rreadtionkzane; for ecompletioncefuthe ( DBPA)
and surface area (CTAB), and identifying regions or zones of carbon 2 6
JUN 2002 -cbagihibtieks Fdéllowing suciv rqpBguleipnC sfep o tived e¢rhdinder ofhitleeh pfocesssisi t abl e
for specific product applications; and Figs. 30 and 31 are graphs show ng

the macro-glhgitifaly eOnveRtontidt iﬂ{}ﬁ{ring %?;Eﬁ&tidﬁ‘)&f%ﬂ'cﬁlml‘!"ﬁjoﬂhf]he%as@gﬂ%ku&' ast omer

conposites 1 n accordance wth thi venti1on, along wth contr sanpl es
for conpard son, _li shoul d he.un stood that the appended dr.awi ngs .are not
necessari | Weﬁiﬁ?’@"‘w‘ﬁ%° 7?‘%‘&?' f@&?‘ﬁ?@?t ft aﬁgvgegé%ﬁésgﬁl?egr ged or
reduced fqQr caonvenience or clarity of illustration., D rectional references
used in t HB §& IR#ENP.018:238 &0 Heller et ghsetn gqueavs shmeRf sarben Black-Brponent s

illustrated i_n t he dr aw ngs unl ess otherw se stated or otherw se clear from
t he cont exontinyousiyblended with pastresm of inatusal oo syhtiretic elastomer iof fagexe rifhegmioodi nent s

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
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



of the invention can be enployed in various arrangenents. It will be within
the ability of those skilled in the art, given the benefit of the %ﬁé@%ﬂmz
di scl osure, tp determ ne appropriate dinensions and orientations for
apparatus of the invention enploying routine technical skills and taking
into account well-known factors particylar to the intended application,
such as desired production volunes) naterial selection, duty cycle, and the
| i ke. Reference nunbers used in one drawing nay be used in other draw ngs
for the safonctionalcharacteristies. clispeciallydesicablecate Dew elastoiiedn cofmpaiands @f narborf er r ed
Enbodi ments By virtue of the nethod and apparatus di scl osed here, el astoner

nast er bat chlagiein Rftuil PEBbeP WherirPinfRoVdd Ha#S-dispeion! i aEieved e gétherngithri xt ur e
of elastomer latex and particulate filler fluids at turbul ence | evels and

flow contrgl it . i Cli i QV ti Ve i ut use
of v adi 1 atE SElaf Sieht S8 nftita bibegt e i SRR 8 Bl rPlaeltilenloh B8

recogni zed to be of great co rcial, benefit that el astoner nasterbatch 2
6 JUN 2002meqtsogle i@%ﬁ‘%‘,n@ﬁ&t is, coagul ated latex is achieved,
here wi thout the need for either intensive dry mastication of el astoner
with filler or exposing a liquid |atex/particul ate conposition to a stream
or tank of coagulant. Thus, in routine comercial inplenentation the cost

and conpl exity of enpl oyi ng a(s'mlmﬁgggqtﬁFi[m.ﬁnhuti ons can be avoi ded.

Prior techniques involving premxXxing o atex and particulate) such as in

t he above-nenti J not
gﬂ&‘ém‘d%&f w@& a fifst P?ﬁggtgh niettbd 139 g%@ﬁu&h&%&@ém&&

even recogni ze e possibility o Ieving co on w thout exposing

the | atex/partic te.m xture to the oagul,ant. sol ution . its

i tendant DuaeCHit g aRuitiitonus § preteutiin Hler BR300 A Pmet L0 i a7 i o
and particulate filler fluid to the m xing zone of the coagulumreactor can
be preci semxingzeneef 2 eoagulvmereactar.g goagyiumyzone extepgds ffom;the mixipg zene ot ex
and little undispersed filler in the product crunb at the discharge end of
t he coagul preferabiy peogressivelydndreasingtin Repss-dedtionkicarelinkthe downostyeam dirgotiessent | y
is understood that a quasi nono-phase systemis established in the m xing

zone excepfrofmad eftPpehd t8Th diichatpe 3n& lkmb Rfas{opierBstek Rl DecditeOhatdANBHt r eam

thereof in the coagulum zone. ExXtrenely high feed velocity of the

parti cul at i) Luig: 1 Xl 0 f r and
Vel ooty cippitic id te BafichBlalp Bu® kbl ideh o S0P Ui EUBR P
significant_in achievi sufficiegt turbylence, i, .e.,, sutljcientl

enorgeti ¢ SREANE & conuiat s datsy. (The B te diler fiid i Féd 10,16 TWKRE 12088 £ i
jet for thorough m xing and di spersion of the particulate into the |atex
fluid and prefegablyas @eontisuges, highi velpcisy iet of ingectadcfiuid,whiletbe lapexcfluid isfedth cr unb
with excellent dispersion, together with controlled product delivery. The
coagul um i at lowealczity aTHe weletity, dowbrdte diidpaticiiiate catiebmtration of cheel partiduaté ai n
preferred enbodi nents are di scussed bel ow, of nethods and apparatus for

produci ng £fi& MAYSre ShifisieA R cauSd RidabieCWittl hith! Hefb1RE FateliidSand A dwP US

preferred enbodi nents of the 1nvention can enploy a variety of different
fillers angd .elast omers 2.6.JUN 2002 -15 certain rtions of the
Fol | ows ng. TeRaPRs 8RR s Sriir Besst e wmaltant Papso o RE cndiibnt ons S o
invention wll, in some jnstances) for conveni ence) describe their use
primarily tonsubstantiplly cgmpletely congulate the slastomen iptexawith the partisplate flleg PEAF bon
black. It wiU be within the ability of those skilled in the art, given the
benefit of td thes ddtlacgeoend. e Substamtiafly cpniplete voiguindioanzinathps batachievkds it osed
here in accordance with the principles of operation discussed

accordance with preferred embodiments, without the need of employing an acid or salt

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



bel ow to produce nasterbatch conprising a nunber of alternative or
additional elastoners, fillers and other materials. In brief such EEM@
for preparing,el astoner nmasterbatch involve feeding sinultaneousl )2 Ty
of carbon black or other filler and a natural rubber latex fluid or other
suitable elastoner fluid to a m xing zgne of a coagulumreactor. A coagul um
zone extends fromthe m xi ng zone, pr rably progressively increasing in
cross-sectional area in the dowstreamdirection froman entry end to a

di scharge eqshtimio\s, sémisdopfined flovel of Pmidterersfthe Qastefier Inter and partiulate fitler
continuous, high velocity jet of injected fluid, while the natural rubber

L S R B e R A i

and partic l'er slurry are sufficient to cause

m xt ure and_hi shear of the |ate ui d | ow t ur bul enc f.the mxture
within at |¥&9§%ﬁ°ﬁ§§ﬂ%ﬁh‘?‘§'&¥ﬂﬁ of e cf ERACTSE 23 B SROSTaa CRstant, i a1
conpl etely coagul ate the elastomer |latex prior to the discharge end.

Subst ant i al flgw eeneptrently withthe onagoing feeding ofithe;latex and parsigulate filler fuid strermte with
preferred enbodi nents, w thout the need of enploying an acid or salt

coagul at i onintgehé mixing Zonefofr the ccoagulimnreactor. | Novabiy] kiwed plug-tppeo floei agl t he

el ast oner conposites conprises the continuous and sinultaneous feedi ng of

the latex [driothh@iclorreht dnofihkiid predstre cbikiifind e BRMRrEY cld T RO

|
reactor, establishing a continuous, sem-confined flow of a mxture of the

| atex and fil () LT | ast . i nb in
the for m of atigt e HBhY s DushpkoSE ROLINALAS PGmsot e BREAIR HERAE bhofik "0,

t he coagul umreactor as a sybstanti al | 2.6 JUN 2002 -16 constant flow
coneui r ent | PasiE FFC’E‘HEC’adH ferimmediste,pr subsequen FTPTECHSHBE SBPSack sl urry
streanms into the m xing zone of the coagulumreactor. Notably, the

pl ug-type fl ow almdceardancewish an apparatusaspest, mesnstace provised for feeding classomenit t he
di scharge end of the coagulumreactor are highly advantageous in

facilitati ngtexoifid & thefixiag!Zof€ bf M8 afdredalitcoigabPiaétof, Prefefblycundeouct ,
such as for imedi ate or subsequent further processing steps. Feed rates of

t he natural r Iuhﬁmg : r o, X4 zone
of the cpag%{eg%]pge%lgg%ﬁé%&n e p;}g_%é:?gl%eon@:leredibg 'é%‘ﬁ‘%e%’érkﬁ?gﬁé‘_{/?gﬁd
e "y e i Al L L B SR s e "
vvi shing to be bound by theory, it presently is understood that a
quasi - mono- {onersae HJet %%ﬁ“@”@é veloritys ekinetic eneEgyogNgin b elastomep latex,ay
coagul um solids are being fornmed there and/ or downstreamthereof in the
coagul um zodsscriiedtabeves land hchiévefopaghlataindefdry thef mixhere dawimpddwrstrkamn fronr y i nt o
the m xing zone of the coagulumreactor and velocity differential relative
the nat ur al the gipbe zdnelréachéd the distiR@se aHdooriee égBRim Ra&br. SinCHcordamdetwith

e

achieving suffcient turbulence, i.e., sufficiéently energetic shear of the

| atex by the f . i e fibl | ui d et far m Xi ng
and di spers‘%oﬂlﬁﬁ@?&%rﬁ% %&MSEF%H #?\4@ dtet]ag b?iz’ft“gx sﬁfogtfan "ct%gg‘éggﬁ?‘bn.

Hi gh m xi ng energi es yield the nove| product with excell ent .

macr o- di spglﬂtﬁﬁgw,% @ig@m&mm I§°"cf6?4‘?8ﬂhFé’é“19FB&:&°rﬁéldi epgh ay ¢ARPASA Ul um

is created and then forned into a desirable extrudate. The aforesaid
preferred afspdichannel iangi mix bead igtegeal fvith psubitantially tubulas|membensiefiniogthssi t es
di scl osed here are discussed in conjunction with the appended draw ngs,
wherei n a ceagilimieufe. (THewhikiaghofle Mby bé prbvited Gt tHedariction lof BichifesdcHanelepl oys
a continuous, sem -confined Bow of elastoner |atex) for exanple, natural
rubber | at eyl el hldCth 4borR@RKEGRIH Gl SFeftfidy WinbBaifhehts! {rgmizinizbie 0!
exanpl e, an aqueous slurry of carbon bl ack, 1 n a coagulun reactolr Tormng

an el ongat Sis %&?ﬂ# lalf:ropa:%lglne?ctevr\x@fog Q)f et gonacgialhm zo2ne.6 Pf]olérNesgigg lzncrease in the cross-

sectional area of the coagulum reactor is continuous in certain preferred embodiments and
is step-wise 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



-mpreferably with progressively increasing cross-sectional area, from an
entry end to a discharge end. The term "sem -confined" flowrefers to a

hi ghl y advantageous feature. As used here the termis intended to el JYMh 01
the flow path followed by the mxed latex fluid and filler slurry within
the coagulumreactor is closed or subsigntially closed upstreamof the
m~dng zone and i s open at the opposite~downstream end of the coagul um
reactor, that is, at the discharge end of the coagulumreactor. Turbul ence
condi t i onsbelaw haddifienal eptienaband prefesred; faetures of theanparates diselosed iharesfoned i n
on-goi ng, at |east quasisteady state fashion concurrently with

subst ant i aténtinabug fibWoprody¢tionCof elastomers nfaktefbatchogre ndisbussedainhthe ciethiled t he
coagul umreactor. The discharge end is "open" at least in the sense that it
permts di aﬁgﬁﬁ tHowOagul um generally at or near atnospheric pressure
and, typically, by sinple gravity drop (optionally within a shrouded or
screened flow path) into syjtable collectipn neans, such as the feed hopper
of a de-wateri ng' %‘Zf?’fdé‘ﬂ‘éerwtﬁ'ﬁﬁtsﬁmﬂfé%'-e ef, SOMPPSIRS ALERIP eé?ﬁ%

turbul ence gradient extending axially or longitudinally within at |east a
portion of Praductcefithel Rracese ot @pparatuy wsslosed\aboven gl accpedapen withipreferedry, it
presently is understood that the coagulum zone is significant in permtting
hi gh t ur bukmbadimerits; noeel elastomeragpatitesare prosided having macioedispersiomlevel oé

coagul umreactor, together with substantially plug-type discharge flow of a

sol i d prodygtrariculbladiel Shdleculid vight of HetdstderOpartitiftate fo4aRig IVeRhoeE Ot her

filler slurry as a continuous jet into the mxlng zone occurs in on-going
fashi on si S i S@..0 I i [ er bat ch
cranbdi schbpyEtERHEer Ao forrtrafile SEbbBiapl S oF AskaitRinyizh
general ly anhient pressure at the, disgcharge end,of the coagulum reactor.
20T ar 1, g arep Bnd oy puchiye) muon oot Chaiagenim ok Brevicua poltgves 35 ot o
the m xing zone and, typically, at the upstreamend of the coagul um zone
are subst athat aégayd, the imsthadseandappatatusddisclvsed derecean ackigvalexoellent magroof t he
slurry will typically be several hundred feet per second as it enters the

2 fi JUN 2Qidgersibd evéncufoertaimfiliers, Bichfas cabbiy blatleyhavingiBstiuchivé to surfathrey

oriented feed tube in accordance with preferred enbodi nents di scussed

bel ow. Therﬁéilﬁpzéﬂt&ﬁ%{s&aﬂf 3 08 el Epidhs REY l,fik%]ﬂst%ﬁne}i‘s%cﬁ% B%u&i‘g.‘bﬁér, a

coagul um reactor w expandli ng cross-sectional area In a typic

application. be, for exa 5. tq 20.fee e econ and, nore. usual | y
PPPo 16 1 it e 3¢ BN BriBe mottfly e R s T et iR Wikl

vel ocity of the masterbatch cnunb product being discharged there will in a
typi cal appsti @then #spess of s Byentign.aintermediate products arg §F°‘§8Q%#d“,velbﬁﬂﬁ%r e
generally 2 to 5 feet per second. Thus, the aforesaid sem confined

t ur bul ent praginctzomhicly s fomed iofj theyelastomerf campusitesdprduceglebyt thet methodioal

rubber or other elastonmer latex is coagul ated by mmctu<e with carbon bl ack
or ot her fh%ﬂﬂmgmwogeahem absence of subsequent treatnent in a stream or
tank of aci salt or other coagulant solution, with controlled, preferably

quasi-nDIded’pr l.i u nt
rocessing. 1t Shekortict thlerobiafsbiker HA08 Sl o & ard ROERACT |
coagul um react or, as bei "gpen' at the discharge end is,not.intended to
roan t hat | CHBPRAECH B Eis AIPE dspefieddnl Apibyal CRoE dhe FBCIoTAiRpepHOnISSsl 0f
accessed by hand. It may instead be permanently or releasably attached to a
col | ect i ontheefillereinothe slgstamgresomposite dsiog lessctban aboutsQ2¥s undispersied careaer

(di scussed further below), dryer, etc. The discharge end of the coagul um
react or i sprferdbly I8ssithe abowa. 194 nihdisensed ar¢ut Cohidisténtrwith the disthssion\abbve, n t he
coagul um zone of the coagulumreactor, which is under high pressure and

seal ed agapfigfo-REPersibrRdre nfeafd the c%’tg%ﬁg{{gogpé‘;/uzw&ﬂf&montlﬂ&\é% rgé he

m xi ng zone, Is permtted to esta sald pressure and

vel ocity gradient as.it travels t rd,and exits fromthe discharge end. It
shoul o u1 SBF Berert SRipbiset AR For SHIERE ARG BEn oRmictis T, BASSE HhbiE T1 ou
| essens al ong the coagul umreactor toward the discharge end. Substantial
pl ug flow Bmsterbash ard orherrlestomer compositasdlisslosed here, the molpcylan weight afthe
dependent upon such factors as percent of 2 6 JUN 2002 -19 capacity
]lcjlt il E at i onatumbjubbedr] that is) theefW; (wight averagd) of thielsel pdreibmrprefemblyds at least t he

ow bei ng




substantially plug flow at or before the discharge end of the coagulzgmmnm
reactor should be understood in light of the fact that the flow at t

di scharge end« s conposed primarily or entirely of masterbatch crunb, that
is, globules or "worns" of coagul ated el astonmer masterbatch. The crunb is
typically quasi-nolded to the inside s,-llglge of the coagulum zone at the

poi nt al ong the coagul um zone at which ow becane substantially plug flow
The ever-advanang mass of "worns" or gl obul es advant ageously have plug-type
flowin the S \ Vel LN y [ £ Lal ly
toward the 5?@h§%ﬁrﬁ$ﬁ%ﬁb§;\§t %n@#ﬁ%ﬁ?@% R&ﬁag 3‘5 vcgﬁ&ér%ggﬁjggcti on
of the coagul ym zone near t i schar d have a fairly uniformvelocity,
such that t R@podimentscbetyesn 2&?’8@9@@ 9&&88@0@%39%*%@ EH*‘H%PPS?@@)éSSi ng.
Thus, the fluid phase m xi ng aspect disclosed here can advant ageously be
carri ed out camprseextender ailosush agwubeut-& ta 20 phe; tradre prefertblyi about 0 tedQiphr ng i n
hi gh | evel s of product uniformty. A preferred enbodi nent of the nmethod and

appar at us digtehderesll, @tfor! sthérl ingfedientseshchCdiesrat welh ihywh fofiogtiodal ubbiase
skilled in the art w recogni ze that the various aspects of system

|
configurati | t | & (Jd & sext ent
on the partlgglm)ar clrar acf‘gﬂbggli[@Hﬁﬁﬁe%#t%%gegsa%ﬁ%g?ﬁgh& %‘?}g,lﬁfor
exanpl e, such factors. as nmaxi mym syst.em t hr ough; put capacit nd mat eri al
sel ection f FRBACEHYY Pith,gertain; mr?%ﬁ@dtmf%%mg&mmﬁwg@ﬁwﬂ
conponents. In general, such considerations will be well within the ability
of those skicompasites diselosedt herevean pravidee highly @esirable physicahtpreperiesosnde. The
systemillustrated in Fig. 1 is seen to include neans for feeding natural
rubber | at epedornanber charaeedristiest | Ateordingly] cthat inventionr gsesents ansighificant
velocity continuously to a m xing zone of a coagulumreactor. Mre
particul arl yechfolbgitaadPdreesur e tank 10 i s shown) to hold the feed supply of
| at ex under pressure. Alternatively, a |latex storage tank can be used,

-20 2 ~ ~~~ a~ equipped w ~ | £, [ i es. r. ot her
suitabl e feed neand“a 53%1"55‘%’2“&@1%%% §%@g§1§ft§%§€§¢ﬁs§8{ %'Qﬁlérm'?cgg Wia
feed Gne 12 top. a m xing zone of coagul.umreactor. 14, Latex fluid.in tank
10 may be h¥hishthereris & novsh h?rqt?fggeeﬁmgax@e% cemynatien: of j RIOPERigy HNEIAINE t he
latex fluid is fed to the mxing zone at a |line pressure of preferably |ess
than 10 psi gertairomecrprdispersitnl loveh bbthie carbon dlagk filjer, moteculapiveight of theoaturab psi g.
The | atex feed pressure and the flow |lines, connections, etc., of the |atex
feed neans ﬁkubeﬂdar!mwdka@amg Iével, estborebladkechiiratteristio (ihdlodihg Surfaet ereafahdii d as
| ow as reasonably possible. Preferably all flow lines, for exanple, are

Smooth, wi t Gk L BT 86 bR Bt il BPexchbrichily hgR%.HERAA £ 169 stcfieture)

| i ne-to-1line 1nterconnections. e pressure 1s - selected to yie

desired flow yel ogity,into.the mxing zone;.an exanpl e qf seful .fl ow

vel oci ty | saor et SherAcrisis. 1o’ acserdates, with SaRAus' sapectn of B IVERIAR | at ex
fluids include both natural and synthetic elastonmer |atjces and | atex

bl ends. Themastegbateh, sempesitions angcintepmediatet pipducty gre payifledars dvellas finpb
selected particulate filler and nust be suitable for the intended purpose
or appl i cat produots which dre fiarined wfttem. product. It will be within the ability
of those skilled in the art to select suitable elastoner |atex or a

sui tabl e bl end ofrh&eafd SiRE ashétts an8dvaftages 8f Vatidub BmBBAIRRAER Rl iARGbA L US

di scl osed here, given the benefit of thi's disclosure. Exenplary el astoners

i ncl ude, but ..af L i ] . t b . I S,
copol yners gvrquegq"ﬂﬁéé ng%ﬁg&rj’g)"?%‘f 6#9%{%%‘%"3@ ?8‘%@?‘{ i‘f é’?%ﬁ% ?f %3‘%‘?&%%&

i sobutyl ene, 2, 3-dinethyl-1, 3-butadi ene, acrylonitrile, ethylene) and
propyl ene af@ee@@mentSke  The el astoner may have a glass transition
tenperature (Tg) as neasured by differential scanning calorinmetry (DSC)
rangi ng fromabout -120 C to about 0 C. Exanples include, but are not
limted to, styrene-butadi ene rubber (SBR), natural rubber and its

derivati ves such as chlori namf])esgrintion of the Drawings

The following discussion of certain preferred embodiments will make reference to

the appended drawings wherein:



rubber, pol ybutadi ene, polyisoprene, poly(stryene-co-butadi ene) and the oil
ext ended 2 s ~~~ a~oa -21 derivatives of any of them Bl ends of any of
the foregoing, may al so be used. The |atex may be in an aqueous carrier
liquid. Alternatively, the liquid cawier may be a hydrocar bon sol vzgtJUleﬁﬂz
arty event, the elastonmer latex 9uid nust be suitable for controll
continuous feed at appropriate vel oci 3. pressure and concentration into
the m xing zone. Particular suitable synthetic rubbers include: copolyners
of from about 10 to about 70 percent by weight of styrene and from about 90
to about 30 perEigni ibyp schemdtic fidw charndiustrationiofthesapperatisyandr method $ompart s
styrene and 81 parts butadi ene, a copolyner of 30 parts styrene and 70

parts but %&ﬁmﬂg cfhstofiee masSRibatch iff dcdoddnge aﬁmr&ﬁﬁngmeﬁ&i efbddiménts;adi ene and

a copolyner of 50 parts styrene and 50 parts butadi ene; polyners and

copol yners of ] | Wl i sl e
pol ychl oroprengﬁg%“gﬁﬁ%‘ﬁ%’fgté& nd ‘copo yn’earfls&%%‘égﬁmggnj uggébg%fagﬁenes

wi th an ethyl enic group-containi ng, non r. copol ynmeri zabl e therew th such
as styr eneWWWhemﬂ@Weﬁ%Hﬁl‘!ﬁrgg?%/? g8 Lacrylonitrile, 2-vinyl-pyridine,
5-net hyl - 2-vinyl pyri di ne, 5-ethyl-2-vinylpyridine, 2-nethyl-5

vi nyl pyri di ne, Eigk$| issanbelevationedew,c partialiye schemiatig,| of an @iternative praferred

i sopropenyl ketone, nethyl vinyl either, al phamethyl ene carboxylic acids

and the esdniodiraéiftl cosistét with@he Schembiid IS cha illubteativhiof Fidd; di al kyl acrylic
acid amde. Also suitable for use herein are copolynmers of ethylene and

other high alp |.ef | : ;ARYih $B&ionl sixl hédafhoR ea As

not ed further L‘g?'gwl,?%ﬂgva?%%g%’sggﬁg%hl one” gl%tﬁ?ﬁle&presen flﬁvenctl?ron can
contain, in addition t .he elastqer and filler, curing agents, a coupling
agent , anaasf)%‘?qﬁ%ﬂg%f’§fng§?é1‘m°8tu%ﬁ§d$gg§ssi ng aids, oil extenders and

antidegradents._In that regard, it should be understgod that, the, el astoner
conposi tes di sdiipodsamelpvation viewy parkiabivis seetipn; comesppadingto thepiew of Fig.

t her nopl astic W cani zates (TPV), thernoplastic elastoners (TPE) and

t her mopl a4, iillusratingodnedlienmtiyd p¥eferrelifmbodintent;and TPO material s are further
classified by their ability to be extruded and nol ded several 2 6 JUN
2002 -22 times pitdRuUlsebthSviQl takeh tiRbagH R HF Rigl 67 i stics. Thus, in making
the el astoner cofposites one or nore curing agents such as) for exanple,

sul fur, sulfur v ealdCl ot | . er
systens used toﬁgﬁ) {giﬁtse%@c\éﬁ}@g? i'%lgﬁgg ﬁ@lgﬁar)sl{sgﬁ{e%%ﬁ%%??& g%eﬁay be
used. Were tEe el astomer | atex conprises natural rubber |atex, the natural
rubber | at$® Monprise field latex or |atex concentrate (produced, for
exanpl e, by evalgor ation, centrifugation or cream ng). The natural rubber

| at ex nust) of KiguB isea greph showing the susface-arseandistrusturp prapeeties 5B asdack. The
| atex is provided typically in an aqueous carrier liquid. Alternatively)

t he | i qui dDBPA) oftuarbon plaoks emplygeddn aerdoain highly\preferred mastespareh eompoditiensnat ur al
rubber latex fluid nust be suitable for controlled continuous feed at

appropri atig a¥&r .cfzﬁwithﬁﬂ ﬁék@n‘i‘ixﬁ@ﬁi ncentration into the m xing zone. The
wel | known instability of natural rubber |atex is advantageously

accomodated, in that,it is subjected to relatively |o ssune and | ow
shear thr oughoﬁgst' %e' %%,g"ﬁgﬁﬁp?}ﬁ?l}qul& eI P PHSP™ ?ﬁ“b‘}'{i 'ﬁé&éf"w@%’ d
sem -confined turbul ent flow upon encountering the extraordinarily high
vel ocity aweishtiand/es ethercharacteristics ofmovel elagimen eamposites; inaceordncg withthisg zone.
In certain preferred enbodi ments, for exanple, the natural rubber is fed to
t he mi xi ngnventien campising earbon blacks skdvain Fig. B.sih gometases dlengdvithedatecielagingn t he
range of about 3 - 12 ft. per second, nore preferably

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



about 4 - 6 ft. per second. Selection of a suitable |atex or blend O?BJUNZUUZ
| ances will be well within the ability of those skilled in the art given
the benefit of the present disclosure and the know edge of sel ection
criteria generally well recognized in the industry. The particulate filler
fluid, for example, carbon black slurry,_is fed to the mxing zone at the’
entry end of coagulumreactor 14 via fead line 16. The slurry may conprise
any suitable filler in a suitable carrier fluid. Selection of the carrier
fluid will btheker(by Isachyaiorphglogical (propdrties) ewhith mae tsuitablleafar $pekifier pradéctupon
system paraneters. Both aqueous 2 6 JUN 20~? -23 and non-aqueous |iquids
may be usegpplivaiithsyai®er being preferred in many enbodi ments in view of its
cost, avail a%i lity and suitability of use in the production of carbon bl ack

and certain oth flnhl €6 Sl LG " f gl i d,

sel ection of thgﬁqg’ar"' oa(r?\'dbﬁa%rﬁ m‘scfé%‘gﬁiga?g?‘é}%?%ﬂu p%%g?haghinn{uéé\l?g use of
t he el astoner, st er patch product. tipnally, ahe carbon . black fjiller can
i ncl ude al &91% qf gpv AMELEP 3§?§}PP¥% aee dAvERUOAIONR Gy Zzone
in accordance with the principles disclosed here. Suitable additional

parti cul at avithidontrplssampids forcomparisencanpl e, conductive fillers, reinforcing
fillers) fillers conprising short fibers (typically having an I JD aspect

ratio | ess thanItsipuld bk andesstosd that the dfpended drawangs apendti euéssdrily préciselys whi ch
can be enployed in producing el astonmer masterbatch in accordance with the

met hods an alcakidi fe b L1b

preci pitat g%&gllel ica, c%%ﬁ%ﬁsﬁﬁﬁeﬁ?ﬁ%%ﬂgfggtﬁﬁ ?i'zglgﬁ?ar bon
bl acks, such..as those..havi n ttached orqgani roups, and _si,licon-1reated
carbon bl aegﬁmt}?é‘r q?ﬂ‘(fﬁgmgfeaéﬁm&e&ﬁﬁf‘ﬁg‘t%ﬁ ﬁ‘ﬁ{)ﬁgﬂﬁ @3%‘1"?518? ﬁfeerb.asgﬁ?‘l le
chem cally functionalized carbon bl acks include those, disclosed in,

| nt er nat i oREENtatnn of campenentsidlusteated indhesirawingsunlegs pthaswisg statadpr ofherMisgsur e of
which is hereby incorporated by reference. In silicon treated carbon bl ack,
a silicon cleatfzomitmconped. begenenl apparatus inaaordancewith differant embodiments i s
distributed through at |east a portion of the carbon bl ack aggregate as an
i ntrinsic RAfhe inventidh®ak Bé BaploPedialvaribiyurfunpenéns. Rawil) 68 withatke abilitysdf i n t he
form of aggregates, with each aggregate consisting of a single phase, which
i s carbon. S X| i f A Lte

and/ or amrt%-%gussl&i%f ﬁ’oﬁ?yg?\’dh? én t}% utngF"eﬁ gc{fm%gtptfrgsgq%? Rtg 'r?éﬁrt%&/\g& %eg{re?n@nkAs

di scussed el sewhere herein, carbon b]ack aggregates may be nodified by
deposi ¢ i ng BIPPRAHGESRICHs A GeEORS LT apeTaris of B iryeRion Fplpying sasting
portion of the surface of the carbon black aggregates. The result may be
descri bed #eshsichli skills-andtaking énte reeount avellknownXagtors partigudar tozthe ftendedt eri al s
described herein as silicon-treated carbon bl acks are not carbon bl ack

aggr egat es application) aueh #sadusiredprioddctinn volumesymareriaiostiectien] , dubutycle; antthey
represent a different kind of aggregate. In the silicon-treated carbon

bl acks, t hgk@oRéraamieSBmbErS Lsddin BH%:%§?&3' beSeddindtier dPawiagRP theareh Wil |
still be present as graphitic crystallrte”andl or anorphous carbon, while

t he secondphase is silica (and possibly other silicon-containing species).
Thus, the 5%@3859%8}?{% ni ng speci es phase of the silicon-treated carbon
black is an intrinsic part of the aggregate; it is distributed throughout
at least a portion of the aggregate. It will be appreciated that the

mul ti phase aggregates are quite different fromthe silica-coated carbon

bl acks nentioned ab iled Desoription iof CerthirpPeeférve baglimehts phase carbon

bl ack aggregates having silicon-containing species deposited on their
surface. Such c@yhgtuetfdelrhethtd/and @ppataius dRclobédirire Gldstonter dRisteratdl e a

silica functionality on the surface of the carbon black aggregate. In this

process, a%e%hﬁﬁ%ﬁ%n?ﬁgﬁfﬁﬂa&% Acw 'pr6& ?ﬂavﬁ&ix?gsnﬁ:&ur@ec?o&i&ox{?ér lgﬂeﬁtangi lica

(as well as SSi er silicon-contal ning-species) on at |eas
ortion of the surface.of the aggregate., For exanpl.e, an ueous ,sodi um
P particulate ﬁI]er%l?ncg at mt%ulengegleve(i’s an% flow contr<))<l crggdltlons suﬂ?c?ent to achieve

coagulation even without use of traditional coagulating agents. In fact, it will be

7

immediately recognized to be of great commercial benefit that elastomer masterbatch



silicate solution may be used to deposit anorphous silica on the Su”;Zabc?UN)fUUZ
carbon bl ack aggregates in an aqueous slurry at high pH such as 6 o

hi gher, as di seussed i n Japanese Unexam ned Lai d- Open (Kokai) Publication

No. 63-63755. More specifically, carbon black nay be dispersed in water to
obtain an aqueous slurry consisting) f_%{%e_exarrpl e, of about 5% by wei ght
carbon bl ack and 95% by wei ght water. slurry is heated to above about
70C, such as to 85-95C, and the pH adjusted to above 6) such as to a range
of 10- 11, virkhh AlhcRieled, that &) bodgAlitedAateR RAchiefed? heRANRIGUP the rded RFIQitRér SOdi um

silicate solution, containing the amount of silica which i1s desired to be
deposited an the garbon. bl.ack, ;and an aclkd solution ta bri he. s0di um
silicate sdf“.ff'f’&ﬁ%fyomﬁalr‘fgﬁ% 3# dﬁ?mﬁrh‘gl §gfru% LPPIIRG, P @qgﬂdg‘gé}ipﬁgf@f‘ﬁt i ons
are added dropwise to the slurry, which is nmaintained 2 6 JUN ?002 -25 at
its starti regmpesition e Wi stieasiaf tank apk fopgulantut i Tisadn 9Pt commerciathe
tenperature of the solution is also maintained. A suggested rate for

addi ti on ofimplementation thesdosi andtcomplexity of employing acid|colyguditivnt soltidnsogani bee
addition to add about 3 weight percent silicic acid) with respell to the

total anounivoRfedt eiap tedhhigids infink PrémixiFRO ik hd pRALISteDRCRaS i @ duri ng

the addition, and after 1ts conpl e?| on for fromseveral mnutes (such as

mmy be obt ARRTETORfeter £ bt goRRh iy Bippl it Bo poERR i gfidethe 20K

vol ati zabl e si | jcop-cqQntaining co unds. Such carbon bl acks, are preferably
produced i rPossibig of aFhigying: “mﬁ}(’%ms@&%ﬁt P&E?F“ﬁé’a’&‘t’@?relﬁ‘gmeng a
conmbustion zone followed by a zone of converging dianeter, a feed stock

i nj ection zasud coaguilant selutiorc with itd atiensant coshanil wastedisposahdisagventagesquench zone
is located downstream of the reaction zone. Typically, a quenching fluid,

general |y wat er Feed rafk af et Hhid dnidepasticutatenfiller Msivity the wiiXifig eondeNthel ack
particles flowing fromthe reaction zone. In producing silicon-treated

carbon bl a i |efeatd L - ¢ bl IS
intr oducedcc‘:én o‘i}t& %agggﬁ?ﬁq’ﬁﬁggﬁ eacttgraég%‘}egﬁ)%c?ﬁ ﬁ?*ﬁ%@?@g‘a“ﬁnﬂgﬁ%ﬁe guench
zone. Useful oupds are.vol ati zahl e conpounds,.at carbon.hl ack r.eact or

t enper at ur @g@ﬁ%ﬁﬁ@grqeﬂ@ﬁrd@%%mo H?tecq\'g‘F a?ﬂ'r?i dis, ,englof AOAGUNT 1 s
tetraethoxy orthosilicate, (TEDS) and tetranethoxy aorthosilicate, silanes
such as, t &eacternhWithout wishing)to he dound ytheery, itprasgmtlyiis upderstaedithaba guasi-e
silicone polyners such as octanethyl cyclotetrasil oxane (OMIS). The fl ow
rate of thenomd-phasé isystdyh és establisheddn thd mixieg zone exeepiththatvenaghinmpseilideare of
silicon in the treated carbon black. The wei ght percent of silicon in the

treated careiig fotnicdthbxRindr ldpwhAP@aasthbredMnahe dbaghivin BoHeC € Bktrémely higher cent
preferably about 0.5 percent to about 10O percent, and nore preferably about

2 percent tfgﬁpm : val- at i I re-m xed

wi th the carbon ﬁ%&@ﬁ%&“g@g @%@%ﬁ&%ﬁﬁﬁgﬁggﬁgﬁ?ﬁﬂ?@é eerél st ock
into the reagtion, zone, ..:26 2 6, JUN 200 ernat.ivel y,, the .yol atj zabl e
conpound mf?ﬁﬁ’éfacm diferential f"gat‘c"ﬁéh? géixt BB‘ﬁ é%geggbg‘fegté%mgp 0t Wpstream
or downstreamfrom'the feed stock injection point. As noted above)

addi tives rashieving wéfisient mﬂéme,tihi,suge'gaﬂwl enzogaticishear 2f thetlatex by the impact
coupling silica or carbon black should be expected to be usefirl with the

si |'i con-tr eftiecpanivalacefillet Suid jet férahorongh mixing amidispersi®n ofthe paidicilarerindo
suitable particulate fillers are cormmercially avail able and are known to

those skil ligdiakdx fif: Ligsti : ' f ,.gh.,g ture of
parti cul at etﬁf ia:tei&erdg&\}lﬁ f“gggéﬁ'gl @g@%ﬁg {}gg‘%?{sh’ieaf ?gﬁgeda&hfﬁeatggct e
el astomer oyl gf BRLG NideRibic togefhier Wik Coifbifed H3Gik B 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,



filler can include any material which can be slurried and fed to the m xing
zone in accordance with the principles disclosed here. Suitable paﬂﬁ&wwmmg
fillers inclyde, for exanple, conductive fillers, reinforcing fillers)
fillers conprising short fibers (typically having an LD aspect ratio |ess
than 40), flakes, etc. In addition to the carbon black and silica-type
fillers nentioned above, fillers can Be-fornmed of clay, glass, polyner,
such as aramd fiber, etc. It will be within the ability of those skilled
inthe art to.sel ect i tabl e rticqulate fill.erg for ,use in the nmethod and
appar at us. GFEin Bt ek e TalRpane ffraleddedidprion of Fiethod ad BREerafls sRSEEL anc
it is expected that any filler suitable for use in elastomer conpositions
may be i ncthepisvention will in some instaneesfor conyapience, cdeseribertheir yse pemanlyifys of

t he present disclosure. O course, blends of the various particul ate
fillers di prdaciagimhserbatoh comprisirgmangaluabler Bnd tarbome blackrbIidviliba mdthaf the he

i nvention consistent with Fig. 1 are especially well adapted to preparation

of par ! CULRi§ of tosddiled i tle 6:6/Heh Mieiéndil WP AR RISNIF, 85 e@logahdBhGd ack. | N

accordance own principles, i be understood t carbon bl acks

havi ng | ower ,surface .area r_unjt ight.ust be. used. | i

Concent r at Fish SPERRA ARapRed s Hbcoptiipdd Vst Wie prliptir o bl ilcutesd o1,
efficacy as | ower concentrations of 2 6 JUN 2002 -27 carbon Ql ack having
hi gher sur belew & Psoduce masterbaich gamprisiag: & Muunber ,ofgtarnative 1or additionals wat er
and carbon bl ack, e.g., optionally pelletized carbon black, to prepare an
initial m elastosers, fillers ad otherimatérialse Inlbmief] spels methot$ far pyepating elastomer port 20
into fluid Iine 22 equi pped with punpi ng neans 24) such as a di aphragm punp

or the |i Kenastbibah2foRaSe&iing dfuliinebisla mun;,@fms@uaek or Gihet filk2 ands
alternatively a pipline grinder or the |ike) through intake port 30. The

car bon bl aﬁ%tlnla.f; 1 ] ; I | ﬁ-ugbié'-)éfz r

di spersi on ul @99@?@%@?@1 %&%@?ﬁ%ﬁ%ﬁoﬁﬁtq%f&pdort Jerl’(r%(fq‘ ? Icﬁgﬂlﬂ) ne 33

to a honogeni zer 34. Puynpi ng nean 6, preferably co i Sing a_pr.ogressing
cavity punfragioTy h‘g W&@Hﬁsﬂ’g’ﬁ&ﬁ?@a%{% E#%B“’SEB_ z%ﬁwdgg{efai’br 8‘?5’%8?’ finely
di sperses the carbon black in the carrier liquid to formthe carbon bl ack

sl urry whi ilereasingdn crass+seationabareayintbe downstream diseeion ffom amentdy endito 8t has

an inlet port 37 in fluid comrunication with line 33 fromthe colloid mll
32. The hodisgkarge end.34Thensurpy Bffed rbthy niiving zbse préferablyxasapéontingous, high

| vHcr of | ui di zer system commercially available from M crofl uidics

| nt er nat i 0pabcifRePOf MjecRA b WHR the RS hibBE! lafex ARs fedhSRIabvy f¥ e are

honogeni zers such as nodels M5 18, Ms545 and MCI ZO Series honpbgeni zers

avai |l abl e t E{gqgg i k VI.S] f APV _C } G y | m ngton,
Massachuse%%lgfmyugﬁf ﬁip%v er Sﬁﬂp‘% g%F &%ﬁg@%ﬁ%g?égng{rmﬁ%ﬁnﬁ% rﬁgé}asﬁry%\gai | abl e
and will be arent to.those, skilled_.in the art,given the henefit of the

o esent i SERGERASCaug BREE Ry B o e e Mk G TR 38 AT or ciance
with the above described systemw || have at |east about 90% aggl onerates

| ess than aithin atdeastran upsteeammpertionofshe coggulum zonee and substantiallyopmplgielyner at es
| ess than about 20 microns in size. Preferably, the carbon black is broken

down to anc@aglaté ¢hé ielastoftier Jatex prionit6" a8 Sdischasge. erih O Subantially Odtfnplétsi t port
38 passes the carbon black slurry fromthe honogeni zer to the m xing zone

through fe lafi6n dd- thuklte a?fHWeﬂ,ym B8 %rdafic ittt Bregé}&dteglbbéainqgﬂs Reitholifthk €
honogeni zer ep and exit e honogl ni zer at " about psi Or nore.
Preferably igh, . 28 carbon,black content =s used tp reduce the task
of r enmovi el e StPlqging Am 3P i CORRUPIOMTIESI, o Py PIEREAA oRInpaLs e oh
percent carbon black is preferred. Those skilled in the art will recognize,
gi ven t he BeHiad tof oprodusing dthe celasomer comppsitesecompmies theaeqntinyerseand (i n

simultaneous feeding of the latex fluid and filler slurry to the mixing zone of the coagulum
reactor, establishing a continuous, semi-confined flow of a mixture of the latex and filler
slurry 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



wei ght percent) of the slurry and the slurry flowrate to the m xing zone
shoul d be coordinated with the natural rubber latex flowrate to thezgiJ?Nﬂ@Z
zone to achiewe a desired carbon black content (in phr) in the masterbatch.
The carbon bl ack content will be selected in accordance with known
principles to achieve material charactggistics and perfornmance properties
suited to the intended application of e product. Typically, for exanple,
carbon bl acks of CTAB value 10 or nore are used in sufficient amount to

achi eve caphon &ﬂ%ﬁ’w ' I ltgﬁ,@ﬁ& I 0 phr.
The sl urr?apr e%gér"g%ﬁ/ I'S Use @%w gﬁg?ba pr%%ec’:‘tl 8@%@?5?@@ upon
bei ng prepared., Fl ui d.conduits. carryi the slurry and any optional, hol di ng
Canke and S injoutie R gonsstshif paakulih seacint o\piablyn the sty PR AP BIFAC
substantially preserve the dispersion of the carbon black in the slurry.
That is, stixspbericionnear sumysphasic prassune conditions atithedischargefend lo€ theanoagulumat e
filler in the slurry should be prevented or reduced to the extent

reasonabl YedetdrCire hithhly &ivah@pedus)in #dilitatingV¢ontroPénd EdlleciaoPte, elddtome OO h,
with snoboth line-to-line interconnections. Optionally, an accunulator is

used bet ""%81'&3%%{{% gwggﬂélﬁgfg%éﬁﬁeﬂiﬁlg%uém& r gééﬁﬁ%fsﬂlegé?t &l ons in

pressure or y at t sturry noZzle ti e m xing
zone. Natural bber latex fluid.or other gl agstonmer |atex.fluid ssed to
the mixi nga%ﬂéﬁ'einamrﬂéabew %@M %S%ﬁ"‘% sy 89 hl’r’?"q”é&°{’%°f)ﬁ‘8 mi xi ng
zone via feed |ine 16 under proper process paraneters as dj scussed above,
can pr oduéeagiiumirastorgan be presisely. metsendito e‘,:hn@pgcshm%mtss, wathJittle,fres latex
mast er bat ch crunb. Means may al so be provided for incorporating various
addi ti ves andtliotld tmdispesset! aarbon rbdacken lthe produétncrandi at ithe disthargle emdpf thei ng one
or -29 2 6 JUN ?~~7 nore additives may be fed to the m xing zone as a

separ at e gkl feB@b?. WHEoUR wishIng R0 BEBtunt b§ thedhp &t ;masenhf isirderfiooadhati f

suitable) with the carbon black slurry or) nore typically) with the

el astoner | afex i U @qm [ . PiiSe D . atch
subsequentalq;a/&éog%’l}sh%;? ry 'ﬁ‘sﬁegtlg?\lbs%‘gc tﬁigquesg %%‘?%gﬁé g? |ve§agdrge wel |
known to thqse skilled in the art and include, for exanplg, antioxidants,
ANt | 07 ona/Habeng 0 dhese ot doppteeam thereat i g congolury Pt (EisorpehsFgh o1 | <
and the like), resins, flame-retardants) extender oils, lubricants, and a
m xt ur e offeediyplogity afithagarbpndlagk slurnilinta she mixingszsine of thercoagulumaracterdindi ves i s
well known to those skilled in the art. Their use in the system di scl osed

here wi || véigcityedifféréntial relifivesthe Adural fubber e fiitbfeed afbeli®v@dRo 8 eighifidaric| osur e.

In accordance with certain alternati ve enbodi nents, curative also can be

i , i -l i ] d . Lt e which
i ncor por aedciBvihg E@ﬂi@ﬁﬂﬁﬁﬂulélrﬁe,pifé’, m&:@;&(ﬁ@ﬁfﬁc Shé? (0P i laFBOREL € whi C

may be referred to as a curabl e base conpo e mxing zone/ gul um

zone asser i RS i re d il, bel ow. . The St r t er bat ch
crunb 1. e e faiaidle AMeERLG 7B incRGieh it a5 RpETRn, SPEE bl <
drying apparatus.. In the preferred enpqdi ngnt of Fig. 1 the sterhatch
crumb undeﬁﬁt?égterﬁﬁq rhesl%élueff gachepagplation,  Hlighs mixing srieries, vigldfbe pavel ng
extruder 40 and then via conveyor or sinple gravity drop or other suitable
means 41 tprodactdwith exgellert manie-dispérsiontogethes with porfadied prbdmobdeliveryn (The
consistent wwth that illustrated in Fig. 1 producing natural rubber

mast er bat ¢Baghilirh iscRédid arid therk forinkd fito a deGirabRR-eAfh@4te N9/ dryi ng operation-w ||

typically reduce water content to about 0 to 1 weight percent, nore
preferably .0 . I C ' . dr . I and
comercially awlag%'p%!}cgpﬁgﬁe@i aﬁ’ghfa 5%%%3;3%;&@" y@ﬁ’?ﬁ%‘&r‘%ﬁ?&%& uid bed
dryers, hot air. or,ofher oven dryers),and.the like, such French MI1s
QAT 1 abl 6 SPTBAIIER GisBloBe: BT e EARERL i, CRBACEpR R HLthe BRPEHEdGangS. b
.~~~ -30 Dnai_ masterbatch cninb fromdryutg extruder 42 ~s taned by a
cool i ng covhessinra aantingous flowemethed of psoducing elastomer oystethatch employmaageous
feature of the apparatus of Fig.

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,



1, wherein the dried nmasterbatch crunb is conpressed within a chanmber into
f oam st abl e conpressed bl ocks or the like. Typically) 25 to 75 poungif JUN 200
guantities ofgethe el astonmer masterbatch are conpressed into bl ocks or bales
for transport) further processing, etc. Alternatively, the product is

provi ded as pellets, for exanple, by gﬂfpping the crunb. The di nensions and
particul ar design features of the coagulumreactor 14, including the m xing
zone/ coagul um zone assenbly, suitable for an enbodi ment in accordance with

Fig. 1, wl i . . . design factors asg th j

t hr oughput P %:"5%2@‘?{‘9‘ t“ P W?éssé'lvgg t’?%%ﬁg‘g ‘%Q%éﬁ’F‘é‘?’EP P%‘vo@°ﬁr %c gxgg}eg%jté’t & one
preferred enbodi nent js illystrated in Fig. . 2 wherein coagul um react or 48
has a mix Hseharggends tﬁ@ﬁéﬂ‘tﬁ?“&"’e&&l}dl flawzefers 92 highly advantageeusifeatute. seal at
joint 54. Fig. 2 schematically illustrates a first subsystem 56 for feeding
el ast oner Asuged here thétermrisdintendeddo mean thiat theet flow path ffalloweddyi the mbaedatex bl ack
slurry or other particulate filler fluid to the m xing zone) and subsystem

58 for feeﬂmgﬁgnﬁtﬂww&ﬁpw y&ﬁ&hm Flaacn%EEiﬁ%le&f-%@ sab&mﬁnf cldséd t he

m xi ng zone. T edd 50 is seen to have three feed channels 60, 61)
62. Feed channel is..provided. for t atural ru ] nd feed
channel 6ZUPW(S’?&&M%P‘ﬁiap(gﬁppﬂgg&o&pé% %W%%S%‘?a é%@%@ I n
connection with preferred enbodi nEn}i,ee | oyi ng di rﬁ_ct i,njection of

addi ti ves, TSFRi thatds it thedischarggend ¢ WP&}'@‘H“W%‘H urqyletice GPRdItons & ocar bon
additives or, nore generally, non-water miscible additives. Wile it is

wel | knowntheoupstrpam portion d%wmb\mmearemaimﬁnﬁeiam-mm leastavasisi ons
suitable for pre blending with an el astoner |atex, preferred enbodi nents in
accor-dancestéadyistatdfashisrecontirresiths with substartially piug igwelype conditiyns at theroper
additives can elimnate not only the need for enulsion internedi ates, but

al so the egii c@a%;xﬁxﬁﬂ%fct ITHae kiS4 Is n : UN 2002
,. -31 pre\%lﬁgéy%%éfeﬁgi n-torm ngoﬁkgﬂeﬁiﬁ@%gﬁégg l%?(?&%t?tg%@ }nnthgsétse]
manuf act ur j,ng.cost.and conpl gxity, can) therefore, be achieved. As di scussed
Further  belBajt Rarics QGRS Rh toalty entTafY fiiroiras BRI MEipufecathe

m Xxi ng zone is preferably coaxial wth the m xing zone and the coagul um
zone of t heypicallyyby simplegmvity drop\(pptionallywvithin 2 shreyded grsseeenedfione path}inkhown t o
receive the elastoner latex fluid, any suitable nunber of feed channels may
be arr angesuiablecotledtion neans, isath dseheifeeth hopper of h dewwstenitg extrudére Thusrthy i s f ed
to the mxing zone. Thus, for exanple, in the enbodinent of Fig. 2 a fourth

fend channgémiceynkifled oW resuitd 9l a trhrbaléade yatieh: SF&day a8dlly Gt'loRdifidinallgssur e

sir or other gas is fed to the m xing zone. Pressurized air nay be 1njected

| i kew se Wiaﬁtﬂi] : ldgp H]ie Nt bl

Auxiliary fee Lagﬁ%s?]hgfngn\égtggﬁmge errporreg"rqlgﬁy orﬁég&@ﬁéﬁﬁeg’@ﬁ&aﬁég‘@éﬂén not
in use. The coagul um zqne 52 of the coagulumreactqQr 48.is seen taq have a
first port oReReRtI:S iagecsipod hay the Fele AL i, BEEHTHIE BRI ng
upon desi gn objectives for the particular application intended. Optionally,
t he coagul thrbilenee migng,and-coagylstion iman aipstseams; portion ] the ceaguliyre reagtar, or
substantially all of its axial length. Thus) for exanple, the coagulum

react or nmayogdthier with 3ulsstanfially plag-typegbischiarge ficav of 4 solidygraduce lat fhe dischdige M xi ng
zone to the discharge end. Preferably, however) for reasons di scussed

above) and e 15EAniofeirtBh SRt rih THECUTRYbs 4 LodtSb Beiniotnk i 21 NS,

the cross-sectional area of the coagul um zone I ncreases progr vel y
fromthe eptry end.66 tq.discharge end 68. re specifj.cal he

cr 0s5- Sect FUIEGEHEi8Or AP EEUN styfRendi R bfie B SBleibf et S et ry
end to the discharge end. In the enbodinent of Fig. 2, the coagulum zone

i ncreases Masteatsh crymbdisshasged under substantiallyi phes-type flomronditiqasandgenerally

i ncreases continuously foll ow ng constant cross-sectional portion 64.
Ref er ences ambiertipeesslire atethe discharge end of the ecagulura Ireagtora Similarly, axial velocities

of the slurry through the slurry nozzle into the mixing zone and, typically, at the upstream
end of the coagulum zone are substantially higher than at the discharge end. Axial

velocity of the slurry will typically be several hundred feet per second as it enters the



of the coagulumreactor (or) nore properly, the coagul um zone de5ned w thin
t he -32 2 6 JLIN ?002 coagulumreactor) and ot her conponents) ur} 98BN 2007
stated otherwwse, are intended to nean the cross-sectional area of the open
fl ow passageway and the inside dianeter of such flow passageway. El astoner
conposite, specifically, coagulated elpagtonmer latex in the form of

mast erbatch crunb 72, is seen being discharged fromthe coagul umreactor 48
through a diverter 70. Diverter 70 is an adjustable conduit attached to the
coagul um rmeixigzone tprefemblydrap: a smdll bére, dtiallyorietied fecltube macasrdancesdttect i vel y
pass the el astomer masterbatch crunb 72 to any of various different

recei vi ng srefefied emBbdimeRB!dischssed velbwa IR b5day vél@éihﬂ ofithé FSURSTRAGH at He
mast erbatch cnrib fromthe product stream for eXanple, for testing or at

t he beginning of,a.production r Lnidlal C [ bilj y
result t enfBWafid ﬁf:%ng?ﬁﬂ'@m 5?%?0%@%%%85"?%8@8@3&% @éf‘t ér&:}'c ovi des
design flexibiljty to direct product fromthe coagul umreactor to_different
post - pr oc eapphigasiopmaycbe, for example.hin-20 fhet periseeondy andmpreusgalyotitobhieetor Fi g.
1, the masterbatch crunb 72 bei ng di scharged from coagul umreactor 48

t hr ough di pezrseeond7 QAt the siisehargo ednd; in eontrastaigdin; axiati velocitylGf the measterbatch
cross-sectional dinension of coagulumreactor 48 is seen to increase at an

overal | anghfb prod8étHRaig dthirge£idrORilland tepisdt BFPIRALGTSE dproxifalely Pto S

greater than O and in preferred enbodinments is less than 45 , nore

f er abl e
Dot o bul0f6R3r} i  mRSlenP) 2145 s B, SR torelifici © 2 1
| ongi tudi nal 24 & llen | to.a poipt A at the oyt
ci T cunt er GEgoe Salen deptacbves e i il whvaned kSO RS0, 1

this regard, it should be understood that the cross-sectional area of the
upst r eam pasherielastomer latexs iscoagiiatechby maxsrewith carben blagk etetherfiller gyenringhe t he
entry end 66, preferably increases sufficiently slowy to achieve

quasi - nol dibisgncef oft subsequenUtreatmem inacsireamoretaik of atiesalt o 6thérl bdaghiam Y~ - 33
princi pl es di scussed above. Too |arge an angle of expansion of the coagul um
zone may fr eIEE ; Sflct é‘&%h

desirabl e %ﬁﬁir?%’ ?rglrlrkn&g%&%?’(s)%ul eslo mﬁ’ﬁ@%% Si ngﬁ]fgpfr?g@?% t rl'gggh t he
coagul um r - Lncreasing the bore of the coagulumreactor too slowy
can resul tr?'gﬁép%’éﬁ'fbg? 1€ ﬁ%‘@g?sﬁlg ts) in backup or clogging of the feeds and
reacti on product irllié) the mx head. In a downstream ‘?Ol’ti on of the coagul um
zone, wherein tihéhquld bsundesstopdiin this segagd thap reference4g (hecQaguiRLFeastanAshas
becone essentially plug flow, the coagulum zone nmay extend either with or
wi t hout i rheinga%epenth at thesdischergei endds net avendéd is meanfthatcthe discharge end fshe
coagul um zone in preferred enbodi nents having a progressively increasing

Cr 0SS- SecCtneoesdrilypdxpasedo viet dp @asily aktessk® byl harfdl. e by indtdaddeipesmanentlyét

portion of the coagul um zone wherein flowis not substantially plug flow.
The cross-g@feid ' : o e
upstream p%ru Oﬁ"?ﬁgﬁ%ﬂi@ gfgolgél&ggﬁggggﬁ Ppn}"r"gog?@tegf Bﬁggggv &grvac% ?%gragalse in
step-w se f.ashipp, ‘rafhe han.ip the canti.nyous fashi,on illustrated in the
crbba ot er{pouss S fitherilOslysr e The $i0eharER eod Of HiasagBuIsR ettt | nuous
flow system for production of elastoner masterbatch in accordance with the
met hod ands @pgminzthe émpprtant sensel thab the tutbulent Bowt withim the chagalum zone of the

coagulum reactor, which is under high pressure and sealed against any significant rearward
(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 solid

product is achieved prior to the discharge end, dependent upon such factors as percent of



head/ coagul um zone assenbly wherein the cross-sectional area of the

coagul um zone increases in step-wi se fashion. Preferably, the indi vizoﬁuélim 2007
sections of tke coagulum zone in such a step-w se enbodi nent have a faired
connection to adjacent seetions. That is, they conmbine to forma snooth and
general |y continuous coagul um zone surf{@ce, as opposed, for exanple, to a-
sharp or instantaneous increase in diameter fromone section to the next.
The coagul um zone of Fig. 3 increases in three steps, such that there are
four different, sections Qr sub-zones 74 - 77. sistent with_the design
princi pl es apaSHY) ion, felestion of natgnialseand the like, ggege_rg@q,e&e%tg thgﬂg\g 8

coagul um zone 53 increases fromthe entry 2 6 JUN 2002 -34 end 66 to

poi nt A at substantiallyqikeg flew ehar forgitherdischargeaind of thel coagiiumiresator should behe
necessary flow control in the upstream portion of the coagulumreactor. The

first sectiyagderstbodmlighteoftindaet tias tHe Mo &l the disehargd éhdGe Bempdsed PrimiaElyer

portion of the m x head 50 i nmedi ately downstream of the m xing zone, and
(b) the sang,.: f I i ren ROt | nt ji 4 54 at
the entry Sifepeot HaxEoath GG ROt HRBuEPBE Rab SRRl ditoher
diameter D and, a jal _dinmensiop or len L, .. Ln this first section 74
the | ength "ES‘%P&}E\?- ?h’e%@d’f bp ﬂ“’csHP‘é’glteB itothe ‘P’ng fﬂagﬁﬁEgF BasuivRy e
preferably greater than five tinmes D,, and nost preferably, from about 12 to
18 tinmes Dzonerdtthepgint plong thecoaguum ganent| whieh:flew hecamnysubstantially plug flow.t een
times D. Each subsequent section preferably has a constant cross-sectional
di mensi on ghe everagvansing massafl“worms’ englolesradvaitygedoslp have plag-type flofein
preceding (i.e., upstream section. Thus, for exanple, section 75 has a

const ant  C RS sen§eki g hrettia VR R Q&eﬁﬂg of pRIAA A0y koWl thé Sischahiehdi S

tw ce that of section 74. Simlarly, sectional area of section 76

is double th of Lion.75).and th rossnsectignal_a ection 77 is
doubl et hatopt B pPRER B if ¥ vEl Erpstspoction BY kbl soRE e B JETHES
preferably greater than three tines its dianeter, re preferably, about
three to s&idhave ity ppiform velpaity, sugh thay they 2z weydlbuﬁlsmﬁgeej pontealied for

di aneter. Thus, for exanple, in section 76 |ongitudinal dinension L,3 is

pr ef er abl y fsthen processipg. t Thussthe fluid phasemixing &pect disaiozedherel camativantagedusin zone
assenbly corresponding to the enbodi nent of Fig. 3 is showm in Fg. 4
partially ibacagietiionnatvit€ady sidtecorfiasi-stéady state ¢onditivns, Wesultingda Bighuevelsasfe
extender 53 via joint 54. It defines a mxing zone wherein nultiple feed

channel s GQTOCﬁﬁuﬁfgwm a junction, with an elongate, substantially
cylindrical® channe substantially coaxial with the coagul um zone portion

within extender 53. It wll be recoqgnized that it i,s not,essential to the
operabi |11y of  tABET AmbaEen  etpeitodmd. appuatys Hielased 5% FalisBated def | ne
t he boundaries of the_m xing zone and/or coagul um zone. Numerous varj ations
are 2 s -schematieplly indfig. o ckhose skilled inthe at willvecegnize that the Xarous#sRacts 9funct i on
area, as wll be apparent to those skilled in the art given the benefit of
t he pr esentsystiéns configuration, compdérent selegonchnd dke likegwiliaiepéridtosomeexteationjthedel i ne)
i n anbodi nents of the type illustrated in Fig. 4, for exanple, the slurry

tip 67 gengaichir dhardReisti@UTRY inten8edfipliBativa, Ahus, bl Seakiple! lsudifaétofhs80)
bei ng approxi mately centered longitudinally in the junction of the feed

channel s. | od] r . 1Nl . - i pnal area
defi ned by %@%&a&f o'h??gécﬁﬁﬁﬂgwm%%@og%lg%dgﬁ]%‘gﬁ@?ﬁ%&%# erenti al
perimeter af the begipning of the cylindrical, porf{jon 80 |s advantageously
greater thdRe lamugpﬁammpn%; I sepersl. sush Considemptions wel BB ot ox
feed channel 60. Preferably, both channel 80 and at |east the upstream
portion of théabilityaolithose skilled intthe aitrgivancthe bemefit Iof thecpresent disclosurer The
substantially conplete coagul ati on of the el astonmer |atex, have a circul ar

Cr oss- sect ispstem ietratedris Figdn i seelitd dnchidelifeanb fercisedihg hatiirab Fubbehiatex or
particulate filler fluid is seen to conprise a feed tube 82 extending

rticulat fuid X 2 e
nozzl o ti p ouFT SRR AL B ot B BUAREly LOBoBEY £ S

advant ageoys, Leatire of f NroR Sk SLiSH, STRETH et Stadl 16 458585 R Bna 3°

feed supply of latex under pressure. Alternatively, a latex storage tank can be used,



bl ack slurry, as noted above, is fed to the m xing zone at very high
velocity relative the feed velocity of the latex, and the axial arrangenent
of narrow bore feed tube 82 results in excellent devel opnent of flow

turbul ence. The di aneter Dm of the channel 80 (w uch, as noted abdeJiN Ml
preferably substantially equal to thgszaneter D of imrediately follow ng
portion of section 74 of the coagul um-—zone) preferably is at |east tw ce
the inside diameter of slurry feed tube 82, nore preferably about four to

£l os that - SAphel o sEbindlic il 44 Grpurhlfts ke bl feed UER A 1 |

the entry por 3.at the upstrea of, feed ghanne] ,61 of gix head 50.

The i ant o1 bpldatistampcimek Buii B R ded st tesdiine 2P aotiuning 198 oF b gotiiim 5 <
~uN ?002 -36 required volunmetric flow rate and axial veloaty of the slurry
as it passeseactor b ghatenfluid intank 10 mayibe heldunder aineronitragengrassuce arkbadikss . The
correct or required volune and velocity can be readily determ ned by those

skilled in fivh thd thediteeuil Rfed R the ixing zorv £ ading pressure of prefedably leks then a
function, in part, of the concentration and choice of materials.

Enbodi nment s ] e i S rEpe [ f eed
tube for th éé lcb gtréb gr?]tar% F’g%fﬁ‘l‘é?ﬂ’?/‘a? S %rq}%\?g% F@'&gﬁ g\b}lagese%ﬁé%? ?gg f“g"‘t feéd
flexibility in manufacturing different ma rbat ¢ch conposi t i ons_at

i f1erent | PISSRE A0 A e connecBRm. i3 YK B oncTERRS ol P e .
and replaced by a_ larger or_ smaller bore tube appropriate to a, sybsequent
product i on. 1q ¢fugs sheardn the flawingdase fiuid amwrseqonsbl&poml%rrrﬁf%@bym Q¥ exits
the feed tube, it may be referred to as a spray or jet into the m xing
zone. This #ines fodexample)dies sansh, with only largeradius iveras, tif any; and smaoth oolfairedit s,
hi gh speed injection of the slurry into an area already substantially
filled withifd-to-tie ftomédtions. Thpresiir 8 selied €9 ieldthe sied AowclcRiiy
distribution as it passes through the slurry nozzie tip , and not
necessarily.] . . = j Ik L I

spreadi ng t}dgé‘léhtg[ﬂg)ruég Qﬁeégét %*ﬁﬁ%ég%ﬁ%gggﬁ ﬁ%ﬁ??@‘g@@%‘g‘%}“ﬁﬁgﬁ to
forma junction 84, 85, respectively, with feed channel 60 and downstream
channel 80 a?”&ﬁ°%g| e (3. The angle ~i may in nmany enbodi ments have a
value fromgreater than O to less than 180 . Typically) ~i may be, for
exanpl e) from 30 Suitabigcelastomer latex flyidsinchude bo and synthefiq ¢lastorperdatings e
that is, cavitation of the latex fluid as it is entrained by the

hi gh- vel oci ayd latexrbiendex The lagexahuss, offcoyrse,dezsuitabile forcéaguiationeby theseleetgd

di sadvant ageously cause inconsistent mxing | eading to inconsistent

mast er bat ch ppkiedate Gllerind rist 6 BifabBF6r R IntBifdeld PuRss€ Or BFplitats SFiResfad t O

the m xing zone to assist in breaking any such vacuum 1n addition, an

6. of T ecd CiEpehBfodBt & AUBE bk e B of BOE BRI B ahholseBeriiyle T

the preferred enbodi nent of Fjg. 4), latex feed, 2 6 JUN 2002 *~ -37
channel 60 Fhﬁ'@ﬂ?éj%tgxtqﬁé i lﬁgbliqsin@ia slastamenfatices for yisg 39 she methodg and

Al ternatively, however, the |atex feed channel can intersect the m xing
channel upsappasatup disdosedshereogivert the henefituofr thisndiscidsere, | Bx@mplaryhalastaméron
bl ack stony or other particulate filler fluid typically is supplied to feed

tube 82 at @clide but/dre natlimited 36)utiberOpblipfiers {e. & UidinsiolyiResl tcopllymess an@QP psi g,
e.g. about 1000 psig. Preferably the liquid 5] urry is fed into the m xing

zone thr ougpﬂ.é[nﬁv f -ﬂf%déén e a0 : ' 1 QG ; -
second, prefera ?‘L’)ggcl))t?t tg ’o“%ﬁ‘éu@‘%'&?%stw‘g@é’?é%g%‘?‘ y}rg?jeﬂ%t?cggg’ ably
about 200 t gcr?tPo%itE‘iﬁé, eri)l%rlense,e and' gx‘opfyl%trxe and" {Hg fike. a’?l?euglag’tggler 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



feet per second. Arrows 51 in Fig. 4 represent the general direction of
flow of the elastonmer latex and auxiliary feed materials through feegit JUN 2002
channel s 60 apd 62 into the channel 80 below slurry nozzle tip 67. Thus,

the slurry and latex fluids are fed to the m xing zones at greatly

different feed streamvelocities, in _ggcordance with the nunbers set forth
above. Wiile not wishing to be bound #y-theory) it presently is understood
that the differential feed achieves | atex shear conditions in the m xing
zone | eadi nderivatives of ampof therdi Biends oHany-0fdhe foregoing mayalsoibe usetle Tha ddtex
preferred enbodinent is illustrated in Figs. 5 and 6 wherein the single
axial feed hmbpkeifdn htﬁhebﬁﬁcaﬁi&ﬁgﬁdlﬁ)’l&aﬁiﬁv@yghe Hquiié cdrfiet magbe )ydrotdrbed €

axi ally extending feed tubes 9 92. Even greater nunbers of feed tubes

may be enpl g;é@lm! %laFtH t i = i ed

t ubes. Advan agéolégﬁ%, p 0quC |§lﬁ-tl?ﬁeggl |T%3Ef§tagﬁ1@té%naﬁgl§&8§+ﬂr%°&e
different feed tubes of different di ter far productjon of diff.erent
For mul at | ont6Sd sapBTOPFRle Flogity: PESHITS MIHEOTEETaBan HLS thenimiii one o Rt FuIED

achi eve good flow turbulence within the mxing zone and coa%ul um zone of

t he coagul usuitable synthetic sbbers inclnde: | copolymeosiofi from abgut t1Rdo abouthd:pereent by
illustrated in Fig. 7. IVflx head 150 is seen to define a m xing zone 179.

An axi al f eéightvfetyfene aRd froMmboME0 to abo@B( pepcent BY weight 6f buthdieridsdch 26
adapted to feed carbon black slurry or other particulate filler fluid at

hiah vel oci . A ' |
blo?e :/(ra] ?gle'?b?ulge %%lﬁagk% nat es at} ey urryuﬁ)ggﬁglu p%ﬁgg@i@%@fﬁntra
di t | e | 168 is i di I I ip 167,
eadi ng to 10 PR BagiRE & Fanshie SL53 ket BIER AL 57 Ay BRI Bl oo

168 is about 2 to 6, _e.g. about 5, times its diameter. A second feed
channel 160cqRolyrer-0f YhpartsoRyrepeiang 56, pare butadiene; pelymenszand gopslymers afg| e
for feeding elastonmer latex fluid to the m adng zone. The cross-secti onal
di anet er of canjugated tienesfsuch as polybatadierenpaljisdpténej polychiorpprene,zand the likegand t han
the cross-sectional dianeter of the slurry nozzle tip 167 and | and 168.
Wt hout w sédpofimies BE sivhUgshjupdtddhdieries, with @n Btiyldnice grougadontiiniid moasmee | and

168, coupled wi'th the expanded di anmeter bore section upstream of the nozzle
land, is belj }ﬁ'ﬂje ' gtﬁg.j‘, I ' sl urry
t hr ough fee{:jdpt% Ybe %QF}%}%‘QP%%@#% g g,gﬁ%tﬁgl%&%\eéh%&sy}g?é ? Eepgigﬂitﬁ%’e 182
is found to,function well wth_a.2 chanfeg, .that.i Goni c area_169

whi ch expan%fé’miyﬁ'p %ps#'ﬁ'éfé#x"&r%ﬁ? €t émF§W§py"§Hﬁi e. 'ﬂ?&ﬁgé? eam of
m xi ng zone 179 is an el ongate coagul um zone. Consistent wth the

princi pl es vinvipyiginecnliatrauhstituted aprylatesginyl ketosaemetbyldsapsopaayl ketenegmaty] y

el ongate. That is, its axial dinension need be only marginally |onger than
i ts di amet evinylRithér alphhmethiplenesatboxylic peidgareisthe esters and lamidpsdhereafputhias zone
is used. As discussed above) coagul ati on of the el astoner nasterbatch is

subst ant i al dctylieQbiRlafid SialkfladilidRIPiRIde N AlR WitaHle Fdtus6 Rereinl dEToRATRGS of That
i's, coagulation occurs within the coagul um zone of the coagulumreactor

w t hout the i . i [ (0] u ol.utiq Lot i ke.
Thi o does. reIERe fik e B aloR ofben R hsbroBa: hfshed ot istitopit A8 oo <
in the mxing zqne. The m Xxi n% zone ma¥ begfgonsi dered an, ext ended, portion
of the coag®® & belgw, the —ubberrGompositians; of the preseat inyentioncan spatain, 1 | v
conpl ete coagul ation prior to the elastonmer masterbatch exiting the

coagul um r esddition fosthacelastamsertand fillef, cliriNg 2@eats,- 8 Souplingeagent, ded toptionally,
possibility of subsequent processing and foll owon treatnent steps) for any

of various wiHoRS prTesitigaidy! bikbRehderd 4R dnfiigadatsise of the final product.
In that regard, substanti al | y conpl ete coagul ation in preferred enbodi nents

of the novel net i 0 ! t#@g : ns
that at |east ab@ﬁtt%a %gf gﬁ&%‘gﬁ’g‘e‘ﬁé@%‘fw‘? E%t ?%b er '?1{73:? 0 g?lt)%tr?@g%‘ogfaﬁe
latex 1s copadl atfde ML LERE 0! (VRS tneiROthstit” vulcanizates (TPV),

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

TPO materials are further classified by their ability to be extruded and molded several



wei ght percent, and nost preferably at |east about 99 weight percdrft JiNs200?
coagul ated. The nethod and apparatus di scl osed and descri bed here produce
el astoner cogposites having excellent physical properties and performance
characteristics. Novel elastoner conposites of the present invention

i ncl ude masterbatch conpositions prodgced by the above-discl osed nethod and
apparatus, as well as internedi ate cespounds and fini shed products nade
from such masterhatch conposjtions. Notably, elastonmer masterbatch can be
produced ugmﬁﬁ.vﬁg'PH? 88y rmnance,charagteasticsy Hi’r‘&t@a]sPSfth%ng‘PgFéx),

al ong with various gades of carbon black filler, having excellent physical
properti escomplosites fone rxrmerectiming cagents ssuck sas, fonraxample] sulkis, sulfis edonbss, i n
broad comercial use for such application as tire tread have been used

successf ul hatvaidfs, Weleraiérs Cperbafesd bt Sther $steins LSsdtoiast iidaabatioiboli theb! e for

commercial use in known production apparatus and net hods. Those unsuitable

because their hi f d I'ow structure rendered them i npracti cal
to achi eveglﬁf‘,ff@ﬁ'?gboﬁ?ﬁegs{@@mbgﬁs%cro-di spersion at routine comerci al

| oadi ng | evels for the carbon black and/or to preserve the cyl.ar wei ght
of the el astone hmwg?@f‘&“m@mﬁ@uﬁ% ?"*é‘i“a‘l‘f%@#’@er & er bat ch
conposi tions disclosed here. Such el astoner conposites are found to have
excel | ent dirspemprissrfield latexcordates sondsintrate (produped, for example; by sxaporatinget her

wi th good preservation of the nol ecul ar weight of the natural rubber.
Moreover, tégfifagatbmod aeaming).r The hitaralwubbenlabixavesd, of ¢cdurse] be buitablecfdr f or a
coagul ation step involving a treatnent tank or stream of acid solution or

ot her coageé,gaiation the carbot'black.” Fhe ibhskSis pRVided HpicAlR in el AqG&sHs caidr

conpl exity of  such Coagulant treatnents be avoided) so too the need to

handl e effluent ,streans fram such.operations, Pridor kn dry pastication
Fechnt ques 6 ARFRERE, ORI Giiaranls CRfoam R sl et Todhy T bE
significant nol ecul ar wej ght degradation and, therefore, could not produce
the novel Rabty Bibberatex duidhmug besuitsble forcontrolled continuous foed At apprapmate with
certain preferred enbodi nents of the present invention. In that regard,
novel el asvelocty, presspresind esncentratitinsioiocthe chixing zorg. Sheovdlldmowndnstability ©ofer si on
of the carbon black in the natural rubber, even of carbon blacks having a

structure hffuRlibies tatéd 8 advaitdgeobdB fscofmmdidaledSin thAldis jubjecieditoreéRtivélgss t han
1.0, with high nol ecul ar weight of the natural rubber. Known m xing

t echni ques t,pe Ep%%t i ?gm d 'ﬁraingg’ J kon of
car bon bl a%: &%ﬁf)u sl?‘gr?ﬁ?a?g%rﬁ noufggeus?g?&m‘g%gﬁgﬁegra g{tgg%l%@%ﬁ%

nat ural rubber apd), therefqre, did not pr.oduce the novel sterbatc
Conposi t1 ofeasmabatbulens dostupor. entgaiic terexmardiart HER ety o
Preferred novel elastonmer masterbatch conpositions in accordance with this
di scl osur ekingtigienergy afbe carbepiblagkcsivrmyliin the mixing zoney dn sertain prefeaedf or e
achi eved) can be used in place of prior known nasterbatch having poorer
macr o- di spembodimentSHos examepi¢, ¢hdndtatal dibbed i $elctolthe mixingzdne at apoespoeafed i nt o
cured conpounds in accordance with known techni ques. Such novel cured
conpounds  gkdut § psifcht h?ee@ﬂr@lﬁéifyriﬁﬂne%ﬂg@@fﬂﬁ‘dﬁﬁ-tlﬁ ﬁh?EﬁseQ@r}@;hﬁérreferably _
characteristics and performance properties generally conpauable to)” and in
sone insta SigRific I tt.er than e of, (YY) @bl e
cured compariind OB phroRRnd SFeiph ok i 378, i ST RS PR el
Mast er bat ch, can be_produced jn accordance with the Eresent i nvention, .
however, withinthepbiliyofthose skilled inthe agt given dhebrnefit of the present disclosursandr  cost
savings. Particularly with respect to certain preferred enbodi nents,
nat ur al r utitedmoiviadge ofiselection briterib igemsdrally wélbrecognized it tedhdustry. be pr oduced
havi ng excel I ent physi cal 2 6 JUN ?002 -41,..... characteristics and
performance promwké pargisulatetiiet f618] foregdnipiélicafnh blaeR sRifry! 3Fed & the idBh@ck i s

achi eved, even using carbon bl acks of exceptionally high surface area and

| ow 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



structure, wthout the degree of degadation of the natural rubber w@'ch
woul d be caused by dry mastication for sufficient time and at suffi ééHNZW?
intensity levels to achieve the sanme degree of carbon bl ack dispersion.
Especial ly advantageous in this regard are novel natural rubber masterbatch
conposi tions wherein a high degee of digpersion is achieved, using carbon
bl acks having structure to surface aree~rati o, DBPA: CTAB of less than 1.2
and even less than 1.0. As used here, the carbon black structure can be

measur ed anll Ren-diisty ii%ﬂﬁkt W&y BE GseBOwith Wate? @eﬁE@F&rﬁé’cﬁh ‘fﬁan?' gﬁﬂﬁﬁiﬁ%ﬁgh 23

cubic centinmeters of DBPA per” 100 grans carbon ack, according

procedure set. forth in ASI .Dzazglé4.. carhbon . bl ac urface area,can be
easur od adh HPXQE 55 pieh velabliey aad ity 5E0se B une wiSiohefon pEndH Hficad
according to the procedure set forth in ASTM D3?65-85. Novel natural rubber
mast er bat cleertainpther Slleaslurringr ef ore, havi ng heretof ore unachi evabl e

conbi nati ons of physical characteristics such as nol ecul ar wei ght

di stn' bution and¥héerd kearbsbnshiscksfilien i$ ased| selectiod/ofthé carbow blaak iwily dependt of or e
unsuitable fillers such as carbon bl ack of extraordinarily high surface

area and | mg“ intendfed iﬁﬁ&hﬁ'ﬁiﬂuﬂ& L&l Bdlly. th
rrasterbatcﬁwgre{?r ce&h?rl{naccor éagggﬁwt the net oﬂgﬁ{ggd app?#]at ug' diescl osed
here can be_de st,rated wi.th reference to.the well, kpo char, enistics
of M\ o, (ﬁﬁ%&%%éf“é’?ﬁk‘ ?o%i@b‘é?%‘i‘@ﬁ?h canby 5‘\“\&"\4:}1‘5"3‘}8‘%% the

macr o- di spersion level in masterbatch produced in_accordance with preferred
enbodi ment MIXINGsZANe; in; acgardagce, withthe (prngiples Aisclosed heres - Paytable pdditional

approxi mately equal MW o, produced using dry nmastication. Mst notably, the
di sper si on pattiduiate fillerst inclade, pfoe fexamplt, cohduttive fillersd aeisfoncing dilers dillers
significantly on the norphol ogy of the carbon black filler. It wll be
recogni zed dokiprisitighshort fibets(typically Gavihg 8n LD abpe¢etatioflesdithsnca0)] Hikegcdic.evabl e
usi ng the rre??(‘)’ldﬁ%nd appar at us d?scl og;ed here, include 2 6 JUN 2002 -42

the concentyi ben?ﬁlaérk '&ﬂﬁ?rﬁgl%%hich%% éﬁag'lp&% g} ?fd&ilugﬁgeél&i’mﬁé}p‘“

into the slurry and rgy 1 npu uring m xing treans, etc.
The macro-di spersi.on qualjty of. carbo | ack i n natyral bber masterbatch
0 Scl oseq HRARAPRHL AN pidasitr Vh By maRods A apRae disiased BE reiathon

mast er bat ch of approxi mately equal MNo, (weight average). In sone
preferred diskdifumed silie, prepipitated| siligao peated carpor blagk,chemicaly functionalizedn bl ack
distribution is achieved with MN o, approximately that of natural rubber in
the field lcathen bhicks, such(as.those hayvipg attackied efganik, growi}s, arfdiljcon-treatedicatbon not
previ ously achi eved. The dispersion quality advantage is especially

si gni fi cantpldcR dith& aide\of inGibiRReH withGatl 6@er. eSihadle ththaliSfuntidnalizean bl ack
with | ow structure and hi gh surface area, e.g., PA | ess than 1 |

DB
Cccl 1 00g, . . ’ 42 and
or of er at y 000 SRkl B ke TReMpi 1M ARPIGHTIS, BTSN o104
pr ocedur es e used in fhe exanpl es and conparisons, presented bel ow. 1.
Bound Rubbé\?%%lmﬂgp @%@ww@@ng}! is hereyy cgrporage gqf%rancgnin ﬁ!ﬁﬁ?,‘bd in
100 M. toluene in'a sealed flask and stored at anbient tenperature for
appr oxi mat dfeatedsatbonrbdack Tisilicar containing species suahdsaoeaideidricarbide ofisilicém,esh
toluene and the flask is stored for 4 days. The sanple is then renoved from
t he sol ventis digttinted thésughtht LEastel poititP6fitha carbbh bROk aggreguteé ad aff iatringic pad hour s.

The sanple is then further dried in a vacuum oven at anbi ent tenperature

i ATARSEORE Coni N R4 g e
di sclosure and in the clains

MW, a, fer. t i gh l, |
wei ght of (e 4878 coRSng pE & HREIP Bhase W hiek 8o This Phase Tgy-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.



techni ques for nol ecul ar wei ght neasurenent were followed in accordance
with the following: 2.1 Two | Opm 106 ~ colums, a | Qom 500 col unhb dbN 2087 |
Opm mi xed bed, col um from Pol yner Laboratories, UK 2.2 UV detection at
215nm 2.3 Solvent: Tetra hydro furan (THF) 2.4 Concentration, nomnally
2mg/m in THF. 2.5 Sanples are left tg,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 columm. 2.7 Samlie Preparations

Sanpl e pr epdfhet materials déscribgd céreim apsiipan-rested carbon dhicksaateoms darbonitdackange
of 0.5 to 0.05 percent by weight to provide a good detector response for

accur at ¢ MECERARA'wAth bk BB Rl o BiheRkise kel bhORnudlinspbag Lon the

filler |oad sanpl e wel ght 1s adjusted according to the follow ng
formul a: sanple . 100 + fiver loadin phr))*20{ 1 +/ - 2 nm.

Sanpl o ar o GFeTEHdindotsaBtsegie, 1Y By SRR Edie bbb biagks He Mlbrciaies forin
stabilized tetrahydrofuran (THF) containing 0.02% butyl at.edhydroxyl t ol uene
(BHT) for t Itwe@hasss sOnerphasesis parbom which will &*?h%%%ﬁ&?h‘ﬂﬁc’é’f@g‘}e akarai ni ng
nostly the sol portion, is transferred to Teflon centrifuge tubes and

certt <i f ugechmanphoos darbort, whiléthé Beeohdipbasp iscsHicar(arid ppssiblyrother siliconicentaming?6, 000
revolutions per mnute (corresponding to a maxinumfield strength of 57,500

9). At this gpbpdsyl TFhiusMiliconZohifiriig spécies phdss ofiile silidas-ereared cadbh bladk isoW ng

a gel-free supernatant. This gel-free solution is diluted at 1:5, again
usi ng stabilj zed. T [ [ot. -t he . I fe C
Vi al'a and plaadaeinsiCpastbe e aBeghisin i dFBAE iBu Bl f RAB, Chorion P ue”

Ivfllford, Massachusetts, USA). i reparat.ion for the GPC festing.

VDI ecul ar WABBHFER B ltatilbh APPHEHatef hah e ultinhase AGEBBFLATE A4HE QBT BBI | he
sol portion MNo, is then determ ned. Using MI I eniumsoftware (avail able
from Wat er s tie sibisa-gosted carhpn placks meationed isheve, mehichummsist obpreeformed, isingleef i ned
using a valley-to-valley node within the tine 2 6 JUN ?002 -44 increnents
of 1 S and Fhase varbers blathi aggtegates ihaving neilitonicantainingo ppecizs adepositeti hen drirumm
set described above in paragaph 2.1 with the nobile phase Bow rate set at
0.75 mLm n. T&?&“ rﬂi’g?ﬁéé:fﬁcei ; i } EtiHali@n can
be det erm ned. Th§u£e ut i O%b«{c?sne (S convet??ae l?%k-drfel?)llaggl&&g?sﬁeb?gﬁt. ity

Pol ystyrene soj uti ans e from.comerciall vai | abl e st andards asi Cal
Pol yrer | Labdvogt hatee b sebaTbIER R Gate i i rodss SoBR0E paseptee R, o
wei ghts with very narrow distributions. The cgnversion of polystyrene

nol ecul ar weTegied se s tosieposit 5 cegt siligafas well as possiblnetherysilicprtcontaining:Snesiedd on
the universal calibration nethod of Benoit and coworkers. The hydrodynam c
radi us i s prampatriedsbapbrtion afltiee surfadeiof the faggregaten For exampleyangiuedus sediumhe
intrinsic viscosity. After converting the polystyrene nol ecul ar weights to

pol yi sopr enailiegts solatichithsy be used eliéposit amdfphous Ylica' ¢ e sarfadeso?! catsonBMdRkC Ul ar
wei ght to elution time. The standards are run under conditions identical to

t he sanpl es, Efgﬁg ga_rfa | i / SRR Lat e
nol ecul ar vve%”g(}ﬁag |v§{1 e u%%#é@%e@hgggtggh%gaég%g%?ﬁ?lt tjgﬂ'%lh%
standards dgta. Once.the.ti a i stribution.i roperly,.converted to
nol ecul ar @WW&&‘H@BF%&%%R@&‘GPJ&wﬁél‘%ﬂégag@?rgéggg »CATRO1| at ed
by the Waters' M|l eniumsoftware. 3 . Money Viscosity: Standard

procedur es Vilack may beglizpgrsed in watef to] obtpiganaqueaus slurry rensistmgafiir exmuple, of
Condi tions: Test pieces were cured to 150C for the tine periods indicated
bel ow. 4.1 Taboai 5% Bheeight 24bon blacktamtl §8%iby weiglet: watér. MThe sldrry is-datidaes: 23
mn. 4.4 Heat Build-Up: 25 mn. 5. D spersion: The Cabot D Spersion Chart

nmethod is u i i iV, Lgsai : i 1 (ASTM
D663 et hodh o4 ebQUINPLE RAHB 1663 9590, 2 e S KIARL KA abale e 9tN%0 o

Har dness: Tasted SO,48 (11994) . tepperature 23C 8. sid i ence... Test ed
Lo 55003 A8 TARSOE) -1 el Bion Safasd pieofraion umifcptapdim i

pi ece). 9. Heat, Buil dyp: Tested to, ASTM D623, Method A 9,1 Start

t enper ature :S°E'S‘°“{9°“t32m%3 the amougt of silies which isdgsired tp b deposited pa thecarbog; 1 ke
0. 225 inches. 9.4 Frequency: 30 Hz. 9.5 Run for 30 mnutes. 10. Tan a:
Measur ed on bkickoeed an esid solition RDSYing the Rogdinnt silicatensaketionatoca neutiahpHs Theom
strain sweeps. Strain sweeps at 0 ) 30, and 60 C 1 Hz, and 0.1 %to 60%
strain. 11. soHiafiksilidatevind aBASoRKIBNE &e alBSAtOPHisE fo BeGRITAR Whith's ndinfainie!
D3629-94 Ezamml e A El astoner masterbatch was produced in accordance with
the present invention. Specifically, an el astonmer nmasterbatch was produced
conprising standard natural rubber field |latex from Malaysia with 52.5 phr
filler consisting of carbon black of conmercial grade N234 avail able from
Cabot Corporation. The properties of the natural rubber field |atex are
provided in Table 1 bel ow. 2 6 JUN 2002 -46 Table 1 Natural Rubber Later

™ NS == o, o o o, . o e 1—1. . o~ -

[

ined




b. ZnO/ TMI' D. used for biological presawation) typically 0.025%of 1: |

m xtiae. The full conpound fornmulation is set forth in Table 2 belpwy am
is representaive of a comrercial truck tire tread known to have excel | ent
resi stance to reversion during cure. Table 2 Msterbatch Fornul ation

I ngredient Parts by W. Rubber100Car bos Bl ack52. 5Zn04. OSt eari ¢ aci d2. 06PPD
(anti oxi dant) 2. OSunproof I nproved (waxr2: 0 Total 165.5 The el astoner
mast er bat ch producti on apparatus was substantially identical to the

apparatus descripedi,abqve wth, refere to Figs.. d .7 of the W ngs.
The st ur ry ST AArORE pER VENEwth A bEal SR Bon 8 Ampfeate. e tbmBerallE of
diameter with a |and (see reference No. 168 in Fig. 7) having an_ axi al

| ength of @olntignis ajso mpiatainedy £ sngseBedrajgfor gddigign pgtbn sgdiymesilicatesqlutiond . 985
inch axial |ength of constant diameter between the m xing zone and its

di scharge @b cdlibepertid dapwide ddditionestaddabbut3 iveight perdehesilicio atidy witkr
detail inmediately bel ow 2 6 JUN 2002 -47 1. Carbon Black Slurry Pre
aration. B hat D AYatal] i inar bon

?&ﬁe&iq(ﬁé‘i&ﬂ mga:%fw tﬁﬁtﬁblgégl% Hiuk NTREERRY $RshIdBE Srrddduling

bl ack slurry tank equi ppe ator. The agitator broke the pellets

into fragngnt nd .a.crude slurt i th 5 9 | ack.
Dur i ng. opePMPAROS. af 88 eombicin 6o RVEFH pthlres e S0y B SR Ret 20T
punp to a colloid mlIl for initial dispersion. The slurry was {hen fed by a
progr essi ng‘-%razf?)-ylnrﬁ?ﬁﬁaﬁtoslmdfﬁé&é ,b?afgémayma Pysedi’y Ciyging
honogeni zes from APV Gaulin, Inc. The honogeni zes produced a finely ground
sl urry. Thearbbublagk in thepreaence of volatizablesilicogwantaining compaunds. xSuch catbor was
set by the honogeni zes speed, the honobgeni zes acting as a hi gh-pressure
posi tive dbmekagrePeeferablyfrodiided (i ¥ rhddulir roat fufacé oirbon blatk réactor

Nfi cronmotion mass flow neter. The carbon black slurry was fed to the

hormbgeni Zeg,dhe 3 SHNASHOS z6RE BlIBWed 5?8@ 2heldf chiVerBitigCdidtetet Qefeed stock

honogeni zat1 on  pressure was set at 00 psig, suc hat thé slurry was
introduced.,as a jet into the m.xing zone at a flowrate of 4.1 10 4.4

| b i n- and MHECtOm72Rs i egiciss digmetesopre o @action on. Acduengh 7afsrs lodyed | o ox
was charged to a 100 gallon pressurized feed tank. Antioxidant enul sion was
added t o t dewnsteam of theseaction zangr dypieplly,mquenshingfivid; gerarallyawater ivspmayedt i ng of
0.3 phr tris nonyl phenyl phosphite (TNPP) and 0.4 phr Santoflex 134

(al kyl - ar y intp tiehstregincofmeddyeformed carkoniblegk pdrticles Hdwing drommtheaeadtionzenenas
prepared as a 15 wt.% enul sion using 3 parts potassium ol eate per 100 parts
ant i oxi danfy %l-&ﬁﬁing' silltoRAfeafed] dAMIAYBIACRY tikkeatbresaid votatizAB)E sifibdH-Soritalnihg & pH

of approximately 1 Al so, 3 phr extender oil was added. Air pressure (51

psig) was %éxﬁgonhﬂ ié‘iBé{-Sq‘Lééﬁ |i‘g?té‘§€( Mlm%ééﬁﬁ?bﬁghgﬁ&ﬁb@ﬂ% derch "> of

t he coagul umteactor. e oW rate wa s/mni and about
3.8 feet 2 6 Jﬁ\lﬁﬁlgoz -48 per s ciggﬁ, and was auto ti(i)ﬁﬂ y nmetered and
control | ed?QR%-h FSRAEOMPOHBT RS Volatizhoiee3amPoYRes At cAIRR e FEEth
val ve. The desired carbon bl ack | oading of a 52.5 phr was obtained by
mai nt ai ni ngempespraresy Fxamplds in¢lede, Hut aref nas dimitedtor silicates Bigh (3o tetaethoxys| urry
feed rate. '
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
determine the weight percent of silicon in the treated carbon black. The weight percent
of silicon in the treated carbon black typically ranges from about 0.1 percent to 25
percent, preferably about 0.5 percent to about 10 percent, and more preferably about 2

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

black-forming feed stock and introduced with the feed stock into the reaction zone.



3. Carbon Black and Latex M xing. The carbon black slurry and | atex were

m xed by entraining the latex into the carbon black slurry. During

entrai nment, the carbon bl ack was |nt|mately m xed into the latex and the

m xture coagul ated. Soft, wet spongy "wornms" of coagul umexited the 26 JUN200?
coagul um reactor. 4. ewt rin . The wegsc_:runb di scharged fromthe coagul um
reactor was about 79% water. The wet cLib was dewatered to about 5 to 10%
noi sture with a dewatering extruder (The French G| MI| Machinery Conpany;

3'/s in. di Alweimkively, thet holatizablel dempounde magt beC intrddubals t6 AP restionl one wat er
squeezed fromthe crunb and through a slotted barrel of the extruder. 5.

~' ng- & C pol E;Wa &ﬁrtﬁgﬁ ﬂmbéhpﬂ ﬁﬁ%? uder where
it was agalg corﬁe)yggtshgg an Ce!)glthe) ter&ﬁwgls“f%wﬂ%‘:ﬁ gngé'tﬁ‘{ expul si on of
the crunb through the .die of the ext rodu It tenperature
Was appr oxi mattelg‘s %ﬁ%%‘ﬁéﬂ% @81‘??5{: &H‘sﬂ”& >i't"§a§°% §ﬁ'l"t]The
hot, dry crunmb was rapidly cool ed (a proxi mately 20 seconds) to about 100F
by a f or ced fericouplingsiica errathonblagl ul% mmdttp ugefyl with;the silisan-tnsated 66.
Wt . % rubber solids and about 33. vvt % car bon bl ack. (,.-, -49 Ezam-le B 2
6 JUN 20D2 Aarbontbladks miCaitsonilacks and sumergua radditibyal duigable particalatedillersTare
control enployed the sane fornulation as Exanple A (see Table 2 above),

except that chitheRAMIN2hilabl R ard @owsM3 those/shille@in thRant | atex. It was

prepared by premastlcatlon of the rubber in a OOC Banbury m xer

o et cat Fon WSSRHERCTPR AP S e Al Dt o

MI/ m . Conparisqns A and rrasterb ch of anple A

and the cont“PB‘Paﬁ'd@ @{sﬂ‘?fgie %PMS‘B’G ‘c'fu e1s, pagHowste ge

m xi ng operation in a OCC Banbury m xer (approximtely 3 kg). Table 3 bel ow
sets forth filler sy ingipde cinp dudterial ovhicth carf be ﬁm«hg@d fedt tocthe mixingezometinat t he
Exanpl e A masterbatch followed a nodified m xing schedule. Table 3 Stage 1

M xi ng Schedudordantenwith tHerprineiphes| dischysédihigree Saithble pitticulacafillers inichude, Ofok |
I ngredi ent sPre-Masti cated Rubber0. 5Carbon Bl ack and O | 1. 0Sweepl. SRemai Ni ng

H”éfﬁd'wﬁah?%f%“" ey 5§f°§%ﬁ5§' %“?df‘*""%aﬁe&%é"%‘%ﬁdm@%‘g‘é‘@: ﬁ?@?v?ﬁﬁfgg"?n
Final St age Sai Pyt et 403, g ppebipn 0o o Caiop ek s &

Goodyear Wnsta 100 (ant|OX| dant) 1.0 TBBS (sulfur accelerator) 1.8 Sulfur
1.0 Total ' sili eei/xv fillees mensinned abowe. dllars can be formed of clay, lasspRAlymernguchmas
Exanpl e A mast erbatch was about 53% of the Banbury m xi ng energy required
for the prenasatid @iben, etc. dAnhvhllckrernpithin therability of those skilled in the art to select suitable

particulate fillers for use in the method and apparatus disclosed here given the benefit of
the present disclosure, and it is expected that any filler suitable for use in elastomer
compositioxis 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 used i

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



the control material of Exanple B. Despite the reduced energy input, the
Exanple A material was found to have very good macro-di spersion, and bt 2007
nol ecul ar weight (wei ght average) of its sol portion MNa, was
substantially higher than that of the control. These data are summarized in
Table 5 bel ow. Table 5 Conmpoundi ng an%:ég.lri ng Data SanmpkM- Energy (MJ/m )M
(i +4) 1000MAPre- Masti cateStage 1Fi na tal Stage 1Fi nal wt

av. Exanpi eA06945001,,19410272444, 900Exanpl.e B&009655002, 2659267327, 000

Addi t i onal F@g?'?ﬁ&%‘r*@é"&sg'&z?f é’%@é‘g"‘(‘mﬁﬁe m@sﬂ"gdgfe%‘f%l
material are set forth in Table 6 bel ow. 2 6 JUN 2002 -51 Table 6,

Addi ti onal Yeater andtcarbearhiickiae.goaptiowilly peletived carbon \lack) 30 mrepaxs am initial

(I1'VI Pa) Ten~i k (1VIPa) Eunpk A712.8216. 128. 7E=anpk

B723. 1 216. 2 3iixfaré MdE! SiutH Fhilre ﬁﬁidg’zaﬁs’ék tlﬁr'oﬁ%ﬁ mbﬂdrg}mpm @0/intoHhad line 22
Bui | d-UpMa: Tan Delta 60' C 30"C ~"CEi anpk A52656. 570. 50. 2030. 2400. 290E: anpk

1L S o S oA <
S L N o R e i

grade Regal , 660 avail abl e from Cabot  Corporation. The conpound formul ation
(excl udi ng itaks pest 30naFhe cashomblagkds dispersed insthe aguaoys carmier liquid te farmya| oy,
Tabl e 7 Masterbatch Formul ation Intredient Parts by W. Rubber 100 Carbon
Bl ack 55. Sdispersibrefluid S-bich ispassed thteugh)outietiporh\PPagdifinid dine dA e 3 hOmdganizea|
155.7 The el astonmer masterbatch producti on apparatus was substantially

i dentical taaf bﬁn@ﬂ?%&h&'%ﬂﬁéﬁﬁbﬁ%ﬁﬁ?ﬁiﬁ? a%rbﬁegﬂgewgouha dritBSlikelis 3 and

7 of the drawings. The slurry nozzle tip (see reference 167 in Fig. 7)

10 025 i G oo P54 RS A SRGE b T "0
nel bded @ L gtoRont o Bler o0 ACT, LLATSL o1, S0 abprotl et 5 et

extender sealed ~ ~ .~~~ a~ ~w -52 thereto); a second S)ortion of . 266
i nch di anet &actid4.1 Ichasastinlet@ant 3T infiytidh commuhicatipnowith ling3 3 fromzthg gollaid h

di aneter and 2.256 axial length; and a fourth portion of .532 inch dianeter
and 3. 190 i milh32xThe hérogenizer 34 may greférably comprise, forexample] 4 Micofluidizef®i r ed

I nt erconnections between the aforesaid portions. Preparation of the

mast er bat chgjSerf] @8mhieRaslly! dVadidbtt #6th lﬂ%&ﬁﬂidié ' ﬁio%htvcgigmgn gcﬁ?drbon

Bl ack Sl unr Preparation. "Bags of car ack were m xe I oni zed
water in a rh a | Wrry. kK _equi pped with an agit . agi tator
broke the plieapss £, Ak itaBl R BRT et cth AmBRkE PSR MRS aRE' ,
wt . % car bon k., The crude slurr. s recircul ated using.a pipeli
grinder. Di P(P#@%o%wa BRgeniFArs a l‘?’?f%éheceﬁm Iﬁ@&%@ﬂ%ﬂ%@&%ﬁ#@i r

di aphragm punp to a colloid mlIl for initial dispersion. The slurry was

t hen fed by Gaulin, dge.c€Wilmington, Massachusetts, USA). Other suitable 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
microns, more preferably at least about 90% agglomerates less than abou; 20 microns in
size. Preferably, the carbon black is broken down to an average size of 5 - 15 microns,
e.g., about 9 microns. Exit port 38 passes the carbon black slurry from the homogenizer

to the mixing zone through feed line 16. The slurry may reach 10,000 to 15,000 psi in the

homogenizer step and exit the homoginizer at about 600 psi or more. Preferably, a high



cavity punp to a honogeni zes, specifically, IVlicrofluidizer Mdel M10
fromlvt~crofluidics International Corporation for pressurizing and Qrﬁeﬂﬂbmz
to produce a §inely ground slurry. The slurry flowrate fromthe

m crofluidizer to the m xing zone was set by the mcrofluidizer speed, the
m crof | ui di zer acting as a high pressuge positive displacement punp. Slurry
flowrate was nonitored with a M cromaiion mass flow neter. The carbon

black slurry was fed to the mcrofluidizer at a pressure of about 130 psig

dth . i . : t 450
an e ou bRicR Sontéd @(’:\%&ti 2 't?éﬁ % %ﬁlﬂ% BRceBCRHIEHbALMEr Giffierd

psi g out put pressure, su ntroduced as a jet I1nto the
nmbung zone_at flo te, of .about 3.9 |b/mn and at el oci.ty, of about
300 ftlsec?yp‘“gy’f?lbﬁﬁ\{l W‘? .wgggt pereent E‘HL%’?(E?% is prsferr hﬁ'qsﬁt‘fé‘hgq/\ﬂs‘h% har ged
to a tank, specifically, a 55 gallon feed drum Antioxidant enulsion was
added to tartwilhresagnize, given shechenefit of ghis disclosurethatthe watbon blagk gontentslinst i ng of
0.3 phr tris nonyl phenyl phosphate (TNPP) and 0.4 phr Santoplex 134

(al kyl - ar ydveightopertenit of thti shiviry @ndrithe slugy flokasite €5 thidmixdny zenel shonldsberas
prepared as a 40 w. % enul sion using 4 parts potassium ol eate per 100 parts

anti oxi da i3l Wikt the RRLAPRILPP BRI HEStolthe ABlidESIont RS aSite RBirde 2 PH

of approxinmately 10. A peristaltic punp was used to nove the latex fromthe

feed tank to, th Bl zpne, Qf. the ¢ m feact wrate
was 3. 2t ota5oor Pl Coi¥ar G B n hE gl TREGiRtn viail cpBbR w01 T,
a Endress +, Hauser (G eenwood, Indiapa, USA) nmass flow neter. The desired
carbon bl atekecteshifi apgorsiance wisth knpw pringiplesita aghisye matesiah eharacieristishand r at i o
of the latex feed rate to the carbon black slurry feed rate. 3. Carbon

Bl ack and pesfoemaride properticsiseitedtothe inténded application efithie pradugt. \IEypically,fert by

entraining the latex into the carbon black slurry. During entrainnment, the

carbon bl aglampie dartionBlidks of THAB valtle 0t tembret £ usédlint Siffidient tariodint to
coagul ated. Soft, wet spongy "worns" of coagul um exited the coagul um

tor. 4 = . ' I t
wae. about BB var et el Ot (e b A B ARl 8T DB 000 o Tane
Company. 5 -1, THF SGEeTaS isHeq e PP OOV OB R 1 o oo

and water squeezed fromthe cnnb and through a slotted barrel of the

ext ruder . Preparesl. Finid sprstuits sarrying the shiry and@sy optiepal plding danks apd thedikanb
dropped into a second extruder where it was agai n conpressed and heat ed.
Wt er was shobald lestablish 6r maiataircognditonowhich stibstantialiypresdrveothg displrsioni ofpheat e of
the extruder. Product exit tenperature was approxi mately 280F to 370F and
nDi sture cubsiblavieh MRAMImP. FhitGs shb¥lahtial TRQIdIRLratiéH Br SétinR R Sf i dl y

cool ed (approxi mately 20 seconds) to about 100F by a forced air vibrating

conveyor . AGTS IR A BuTYpdil oo rodRSh 76 B SRER rUER oPar o

by dry nmasti I on. e con Same fornmulation a anple C
(see Table 7 abov except .that in Exanp|e D the ruhher .RSS 1 NR
rat her thabf aF'é"tagx ?’%’ﬁr’é&’aﬁ%ﬂ%‘”%“?ﬁﬂg"’rm » §Fgsmooth, wit smooth line-to-line

interconnections. 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.

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



SMR 10 NR. Each was prepared by premastication of the rubber in a BR
Banbury m xer. The rubber of Exanple D was masticated at 118 rpmfor 10

m nutes. The &ubber of Exanple E was masticated at 77 rpmfor 4 ni rif ¢\ 707
Comuari son of Eianoles C. D and E The nasterbatch of Exanple C and the two
control masterbatches of Exanple D and,f£ were conpounded in a BR Banbury

m xer. Table 8 bel ow sets forth the campoundi ng schedul es. 2 6 JUN 200z
-55 Tabl e 8 Conpoundi ng Schedul es Pre-MasticationStage | |yingStage |1

(Fi nal ) Mast er bat,chl yi n R Banbuyryy 77Ei anple Crpm, 4.5 m n. BR BanburyBR
Banbur yBR mms&#@tﬁtﬁ%%%ﬁmtﬁ%m BZQn6 s # Spparate feed siream, Qge of morgi b 10
m n. m n. BR Banbur yBR BanburyBR Banbury 77Ezanpl e Em xer 77 rpm 4m xer 77
rpm 8rpn) additives alsaimayhbe preérmixedpifpsuttable,nwith dheroarhon black slugiyw en moreTabl e 9
bel ow. Table 9 Stage Il Curative Addition Ingredient Parts by W. Exanple 4

Mast er bat ¢ hygvalfoatitheelistoter Gt Mk AddHives¥s6 Lape miked ifitdithé masterbatch
oxi de) 4. OHystrene 5016 (stearic acid)2.0Santoflex 13

(anti oxi da r oof r ) 2. 0W

(anti oxi daﬁ‘?‘fg@%ﬁ% ggnrbg%ﬁi{’gﬁﬁ #%é@?e?%‘?@?&aﬁa@&i‘&%f weyécgogn&) | three
conpounds exhi bited well -behaved cure with mnipal reversion. Despite the
reduced endhqsss the gt andinglyde for ¢xamp &'P“‘W;fgg omzf’mr"a\?@mc‘%’s’
significantly better macro-dispersion than the dry m x controls, and the
mol ecul ar \pedogssing(aidsi(eypt liquidopalygaesrs, oils andshelike), presing, flameyretardants, extiondeant i al | y
hi gher than that of the controls. These data are summarized in Table 10

bel ow. 2 ofls, lubtidafdits/and> mixtureddt snyldF thérfit Theajefiérabiné dndnseledtich &F suckrti es
Eoanpk CEi anpk DE: anpk EMarterbatcb Properti esMboney

Vi scosi ty123dimdds 26MNIks4A8 %b@y & fakee é@gi‘ﬂéﬁ gse)in tlw(%/&‘é}n disclosed here

(=10' h0. 678. 466. 463Percent . 121. 482. 82Undi spet ae Area .) Conpound

Voo ar 4ot b PSSR iRderaed it RE BeAEF SFthé Brebekt Mactositd! In accordance with
strengtti 446240994344 ( psi JE|.ongation,"'/. 67559 600Msi. Tsh

Del t a0. 189 coHain Afamativmembodiments. RyFRHlye Al FancheoREIrpomtedon like-mannertper

m | lioncycks) Additional Exanf~les and Conparisons Hi ghly preferred

el ast omer pooueeia eurable elastomied mompositet Wwhichamayr bs eeferrédntceas a axarabéer baspr oduced
in accordance with the nethod and apparatus di scl osed above. In particul ar,
novel mnast epMabedy conpositions were fornmed of natural rubber |atex and
carbon black filler, having significantly better nacro-di spersion |evels

andl or natural r gﬁpf yxﬁj Q; * ] f. YA
conpositions forﬁr’g 0 é%‘e S or ngl m g?qss{lg‘{utﬁ%eﬁglg%{ée?#@??lg\gi g%@g shows
the surface, area and structuyre of ri ous .carbon 6 JUN 2002 -57 V bl ack
171 ors usElSpRe: REtutHiFup B pated Rl cRaR i F oy seeiar 132 ) o
CTAB surface area expressed as square meters per_gram of carbon black per
ASTM D3765-Sitable dayving anparatusy in ke preferrsd smbpdiment ofilpgA) the masterbatgh @umby as
cubic centinmeters of DBP per hundred grans carbon bl ack per ASTM D2414 are

shown. Fi gundergees amitiastage dvyingli It isqmdsedrfirst td lardeewateriigextruder 40jaminthero¥iacar bon
bl acks. Region | contains carbon bl acks having | ower structure and hi gher

surface arQgnvehst &gsiﬁlgfésﬁa\’ﬁ?%roﬁj bf bthetdufitable ntaRPET Rfa 3W%r qpulgher and

ot her el astonefs using traditional dry m xing techniqu nce) carbon

bl acks of - e rlerfd S BlimsRS SorkRMEE Wi e YRt SPHY. PBrethlE nAAERO"
rubber masterbatch with carbon black filler, the de-watering/drying operation-will typically
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).



Mast erbatch and cured el astomeric conpositions made with Region | cay®m g
bl acks using traditional dry m xing techni ques have poorer macro-di spersion
and typicall yl ower MN o,. The carbon bl acks of Region Il have higher
structure than those of Region |I. Typically, they achieve reasonably good

di spersion in natural rubber for vehicig tire products and the like if

subj ected to such extended dry m xing That the MN o, of the natural rubber
is significantly degraded. The carbon blacks of Region Ill of Fig. 8 have

| ower surface dpried masteshatcherunhefrom dryingextruder 42 dscarmtdrbyl acaoling conveyorbeen
used with acceptable dispersion in natural rubber via dry m xing, but

agai n, w t43 tgadaet 460THe bldeiaapoptivnal) hdWditageousTogurl ke apparated of Fig.bon

bl acks of all three regions of Fig. 8, specifically, nacro-dispersion, is
significant|y_] 0 ' e ' ' 1 and can
peachi o e T e et i B Bepp QREpieh3 cluBer i TofiE fabie?
accordance with preferred_enbodi me,ntf. g:ont ol S&rrpl es, 1- .443 Contr ol

sanpl es ofcompsessed hlocks qithe like.c Typisaily, ¢ desrﬁ%P Guantities of BSEOME h t he
foll owi ng procedures, for purposes of conparison to el astoner conposites of
t he presermasterbatch arercompredsed itorblowks 2r balgs for trvmspart; farthes poscepsing, etd Rubber
In order to produce dry nasterbatches with a wi de range of nol ecul ar

wei ght, coxivesnaively)the praduct isipasvidedrSpelletor @‘m{’m ty Shéppind) the ehumb. ver e
pre-masticated in a BR banbury m xer using the tfollow ng conditions (fill

factor: 0.79): TiRkfnchiohe il Resibh PRl 0P IR HeacHt™OA o

CodeMasticatio ol'1ng terMastication ~

(m~) MLNoMRYES {.7 | MBYes118On6MAYes1180n10, 2. | ng Car bo | ack. wi th
b, Mot | CRORSIAR A0S, PN RZBREFREMLE Gare Semp, shtzblefbr, & eRRodiioBin)

mast er batches with different |evels of macro-dispersion quality, the

f ol | owi ng a¢rerdancepwish dtigr bswillkdepend da part an spchpdesign factarg s theridesifed) |
factor was 0.70. The nasterbatch ingredients and m xi ng procedures are
descri bed thsougbputosepadity, Thebselection of adterialOtd\be pradessedoeter One/ pidfestedr bat ch
Formul ati on | ngredknt phr (Parts per hundred parts of rubber by

wei ght ) Natesibudidetie ieR&ed RoFighh arteRas a Cobjitem FedcawQid Bae midbhead 50
Bel owSant of ex (anti oxi dant)0.4TNPP (anti oxi dant)0.3M xi ng Procedures: 0

Dl ack, o | aRbT EAcLERLRTLaRESY i e 241 38Ry 7 Bl # oMby O
macroidisp rsion re.produ ry mxing sanples .of ML through M
D 6 st | AR Bt S105YSERDD S5 Torcteche ol mer Rk PO eioiog 20n¢, SR 1 Tabi
13, below. For exanple) sanple code M2D1 in Table 13 indicates a control
sanpl e of Yrferdeedingcarbon biackshuty orashes panitulate-filler fuidgothe misng/zonepanded f or
10 m nutes in accordance with the

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 of additives, significant advantage is achieved in connection with
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 injection of additives can eliminate not only the need for

emulsion intermediates, but also the equipment such as tanks, dispersing equipment, etc.



formul ati on of Table 12. Table 13 Mring Tinmes Dry NR Masterbatch S&miUN200?
CodePr e- Masti cated NRM zi ng

Ti meMLDAML4MLD3M 6MLD2M 8MLD1M 10M2DANRANR2D3M26 VR D2~
M28M2D1MR210MBDAMB4ANMBD3ME. 6MBD2MBBMBD 1M310MADANMAAMADINVAGMAD2VABMAD 1' ~~ M4
~10 2 b ,~Ul ?0~? -60 r 3. Final myping of Natural Rubber Masterbatch
Control Sanples To eval uate conpound.perfornmance, additional ingredients
were added to the dry nasticated natural rubber naste~atch control sanples

acii 11 onal PGP G 38 Brbiokrink Gy bl Robicions Rmieciing s ” i e

oxi de) 4. OHystere 5016, (stearic gcid)2. 0Ssntoflex 1

(ant i oxi daﬁ?‘}‘&@ﬂ&fﬂ’br‘%ﬁft"MﬁF ae'@aveamﬂgwm&ﬁwﬁm» the feed channel 61

(anti oxi dant) 1. 0Santocure NS (sul fur accelerator)l.8Sulfurl.0 The conpounds
wer e cur ed thiroughoxtichoshurnyes fiéd: tio the mixiag zbneus prefecablyncapiab with theomixing zonei | at

| east substantially conpletely cured, typically between 10 and 30 m nutes.

I'n that reggd the ddagulamZone of Sthe Toadilim réattdr OWHRild Bnlf laNitlgld Feéd GRariREI§ €dUr €5)
including the fornmul ati on gi ven above in Table 14) were used for all

control sa : . . ' he

i nvention A(ﬁtroerggﬁl%ge#'kgﬁgtgﬁ} lélrﬁ%gﬁygrﬁ?gggm%ﬂo slt:ag ﬁg%@ggﬂ ;' bk

Enbodi ment s Exanpl es i ch r ured and.tested for conppund properties
and perfor mﬁgﬁ%@ Y . °EW?%‘H@°*{§’GI38§W1’S@£%‘?‘§&"“P&th t he
sol nol ecul ar weight MV, and nmacro dispersion D(% of control sanples 1

t hr ough 443onerhEbusa figs| exampleeingthe embadiment pEFigaD adfourth feed whanpel eowldibece of
carbon black. Wthin a given table, the sanples are grouped by choi ce of
natural r ulplovideddttodph wiichhambiéit airlor highthregsurerair ari dthérquasisfed tolthe niiging e

headi ngs ~S .~~~ Zz~a -61 showthis information in accordance with

standard nosRnbrldifised ity bé RfiecfePilRivise Wit SRy NMrdugh tlolthfaldkial

"N330/ SSph I cates SSphr 30 carbon h no“oil. T

sub- headi ngs ,show,the ,chai c f, natural . rubber. .Specifical ntrol
sanpl o1 (A e ed Al Bosl pBbsE o Fh o YRS 3R By oo e
rubber RSS 1,  SMRCV and SMR 10. Technical description of these natural
rubbers i sPQi@eS$ avail abl e, such as in Rubber World Magazi ne's Bl ue Book
publ i shed by Lippincott and Peto, Inc. (Akron, Chio, USA). The nol ecul ar

wei ght MW o, of Théicoaguluonzaine 52 06 the qorgulumireacton48ds eeenso ihavs 4 first portipn and
after the various anmounts of prenmastication (M2-M) also are shown below in

Tabl es 15 64 Baving amdkial [Eagth @/hich lﬂ%@@ﬁgﬂ%ﬁﬁ\%' £ th
/%) Sanph51w . D (1) No. ( TONo( 1ML 300971|v|29§272 884505 HAB5485M 01 1
4854, 2417 : ¢ :
D337084. 79?@?@%‘%&2@2 %’%@E ?‘ﬁ‘%&%’f&‘w@?‘%@ﬂ have 2 CORBILHISG2. 88223

983. 71M2D375123. 88234334. . 30M2 5813. 93244885. 81 193T31. 33253423, 79M3D2f O
2032, 50263 8FHOBMNER P00 BPFERTRII-ANAL S SMIGIED, Thus, Tor exampl, the

284085. 01M4D1t 33113. 83293113. 88MAD214, 3373.40. . , 30 o

' 3255. 31MiEepgnigpreactoranayFieine osimplesstpipbbwbolanfion ghangel from the mixingaone 17

Bl ack Pear|l dOQ 35phdnH3511 33phr| | Ophr RSS1SMRCVRSS1CodoSanpl eMv', , D

(' .~) Sanpl edvhe disctadge)efid nBréfenabllys htsivever, For reasons discussed above, and as seen in the

(SG No. (! QNo. (! QNo. (1 QVL1041889M2788882ML1300M3883491MPHO3MA52T420~MB601MLD

111350712. BRuerad bRBodimbtdhisiaed trithe didiviad teerodlbiticial sed of (e Bagdum 1 t
570010. 201315156, 93ML D24029693. 41MLDA4

t 767H85. 72f 325 (4 40310403. .38 M2D1 .

( Ta205. 551 53%0 7% HSROIDOR PN, MBI FDg end 66 to discharge end 68, More

~4416. 50f 344382. 74MPD31195497. 701354342"83“/2[)1405843?%' 15M0Af

206065. 881 m%g@l_yg@mgwnona] area increases in the longitudinal direction from the entry

8682. 18M3D1t 213873. 2613T3662. 38M20340T6752. 98MBD21724082. 981383782. 83M2D440
87214. 70VBEad Rorhe @Bchrgs esh I3, thel MdbadiawntsS Fig 2, Hp4dagulsspbe igedssin 10MADLt
253392. 131413112. 22MBD2410537217MAD2t 26, 3672. 231423322. 27VBD34f

f 5352. 45M bryss-6ectionaltirda’ progedsivelVaithe kense AHat (6 IridFedsed &oRitaucusly F6ikauing 73

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



2 6 JUN 2002 -63 Table 18A R I ?SQ Snp - RSS1SMRCVCodeSanpl eAl w', D
("JIf~Sinplellw,,-pNo. (I QNo. (I QVI].13321023!\/[2896748!\/8603!\/!4408!\/&D13358§%.ﬁﬁﬁa‘ﬁ
091. 93ML023466£98. 03508343. 29MLD3-

3575910. 55t 8812. 21MLD43689614. 1527024. 09M2D1375802. T1535392. 14M2D2386022. 81
5~5892. 72M2D3396313. 81555874. TSM2D4406845. 435B595

' 625M3D14t 4571. 53574682. 88M3D2424782. 4493. 19M3D03.

434932. 32594844. 53M304444953. 54605005. 89MAD1453721. 53814232. 89MAD2463822. 09

624333. 42\WAD3473812. 32634374. 39M4D44840 3. 546 74. 73 Tabl e Re|
23Q r | 5/ OR&R é ‘é ‘B‘fﬁﬁéi‘ﬁ%‘é RS AH‘SN@E&’
(SG) Sampl eMv', D (' x) Sanmpl eMy'

. O No. (| Qtle Mﬂﬂ@@fﬂ@mﬁm passaggway sndthe insideatisnateucf sughsflew v D1655
701.508t5392 B7976611. 89MLD266B223. 25826244. 50987022. 89ML
D3677077. 53,3&3@&4« 17997413. 14ML D4
~687884. 778476314, 35t 008Z25. 24MRD1695341. 62854844 32t Ot 5930. 91M2D2705484 19

B65122. 9Bt 02572 8326@%"3& 33}}%&5 mer latex in the fo
4. 23MPD4726216. 1888054 85t 046845, 35MBDL 734503, B489429227t 055072 BSI\/BD27448

"2t onsaa s/ Sund s 3eab AUl Sl bia R it

t 04133. 18MAD3793994. 59953752. 92t 1 1 86 96M4D4 0 882. 927t 24418. 48
2 6 JUN 20@xivester 78, Diverter 703 an adju !‘B amgsfm
aw', ~

amp .
aw' , Codenmwdisisharge enb68. ANs. adjusieble11asMpIssRONTEL0 B 3Ue elagomer masterbawh 724M463
5644M4532ML011455503. 4916i 6441. 15ML014125151. 24MLD21466363. 541626B11. 32MLD2

4135561. 32 Idhiml 472B00 f&f@&@&ﬁhﬁ&&%ﬁﬁ@%ﬁl%@ﬁ%&%@mgzz 01ML
D44157321. 43M2D11495173. 16165. 5901. 50M2014164330. 86M2D21505722. 411666211. 56

M2D241T451 86762. 3
e 1954 S TEOUR dEmastoigan iy SMeRbdid Moy SOE Smpi sl icon.
62M3D24214180..5 31555043, 14171 B32 0BNVB034724470. T5 565382, 811725782
. BSVBD44 2386 '%ﬁ)ﬁgﬂ*ggiéz 3 P 9‘%%& JBFPRESS 2‘%%&3’4?’2“%7174495
2. 22M4024253870. 42VAD31594B63. 131T55052 99MAD34263870. 30MA041604692. 9317652
B3. 37M4D44 2emperarilysininfsrier produsty la addition, the diveriensprovides desisnombilitpsae
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Regal 250) N330, Black Pearl 800, Sterling 6740 and N351. The car?gmUN 002
bl ack | oadi ngs ranged from 30 to 75 phr, and extender oil | oadings were |%
an anount fram O to 20 phr. The production details for el astomer conposite
sanple nos. 1 - 32 are shown below in Table 25. As noted above, the
apparatus and procedures used to prepagg_el astoner conposites no. 1 - 32
were generally in accordance with those~of Exanple A, including the
mast er batch formul ati on additives shown in Table 2. A nore detailed

description of the apparatus d procedures used for e] astoner conposites
no. 1 - 32 ipengples ﬁ@?@ﬁeﬁéao&w?‘?q@ &%ﬂ’r%ﬁs"#ﬁ’ﬂ?@ﬁﬂ“cﬂf the,¢Rgulymzone may 35
wer e prepared using masterbatch production apparatus substantially in

accor dance \wesult inhthei elastoméromasterhatcininot beiag (prodused i desirabier ¢rumbfformrafe t o
Figs. 1, 4 and 7. The dianeter of the slung nozzle tip (see item 167 in
Fig. 7) and gidbales 8F@Wbrnsand kihiply sﬁﬂ?in gf6ugh thétc@Bluintedtidt: Irdreading thé bere i n
Tabl e 25 for each of sanpl es no. - 32.” The coagul um zone of the apparatus
had four zo ' = j fyom t he
i ng. zone O g€ ke B Faplok tod towdy, Cort AE M certl enflofffenty, B BARo G0 1
the four zones (the first zqne bein artly wthin e m x-head and. partly
within the Mﬁ%‘i’cﬂﬁﬁ&?@f’ﬁfﬂ g mFWh‘?qg%éa%m?g%H@rﬁ@Rwere
axially short, faired interconnections between the zones. 2. Carbon Bl ack
Slurry Pr ep®f the ecoagalumezone, whersin thedatex haskeen substantially coagulatedrand flowhaser in
a carbon black slurry tank equipped with an agitator. The agitator broke
the pel | et s becdme ssegtiatintplug flow,othe cdagulumezona rmimynextermic éither withyor Withoutar bon
bl ack concentration (as wei ght percent) in the carbon black slurry for each

of the sanplyfrdase HicVS8-skdioh@Ur&. 2hus Mdferétite RBR18 thdEbaghlbinSzohk i préferfed

continually punped by an air diaphragm punp to a grinder for initial

di spersion. The.slurrny mas then.fed via.an air _diaphra t calloid
1T whi o RS iHE & rnate SlnsRit o eiopR AR e R s Bl
specifically, |]~Ccrofluidizer Mdel M10 from Ivhcrof] uidics |nternational
Cor por at i on to T¢fer pRmearily ta thay pastionplthe casgulum zone whereig fiowia not sybstantiatiye
slurry flowrate fromthe mcrofluidizer to the m xing zone was set by the
m crof | ui di plugfovessure, the microfluidizer acting as a high-pressure
positive displacenent punp. Slurry flowrate was nonitored with a

I VI'i cromotion masThefdress-seBtichial arél of Bliec66aguiind o (thdl is,na 164¢ Bt upbtresrs
slurry was fed to the honogeni zes and t he honogeni zes out put pressure (all

pressures ar i r d?SRSE;dqflnhﬂdi ﬁ@? i : rp‘m‘(&.he
honogeni zes ptsﬁgﬁcar%%nﬁb ack s urr%&\[Xas %ﬁgméﬁsgglc%%ﬁ%?%@re uce any
fluctuation jn.slurry. pressure.at the.slurr 0zzl iR i the mxing zone.
The sl ar ry AR tHEHirRpECRRHaR iigeced inihs SbodiediatFig 2 R e frgPelmet oq ¢ o
the m xing zone for each sanple are given in Table 25. 2 s ~uN zoo2 -69
3. Latex Delillustsated infig. Baa eontipions dlont gystem for productinn ofsiastemer mastesbatch in

Ant i oxi dant emul sion was then added to the latex and ma<ced in prior to
char gi ng. Antcardantznwith we meticdd cnhd capparatutsi disclased theres is1seenl topihelngd aphimsphi t e
(TNPP) and Santoflex 134 (al kylaryl p-phenyl ene di am ne mxture) in the
amount s showgad/Boahidnezaie: askehitlly Whefelttthd trdR seétiinabarda of ﬂf@&ﬁ?@ldnﬁ&n@ 40

wt. % enul sion using 4 parts potassiumol eate per 100 parts anti oxi dant
along with

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,
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



pot assi um hydroxi de to adjust the emulsion to a pH of approximtely %@'JUNZUUZ
Extender oil) if any, was added in the anobunt shown in Table 25. A
peristaltic punp was used to nove the latex fromthe feed drumto the

m xi ng zone of the coagulumreactor. The latex flow rate and velocity are
shown in Table 25. Latex flow was aut%:t)i cally netered with a Endress +
Hauser mass flow neter. The desired c n bl ack | oadi ng was obtai ned by

mai ntai ning proper ratio of the latex feed rate to the carbon black slurry

| atex wer e FOAEToRGHRL P S Rthrg Tl ba | Nl Vi Sl ach Rt by ™

During entrai nnent,.the carbon hlack was intimtely_m xed into_the ]atex
and the ni x&m' gontrol, in the ypstreansportion Ré*‘&%ﬁﬁ&’“‘%w-n;m gﬁ‘t SeFHOR 74 FARRS ¢ ed
t he coagulumreactor. 5. Dewatering The water content of the wet crunb

di schar ged fakemas lincluding)(a) ahe censtant diametes ipomion of thelhix le8d SOimmediately unb
was dewatered with a dewatering extruder (The French Gl MII| Machinery

Conpany; 3' dwristrearhl offiRinfikihg zbhe, Tah@ggw ShARY or sirhifar \BRimetéripbitiokonaed®] essed

and water squeezed formthe crunb and through a slotted barrel of the .2 6
, | UN 200Z e k. ' tent i ' ]@m 25
for each ofm%{]elébd{u: %}?%ﬁ@gﬁ%@@&%ﬁ%ﬁﬁ%ﬁ%@gﬁ?ng #goéf?}wa eragd
crunb dropped intg a second extruyder ere i s.again cgnmpresse nd

oat od | vir SAmEEE Dy Aok B sl FitapBn ox B Lon L S0 seioh 14 HE6 JGHh o i o
plate of the extruder. Product exit tenperature and nbisture content are
shown in Taghouldis: gmaterhthan threg times the diametersDi, angre poeferably sxeaserdhamfiveel y 20
seconds) to about 100F by a forced air vibrating conveyor. Table 24 Natural
Rubber Lat etimé¥Idpend nest preferablyfigme Sbautd2AddB times D,. Typicallyy itliie sectior oAlhl
Solids'/. AshN trogen ppnmVol atl k Fatty AcidConcentrate' TT1T Latex0. 35/e

NH, 6062. 00. fa3g o ZARhUF AR it EMnBinded B, M%ﬁdém ﬂéﬁEﬁEﬁt{éﬂlﬁﬁ% 8nktant
91 940. 15% HNS' 28. 434. 20. 3803660. 0520. 3/. NH3, ZnO) TMZ' D a. RRIMis the

Rubber Resear I iy t of | aysi . ZnOPTMID: .used forn,bi.ol ogical
preservatio o?{lﬁgf}é‘iﬁl d#’%?@%%/% 1! is'%cﬁ?'lf%@"@.a . V@r g%hleamakggr‘ilg%t ral
sul fate, Mooney,vigcosity stabi]izer . _ w-a_11~ Invention Ca - -: _. , 1
abl e za | f B&EEding3eoMnpstream) section; (hhag foronampls, sedtionSthas agongtant pressy I -

..r~~nrw.uva a1 |oadingww SI Noszla TI Land |l ength 511croFt
sectional dimension and a cross-sectional area which is twice that of section 74. Similarly,

thg 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
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 lolngitudinal dimension I..3 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
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 preci.sely

define the boundaries of the mixing zone and/or coagulum zone. Numerous variations are
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is advantageously greater than, or at least equal to, the cross-sectional area of the latex

feed channel 60. Preferably, both channel 80 and at least the upstream portion of the

coagulum zone wherein flow turbulence exists prior to substantially complete coagulation

of the elastomer latex, have a circular cross-section.

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

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

an opening or slurry nozzle tip 67 which is open toward the coagulum zone. This is a

highly advantageous feature of the preferred embodiments discussed here. The carbon

black slurry, as noted above, is fed to the mixing zone at very high velocity relative the

feed velocity of the latex, and the axial arrangement of narrow bore feed tube 82 results

in excellent development of flow turbulence. The diameter D,, of the channel 80 (which,

as noted above, is preferably substantially equal to the diameter D, of immediately

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

inside diameter of slurry feed tube 82, more preferably about four to eight times the

diameter of feed tube 82, typically about seven to eight times that diameter. Feed tube 82

is seen to form a fluid-tight seal with the entry 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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respectively, with feed channel 60 and downstream channel 80 at an angle B. The angle

f may in many embodiments have a value from greater than 0° to less than 180°.
Typically, B may be, for example, from 30° - 90°. It is desirable to avoid a negative
pressure, that is, cavitation of the latex fluid as it is entrained by the high-velocity slurry
exiting at slurry nozzle tip 67, since this may disadvantageously cause inconsistent mixing
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



2 6 JUN 2002 .~, -75 r It should be noted that sanples 2 and 3 were
produced with approxi mately no outlet pressure at the |Vflcrofl uidi28rJUN 2002
outlet, etc.)xto determ ne nacro-di spersion under adverse process
conditions. The excellent carbon bl ack dispersion in the resultant

mast er bat ches is denonstrated by thei_pmacro-di spersion quality and

nol ecul ar wei ght of the sol portion I\/&J-a Tabl e 26 bel ow shows the MWV a,
and macr o-di spersion values for invention sanples x - 32, along with the
carbon black and oil (if any) used in each of the sanples. 'The carbon
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The results for all invention sanples having carbon bl ack | oading of 55 phr
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bl ack is shown in 9, along wwth all of the control nPIes haV|ng

car bon bl afegt Pﬁfaiﬁcﬁ@?owspmmf@oﬂtfﬁmes%ﬁ% 8@%5‘1&3@1@12 flawof theyown i n
Fig. 9, used 33 phr N351 carbon black and 20 parts extender oil.) It can be
seen in Tatlhsgomér htex and guxiligry feed imaterialsethrough feédochanmelp 5@ and 62 déntexthe! | ent
macr o- di spersion. Specifically, the invention sanples have D(% val ues

general |y gginay $0 BSowaHATy AdzzlMiP6 Y aTHES tiRMWey arfPlatex s e FRAS thbe

control sanples never achi’eve such excellent necro-di spersion at any MN o, .
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and MWV Sol of NR Mssbsrba N330 Car on
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 axially-extending feed tubes. Advantageously, production
flexibility is achieved by using different feed tubes of different diameter for production of
different formulations. Also, multiple feed 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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tnventton sanple 1 1 control 113 to 144 invention sanple 8 control

aanpi es 27 ' | : . : 1S . 00 p
vent  ort it o3egca SO Hck iy BB hdichlabOer Mg HRRIaghy ik it |
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i t rvent | JRIXiNgRYRERer 179, Ibcan be sgen @ﬁwtﬁbgrwwauhﬁp% tepURRtES Cual i <y
and MV Sd of NR Masberbat d>es (REGAL 250 Carbon Bl ack) Figuro 15 Di spersion
Qwi ity arsturiywvcale tipf 160k AMrobstantadianheter rio2zlaGiodAB8 R ingoalictely wpstradfmoefc, 55
phr) Figuro 16 Dispersion t?uality and MN Soi of NR Mast srbatches (N328

Car bon Bl shérly ndaBleftty 167 1e@ing td 7 IbigePBére areaQ69UPreferably/vk¥ &l dixherlsfon _
Maaber bshdres (REGAL 680 Carbon 8l adc) control sanples 33 to 84 invention

o oo S gh Waboftd ok % £ abGf 57 s ief WiRRLer OTh SRBR feed cfarn P id0"

sanpl es a I nvenddn control sanple: 9

irnrentfon sanple ? ontrol .sanpl es 3 t0.0.144, dnventbn sanple,. 8

oont < ol 1rEs Hipugion 18 BEh WpamixiR7aRe 0 &adh nge forleERbE SeSRRRE Bk 7 1o 224
i nven5on sanple 10 o control sanples Z25 to 240 o invention sanple 11 0
control <tihiodhe mixingizgne SEhecrosssectionaldiameter of the latexfhid faed c K¥) 257 to
272 inventbn sanple 13 Figuro 18 Dispersion Gustily and MWsol of NR

Mast er batis subistantially laipebthan Bheaerisss)sectianal diameten opthe slumihozele 3ip0167 andent i on
sanples 14 to 17 o control sanples 337 to 352 p invention sanple 19 0
control ga4HP168S Withbut WisRiA$ to BeboaAd byPihesro the Sxddl SlongAiUn dfhozA@ [BAH 968,353 10
388 invention sanple 20 2 s ~uN2002° 80 . Figure 19 Di spersion Qual hy

and MV S 'lﬁﬁﬁ ~ bon St %}a g ~al. 389 to
400 | nm%g le‘,:l\lglrrp e%ﬁ@?&gt&}?g&%e g%(%'rgg PB%I‘%@J;?&@é%% gﬁrﬁéci)'_ R
Masber betch ( N351 Carbon t3t.ack, 33 phr ). 1 purpl 01 bo_ 412 FEigure 21
Di spersi df Rﬁé‘é’ygfémm%ﬁﬁb‘@tﬁ ‘Nﬂ‘%‘g‘ﬁé’f spY Hﬁ@ﬁeﬁ%@éwm?%w 88 hon

Bl ack, 55 phr) s ooMeol sets 412 bo 443 ~s 23 Figure 22 MV sot Effect on
Crack G owxingRanecl 79NEhCbone ofifedd tube A Bisfoung toiigistiaawelb withla:2k charsfer,phr

| oadfig) t control sartrples 2T3 to 288 minvention sertrpls 16 Figure 23

MV sot  Efthercs, conical 6k 165 abich ekpdirds (d\Re Gpstipaardisection htaboub g 208 dfgléar bon
Bl ack ~ 55 phr Loadi ng)

Downstream of mixing zone 179 is an elongate coagulum zone. Consistent with the

principles discussed above, such coagulum zone need be only marginally elongate. That
is, its axial dimension need be only marginally longer than its diameter. Preferably,
however, a proéressively enlarged coagulum zone is used.

As discussed above, coagulation of the elastomer masterbatch is substantially
complete at or before the end of the coagulum reactor. That is, coagulation occurs within
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



control sales 145 to 180 p inentjon asnpk 9 Figure 24 MNsot Effect on
Crack Growth Rube (NR Conpounds Contai ning REGAL 860 Carbon Btedc ~ XbJihin
Loadi ng) coptrol sanples 1 n to 192 p invention sanple 1 G Figuro 25 Mauc.
Tan 5 (Strsin Sweep @0 C) of NR Conmpounds Contsining N234 t3l adc et

D fferent Loadings ~ invention sanpl (_33&2\'4 to Z8 o invention sanples 29 to
32 o control sanple 444 to 450 2 6 2002 ., -8~ Fipu~ taptlopns Figure
30 Macro-dispersion pualiiy and AAWof Sol Portion of NR Msste~Ch

Cont ai ning thral Phase (Cuban Bl addSt~n) Apgroga~s ~ oont-~ot sanples 451 to
458 ~ i nvertoiestludethepassibifityof sehsequent-progessing ougwmmtmmémpsffgr amhpl e 34
Figuro 31 Macro-dispnsion pwiily and MV of Sol Portbn of NR Masbecbabch

Cont ai ni ng diivafichsPurgestdappropHatcio the thréuded use sfahé findl product. el thklregrd 4A8 ~
i nvention sanple 38 o control sanples 463 to 490 D invention sanple 3?7 0

control sa ti.o0 I ‘= SREP 7 to
474 ~t ~i nm’q&#ggntgﬁpcfo&pﬁég £?@%¢286%&@2€Tﬁ‘2d%§8% cfintsh%ersi onlnﬁ?)%o@ﬁes for
t he el astongr, copposites .of the invention shgwn in Fig. are described by
e 7ol 1 o sl BT eelovigs yebgre sughes i Teshid HAE A Ba loye 35 e B0 55
106; and Iog'le) <log (0.2) + 2.0 x [MNd - (0.45 x _106)] X 10~(Q when
0.45 x 106 of the rubber hydgocagmn qfithe\Jatex is coagalatest mose prefesably ghleast abotA7on
above, that nacro-dispersion D (% in the above equation ( 1) is the

per cent undiveigltrpeestnt aad mostgrefeeatlyf atleasedboat 99 geight percertasicabgulatedr ons. |t
can be seen in Fig. 9 that D(% equal to 0.2%is the threshold nmacro

di sper sion qual ity ifhod! dndCaiaeitus iBAlSed indBEHABEL hére!droaitd dlhstorer

nat ural rubber dry masterbatches. That is, none of the dry nasticated

mast er bat ch ' | | ' , even
arter m xi noTBGRAS Bl PRelG BhaRalalopiik B betrBingbe b haeRRlest Hcet | CVED
equation ( above. VWen the MV, of th r terbat ch, control sanpl es
Shown i astopie? COpasiEAT ths Breses ysatioticlude Tasteraigh SAPaateBE PEHFEE 1l | ¢y
Is even poorer while, in contrast) the dispersion quality of the invention

sanpl es haviyntherabpvs-disclosedamethachans apparatuss aswelk s intermedigteccomtpounds andef er r ed
enbodi nents shown in Fig. 9 having MN o, between 0.45 x 106 and 1.1 x 106

exceeds t hefifished eirb@sttsraeade - felbrf psach i mestdrbatth compOsifidhs. | Notatly, elegomer, it
shoul d be understood that the data points for preferred enbodi nents which

are seen iqng;g'ttgb&a‘ &ﬂ%@g@&?ﬁ'ﬁ%‘y‘ Wt BtSERék SftcEtatd Or fidl@ 140k)! he X

axis (i.e., % va ) ave nacro-dispersion quality of 0.1
O o e orSilacbbs grfas drh bl hing exchidhe PR Piapartas B on |
performance characteristics. Carbon blacks presently in broad commercial use for such
application as tire tread have been used successfully, as well as carbon blacks heretofore
considered '1lmsuitable 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
highly preferred for the novel elastomeric masterbatch compositions disclosed here. Such
elastomer 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 advantageous results were achieved without the need for a

coagulation step involving a treatment tank or stream of acid solution or other coagulant.



I nventi on sanpl es conprising carbon bl acks havi ng nor phol ogi cal properties
(i. e., structures and surface area) of Region | in Fig. 8, and 5 JUN
correspondi ng-control sanples descri bed above made with such Regi on ? L]
carbon bl acks, are conmpared in the sem-log plot of Fig. 10. Specifically,
Fig. 10 shows the macro-dispersion valges and MV o, values of the invention
sanpl es and correspondi ng contr ol sanﬁﬂgs conprising the carbon bl acks

Regal 660, N326, Regal 250) N330) and Bl ack Pearl 800, at carbon bl ack

| oadi ng r arphuB ot balyNCEN theltost ad Complexitpof sikkitcoagidint Hehtmeatdieoidedsong from
O phr to 20 phr. Excellent carbon black dispersion is seenin Fig. 10 for

all of the o0Vt AR @fiuedt SRLENII BeiRiRliohed enbodi ments of

el astomer conposites I n accordance w esent disclosure. Al of the
i nvention sanpl es. advant ageous!| y are below |jne 101 in Fi,g. 10, ereas all
of 'the contr ol Elioh Y aagiaten tegmipis S ot adicis <l dBopsion of "
fact, the preferred enbodi nents shown in Fig. 10, even through conprising
car bon bl adillersiwithautraigpificantimolechlar weight dtigradstion and; therefpes; seuld apy produde bel ow
a D(9% value of .3% The nost prefeaed enbodi nents all have a D(% val ue

not exceedithg no¥éornaal Abbérnmbitérbatck Totipositivmninade uadcyrdanee edthngrtain x 106.
The data shown in Fig. 10 clearly reveals that the macro-di spersion quality

of _Lhe novelrefth2a! ABIGHANRD 37 e prédeClndfitholl 1F tFATRERD BGveeiinds o7 bO

bl acks, over a w de range o , values, 18 significantly superior to

t hat achi evabl e .usi ng ,c r.abl e ingredients..b [i r i Lan

i xi g et 1EPOS 70 4EAREA g el mal iphrin. SLnE HpAE Ak MR o o
the invention shown in Fig. 10 are descrihed by the foll 0\#’ ng equatj ons:
D(% < 1.o%atural fpkhervpyen of carbonsblagks, having ,a ‘styucture,go surigoe japsg f9tie | og
(1.0) + 2.5 x [MWo, - (0.7 x 106)J x 10'6 (4) when 0.7 x 106 < MNo, < 1.1
x 106 |t wWDBPA«LTABdessithal.2rand eper( heps than tli; with igin molecdlas peeight of theea
nmeasured for defects greater than 10 mcrons and 1 %is the threshold

nacr o- di spajafiraNnibbér. | Kiowf imiking téchinfoRes i the lpasti did Mog aétieve such erédliestal
rubber arasterbatches in accordance wth the present invention. That is,

1o o L LB L £ B ST sty g
et e B Bl i e S 5P e BB D

0.7 x 106 and 1.1 x 106, the dispersion quality is _even poorer. In
contrast, tdtherdelegiemer snmgositestaf the present rinesntionn Brefgrreds npveli elkstomera, in
that range remains excellent. The preferred enbodi nent shown in Fig. 10
havi ng MN -mdseethatchrrompositics @ #oordinck withthis disalosure \ieavingloarbmw bildok ngaced-er r ed
macr o-di spersion limt of .2% It can be seen that the el astonmer conposites

of the invegpitHBiticiO Mavels Shdt thef@bfeRd abhievedS cah B¥ RRA! Nplacd 0 \Hride KiRWat of or e
unachi eved bal ance between macro-di spersion quality and MN o, . Region ||

Car bon Bl a . I . CO | Si i.ng
nor phol ogi §§TS§%§%{%€§?+€%8€‘|SHC€H’£§%{P§ U e@%ﬁ%@é@?‘ég‘ﬁg’? eg;ﬂg nill in
Fig. 8, and correspondi ng control sanples described abgve made with such
Regi on |1 dBGAsRRTated aptp sukad.compapngdsdn areprdance yath knoyg teghsiques. $uch noyel
Specifically, Fig. 11 shows the macro-di spersion values and MN o, val ues of
t he i nvent icoredsampbwsls aredfoundrin prefmred iembodiments td haye physical clamgntéristicgandhe
carbon bl acks 2 6 JUN 2002 N234 and N 110 at carbon bl ack | oadi ng rangi ng
from 40 phrpetformAicdpropéities gRiérailydmpaiable to, An®inlddhedNfiznceSsignificatly bettérangi ng
fromO phr to 10 phr. Excellent carbon black dispersion is seenin Fig. 11
for all of j L D0 i r J of
tha tHoB/ Ut ePRise BSHbafable dufedf ﬁo?ﬁ‘qt ggha‘ﬂco?ﬁ r sﬁ{g ﬁ&r&ﬁ'&%&%%&

el astoner conposites In accordance Wt pres i'sclosure.
i nvention sanpl advantagepusl| re below line 111 in.Fig. 1 ereas all
rp%?o-ggmj% %g&tgh dan e pr ticed tn accordance with the pgesentllhvevr\l@lon, .

of the cont

however, with reduced mixing time, reduced energy input, 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



poorer dispersion, being above line 111. In fact, the preferred eg‘&o‘g}' ts
shown in Fig. 11 conprising carbon blacks fromRegion IT fall bel N@@’Q
val ue of .3%,6 Most preferred enbodi nents have a D(% value not exceedi ng
.2% at any MVN, value. The data shown in Fig. 11 clearly reveal that the
macr o- di spersion quality of the noveL4§Lastoner conposites disclosed here
conprising Region Il carbon blacks, ovér a wi de range of MNa, values, is
significantly superior to that achi evabl e using conparable ingredients in
prior dry m.xing .nethods. Jhe nmacro-di.s si,on val ues for the el astomner
conposi t es %‘F‘f&ggﬁ?ﬁ\ﬁéﬂtﬁeﬁﬂgﬂb’\m’fﬁ erhf%‘.irxﬁlﬂgﬁ gaf; s‘ﬁ?ﬂeﬁsé‘lf’ BY e @998, | owi ng
equations: D(%, < 0.3% (5) when MV, is less than 0.35 x 106; and log D <

| og (0.3) -blackgs achpeyed, evenusing carbpp djacks off exceptionaliy high sorfass aremgw lewwy |, <
1.1 x 106. It will be recognized that D (%9 of .30%is the threshold

macr o- di spestrattare, oithout the degree af Hegeaiatiornof the astisral nibbBlewhieh wolld i caasédur al

rubber masterbatches in accordance with the present invention, and 0.35 x

é@ﬁi Lieéhﬁaﬁiﬁéfﬁ?éﬁg";i%ﬁ%ﬁﬁfﬁg%?@& %‘8’12‘;3’? ey |08 Mt %@‘é‘éhgf ter
1 Xi i Gl .3 5 06 '
Eavat | on (S tcamCHeth SSRiEer. Sebein aeiinadbos fu bl reakt SEOLSD] oo

shown in Fig. 11 is 2 6 JUN 2002 -86 between 0.3 5 x, 106, and jhéﬁrlY x 106,
the di sper S1a8ialgukber masterbateh campositprs wharein advgh degree ofidispersignds aghusyedyal it v
of the invention sanples having MN o, in that range remains excellent. The
preferred eamsingcarbemblacksthaving struckirgto sutfabeariea gatich\DBP A I TASR of le8Sthan 126 and
1.1 x 106 fall well below the preferred macro-dispersion limt of .2% It

can he seernniligin 13¢n P! ATBEdNRID ¥ daPSorBladk MruChirS Bdnl K mEH21RA a§ tHRJ
carbon bl acks from Region |1 provide heretofore unachi eved bal ance between

macr o- di spefsi ﬁ”ﬂg!i (Méllﬁz Regl .

| nventi on sc{(;lllrﬁr'lﬁ’ﬁrea‘s1 coﬁpa%liyoﬁlbgl car gn ufa%{yg&ﬁ@vilsrfgg{ﬁ%rg%ﬁ@%g’%:%mg%erti es
(1. e., strycgtures and rface ajea) of Regi,on IIL in F d

cor r espondi %"BH’PF@JH’% I‘egcca@%&?%'@a P&?fgggeﬁﬁﬁé’% 'Pr#@?%ﬁ’%@gr orRe | |
carbon bl acks are conpared in the sem -| O.ﬁgl ot of Fig. 12. Specifically,
Fig. 12 showeboniplac mw\rbsmmwedu&;‘f( exTvkases] assquarenesérs pregramy ent i on
sanpl es and correspondi ng control sanples conprising the carbon bl acks N3

51 and St erdficao®Black, actording thake grbéeedisrel sepfdrthdn ASTY D3 765-85) Bldvelhianiral 70 phr
and extender oil |oading ranging from Qohr to 20 phr. Excellent carbon

bl ack di spefgiep H}akt%rb%?ﬂ%%éh Je@,-thér%fo?@,r @ih% heetdfbfe unBfVabRRofBiRiG
eferred enbo el a

representing pr Iments o stoner conposites in accordance
with the pr nt _di.scl osure. | _of the i ntion sanpl.es .advant ously
re bel ow | PEReaheriodithe sush ey mloalis Syl SRk STRVET o BSRHPL RV, o

poor er disper,sion, being above |line 1. In fact, the preferred emodi nents
shown in Figd/of mecorpapating §Prﬁ5°fe@rwta§ﬁ%aﬁﬂsss ek as casbproblagk of extrapndingnlyo,
below a (% value of 1 % even at an MNd val ue advant ageously exceedi ng
.3 x 106 arhighsueface areaand iy stiicturel aThe dispevaton qualityoef nbfural rublrer yastesbatchs t hat
t he macro-di spersion quality of the novel elastoner conposites disclosed

here conprigrodgcedeii @ctokdance avitto theb indtHolls QnE T apparinedisclogd OerdMam beval ues,
is significantly superior to that achi evabl e using conparable 2 6 JUN

2002 -87in | i I r L : CrQ:. 6} L QN

val ues for Q{eﬁ%h%%g%lt%'ﬁle@fet%n&b%sﬁx? {e%ﬂ(o e | nvgﬁﬁl—gﬁ@ eﬂr}ﬁ E?éﬁb@Z are
descri bed by . the fall ow ng,e tions: 9, < 0,1% (/) when, Mo, ,is |le
Chan 0.55 A croxfiperaan CRectigle Bhe macrosispersion el in HANILREH Rodhied - 10-)
(8) when 0.30 x 106 < ~~ < 1.1 x 106. It will be recognized that D 510/() of
0.1 %is teagogrdaneeovith praferred @mbedimentsiis significantly bester than that in masterbatc

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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all carbon blacks in Region IIl for natural rubber masterbatches in
accordance with the present invention, and 0.3 x 106 is the threshold MV o,
val ue. That [s) none of the dry masterbatches achi eved nacro-di spersion
quality of .1 %at any MNWa, , even after dry m xing su~ciently to degrade
MNd below .3 5 x 106, as described by,Equation (7) above. Wien the MA o,
of the dry masterbatch control sanples-shown in Fig. 12 is between 0.30 x
106 and 1.1 x 106, the dispersion quality is even poorer. In contrast, the
di spersion quality of the invention sanples having MNo, in that range

remai ns e A i t k i vi-ng MW o,
bet neen . 3 SongBlatioh Bt b St Biack HHAL S, Syl ARy ibut o kS0l d

macr o-di spersion lim.t of..2% apd, in fact) are at or below D(% val ue of
0.1% It GQFFEQSé“Pé’EQW'!&fEP“wﬂé‘fﬁ‘ggm&%osi tes of the present invention
conprising carbon blacks from Region Ill provide heretofore unachi eved

bal ance bet weerTheamacroelispersian quﬂ%afm@oarmﬂm,mmmbmbberomemm e
Conpari sons The nacro-di spersion values for the invention sanples are shown

graphi cal Idiscidsed 'Rreés BNiighificatlp|better elianFhatSin 519 Usiowa lmasterbatch wfct i on of
their MNd values, as in Figs. 2 6 JUN 2002 -88 8 through 12 di scussed

above. Mor, L did i | h i J | es
descri bed ﬁ%@%g%iﬁ!ajsmﬂgw g'ggﬁvcu gl}r (@%n&%f@%é e?@éla%énﬁbn@t% ed to

t hose of a,specific carbon bl.ack | oadi en. sQ i ndicate own

t oget her i sgongqr nIMEPOSHEH "'1"82}‘%5'1 ﬁ?ﬁﬂ%’fﬁ&%"l’ﬂq i a&@h‘%)s @hmﬂcont rol
sanples. (See the | egends above giving the reference nunbers of the

i nvent i on agRfA¥IAatelyn h@ﬁtﬂa&fﬂs&%bﬂe!ﬂ thec field datex statgc ke84 Approximatelyys, Fig.
13 shows the dispersion quality and MN o, of invention and control sanples
descri bed 1006y@00) anqomditiog nob ppaviouslyHehizeed) oThd dzpérsio ymalikyt advardtagenisi n Fi g.
13 clearly reveals that the macro-di spersion quality of the novel el astoner

conposi t em&ianﬁ ggﬁﬂum_m 188 ab&RRéritDhEPprefAdd cAbBaimeatsAfing @itdh biacki de
range of o, values, is significantly superior to that of the control

Lo e AR g A 65, A PR S AT,
o Tl o A ey i T8, 05 -

< 1.1 x 106. None of the dry nmasticated nasterbatches achieved

macr o- di spersion quality of 1.0% at any MNo,, even after dry m xing
sufficiently to degrade MW a, below 0.6 x 106 (see Equation 9, above). In
control sanples conprising 55 phr ERAMPRIES$on bl ack in which the MV o, was
mai nt ai ned between 0.6 x 106 and 1.1 x 106, the D(% value is even higher,
such as nofegt pRRBdd& Uundi spersed ar ea. 2 6 JUN 200Z _89_ Fig. 14 shows
the dispefston qualtty and MN o, of the invention and control sanples
desct z' bed abo o j Sl R 250 carban bl ack. | ected jnvention and
control sanpl e;ﬁgh%\;\'nq%% ﬁg?tg’.)r%%h' %srrf)vffesgffgo'inléwaega@ sf"ﬁat“rﬂ’"ﬁ’%@@? The
data shown in Fig. 14 clearly reveals that the macro-di spersion quality of
the novel PESSEdREPWconposites of the invention conprising REGAL 250 carbon
bl ack, over a wi de range of MW a, values) is signifiicantly superior to
that of tHe comouod Rudbet:eA sariple weighing -Sig. s0.625 gois weighed and placedia 160ast oner
conposites of the invention conprising REGAL 250 carbon bl ack, as shown in

Fig. 14 amg. efieéde in@Csehléd tflask Aml StoMid il aBfbient ité?ﬁb%iat%%rigﬁrowlywen MA o,
< 0.6 x 106 ; and log (D) <log ( 1) + 2.5 x [MNo, - (0.6 x 106)] x 10~ (

wh Mé\h% ! i;l/% .
%g%i evgg %8@??;&?@&??'& on d‘ié%cleglgég%f@ (E)o%h %Lu[ebgrgnd;?@?r’]a% ﬁ/%?’gm g’\?en after
1 Xi .Gl ) 0.6 .x.,1.0a | ,
ol st oner dcdhtSo RSBl it e peNed BRmce 3pIeR A dReh R 30904 Wi ack and

havi ng

ambient temperature for 24 hours. The sample is then further dried in a vacuum oven at
ambient temperature for 24 hours. The sample is then weighed and the bound rubber is

calculated from the weight loss data.



MN o, above, 0.6 x 106 have excel |l ent macro-di spersion, such as D(% 6l #§9007
than 0.2% Conpound properties and performance characteristics for the
invention ang control sanples shown in Fig. 14, conprising REGAL 250 carbon
bl ack, are set forth in Table 27 below It can be seen that invention
sanple No. 4 has exceptionally good rggistance to crack growh, as
indicated by its very |low crack growtb—kate value of only 0.92 cmimllion
cycles. In fact, the invention sanple is far superior to the corresponding
control sanples. This is believed to be due largely to the better MNo, and

macr o dizper MW, 0f A8ubehinDthidCdisdldbuidgnd intaE claftis, MWR), feferdf weightussed
above. 2 6 JUN 2002 -90 Tabl e 27 Conpound Pr ~opert~ "of NR Conpounds

712, 5 Pl S0 Bl e s

4PcJoont 1 gl 33606355 38181 26899, 824000 Z46 Ocqnt r ol 3473. 5857..80235. 14t 29
3. 883974¢ 6%‘0??9“8'135’58’5‘ bB’B’%’SﬁH lopisAip 2caarange ‘B%hf“?‘al
3684.0459.95244.231215.8T3960.SZBl4.0controI3757.3556.75218.701259.994119.8
5502. 0c falowing:

3860.t 057. 05218. T51208. B04023. 85820. Ooont r ol 3988. 2857. 25225. 441258, 234134. 0
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above conpri sing BéddingfdEie BlOwmgfomulal ack at 55 phr | oadi ng. The data
shown in Fig. 15 clearly reveals that the macro-dispersion quality of the

novel el astomer conposisampleGit. Eh@ocm‘ﬁg&tlbwn%@m»r@o/[mﬁbaqkzE@arI 800
carbon bl ack, is significantly superl or to that of the control sarrpl es. The

macr o- di sper si on r f

conpri sing Bl ack M?é %8 plfée &%S\hﬂ?%@ dlgsﬂﬁed “i, l%gcf descri bed

by the follow ng ng’ % 11(5"l uly’ x106;

and log (D) < |og 03)'1 uenes Mﬁ%thrse(@yss %het@tmmaaamofrem( when

0.65 x 106 < M\ <issolation step containiag mpstiytibe sa) portion, isarassfeged tnTeflond

macr o- di sper si on cpentrifuge tubles dndaentnifuged int anr Aanti 30y(Bkékman) centefugafarer dry

m Xi ng su~ci ent |y 600 mingeide 26/{00, révehniond.peb ninkeo (correspundingars a el ast oner

conposites of the mfimith GelO seEiEEH 653D )a@htﬁemu strefigthiod gjorib) eck and

having MV, a, aboVge @ebphase %Qtﬁmb@i%ll%ﬁ a @Me%ﬁﬁé}nﬂhﬁpeﬂﬁé gél-frguch as

D(% |ess than 0. g, fampa#uf} Jatpses r\%:q H AHEN &Pt xﬁtcﬁﬁr'St'Cs
?‘t'o

for the invention Se %Vat&?t ﬁh‘g_g Bl ack

Pear| 800 carbon e seen

that invention sa ﬁp%tﬂasc g?":!:tts’ant(‘,[g o™cr ack

growt h, as indi catPEePaRHON; Qrﬂ;‘é 18 ack grovvth rate val ue of only 0.27
cmmllion cycles. In fact) the invention sanples are far superior to the
correspondi ng contMolecidamWeight Déterminatiorh dlhe aveight average moleculanweight t o t he

better MNo, and rofehosdlipppionsMW), i them determihedicWsing Millenium\sofitvaren sanpl e,
as di scussed abovqavailaBle frol/'WaeiR2Corpdration, Milford, Massachusetts, USA) a
baseline is defined using a valley-to-valley mode within the time
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i nventi on and cont r Htegzalfdta.essigas ?@é‘&l’%ﬁ%‘? eﬁ'ﬁ] AR 6“5 F‘B n bl ack
at ss phr |oading. Yme ased oms hastifH ?é&‘#i 5I"§“°c t he

macr o- di sper si on quéistribytion is MQP‘PT&WQQHV@MS&Q)WQEC%WG@E&C apprepriate nvent i on
conpri sing N326 car botechlanckeight aierages iacecalbylated tyr ther Waters’hMillepium he
control sanples. Theoftwareo- di spersion values for the el astonmer conposites
of the invention conprising N326 carbon bl ack, as shown in Fig. -16, are

d i bedszby t 7
1820;“ aﬁd3'l gg ?%3&‘ :VSQSM?Q %ﬁﬁm%eexd@gﬁwnée ?&ib%@koi’(ﬂ%&é%logg{ 14?

when 0.7 106.< the control S chi. eved
macr o di ser ot ARRMIPELgF C%"@a}g%v R b sl 8 ?S@Jéﬁ%a gy

m xing suff cjently to degrade MN o, below 0.7 x 106" In contrast,

el ast oner Perndsdrdicated belowhe i nvention conprising N326 carbon bl ack and
having MV d above 0.7 x 106 have excellent macro-di spersion, such as D(%
not greater thdnd 0. T%silé:tShpejumjmhr operties and performance characteristics
for the inventiqn ontr% sanpl es shown in Fig. 16, conprising N326
carbon bl ack a?é se °’P FOCF 3MPapl e 29 bel ow. It can be seen that invention
sanple No. 9 h3as exggpine®nas kiinhgood resistance to crack growh, as
indicated by its very low crack growmh rate value of only 0.77 cmimllion
cycl es. In fac#4 t hEearBwld-Up2smimpl e is far superi or to the corresponding
control rrple Thi,s is_peljeved.to be dye |ar y to the better. MN o, and
nacr o- di sper si Rﬂ"ﬁ"a’r b'(l).Re tf'llag g}'-ﬁ’efsl'fg‘ 32 rEtER é%\ﬁ‘ﬁ? withs syfjective sed’
above. 2 6 JUN 2002 -94 Table 29 Conpound Properties of NR Conpounds

Cont ai ni ngvalistion 0ff&ooptiiabmicregraphsp (ASTMBRA66yMSthod).e No. A~ooney M ndnesa
Mu, ~~ , 00cE100 ~~i ~E300 ~~nTsnsils ~f8g

6. Stress-Strain: Tested to BS903:A2 and ISO 37.

7. Hardness: Tested to ISO 48 (1994), temperature 23°C.

8. Resilience: Tested to BS903:A8 (1990), Method A, temperature 23°C (8 mm
molded disc test piece).

0. Heat Buildup: Tested to ASTM D623, Method A.

9.1  Start temperature: 23°C



~x~aontro|145fi4.8BO.528917t33921548contr0114688.262.434018024094328@2&&@@}
14791. 763. 3391191739915Z8aont r ol 1489fi . 864. 332818844045572control 1 . 4
5310t 7834029552cont r ol

t 50fi 7. T62. S3251B554055551control 15176. 580. 8287184140t 55T5cont r ol 152T9. 463.
6329~
17ZO398055900ntr0|15357.280.128218233555579cantr0|15457262835418893879525c0
nt r ol 15557, 382. 2323176339T5556¢cont rol 15660. 181. 931018673918564cont r 0115T45.

16t 232817483768533control 158~ 50.1' ~ "6Q fi ~315 ~, 1740381754Scontr ol
159, J3.26t.3" g'n 30BgricToad:
267538885B300Nt  ~11f ?b’%'@.%’gz.zﬂt&lt 7523884549i nvention' 9~ ' ~ ' 7r7.880.9

~27T" 1583~ 4187593Sappl ~ ,RebodndCrack G ~owCfi RabAbrui on kresTan dTan
8(crNmt!lioncl e§§0' ng"’&g‘?ﬁ%so‘f‘c 557, 82. 84~ _

. 0.09520. 2250. 129control 14658. 12. 520. 08870. 2170. 126¢control 1d7~

57.62. 030. 094609#050Freauensyt 30Hz148' S6.3 ~1. 630. 0927' 0. Z210. t 29cont r ol
14957. 23. 390. 082702340. 142contr0115056. 82. 770. 088B0. Z340. 150control t

51S5. 6Z. 610. 09383. 24 Rin ferB0ominutes 15254. 52. 790. 085T02490. 155cont r ol 153
'55.43.120. 09110. 2580. 170control 154Sfi. 03. 350. 08580. 2410. 147cantrol1155

5553 02-0109310 Bed VAR oh SR, poid 03 . Reporig oAl e 5o

54.93230. 09330. Z4Q0. 158cont r ol i Or S5:23..190.094 - &B3i nvent i.on

o 58 ho. 77 G TSGrorS Bk Sueeps., Sraisepptal of 0% did pFACT B2 A

di spersion _quality and MN o, of the invention and control sanples descri bed
above coin&é‘iW@“REGAL (trademark) 660 carbon bl ack. Selected invention and
control sanples shown in Fig. 17 conprised oil, as set forth above. The
dat a shownlin FiCyack GrowteResistance: Measuried in adcordance withi ASTM D3629-§dal i t y of
the novel el astoner conposites of the invention conprising REGAL 660
carbon bl ack, over a wi de range of MWN o, values, is significantly superior
to that of the control sanples. The macro-di spersion values for the

el ast oner gﬁg&@@Lées of the invention conprising REGAL 660 carbon bl ack,
as shown i —=1/ are described by the follow ng equations: D(% < 1%
(15) when MWo, < 0.6 x 106 ; .and log (D), <log ( 1.,) + 2.5 x.[MNo, - (0.6
x 106)] x 10~ (Elastomgsgpstsraptch ‘?{6‘6"‘93‘&%56‘,‘ a@°l‘?’1‘°9<“’1‘3361.‘° RSSO giveptiQR. cont r ol
sanpl es achi eved macro-di spersion quality of 1.0% or better at any MN ~
even af t er Specificallyx Rmejastomeér masterbatoh was prognesdccompyiaing istandaydmagirad ryl I'n
contrast, elastoner conposites of the invention conprising Regal 660 carbon
bl lack and [fieMilagx Eiém Mahgsie with652S phithllen consisting lof earbotrblack of commerciabn, such
as D(% less than 0.2% Conpound properties and performance characteristics
for the in Nos4 sk qy$b i : i Fig.
17, conpri?i%gg Regal Gé%ﬂéggﬁzt%%% Iacréﬁé%?gﬁs@?%rg?%%ﬁﬁgﬂ#ﬁalg@o éel ow. It
can be seep t hat in%fﬁtignwszngp No. 10 has exceptionally good resistance
to crack ga&/ﬁﬂ?pﬁf’é" Rdt cAr'E Wts very |l ow crack gromh rate val ue of
only 0.69 cmimllion cycles. In fact, the invention sanples are far
superior to the corresponding control sanples. This is believed to be due

| argely to the better MNd and nacro-di spersion of carbon black in the

i nvention sanple, as discussed above. 2 6 JUN 2002 -96Tabl e 30 Conpoud ~
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i nvention conprising N234 carbon bl ack) over a wi de range of MN a, ‘235!}{17\%32002
is significantly superior to that of the control sanples. The

macr o- di spersi-on val ues for the el astonmer conposites of the invention
conprising N234 carbon black, as shown in Fig. 18 are described by the
follow ng equations: (% < 0.3%(17)_phen MWo, < 0.3 5 x 106 ; and |og
(D <log (0.3) + 2.8 x [MWoO, - (0.3%.Xx 106)] x 10~ (18) when 0.35 x 106 <
MN o, < 1.1 x 106. None of the control sanpl es achi eved macro-di spersion
quality of 0.3%or better at ‘any MN ~ even after dry m xing suiFciently to
degrade MN o, below 0.3 6, I kwﬁg conposites of the

i nvention conprising N23?@A%80§‘H}5g§“gkg§ at\/elgr?g5 0, greater than, 0.3 5
X 106 have pestaemghinm=iing i@l @iy 0. 3% Or

widitives No . | Rubbesnd| \Selidsou s %oAsht r gl | |FattysArisiun] @HO0RS o

i nvention g | 18,

conpri si ng blofy, bl ack,,.are $ or Tqyl £, 31 beiow. It can be
seen that &8 .a#ble .§f14 ‘§é89001°P§£istdﬁ§% to ﬁ%ok grﬁmnh, as

i ndi cat ed . arfrack growh ratefvalue ¢f only 12.08 cmpillion fcycles.

2 6 JUN 20C o gt e S ——— RG34 Car bon

Bl ack at 83 phr Mm&%%%ﬁlﬁd&%v%&&b&él 2299, .. ." 3925

SOlcontra( . used for biologi ion, typically 0.025% of 1:1 mixture.
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Sarr~pla No. Rebound. Crack Growth Rae2440 Abrasion ~3883531Tan 8Tan 8
rnntim 7Ti w r(cmimlllon cl ~S~- !é‘g C~ 60'C contr~o0l1274 ~ 47.2

1.B4. ...., 0 O5B3...w-u. ~ adaplsd Masterhatch Formulation
Ingredient Parts by Wt.

Rubber 100
Carbon Black 52.5
Zn0 40
Stearic acid 2.0
6PPD (antioxidant) 2.0
Sunproof Improved (wax) 20

E flex 74 ( ic o

Total 165.5

The elastomer masterbatch préduction apparatus was substantially identical to the
apparatus described above with ;eference to Figs. 1 and 7 of the drawings. The slurry
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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19 sho theQE#r%é&%&@I! ca}lﬂ@ | ¥ =ant r ol
sanpl e\é\qdescrl ed abOVve€ co #é‘%&hllo car bon ﬁl?géérggmp rwﬁtgadi ng. The

data deionized water in a carbon black slurry tank equipped with an agitator. The

agitator broke the pellets into fragments and a crude siurry was formed with 12.5
wt.% carbon black. During operation, this slurry was continually pumped by an
air diaphragm pump to a colloid mill for imitial dispersion. The slurry was then fed
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 slurry flow rate from the homogenizer to the mixing zone was set by
the homogenizer speed, the homogenizer acting as a high-pressure positive
displacement pump. Slurry flow rate was monitored with a Micromotion® mass
flow meter. The carbon black slurry was fed to the homogenizer at a pressure
ranging from 50 to 100 psig and the homogenization pressure was set at 4000
psig, such that the slurry was introduced as a jet into the mixing zone at a flow

rate of 4.1 to 4.4 Ib/min and at a velocity of about 130 ft/sec.

2. Latex Delivery. The latex was charged to a 100 gallon pressurized feed tank.
Antioxidant emulsion was added to the latex prior to charging. Antioxidants were
added consisting of 0.3 phr tris nonyl pheny! phosphite (TNPP) and 0.4 phr
Santoflex® 134 (alkyl-aryl p-phenylene diamine mixture). Each of the
antioxidants was prepared as a 15 wt.% emulsion using 3 parts potassium oleate
per 100 parts antioxidant 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 bs/min and about 3.8 feet



shown in 1~ig. 19 clearly reveals that the macro-dispersion quality 2df JUMB0?
novel el astoner conposites of the invention conprising NI 10 carbon bl ack,
over a wide range of MN o, values, is significantly superior to that of the
control sanples. The nacro-di spersion values for the el astonmer conposites
of the invention conprising N 110 carbpgp black, as shown in Fig. 19) are
descri bed by the foll ow ng equati ons: ﬁ% < 0.5%(19) when MWo, < 0.3 5 x
106; and log (D) <log (0.5 + 2.5 x [MWo, - (0.6 x 106)] x 10'i (20) when
0.35 x 106 < MW < 1.1 x 106. None of the control sanples achieved

macr o- di Sper SpepBecdtidlahd Wad hutdmatically niviered M PcontdNEd with aNViicFéniotiin® NY
su~ciently to degrade MN o, below 0.35 x 106" In contrast, elastoner

conposites of WHEH n8 9 rSREPube bi 0 r ing MW o,
above 0. 35 x T%%%ﬁave g(%lgﬁl ent nﬁ%k@&d%érgﬁo&%?p%ﬁéaﬂ&%ﬁ%}g &méé;s t han
0.2% Fig. 20 sh t he dj spersion quality and, o, of Jnvention sanple 22
and the contr Ia%&sﬂﬁﬁm R m@W@hmB@ff%fﬁtfrf°6ﬁ%ck at 33
phr | oading. 'The data shown in Fig. 20 clearly reveals that the

macr o- di sper scasbonchlsdki shyryofeed rate.novel el ast oner conposites of the invention
conprising N3 51 carbon black, over a wi de range of MN ~, values, is
significantly superior to that of the control sanples. The nmacro di spersion
val ues for the el astoner conposites of the invention conprising N351 carbon

bl ack, shomy D ntad NBiAES Gt | ' L PNS: 2 6
JUN 2oog§'sf By =3% mﬁh%@mﬁ@g“&a{’x@%ﬁé ‘;‘9‘32’3"‘?"39 (D <
log (0.3) + 2.0 . - (Q.55,x 106)],,X,10~ (22) when 0. 55 06 < ~~ <
1.1 x 106. No e°‘§f‘L‘PNﬁk’% olﬂfes(df'ms%ﬁlg’é’}‘am?ﬁkeg@'n@lﬂﬂgcﬁngmpgﬁ&ﬁual ity of
1.0% at any MW o,,, even after dry . m xing su~ciently to degrade MN o, bel ow
0.3 5 x 106" 9arbemblaglkwas intimately mixed-wta) the; latex agd tgﬁﬁ“’f*ﬂ?e‘?ﬂ“%‘ﬂ“’éorrpri si ng
N3 51 carbon bl ack and having MN o, above 0.35 x 106 have excell ent

macr o- di sper s$afl),wes spdngys$‘wofss” dfamagulamrexidedthe cbagnlurd tesstorws t he di spersi on
quality and MNW o, of the invention sanple No. 23 and control sanples

descri bed above conprising STERLING 6740 carbon bl ack at 55 phr | oadi ng.
The data shown in Fig. 21 clearly reveals that the macro-di spersion quality

of the npvel r | L es.. jnvent | LS LI NG 6740
car bon bl ack, 0 g@wﬂrﬁée)%g%é@ 0 %g‘?ﬁj\‘?g‘ %’g&géhsl&gi%{nﬁk?ﬁ':@%na?;gﬁsuperi or
to that of t ontrol_ sanpl es.. The macro-di spersi o | ues for, the

el ast oner cot@ogﬁaé%r' Jrhe Wt crymbes depvatered to §€9\’é%§?a@¥/€l RieIsBre Vith# hon

bl ack, as shown in Fig. 21 are described by the follow ng equations: D(% <
0. 1% (23) whedewetsring extpudgr (The Feench Qi Mill ddachinery-Companyy 3 ') in.digmeges). [ M\ 0, -
(0.3 x 106)] x 10"i (24) when 0.3 x 106 < ~~ < 1.1 x 106. None of the
control sanplastheekiraderdtheawst cruthls pas compregsed| dndywatér Squetzedrframelre 0. 2% at
any M\ o,, even after dry mxing sufficiently to degrade MN o, below 0.3 X
106" In  Z GendiddaR@Eh#ough a slotted barrel of the extruder.

5. Drying & Cooling. The dewatered crumb dropped into a second extruder where
it was again compressed and heated. Water was flashed off upon expulsion of the
crumb through the dieplate of the extruder. Product exit temperature 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

and about 33. wt.% carbon black.



-101 contrast, elastomer conposites of the invention conprising STERLI NG
6740 carbon bl ack and havi ng MN o, above 0.3 x 106 have excell ent

macr o- di spergion, such as D(% |ess than 0.2% and even | ess than 07 %U(VZUUZ
Compound properties and performance characteristics for invention sa

No. 23 and the control sanples shown j& Fig. 21, conprising STERLI NG 6740
carbon bl ack, are set forth in Table bel ow. It can be seen that

i nvention sanple No. 23 has good resistance to crack growh, as indicated
by its crack growh rate value of only 0.91 cmmllion cycles. In fact, the
invention sanple is far superior to the correspondi ng control sanples. This
i's believeg to Padue | argely to the better MNWd and macro-di spersion of
carbon bl & e invention sanple, as discussed above. 2 6 J UN 2002
-lt)2 Table 3z Corrpound Properties of NR Compounds Cont ai ni ng STERLI NG 6T40
Car bon Bl ack atAsenisakmasserbatehy was prapared by dry mastication. The control employed

No. | | Aooni yHar dnessE100EspyTi nsl | eEgti AL 1t4) 100" C(

pst 1) ( x) cothiersarhd fmiahion as Example 20(s8e Table 24abbee)nexcept/thathe nax6l rubber 02314. 0
385547900ntr0141492. 7067. 7462. C2243, 03613472cont r ol 41599. 6066. 9492. 02260. 03

S7ZATTcoNt wad SR 1H rafiSthaibiétx OB 4R g&éﬁ%&ﬂﬁ?ﬁdﬁ&fsﬁ&héﬁfﬂn%ﬁ% U@L 7Z. 0344
5436cont r 0141882. 00g6. 0534. 024t 8. 03604453cont r 0141986. 1067. 8540. 02330. 03620

oconir o1 HAEn ANG. RPN L R MBI MO BTN 1 B

control 42464. 8088.,.5541. 39742500nt 425

~66, 5524. o&fsmefsﬂ%mse ZBPTOW ely E?aﬂ &f §00 M¥n’.
@B51. 03428446¢cont r0l1427 inventi 23i 71.00 ' t. , 68.155d.0 ',. ~ 2340.0
~33224350n10. 50 64.8 ~453 67241.03324443Sanpl e No., ; Rebound OCrack

rowt h' RabAbr asi on byTan 8Tan 80eNn1 llionties)~ )0 C80 Ccont ol 412~ 59. 85. D4,
0. 1270. 202Qorhparis Exah B~ 0.1280 203. 0 108control
41459. 33. 96" D. 126 0. 208 0 114contr0141558 84.560.120.217. 0.118coritrot

416B0. 35. 6T0. 1174, ﬂaﬁﬁ@:bgt%ﬂ%?ﬁkﬁxﬁéﬂw % 8¢ cSitrol masterbatch of Example B were
0.1120. 2020. 104contr0141859. 34, 230. 1250. Z040. 105control 4195T."53. 22~

0.1220.2i 8 0142060, 04, 2 0.204. cont 1ol 2158”8

0. 1270, 2069""6"]"1’%@%{) "r%‘f%gg%"gmﬁ““%pégémﬂ%ﬁ og%%gaﬁ ury uRer (pRpraya %83 85"
0.120.213. 0 11Tcontrot 474 ~58.34.54.0. 131‘%00 D 104contraol 4Z5.

58. 83. 65~03 ko Fable 3 belonowstsfenth the muxing schedyleyfor thefirst stage. Itcambe seen that

Dcont rol 42756. 93. 250. 1260. 217. 0 115i nvention 23, ~ . 37.30.91"'
0. 16420. 20the Bxamhplé A masterbatch followed a modified mixing schedule.

Table 3 Stage 1 Mixing Schedules

Time Example A Example B “
(min) i -

Dry Mix Control

0.0 All ingredients Pre-Masticated Rubber

0.5 Carbon Black and Oil

1.0 Sweep |
1.5 Remaining Ingredients _
2.0

2.5 Sweep |
30 1
X dump at approx. 700 MJ/m* | dump at approx. 1,000 M¥/m® ||
SES—




2 6 JUN 200 r~: -103 Addition Ei anples: Cured Sanpl es A nunber of t%@JUNMU?

mast er bat ch sanpl es descri bed above,
sanpl es and g¢orrespondi ng control

Specifically) sanples were m xed accordingly to Stage 1|1
) conmpound. The fi nal
conpound in each case was then cureda=hn a nold using standard techni ques at

using the fornmulation of Table 9,

about 150C until

respectiv
set forth

The rotatin
conmer ci alcy

Paper No.
at a 45

T ot
c o 0

27A -

to

oduce a final

i ncl udi ng both selected invention
sanpl es) were cured and tested.
in Table 8, above,

substantially conplete cure was achi eved. Performance
characteristics of the cured sanples were determ ned by neasuring their

art that crack growh ra

wei ght of the natural
by the MW o,
D(% correlate well
and other information for_ invention sanples nos.

i.e.,

ru

W th

It

and D(¢

val
r elﬂ%ﬁﬁﬂ;ﬁ'

wth rates.in.ac
Age, GUIptiYes listed in,
fl exi ng machi ne used to neasure crack growth is
M. and wel |
Proceedi ngs of the International
6 (p. 472 - 475).
fl exi ng angl e.

ble'

known. |
Rubber

Trhig

t

W th t

WgreAd

is discussed,

Conf er ence,

£ i

1995 ( Kobe,

for exanpl e,

nt. £ echni que

TRB8629- 94.

in the
) span),

The conpounds were tested at 100 C and
is generally accepted by those skilled in the

bl a?ﬁﬁﬂ]%&g?eﬁméﬁd&ﬁo cted by the nol ecul ar

spersion quality of the carbon bl ack

in Tabl e 33 bel ow. The c&fased es
sanples is set forth in TuodyeagWinstay 100 (antioxidanthy choilde of carbon bl ack.

Al so, Tan

8" " ~

es, of the conpoun
ack gromh ~r

&z. - H!i asir

test results forl&et

MA/

@60 C wdBBf@slfiradcélemataryvent i on sanplléds nos.

24 -

and | ower

rack gromh rate
9) 10 and 16 are set forth
respondi ng contr ol

3 2 and

for corresponding control§yffignpl es. The. Tan 8 ~ @60 _Goalues for the
invention sanples are sefrotfprth 1 n Tabl e 35 bel ow. Thgsecprrespondi ng t est

results for

contr

ol

sanples is set forth in Table 36 bel ow.

-104 Control

sanpl es No. 444 - 450 shown in Table 36 were nade in accordance with the

procedure
natural r

in Table 36

T

Cnek G ~owR
(pCR (unlm I Iiw cycles)
- 9N328I 55 thaedrirol Hidéxkad of Exdropie ) . DespithizBeiredbdeddnergydfipatiiedEx@rmpler Ack

Ceowd~ Rab of Control

CGRCodeSa

70ML03' 14
022786022
6982. TO9MB
4782. 33MVB

r]i bed. abovglgj,g%

al on

1hegh

ontr ol

with 5 phr extender oil.

bury mixingsaergy fequited for the presastication ang compoundingnf

o hhte
cycl e: ) MLDL2735852. 14MLDLt

128t 4573. 10M3D1

g A

e L

SN

3

B oL Etfle

MeD 1

ARATHE

gﬁ%&%ﬁ I‘%‘ﬁﬁrs) 15 hown

2 s ~uN zooz -io5, Tabl e 33

el

ol I 1iw',

Sanmpl es Nph~- H3Z~phr JGRSS1RSS1CodeSanph81w', , -

higd thé aioldchiat
AMLD22746891. 84MLO2t 4663

o R A i S i L

112N802282~
$'0O¥1 MBD3t 555043. 63VMBD43844951. 99MBD4t 565383.

ti(weight
55%\41%'32757591.
173. 39Mp
1MeDAt 52

55MiD12853722. 99MAD1i 574153. 02M4D22863822. 85MdD21584473. 81M4032873812. 93M4AD

3t 594663. 23MiD42884032. 39MiD4t 604893. 19Real
660/ 55pl r dNRSS1RSS1 Code Fabi¢ £ MUomporadhzSardpCivting D@ERMNO .

cycles)No. (K)(cmim|l1on

cycl es) ML
03t 875823
6023. 114
83B973. 15
3!; Tan 8

86Q 55phr | GReal

(IQcermhnl 11 on

D1t 7/ 76/4NMB01t 894 734. 5 02t 7/8/7/922. 34 386 4. 1798912. 78MB
%‘:H!!E?mr 2782 :ﬁ%ﬁ S8293 zanpDil R i &/hl% 04013, 71MP02t 82
D2t 90428 Pred. 14MPDSthge 1 | Final Total | Stage1 | Final | wt av.
VAD319t 43\Eivithd 1816593, 1 1MADAt 924494, V8 215 JUN 2Q0 fi -106 Table
ar a0 o TTIVETT Fon gampras

plcA |0 694 500 1,194 102 72 444,900
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.



f nandon Sanph No. NZ34 Lor dl npl nl
60' C2448| 55690. 18925531 54850. 17B2B581 54470. 19127831 54030. 21928681 5
~3780. 22729491 58180. 7593054J54820. 1713183153900. Z283285! 53250, 224 ZALUN 188

Tan 8 at 60'C for

Cont

(Phh8l ax. Tin

D4444280. 25371 50. 1544454090. 3742] 50.
954d838802753I1 50. 2124492900. 39581 50. 2154502980. 64831 50. 245

r ol

(p

hr ~Af W',

(It;/1fax. Tan 8~

8anplrs Sanph No. 8f W (19D ~) N23~t LoadMyl ~f |
4463790. 42481 50. 1784473810. 58511 50. 1

2 6 JUN 2Q02

-~0~ It can be seen froma conparison of Table 33 and 34 that

advant ageously | ower crack 999
sanpl es) conpared to the contr

Bl Rlfiglhap i iy

d by
ack

t he invention
gromh rate

corr el at es -t nnnrlrl.rghulufu EVaVa BEAP=Y BV 22V BN TV Val =Y S I -3 A I o X~ S~ VAR Y| ous
applicati OWSam;ild’lC| udi NOHardaés appl i prootoMeduliad | 300% Mbdulus| n| TehsileiMPR), can
be seen frpm a conparipon of Tabl es(MEa)and 36 [@MRa)better [fan 8~ val ugs are
achi eved by—the TNVENT| OM sanples,jrnat 1s, va Ues wiicn af Jomer Than t he
val ues of [Fumpldrol k gly) i fed perforhfice is achi eved
by the inveplhRRgsanmpl pg for nunerpys product ppgl | catr ons{ 3gxc! udi ng) |f or
exarrpl e, tﬁhﬁpﬁ*ﬁm ' e ) meay Yot ST o

cor respond] Sspipje | oW Elodgationgat r eS| RésBimee (%) he| Bekt Bultdefpeous [MaxfTan Beltanc e
characteriptics of |Bmalf®dstonef conposites] G the i nvEﬁQ’rCon e 0°C
exenplified.,D e CK growth e of I nveptd on sa 0. I{sin
N23£1rpcar bopE Bt S ot or WE! §293) o2io 18 0s. ’
273 to 288| edample BOrpsai cal |y in| §7ieg. 22. Spemwisfical |y, | d2o8. | 2236 0asd V
denonstrat €5 a correrarton PertwWeenm VW= and crack growm rate ror tne
control sagph@ple @S Wel | as the advantageous inpact of excellent

macr o-di spersron I n the el astomer conposites of the present
shoul d be underE
Tabl es 33 36 ar€

EEC

wei ght of
val ue of t

sanpl es over an MW o,

wel |
sanpl e no.

better
establrshe
rate of

|nvent|
bl ack is seen to be srgnrfrc

16 at MW o,

correspondi ng contr ol

correlation |ine.
i nvention sanpl e no.

terial

sanpl e

€ no

Hhler

Blylerhe

tresult again

Tog
135 Fornisto

Li kewi se in Fig. 24 the excellent macro-dispersion of
10 is

erein
UN 20
at

e

This is

invention. It

and in

‘33%# et W arpitfied 5 pc0fd¥od Hich 18 prafe iRl oL ar

is., understood to correlate well
eue astemer mastesbatchyyas progu

range of about

to the M\N o,

gedsogprising stadasd nawgal sahber o

.25 x 106 to (6 x 106 is seen to fit

al ongfield latexdraghMalaysiewith 65 phrfillerconsistingldf carbon black of cammereiahgradeivent i on
0.5 x 106 has significantly better (i.
crack gr owRegal @® 650t availabf ¥ro ICabBECEPbIativR O THE BSmASUHd fBimisiaiH

nacrodrspersron D(% of the invention sanple.

O&rtﬁgg tﬂ%;l ardnﬁtagvrt 84 fbih [l Pablé

conprrsrng

e., lower)
?ﬁdu&ﬂ@ to the
urt her

the crack growth
D2 -108 N326 carbon

any of the

wel | bel ow t he

tgrowt h val ue

which lies far below the correlation |ine between crack growh rate and

MN o, established by the Robbeespondi ng control sanpl ed00os. 177 to 192. In
Fig. 25, the nmax tan b at Ca®enBiackhown graphically to §& better, i.e.,
| ower, 29 to

444 to

for invention sanpkggofléisi34ddnddridafipand | nvent i angsampl es nos.
32 than for correspondi ngrR ol saonl

450

The superi or

crack gromh results discH [ s tes of the
present invention not only denonstrates advantageous at'l gue properti es,

but al so ipdicates advan eous racture properti h, as  excel ] ent tear
and cut - anﬂﬁl% 45T '§%~°é ARRAUCtiGR rAPRRralls sWas 5@“?‘5 uideatic 4@ 18geq
above for the el astoner conposrtes of this invention not only denonstrate
advant ageoappasatysgiescribéd dboye wih referenve ¢o Figadl,Sornd:% pbtinidngvipgsi Thecsluriyiel
econony) for notor vehicle tire applications, but also indicates

advant ageomm%p]oseemtenwmelwv ¥l FRRe 17) ofas B0r5ingh di@etérowith sUaid @ee r educed -
heat build-up e or nore of these superior properties, fatigue and

fracture rRRrakeRG16d %Y EHRS by Bxial IOMGES 2 ith! bR ;&nzott@(w@

el ast omer conposi t I nven or use'1n
r ubber

BRI S A SRR S T

products
i nvention are partrcularly wel |l -suited for use as: tire tread especrally

in tread f®Heh aHalilength (heing pastly within the mix-heagrand pagty within the exrengerseal
airplane tires and the like; sub tread; wire skim sidewalls; cushron gum
for retread tires; and simlar tire applications. The superior per f ormance
characteristics achieve by various preferred enbodi nents of the invention
can provide inproved tire durability) tread life and casing life, better
fuel 2 6 JUN 2002 -109 econony for the nDtor vehrcIe and other

I T N T Y

Stal
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are understood to inprove generally in the direction of trend arrom@%ﬁﬂzmu
subj ect, however) in the past, to offsetting degradation of these and ot her
characteristigs due to reduced nol ecul ar wei ght of the natural rubber
and/ or poorer nmacro-di spersion resulting fromthe use of such higher
surface area) |ower structure carbon_gkgcks. El ast omer conposites of the
present invention can enploy such | oweL structure, higher surface area
carbon bl ack indicated by trend arrow 262 to achieve significantly inproved
OIR trend materials, in view of their excellent macro-di spersion and M\ e, .
Simlarly, : F=lol Rl L. A . carbon

y mé}&ﬂ?%e&h& BRBPT%BBE@G dé%?ét%é %6 ingh Eiﬂgl lft?lg}%)afl rd gﬁfnoﬁ

bl acks currentfy 1n conmercla K" an Ir read
applications,. Arrow 272 i nd] es .the direction in, whi egion 271 can be
advant agecﬂ%ﬁ inch gﬁ‘ﬁ%‘ﬂ’ and %@@%mma{'ia? %’Q%Pfcgﬁéé‘%id&mﬂﬂ
Performance characteristics, such as wear resistance, are understood to

i mprove gand3al90yindhraxiahdength: dotadditionftheneaneiaxiallyshoaty faired ijterconnettinnsver , in
~ S .~u~ 200T the past, to offsetting degradation of these and ot her

char act er ibgtwédh thel @foresaidasbiiait. IFrépatationofihé gastedatchlis désotibe induriierr poor er
macr o- di spersion resulting fromuse of such higher surface area carbon

bl acks. El &@H&g' es of the present invention can enploy such

hi gher sur §@§5§?2§ ar %ﬁ'blaoks i ndicated by trend arrow 272 to achieve
inproved TB tread materials, in view of their excellent macro-dispersion
and MWd. Simlarly, carbon black norphol ogy regions 281 and 283 in Fig. 28
show carbon bl acks currently in comrercial use for tread base and_ passenger
car (PC tl r e tGaseen BiackSlutny, Prepars

ek Sy, Preparations n Bags rof vearbxmoblackl wese mixed withe t he
direction in which region 281 and 283, respectively) can be advantageously
ext ended i n acdeionized evatértih at daebamr blsaknslurry vamkt éqaippedPavithcannapitator. The
characteristics such as heat build-up (HBL>) and rolling resistance are

under st ood t o iagdtéMokethe péRAGNtH lefits lahé a Ghide Glur wa fofrh@ Wit 4.9W 282
subj ect, however, in the past, to offsetting degradation of these and ot her

characteristic r C %Hhar i he, %ﬂﬂ* r poorer
macr o- di sper si ?ﬁ%:csu tni nég:ng %&%&é‘e 0 sﬁ?ﬁ*"'ﬁ?‘éﬂ%@%‘lg,w g?@ggxﬁe , lgvver
structure carb bl acks.. Likew se, perfornance characteri.stics such as
e Feor st ShBe 2P ainm oS Sugt o P RIHBIE PRBPCe 1 L aPHeET BUEP oot | on

of trend arrow 284 subject, however, in the past, to offsetting degradation
of these and otth@rcodpidrmillfor initial dispession.t The sjumry avas thended by g pregressingof t he
rubber and/or poorer macro-dispersion resulting fromuse of such higher

surface area, Icaviey painp 46 taliotnopenide spcifickly, NEcesfluidizsr Mode) M2 toefortf t he
present invention can enploy higher surface area, |ower structure carbon

bl acks i ndi cat %ﬂicfb‘ﬂuﬁ'ic{s%m?aﬁgnﬂ%rﬁ&ﬂtié@foﬁ?f@sﬁ*ﬁiﬂg%ﬂ@“&ﬂ tb'ppddhckase and

PC tread, respectively, in view of the excellent macro-di spersion and the

optional preseryati f o N ol ec [ ieght .in s . £ ner. .
conposites. Si r%n?&rg’l? §lfn%cséur ohﬁ %%rﬁyﬁ@?'ﬁ\é%ﬁg’ ythreé&'lcgc#gl%?% g’@é’“é‘ﬁ'& 294 in
Fig. 29 show carbon bl acks currently in commercjal_use for, sidewall, apex
and steel belt ZR¢ &vas sgtwﬁmw&fylfﬁfpaeﬂprbec@wm%@gaew #v8h- Trend
arrows 292 and 295 indicate the direction in which region 291 and 294)
respectively, oqaessire pditize tdisgiaoement partpe nSlady iflovacate was momitarediwitlhe pr esent
i nvention. Performance characteristics such as heat build-up (HBCn and
fatigue |ife anictsietisi® ahhst Tow Bietdte ThE cafbdRVMAdk Sl Reasdfed ot ihen Of
trend arrow 292 subject) however, in the past) the offsetting degradation

of these and olA&haGRILAR \PrésilreGT BUIR 150 p%i?%& ﬁ?&régl?n#ﬁgigésgﬁ}e%% atOf the

rubber and/or poorer nacro-dispersion resualting such 1 ower
structure carb | acks. Likew se, pe rmance characteristics such as heat
but | dup.  pr oceSDPTRRE A Acruees s G 200 BTG RUGME e SUBRCDE SHEY o; eo
belt elastoneric materials in the direction of trend arrow 295 subj ect, '
however, in thavasinroduced app jes intq the gnixiegzangat i Sawonte of abeut3:2) lojminand
characteristics due to reduced nol ecul ar wei ght of the

at a velocity of about 300 ft/sec.




rubber and/or poorer macro-dispersion resulting fromuse of such higher
surface area, |lower structure carbon bl acks. El astonmer conposites of &EnéUNZO{)]
present invenw on can enpl oy higher surface area and/or |ower structure
carbon bl acks as indicated by arrows 292 and 295 to achi eve i nproved

sidewal | and steel belt rubber materir8PBs, respectively, in view of the

excel |l ent macro-di spersion and the optional preservation of high nol ecul ar
wei ght in such el astomer conposites. Additional Eianples: Preferred

Enbodi ment2 and [(apék DeliveS2 "Phefate0nad’ dhatged téa ik, Spddifivally, AdsH gdllendeedsanpl es

of elastomer conposites 1n accordance with certain preferred enbodi nents of

the present iny i on t?cfiﬁid AT i Jadefelt f° ?Am% . r .epared A
first group of (ﬁ‘!@'se %nnp ofgg a rru‘ﬁ]%ﬂﬁase ag{é’r g}be; e ﬁﬁoé\r%o&#éggtype
referred to aboye, a silicon-treated rbon, bl agk 2,6 JUN 2002 -112
Specifically, |4W9%W§'§ﬁ§8@§°ﬁ§§m89§8§ &%mvﬁp@w&e&mﬁe&s@% con
treated carbon bl ack commercially available from Cabot Corporation
(Billerica, MasnddpletSanjoplea® I34ath3l-agkpiphenylenerdiamine mixtutedgEach of
properties, i. e., structure and surface area, simlar to that of carbon

bllack N234. Sarthé @ntiéxidaits mgapﬁdd%amwmhﬂ%hhﬁ:garpm%mﬁemtender
oil. Sanple no. 34 enployed 68 phr ECOBLACK filler and no extender oil.

Typical filler ayée ?%‘;;ﬁ ?del{jgz{sns%oi&%ﬁﬂealéﬁgvgisiﬁg?&tgﬁ%ﬁ{tﬁﬁtﬁ&de%pid&@meof‘s are

shown in Tabl e tomer conposi vention conpri sing

nat ural rubber and.a ble f carb agk and,silica filler. It should be
under st ood thatm{“?fbo'\}g@p °§PP5°§§"3?%]¥FQT%I cc%ﬂ?ogﬁ‘i'sﬁﬁéogﬁﬁ % n Tabl e
3 7 would typically replace a |ike amunt of the carbon black filler.

Tabl e 3T Typi cd&tmﬁo gifgeditanknto the mixing gongxnfithe seagylum reaeter. Thedatexon Bl ack
TCar bon Bl ack Loedi nG| | oadin8lllca Loadi nTruckl Bus TroadN110 N116 N121
N134 N?. 30 NZ! !fledv ratei Was.Dto 3.0 Ibsiminldnd labGiit3. 9 feetpétiseCond] fd Was/Metieked140 - 66
hr6 -10 hr8 - t0 hrSteel BeltN32860 - T6 hrO -6 hrO - tO hrTruckl Bus Troad

BaseN330 N6604Gyith aEnlrdds + Halistf (Greemvdod, Ihii M%:N&%% mefdy. MTHe -
30Si dewal | N330 N351 N55030 - i 0 hré - 30 hrxN318 N330 N36160 -10 hr0 -tOLRR

PC Tr oadNz34 . | - . INEe N Zs
Dt 2002 - 114 Spsindbabah ol Wided B 5 ork Uk Qorandinl misiufing phoner P,
silica and carb | ack,. | n enbodi nent f the,present invention enploying
a blend of car tﬁ’gﬁ“’gf‘%&@rﬁ“ﬁﬂi"cﬁqrﬁlﬁﬁ?‘s‘,l“ﬂf” "eneral |y preferred that
they be used in weight ratio of at |east about 60:40. That is, the carbon
bl ack preferably conprises at |east about 60 wei ght percent of the filler
to achi eve good coagul ation of the elastoner and to reduce or elimnate
reaggl omer3at i orCapbori Blacls and Latex Mikihg Thetebdrpbladk slkry pitd Yatek iberé mixed
exanpl es nos. 35 - 38, as shown in Table 40, carbon black is used together

with particul alyy caitffidg theQhteklintb! the 3arbay dlacR Ryl ' DK E@&&aﬁué&d {Hes
(Pittsburgh, Pennsylvani a, USA), having surface area BET of 150 n®/g,

surface area PA of Omls/l .pH .of d a imary particulate size
of 19 manonet Sr%géo&ltfl&c w%].g% Z’EW’%H 'gté)n%‘f:g‘g,ex f".“gl.&fe' ré’l"lgic8F§1%{ venti on
sanpl es nos. 33 - 38, were prepared in accordance with the procedures and
appar at us used Yo Wehsrangy oWosmsAf 6eagulum sxited-theicaagulusrteagi9bve. Process and
apparatus details for each of invention sanples nos. 33 - 3 8 is given in

Table 3 8, below The field |l atex or concentrate enpl oyed in sanples

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).
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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nos. 33 - 38, as the case may be, is the sanme as descri bed above with
reference to Table 24. It wll ba appreciated that the data in Table 38
parallels thgt provided in Table 25, above, for invention sanples nos.

1-32. The carbon black filler "CRX2000" listed in Table 38 is the ECOBLACK
silicon-treated carbon bl ack descri beg 4_above. Tabl e 38 I nvention Sanpl e
Production Details Ca of estoner Com S unyozs a Ti pC8 lurrylnventionCa
on SlackH 11 233 Al oadlngD a. Lend | engthCB conc. Sanple No.Latex a T a
Loading ( rLoadln hri(ln) (lnw433atexC

00048000 9000, %y ' Gl r5 SRAMI RGN0 4030 s 3380 Sl KRR

| at exN23441900.,0200. 513. 53Tf | ekl | at exN234312000. 0200, 514. 038Iate¥

concent r at e STER Waiasain sompressed andbeated s Water was flashed fkunansrpulsiop of theon
portionon~t~onSsnple No.D's. (!n ength (InDa. ( neng na. ( nen na. ( nen
n330. crumb through the dieplate of the extruder. Product exit temperature was

93. 00. 27. 8~2. 30. 533. 2340. 193. 00. 271. 80. 382. 30. 533. 2350. 193. 00. 271. 80. 382. 30

533, 2380. 193, Qorkindifly 388°30 FRIF 43I tuokibreQUBnibAiwBOaEHA2030058 3 5080. 193. 0
0 2T1. 80. 382. 30.533. 21 x" ng onec~a terlnventionany flow rate urry ve ocity

ndox ant Latex

o (1t ) (1 ¢ rehecHBe B ek i b aBpltidtiibly o BR53HY 6 TR0

~10. T17000348. 27 |.d5, 88, 31

1000355, 23800, J00IEPER roet cesbain YDERSOB S9NGE9B0. 30, 4Fi el d4. 38, 210000374, 85500, 3
0. 4Fi el d4. 15. 99500385. 15800. 30: 4Conc2. 23. 29000urry ouate nng

anngPr oaucuonl nventi onTip Pressuren s cnrmma cranro actrv

act ~lli xe~Rat el nventi onSam | e Ho.( 1noisture ('~Gnolstur~a (yGtem.

(' moi st ur aniplésD INUE
Ho. 33-.>8.704350. 2T- bl ock663334- T8. 01. B4700. 3T- bl 0ck5234351850T7. 9>4. 0380

0. 4Tt~ 0dC543ﬁ3@§%88%:gcﬁﬂ«&ﬂ&@e@ﬁgﬂs%&%%’f@é@@ﬁ%ﬁ?y B %ﬁ?é The

0. 4T- bl 0ck3437_ 38 4. 2455 T- bl ock4 V 200Z ,n

b?éﬁelﬂfecoaﬁa@gws?ﬁ#ﬁés‘a‘é’%éﬁ‘r?rﬁ%“%é%a%?ﬁﬁlﬁd@ P TRfE 2 b et ke G

The processing code (see Table 13 above), 1 er Ioadl rubber, MW and
macr o- di speExample Pghe m@@wmﬁbmmené@n&t@c sk Example:E e mhbervasap| e 39.
The processing code, filler |oading, rubber, MNo, and nacro-di spersion

val ues of SMR 1D NRerEdchwas prepared by premastisatitfh of dhecrabberiit b BRhBarfbiury mixeand oi |

| oadi ngs for convenient reference) are shown in Table 40. It will be seen

from Tabl Q‘h%%bmbf%glémwnh&ﬁcﬁ&aﬂﬁﬁ Foth FSISTPAkhutes. CPERBbér 6t O

i nvention sanpl es nos 3 and 34. Simlarly, control sanples nos. 467-498

correspon 2 6 JUN 2002 anabIe 39 CRX
m00141! o%@%ﬁ%%@%&ﬁ% ‘ﬁi‘fﬁ% / ~SanpVr Al W',

~G) Na( pNo. (1 QvB590590M20145t 4813. 484583338 61M2D24524743. CB4803925.71N20345
34897. 1746t 3889. 48M204454515Q 284623948. 05M3D14553932. 894832802. 23M30243642
2287464, 2982. 13NBD34574354 1S4C53504 05MBD44584493. 23466379772 Tabl e 40
Sol ~Aol oleomparigoniofExamples B and Eiei Ana of invention Sanpl es | nwndon
Sanph NaCB2. wdi np~ ||41W' (1QD (' ~G) 33CRX 2000V4410 ~3800. 1834CRX

2000158V0448Q IIhe nidztefbuteh NﬁEkam le C and the two control masterbatches of Example D
?33143V10V55000. 1436N2341Ntbt1233V40V10V04900 3637N234M 1811233130>ZC1C8990

e A TR i M

(" If)Sarrpql%é\l W %
(X) Ho. (| OS8™PPEsemeKhedilehp801500MeD14674931. 514T54438. 74MZD24885372. 614T65

1?10. 9M2D34B95232. 8247758912. 5M2D44T08152954T85928. 25M3D14714t 70. 954793586.
B5MBD24T24381. 4048042013. BMBD347343321548151613. 9MBD44744852. 22482447725NZ3
11Hi I sll ?3313012QLOSTERLI NG 67401H 1si 1 '
Z3313012010RSS1RSS1CodsSanphilw',, G (' . G Sanph81w', O

(" ~G No. (I QNo. ( pMz909909M3590590M2D1483394

. 4.3T4914303. 77M2D24845075. 864924884. 39MZD34855264. T49351T5. 3TM2D44865S85. 9
44945634. 86M3D14873T78. 394953753. 5M3D24883634. 494963802. 73M3D34893765. 07497
4192. 72M8D449D432526498448329 2 6 JUN 2QQ? ~Hx -119 The excellent carbon
bl ack dispersion in the nmasterbatches of invention sanples 33-38 is
denonstrated by conpari son of the nacro-di spersion quality and MN o, val ues
shown in Tables 39-41. The invention sanples nos. 33-34 nade wi th ECOBLACK
silicon-treated carbon black, and the correspondi ng control sanples are
conpared in the sem -log plot of Fig. 30) Excellent carbon black dispersion
is seen in Fig. 30 for the
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data shown in Fig. 31 clearly reveal s that the macro-dispersion qualrty of

t he novel

el ast omer conp

ﬂMF@e@é@é@fhere) conpri si ng carbon

bl ack/ silica bl ends over Exampledcorsi Stagg ] DrpMiss, is si gifidti cantly superior
to that achi evabl e usi ng Azor66drinbloridehgr edi ents in prior 4y mastication
m xi ng nethods. The nacr dlysirarS06¢stearidaeid) for the el ast2arer conposites of

the invention shown in Flsgmoﬁ&xm@nﬂgﬁaﬁmped by the foll @@ ng equations:
D% < 0.8% (27) when 'W\Sunr%of ﬂ§}5x106 and lep (D < log (0.8)

+ 2.2 x [MN, - (0.5 x 1 n05x106< a, <1.1 x 106
2 s ~~~toa2 -121 It wl| % % is the r cent
undi spersed area neasure F gﬁ? P@.u-ac egraton lpéa

Total: 1688

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

summarized in Table 10 below.
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were produced in accordance with the method and apparatus disclosed above. In

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



an entry end to a discharge end, by sinultaneously (i) feeding el astoner
latex fluid continuously to a mixing zone at the entry end of the 2&aly¥200h
reactor, ande 2 6 .1U~I ~n~~ -124 (ii) entraining the el astoner | atex
fluid into particulate filler fluid by feeding the particulate filler fluid
as a continuous jet into the mxing zone; aad B) discharging fromthe

di scharge end of the coagul umreactot.a substantially constant flow of

el astomer conposite gl obules concurrently with feeding of the fluid streans

in accor daje fitlefshused fPthese prafeeredmdsierbaich ddipdsitivn, spuditichiy? the'€TABI Of

produang el astomer conposite in accordance with claim8 whéerein coagul ati on

of the el I [ §%m§ Jﬁl% ﬁ'ﬁﬁ i I WRis.g<Oomposi te
gl obul es %ﬁéﬁgﬁ?éﬁa ge%jﬁ,?ro %r e ilggc a'%bglg%%g&og?ﬂe coggélﬁ)um
reactor. 10. The contjnuqus flo t hod, of prodyci ng .el asf oner osite in
accor dancdndidibutyl phthalage ﬁ&@ﬁ‘?ﬂﬁbﬁmﬂuﬁeﬁgf ag CG?“"HP%ﬁPfﬁ t he
particulate filler fluid by high energy dispersion of the particul ate
filler in perlhugdied grams cirbomflank per ASTM RP4dh apeishowm. pBigt 8iis séenitoche

comuni cation with the m xing zone. 11. The continuous flow net hod of

produci ng dilidéd e thré®diferent Fegiohs 3F earbeR BlacksM Réyién ReontSiny\baben blatkse | i qui d
slurry is fed into the m xing zone through a nozzle at a velocity of 100 to

800 f eet . . ' ‘ | ast oner
compos t ¢ HvinB e fuructore dAiChighl shithahod, belhe Wl RiOSPHARAR L BlsPa Y. P
slurry through the nozzle ig from?200 to 500 feet per second. ? 6 J~1IN
3007~ 15 nebieliyBber R o, e oriies pemBEpBons) B raing BESRASte HEM o 1 e
in accordance with claim®8 further conprising the step of prem xing m nor
anount s ofcashosi blacks of Ragiond laee ratasedeammersially apwidely asoothercaarbon blacks.

el astonmer latex to the m xing zone. 14. The continuous flow nethod of

pr oduci ng Missabacheand eared elastometid compsitiony vasde/witliiRegioh Incarbuh blacksusirge
particulate filler fluid is an aqueous carbon bl ack dispersion. 15. The

cont i nuouSykiite '%&&W&Wi souf@nNce with
MH@‘M#%@%&QQ%{/ l'er fluid conpri setgﬁg?u?ilg‘g

claim 8 wherein thHe pa I"ate f1 n tredted
carbon bl agk, fu i ldfa cipi.tate ilica. .and gd xtur of. _any of
Chem Lo, T sbBRBRrRks 2o Reve ks Fon s F i Oe B S Ll 1
accordance with claim8 wherein the elastonmer latex fluid consists

essent i al Itheyochigya repsanably gnod dispersion in natural rukbe ftvehigls ise praductsand ghe of
preparing el astoner conposite in accordance with claim 16 wherein the

nat ur al r Utkedf shbjeoted tossuchtextemded dihybmixingathak thedWiWégtof dhe nattifal ridtiber is
continuous flow nethod of preparing elastomer conposite in accordance with
claim 16 vipeifichrily!de | The lcarbbPBiBéks o RRYioh I If T 8l AVE owet SurfadeQirea
continuous Tl ow nethod of producing el astonmer conposite in accordance with

claim8 fye%heé thse@Bﬁ&:ﬁt&.]%&éoﬁ@w%qihawwn%eq wftﬁoaéﬁ, habtdiEpergich fnl oW by

separ at el eeding an additive continuously t e mXi'ng zone
)l L ane QS Albbd vl Gryhiie? BEY agaft St drdeslraBidghiaaRBE b KAWL rie ! ©”

dispersion of carbon blacks of all three regions of Fig. 8, specifically, macro-dispersion,

is significantly improved in the elastomer composites disclosed here, and can be achieved
with significantly higher MW, of the natural rubber in accordance with preferred
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,



2 6 JUN 2002 -126 j~ 20. The continuous flow nethod of producing el 23torrer
conposite in accordance with claim8 wherein the additive is select 4UNZA4Z
anti ozonant s)e«anti oxi dants) plasticizers) processing aids, resins) flame
retardants) extender oils) lubricants, and m xtures of any of them 21. The
continuous flow nethod of producing ekgstoner conposite in accordance wth
claim8 further conprising injecting-pt+essurized gas into the m xi ng zone.

22. The contijiuou t ng el astoner conposite in

accor dance vvi{]h c%#?%%mtﬁw%&g’?gssuri zed gas is injected separately
into the m xing zaone. 23. The coptinuoys flow, pethod of prodyci el, gst oner
conposite in accorlﬂﬁégmﬂrﬁgﬁeé{]r%mm* mtgewewﬂpégggrqfﬂqliecg% ‘Y‘%ﬁ"t-
injected into the mxing zone through a nozzle together with the ]
particul at e fdominercidlinatuckl nibber (RES1c SMR GVoand SMR\ G)cbiales avené prerroaiticated)in

el astonmer conposite in accordance with claim8 wherein step A('u) conprises

feeding mul tiphR bRty ixeusgthe RllbWhg chhditisis (Bl ficfort 0.75pe m adng zone
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el ast oner corEestrETgrorT e e F farqe ong o

coagul um r eag t hr oupNoa dryer. ont i nuous |~8ow net hgd of
produci ng el gstoOmMETONMPPSTte 1T agcor gance Wt ctrar nr 46 Turtiher fconpri si ng
the step of alaMan t he p¥ast oner ddiposite byOsequenti gi4 Lcorrprﬁgsi ng 25
to 75 pound ¢ trties pf, the elagiqner conppgite afterd the dryirg step.

28. T he contfiftious fl olw*f®t hod of ldggduci nal 9Past oner |Somposite i n
accordance w Iai gin kell a_sor l,laft ex fl Lilg_ is_ fed
pressure | ess il ol i i el S-S ishingimget=gll LINdEr
pressure of at least ?5 psig. 29. A continuous flow nmethod of producing
rubber mast er2.bat MMixing Eazben BlackgvitihhPre-Masticated Natural Rukiben car bon bl ack,
conprising: A) establishing a continuous, sem -confined flow of m xed

natural rubber | atlaxordedts piebare mahakribberadyongsiérbachesawitly diffepéntilevglstof
general |y tubul ar coagul um zone extending wth progressively increasing

cross-sectio ; I ?‘%ﬁﬁ#ﬁﬂdﬁ% i n

Si nultaneouslr}gic(?{dg?gfes{??ng a’f@%ﬁ‘?ﬁ stTeam ?ﬁpﬁdgr%a‘?ﬁggﬁaﬁﬂ%bgﬁﬁg’g
continuously to a.mi xi zone the entry end of,.the coagul umreactor, and
(1) encrai nitiges e A fdtavs D Thesma it et and Tiaine BRoeaies 81 £y
of the carbon_ bl ack b¥ f eedi ngpthe liquid slurry as a continuous jet into
the m xing zdiesen ollows in [abledd> - 128 B) sinul t aneously di schargi ng

rubber master batch gl obules fromthe
Table 12 Natural Rubber Dry Masterbatch Formulation

under

Ingredient phr
(Parts per hundred parts of rubber by
weight)
Natural Rubber 100
Carbon Black See Tables Below
Oil See Tables Below
Santofex (antioxidant) 0.4
TNPP (antioxidant) 03
Mixing Procedures:
0 minute: Add pre-masticated natural rubber (77 rpm, 45 C)
1 minute: Add black, oil and antioxidants
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wherein the filler feed neans is for feeding particulate filler fluid
continuously to the m xing zone under pressure of at |east 75 pou%gﬁﬁr
square inch {gauge). 35. The apparatus for producing el astonmer co I gm?n
accordance wth claim 34 wherein the latex feed neans is for feeding

el astonmer latex fluid continuously ingp the mxing zone under pressure |ess
than 12 pounds per square inch. 36. apparatus for produci ng el astoner
conposite in accordance with claim 31 further conprising auxiliary feed
means for ¥i nulFinslanixing of NenirsicRabberdMasterbaath ConfrohSamplesessuri zed fl ui d
to the mxing zone. 37. The apparatus for producing el astonmer conposite in

accordance wi t revaluite dnifoRh& perférifanke, a3diibhdd ﬁg{;rédimééwh% dddéd tothe  The

apparatus for producing el'astofer conposite I n dccordance with claim 31
wherein th rogressjvely inereas r. - jonal area
bet ween t t@’ %&;&%ﬁ‘gmiﬂﬁ H@st%ﬂvggq}aéoggogmp?eg é’??ﬂglg a}ﬁéﬁ Eécc’?‘ga?'% ont i nuous
fl ow production of el astomer conposite of particulate filler dispersed in
el ast omer ,Wittpthg formulation ghown in Tahle }14act or forming an el ongate coagul um zone
extending with progressively increasing cross-sectional area froman entry
end toward a di schar Jablenidt Additionklkhgrediéntsifot Finmd Mixing f eedi ng el ast oner
| atex fluid continuously to a m xing zone at the entry end of the coagul um
react or, d ans tor teeding partfculate tyller TTurd suftfrfciently

ener get | ciﬁ?ggﬁm"& the miadng zone 3Mt(eﬂ'é)em -confined fllow of mixed

el ast omer {l,gt goE iculate fil 8% in the coagul um zone tjoward the

di schar ge (ead—aad aTr=av7= pstanti gl __cQ i t oner | at ex

Wi th the paykierds@lestehtid &id)Pr i or t pafghe d paratus for
pr oduci ng jetastorer—eorpostte—et—pafid in el astoner,
conpri si ng Saatofle@al (antioxidant) or f or mj P an el ongat e coagul um zjone ext endi ng
W th progfesstVvery TTCTreasT g crossisectionar—area fromramrentry end to a
di schar ge énupronﬁémowr(wa&edi ng el h8Qoner latex fluid conti

m Xi ng zome at tﬁg ept r,gﬁi ng_of the i agulumreactor, and neans for feeding
to the mi x"V8%e%E00 (2at us jet{ &P particulate filler fl

ressure, j entrain elas r latex fluid into a nixture with
Fhe parti r*gpé\t}%g&!{cﬁqg |‘L‘EE§°"3FPJ$ tQ g'l hstantially conplet ij\thr‘oaguI ate the
el astoner |lsgiggx With the particulatpifiller prior to the mxtjure arriving

A e

at the di seiret ge—etr 44—Tre- appararus- f-or—eonttaets—H-eovw—pr oduct i on of

el ast oner conposite in accordance with claim40 wherein the mxing zone is
within a mx head and is substantially coaxial with the el ongate coagul um
zone. 2 6 JUNhrgompoundyware cureddn agspriance vathf standard surertechniques atn 597 €duct i on
of el astomer conposite in accordance with claim4l wherein the mx head is
seal ed t o uatilab kegst|substantially completetiecured, 3ypiddilg bagween 40 and 80 mimetes. i Inuthats f | ow
production of el astoner conposite in accordance with claim42 wherein the

mesas for réqedli thd @nke! 6L ABAntiRAY the $aRé Finkl hiBhg frébedures, including the

i scha

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
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 the tables
according to choice of carbon black. Within a given table, the samples are grouped by

choice of natural rubber and by carbon black loading and oil loading. The table headings



5 conprises a first feed tube extending substantially coaxially w thin W
m xi ng zone to a slurry nozzle tip open toward the coagul um zone. 44 2 BryliN 2002
apparatus for«continuous flow production of elastoner conposite in
accordance with claim43 wherein: the mx head forns a first feed channel
substantially coaxial with the 0 coagy,um zone, extending froman entry

port toward the coagul um zone; and thelirst feed tube extending coaxially
within the first feed channel forns a fluid tight seal with the m x head at
the entry port. 45. The apparatus for continuous flow production of

el astonmer conposite in accordance with claim44 wherein the first feed tube
ext ends f r oshaw thisdnformatiesin aqcerdancesvith siandardapmenglagyrg. Thus, fipregxampleathe
constant dianeter land within the first feed tube i medi ately upstream of
the slurry heatirgefot Tbld 5 NB304Sph/0" dadicares 55phr N33D earbon blaclke withinowil. iThe

di aneter. 46. The apparatus for continuous flow production of el astoner

conposite i Qgﬁ@ A .dgée‘lé]fﬂﬂﬁﬁ'ﬁl?\l h m f i

el ast oner l?&t@ﬁ@@f—ﬂl Sﬁhpé‘?sﬂeiésa% a secon Pgéerdes hanﬁﬂy' %ﬁérgﬁeg% %e m X
head at an angl f.. 30 to 90 t he first, feed 2. f k. J +133.d. ..
channel , ex?@ﬁﬂﬁh@oﬁﬁe m%fl’@ﬁtﬁ(ﬁf‘tm‘ﬁ@ W&? %ﬂ’é’%%%‘&?{a‘“ ntry
port renote fromthe m xing zone. 47. The apparatus for continuoys f|ow
product i on SMRIQsTeshaical dessrptioncof thessnairalsybbersis; widely available, gch 818 ¢ he
cross-sectional area of the coagulum zone i mredi ately downstream of the

m xi ng zone RubbernWerld MagazinetscBll Book published by diipginadttaandt Reto,dinc.t (Akrén, r st
feed tube. 48. The apparatus for continuous flow production of el astoner

conposite i DHECUSMINCETHY Mdlechiai Fveight WREWSi 6f thee nbfufdl Srubbért pAdto anga of
t he coagul um zone i nmedi ately downstream ot the mmdng zone is about 4 to 8

times the c - 41 [ : tus
For cont i nuBtasnaon S af Efer3he tyifous siSbmes SF rohidfcarisd (uIMAATHRSHAT 1
claim 45 wheyein the . nj heﬂg % rms at | east one additional feed channel at
an angle of § ?J""yé“%e’i - f-r st feed channel, extending to a junction
with the mxing zone froman entry port renote fromthe m xing zone. 50.
The apparatus for continuous flow production of el astonmer conposite in
accordance with claim40 wherein at |least a first portion of the coagul um
zone extending fromthe entry end toward the di scharge end has a circul ar
cross-section and a central |ongitudinal axis, the circular cross-section
increasing in size at an overall angle greater than zero degrees and | ess
than 25 degrees to the central |ongitudinal axis. 2 6 J UN 2002 -134 51.
The apparatus for continuous flow production of el astoner conposite in
accordance with claim40 wherein the cross-sectional area of the coagul um
zone increases continuously toward the discharge end. 52. The apparatus for
continuous flow production of elastoner conposite in accordance with claim
50 wherein the cross-sectional area of the coagul um zone increases
step-wise fromthe entry end toward the di scharge end. 53. The apparatus
for continuous flow production of el astonmer conposite in accordance with
claim51 wherein said first portion of the coagul um zone conpri ses:
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accordance with claim40, wherein the particulate filler fluid is

bl ack slurry conprising carbon black in a carrier

liquid, ,furthe

P D08 200

r

conprising cgrbon black slurry preparation neans in fluid conmunication
with the neans for feeding particulate filler fluid to the m.xing zone,

conprising: a mxi
l'iquid,

havi ng a di scharge port for

ng tank for agitat._

m xture of carbon black and carrier
wscharging a mxture fluid,

a colloid

m |l for dispersing carbon black in the carrier liquid to forma di spersi on
fluid, hawhg an |ntake port in fluid conmunication with the discharge port
of the m x knndan_uuu_at_pnu_mmahw.e__dupg%onflwd
and an hompgeni zer faromre finel (ROGELZIVEOPAM 1 ho carhon black inlthe
carrier liquid to {farmthe B3on_ b ack slhung havBMRO¥n inlet poft in
fluid conminiGodei dn Samples J Mwa002 -DB§7 |\Semplene dMehar gePP8tt | of t he
colloid mil _and dn eMat port or passinglcalMeen blacl@slurry to [ he neans
for feedin p&MtlcuI ate filt®82fluid to the m xi ng zd4848 64. An e] astoner
conmposi te ¢onM2i silng el astonB®in r~rhich|particul at 74i || e~chas peen

di spersed by. M3eedi ng a cont B#ous flow of fast flui &ortaprl si np

el astomer jatM tq a nixing #fhe of a coagul um react 3% def i n| n n el ongat e
coagul um zonM1B%t endl fronB8he mi X8 Z o a di $arge ¢ foeding a
cont i nuous | f MJR2of nd f| &8 conph-p p &%i cul at f| l'le nHer
pressure tp MB3nilxi 20ae 8 the c uI m ractor 1 form '2' xfure with
the el astowenM‘Détéx, %e mi xB# e pas¥hg conti ny@fis flv 2 Fhe

di scharge ¢n Ad |t he®hartic te fi r Bel et~ect eto ate ~ the
el astonmer |a 11 Wherggjn fee g of e fkec fl UI gal 1e

el astoner | aj@RaWijt hi gy the NG ZOgigs i S| SU4g ently ne~ rgb [ 0
substanti aj 35q)n'ﬁl etgl y coaggy ate t{igy el pst afgner Iat Wlthzta

particul at ¢ jiabberlprigy to tifs di schagge gnd; 5aand di yggar gi zagga

subst anti al | yyapgativauggts fl qyg of elfasgd onpr cqynposi t qghrom filag dj scharge
end of the|campyl Ut a geact or 49651. Anz g4 as} omegp conposobe conpmpsi hg
particul ate wmabher) fiqely di smersed.1.63 ef astener, faeged by2agcopti nuous
fl ow net hofl appriisi z4gy t he sgxps of2.d9 ertatm shi ng 433cont i B4RUS

sem - confi petabBoW of42m xod e8nrst one2.32 at px a83d part i4dml at e #i3bl eP under
pressure i h s4bsadul u48 r ~ea~a0r fordbhig hn el4ongat e 44dagul ukzaon

extending wth progressively I ncreasing cross sectional
end to a diTablect88e

area froman entry
end, b¥ Si nultaneously 2 6_JUN 2002 -138 (i) feeding

el ast orer [ at ex T[UR% Miougl y R g zonechle ry| end of the
coagul um reactor], _and (RSSf _entrqining RS®1 el astfoner |aR881fluidl]into
parti cul at ¢ Codb||Sampleu MWLy O 86 T hAwRATD (%) ISampld | Mwoy, (D) as a
continuous{jet iintNo.t he (@ xi ng zoMe; ar®) B) di §chM¥e.png #om t he ldi scharge
end of the|cMagyl umread8®dr a sybstanttd8ly copstant fHeI of el gstoner
mast s batcn giﬂotul es coBurrentlly w th9tedi nglof the f8did streans in
accor dance| wMBh |{st eps g& and (‘a). @89 An ellast omer @8nposite formed by
a conti nuorsMI‘I qw net ho ing thé83teps o¢f A) estdBlishing a
cont i nuous Mé?ﬂ-co?ﬁl ne§7q I o 1xed fﬁﬁt uf-BT |ruBber 1%81ex 488 |carbon
black in a Qéu rea &F’?y Bul ar7°30aga1591 zone
ext endi ng 1 .p ess 5| n ro §7Sec ?onal rea3'f1fgum an entry
end to an p e [ arg eo?%sy (? ng ngl qui d stream
of the natp “)Ir } u 2 0,08 102 572

M2D3 585 4.31 4.71 103 642 - 423

M2D4 6.21 605 4.85 104 664 5.35

M3D1 73 459 3.64 89 429 227 105 507 2.65

M3D2 74 468 579 90 446 2.68 106 544 2.96

M3D3 75 511 5.30 91 466 3.46 107 5§35 3.68

M3D4 76 541 98.13 92 491 622 108 524 3.27

M4D1 77 380 2.34 93 388 2.11 109 416 1.85

M4D2 78. 362 286 54 372 313 110 413 3.18

M4D3 79 3989 459 95 375 292 111 418 6.96

M4D4 80 385 457 86 388 292 112 441 6.46




6 JUN

a mxing zone at the entry end of the coagulumreactor, and (ii) entralm
the natural rubber latex continuously into a liquid slurry of the carbon
bl ack by feegding the liquid slurry as a continuous jet into the m xing
zone; and B) sinultaneously discharging el astomer conposite globules from
the discharge end of the coagul umreggtor. 2 6 JUN 2002 -139 63. An

el ast onmer conposite forned by a contisdous flow nmethod conprising the

foll owi ng steps: preparing a particulate filler fluid by high energy

n

di spersi oTabdé 1% he particulate filler into agqueotabiéi2¢gN)d i n a honogeni zer;
and esta ng a_contl nm! - cor ~firrod[flow pl_m ReseSaphmial F ubber
| at ex an [ culat 1ller §n a c m realdt or f ' RSB ] bne
and a gerjdodelyam, Wiot C ® N Wau t
I ncreasi s¥esectf®nal ar ¢aNbr om e ni xi | hd by
si mul t andowsl yf (| ing a [iquid 308kam of ural r98&r X at
| ess thaj M2 fleet peno3Pecond gonti nuckB4ly to miMA ng zone d&7ined byl a m x
head in f1 ui d 72énmuni citi on WA a. coaddl M zbne ext efder, the
m Xi ng zqn#Mext endi n@38oaxi al [y with &4e coagufuM4ohe, and ngi ) entrgining
the natu bies | B68x i | i mous| | nt b1 :fewt cfi2ate 3511 eM‘l Ui d by
feedi ng MID3dr f#&ul £B8 fi384e - iM1O%| 261 t nfBugh132fed
t ube subqtMIRBilaffy cBERi al5-8f ’%e gul hf’ﬁ 103 e art3Rul af @l 1 1 er
fluid exi tNF’Pq t 1% f edd4t udd®a é eI Rty , eet/Yer ohd;
simul tan LY o in qﬁ g|n r e har end .Qf| t he
coagul um|[rEdGtio | o Y es oA h 7el a rrer dac| | coa % ah I on
of the n D‘il ber, %7 i cu fmm,;e J, sub ant b3kl
conpl et e; f SI1£,I| t 26 anq ;;ontg uou \ZTe) pel dget i z
gl obul es gﬂzﬁr ayged f5§1pm {4 ,oaﬁjl ung eacf % J42¥ 2004g- 148 584. An
el ast one OSks € GEAPr |3s||4ng W,rt | %at ezgl I Spggsed 447 el @qrgoper)
t he macr mmg onses % 2§41 | herpartsgpgl atsedillIngdps N 433 el &t omelya
conposi t ¢ Mapi|g152Ss gapan 10r42p0 yrgli sparseds.06 3.-m4th. | Tam el agtionen.21
conposi t mbzgl asem Ga4anherzein| t ey pardgscul 202 |fjindoR | | s25car bye? bl aak, | -
silicon ¢oaD3d ¢50 boaspl adds §i hrson goseat 2.ds ArNMD3 pl 425k, faszed 8i3bifa,
preci pi t dtvudadi héca aspa 298t Lir e7ef 828 of 3.8hdhm4ats | Téay el azgBone0.56
conposite of claim o4 whereirn the elastoner 1s natural rubber, a
chl ori nat Tsblel20 i vati ve of natural rubber, or cTsable@IfB) vier  copol yner or
t er pol ymfr of [but adi ene, NT10ASARAO | soprene, i Jdbut yl Ene) S6740@5pha0cyI] 1,
3- but adi ¢ne wHer e_t (RSSHl Kyl ' | kyl , i
et hyl ene (ﬁ"dpr%’m%ﬁ tGodeo nYWas | 30
phr partilcul atleMPi | | K di sper | . filler] being
sel ect ed [f MIm|car bon 98l ack, s|licon ted carlpoMbl pck, sil8®on trea} ed
carbon bllaM? |f umed i ca, pfecipi taqséd sili al mi xture’ any of them
and the ¢I%thner befﬂ sel ected fronjratural Jju r, or a hﬁﬁnpolyner,
copolymen b1l 3es 360 124 | 385 334 128 || MiD1| 428 433 025

MiD2] 370 , 426 250 386 339 1.60 M1D2 429 441 0.36

M1D3 | 371 480 269 387 372 1.42 M1D3 | 430 4867 0.34

M1D4 | 372 618 4.68 388 413 2.80 M1D4 431 540 0.84

M2D1| 373 340 069 389 308 0.72 M2D1 432 399 0.35

M2D2 | 374 35 085 390 314 1.17 M2D2 | 433 309 0.41

M2D3 | 375 385 0.80 391 342 1.27 M2D3 434 422 0.62

M2D4 | 376 433 117 392 380 2.94 M2D4 | 435 _489 0.44

M3D1| 377 295 081 393 271 0.94 M3D1 436 340 0.44

M3D2| 378 313 1.27 394 292 0.93 M3D2 | 437 363 0.81

M3D3}| 379 333 1.20 395 314 143 M3D3 | 438 37 0.88

M3D4| 380 353 1.35 396 351 177 M3D4 | 439 403 0.88

M4D1| 381 255 1.12 397 2680 0.74 M4D1 440 363 065

M4D2 | 382 289 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 1.98




or terpolyner of butadiene, styrene, isoprene) isobutylene, 3, 3-dialkyl-
3-but adi ene where the alkyl goup is C1 to C3 alkyl, acrylonitrile,

et hyl ene or gropyl ene, wherein macro-dispersion D(% of the parti ca-d G 2007
filler in the elastonmer conposite being | ess than 0.2% undi spersed area.

2 6 JUN 2002 -141 68. The el astoner ¢ osite of claim®67 further
conprising at |east one additive sel d fromantizonants, antioxidants,
plasticizers, processing aids, resins, flane retardants, extender oils,

| ubricants_ and xtures of any of then1 69. The elastoner conp03|te of

claim 67 -vﬁ-- 22 =VaF oW aPIa TRET2V-Y =T RFaYe Be moeVs U_”_, eHach-se ks ed
area. 70. An el & a¥ae .;...,.7.7 = 7....\‘.4‘.11(.!.’% gLM = aVa¥= Ah 0 d 75 phl’
carbon bl 3 f?% T !‘ = V. ﬂ- -jw SOt -,7_,-;,“ - m t han
1.2, havir 0, 0 p W ~on 1h grea ® (niY P 7 oner
conposite o & . A e ' el ace

area rati D‘ﬂ' CTAB I L than 0. 72. “‘r eI ast ojrer conpgﬂte congri si ng
carbon bl 3ac zo bper sed | q nat urall rubber,gdhe macrp-di sperggHn D(% [of .t he
carbon bl 3ckil nlthe el ag msr cofposi te béa,l ng | essfthan 0. ¢4y undi spgrsed
area. 73. Tm?me aghorrer 1 ¢ QfgaCl aidge72 yigerEi Bog he BECr o-glsgher sion
D(% of tf Oyl ac i n ‘gslongly congiqsi t gsgnEasy ed 88 pergeat

undi spersg¢ ﬂj #g depgCts dar gerqgishan #g m apanp, 216 | e8g1 t hanaz Y% 2
6 J UN Zﬁ q31m112,g°4 Thes €l asdg0fersggonpagyiit € 9h1C| ap 72 sher einig e

el ast omer |o@apMopi 4er i s sgwM cayez¢d mrd t heoMV g28 (Ihvepght awss aged.sof] the
el ast omer |omanpobi g2 i s 602 | eads 45198 10655875. 4.88e| ekast onmag3 conpswilft e of
claim72 \\w2D3 h 783 ca6gon lg4och hte9 suré03ce 288al CTAB gr 888 er 3.9 45.
76. The el ad2Dsner 180nposss e E71Cljai20072 v&drei A25hE 216st 0880 colgldi t e
conpri ses | M3D1ehst88B0 pAT3 car2asn |bl2dtk. 7486 Th@.78| hs@ther 3¥poR-1¥E jof
claim72 {uM3D2e} &8hpri §06g 16BM|0 208 20 483r eRT€npeRtdi | . 388, Ah8&||ast oner
conposi te d&g sty cab@on Mk RBper s¥M i n384t Lir 819 rubﬂ'@r) t'h@ dar bon
bl ack havi ué@ re 83 sukBage Wea pIBper RiEs| of20Regi 44P 8¢ilg. 8,

wherein t 1art r c%os@@ as"’OMN ﬂﬁd mad® o} d?‘%ésoers 1‘/%1 iln the

area bel ol M40% 192 7o. DAn el4a1§t onﬁ192

|te3ﬁ§)npr g
carbon bl M40 >p’sed nat‘tggal r ber The bn s ack 0! Struct ure
and surf ad AL N o 8 a D4 | 4YF o ' o r ol ho Bradt oner

conposite 5o M and macro d| sper5| on D(% in the area below line 111 in
Fig. 11. a RS-t R - )
er sedp

bl ack dis 53] \
Code m'ﬁﬁﬁk MWey D(%) |Sample MwW.y D(%) |
No. ) No. (K No. (K)
M1 1245 1245 1245
M2 | 876 876 876
M3 | 625 625 625
M4 482 482 482

M1D1 225 646 3.45 241 563 1455 257 639 1.63
M1D2.| 226 697 3.04 242 638 1409 | 258 699 3.55
M1D3 | 227 762 7.70 243 691 13.64 | - 259 814 544
MiD4.| 228 . 830 6.76 244 780 1126 | 260 764 11.25
M2D1 229 574 4.79 245 469 5.88 261 5§72 2.77
M2D2 | 230 "589 3.02 246 507 7.31 262 580 4.39
M2D3 | - 231 636 6.41 247 558 9.72 263 610 5.51
M2D4 | 232 675 6.55 248 543 1059 | 264 638 729
M3D1 233 471 2.66 249 420 5.48 265 474 4.10
M3D2 | 234 481 5.17 250 426 6.97 266 485 5.72
M3D3 | 235 510 7.78 251 468 8.81 267 502 6.24
M3D4 | 236 518 7.89 252 471 9.55 268 495 713
M4D1 237 388 3.20 253 335 5.19 269 390 5.02
M4D2 | 238 382 5.65 254 344  6.06 270 365 5.88
M4D3 | 239 397 5.14 255 344 5.59 271 410 7.45
M4D4 | 240 403 7.54 256 361 8.54 272 388 7.59




carbon bl ack having structure and surface area properties of Regi od6lJUN 20/

Fig. 8, wherein the el astoner conposite has MNo,

and n~acx~o-di spersion

D% in the area below Line 121 in Fig. 12. 81. An el astoner conposite

conpri si ng fat ural

rubber) 30 to 75 phr carbon bl ack having surface area of

CTAB from 45 to less than 250 and 0 t0 20 phr extender oil, the el astoner
conposi te having nmacro-di spersion X of the carbon black in the natural
rubber, as follows: (1) D% S .2% when MNo, s .45 x 106; and (ii) log (D)
s log (0. 2¥asble 23(8) x~(MN a, - 0.45 x 106 X 10~ when .45 x 106 < MNWo, < 1.1
x 106. 82.f An el astorrer conposi te s ur al rubber% 30 to] 75 phr
carbon bl gck hay D 250 ruch~rle of DBPA
(ccJ 100g)| Cedss g d ) T n 250,
and DBPA lless thaﬂoBO +(K). 6 (CT BNMS) Were CTAB No. frofis to | gss than
65, and O [ToMPO|phr exti@édler oil], the eP#&stoner fonposit
macr o- di sgerM2onn D(% o811t he car bon bl a?®2 i n t he| nat ur al 62ubber, 4gs
foll ows: (J1)M8 < 1. 088Swhen o, is B8ks than| 0.7 x 1665 and(ll) | og
(D) <logl.®4+|2.5 x (488/0, - 4.7 x 10877 x 10'i when 0.388& 106_< MV o, <
1.1 x 106.| MIR1 ¢ 20BN 20850 - 1188 43.288n P&t oRBH | 5| tézstonp‘”%l ng
nat ural rybMa@ 3G7fo 7478phr3.6Qr bcﬂ?obl adkl ha 15ﬁg ctu eg m 110 to
| ess than |g¥1 7% cTA43e. 4% Tsur r TCTABYRR eat 122 than 65
and | ess t/h¥iB4 027 nd @5to xte eI a osite
havi ng madgr 94 |o car urag'2 ber, as
foll ows: (]i Ies ha' ) og (D) <
log x (0.3 %Sn / < 1.1 x
106. 84. An 131 os r|s ybbe nd 6f 70 phr
carbon bl gc [ ng str tur@ 9 cch g) BSO .p4 + 1 45) to
160, and gu 262 (9B féein 9b0 | 265 1 la%a POgrand Qaéo 203@ r
ext ender ciﬂsm e84 astagper £o8joYobe hapd ng 1¥@cl 038 sperss on fx¥dH| of the
carbon bl dciap |t bgs natagial gepdersons fohd owp;s3(| ) 3X 0 23. 1 noeny MV ~ is
| ess than [OM392 ¥ 286; ozed (ie0k1!{omoeD) 253 ogofge.|) 378 2. 0239 (Mo.wr | 0.30 X
106) x 10'|6mebzn 288 x 2:36 <084V|o.303 1. 266 1082 B5319An ebksBt on®Y2 onposi te
conpri si ng mab4i] abeg ubbes2, 36053 d @o¢phr 2687' EBIBBT] 32740 268 bont.80 gck, and 0O
to 20 phr extender oll, TNE €l astoner conposlitie having nacro di spersion
D(% of thyamer2b@®) bl ack in the natural rubber, as follows: C % < 0.1%
when MNo,[Ts T¢gss T 3 X146, av@ 200 N232R8A0 | | Iég(D) <
log (0.1 )f + 2.0 X - 0.3 {x 106 0~ wheh 0.3 X < d < 1.1x
106. 86. AnCedeng ¥ag 0 i Wagy MRS b EW 00130 70 phr
N234 car bdn | agkNo : hieext efler ail £ osite
havi ng m qaﬁzdl sper Si daﬂza oot 828

M3 ' 623 623 623

M4 . 462 462 462

M1D1 321 507 7.33 337 336 d.44 353 395 5.51

M1D2 | 322 588 8.15 338 458 5.08 354 478 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 3.48 341 255 322 357 285 0.58

M2D2 | 326 479 544 | 342 288 334 | 358 352 1.23

M2D3 | 327 527 5.51 343 295 4865 359 394 1.35

M2D4 | 328 566 7.70 344 393 545 360 449 . 237

M3D1 | . 329 419 0.88 345 237 1.50 361 292 0.86

M3D2 | 330 423 1.24 346 252 1.78 362 288 1.14

M3D3 | 331 431 2.55 347 270 2.88 363 313 2.18

M3D4 | 332 458 4.03 48 304 3.892 364 340 2.51

M4D1 | 333 341 0.62 349 226 1.18 365 265 0.83

M4D2 | 334 338 1.13 350 214 1.81 366 273 0.99

M4D3 | 335 318 1.37 351 233 297 367 281 1.38

M4D4 | 336 354 2.06 352 258 3.83 368 307 2.41




(% of the carbon black in the natural rubber, as follows: (i) D(% < 0.3%
when MV a, is less than 0.35 x 106; and (ii) Iog (D) <log x (0.3) yﬁgm@mm

(MNVo, - 0.3%x 106) x 10~ when 0.3 5 x 106 < MNVd < 1.1 x 106. 87. An

el astomer conposite conprising natural rubber, 30 to 70 phr N110 carbon

bl ack, and 0 to 20 phr extender oil, _ pe el ast omer conposi te having

macr o- di spersion D(% of the carbon k in the natural rubber as foll ows:
(1) D(9%9 < 0.5%when MNoO,,is less than 0.35 x 106; and (ii) |og (D) < |l og

(0.5) + 2.5 x (MNo, - 0.35prefeiell Embodiment Bia gﬁ x 106 < MNWa < 1.1 x
106. 88. An el astoner conposite conprising natur rubber) 30 to 70 phr

N326 carbon bl a 2 site
havi ng macr o- di ?g‘é’f‘g"“g‘ 9"5&@35 g‘f %88% %Egﬁg%ﬁ%%lﬁ‘(&%@ﬁ%gs‘g‘[ ral Pe Qer as
fol | ows: 2 6. JUN 2002 -146 (i) .D(99 < 1.0%when MNo, (weight average) S
| ess than @vemtionwsse prepared. nSpecifigally s sedes of pa re!)berrelestgmxreqmosnes'ew X
106) x 10" when 0.7 x 106 < MW o, < 1.1 x 106. 89. An el astoner conposite
conpri si ng InaB2 ualaccardise, with theopréSenp linveBtidiChvaP ipfdduced QSing apparatuslaadk, and
0 to 20 phr extends oil, the elastomer conposite having macro di spersion

D(% of ther&aBmes bﬁaﬂly in"acch@anca! with thade of Exafipfe A(dbbvéX “he elabtdatérwhen
MN o, is |ess than 0.65x 106; and (||) log (D) <tog (l.s) + 2.s x (M/va -

0.SS X 106 Mﬁg‘%% A n}%r

conposite COH‘BJI?I S ng ‘nat ur er?ﬂy%gi @Mﬁ%%ﬂﬁcbé%é&gar on bI ack
and 0 to 20 nder, oil , the el astoner osi te, hav

i Sper si on T e S T estomptrommoat s pac SRS sorerisd parkn PRSE Hieh (1)
D(% < 1.0% when MNo, is less than 0.6 x 106; and (ii) log (D < log (
1.0) + 2.5morphalgsical propesties (stwenture and-surfagecarca) of Regians L\ar/ i ia Fig.8.x 106.
91. An el astomer conposite conprising natural rubber, 30 to 70 phr REGAL

250 car bon Shecifidallyathe féliowing’ Carbér blgdlisavete used: Regil '@ 660,&6231@1326,0)611)@ ite
havi ng rracro di spersion D(% of the carbon black in the natural rubber as

fol | ows: f |d5g %@P&Pﬂckﬁé)l @ﬁ% Sherki g%mwym "Fh 'cﬁx%%ntbhﬁﬂ 0.6 x

106; and (i1 og (1 0) 6 X 1 10~ when

Cubber 30 g Wﬁggbf%og% '%fmﬁﬁw%ﬁeﬁﬁéﬁ“%%ﬁﬁ& 'S'Ih%gr e

el ast oner cog&osme havi ng nacr o- d| sperS| on (% of the carbon black in the

nat ural ru®e? phis The pragugtion dejailsifon elastomesppmpesiteipmple nos. 1 232 ageshown. 6 x
106; and (ii) |og (D) < Iog (1.0) + 2.5 x (MNo, - 0.6 x 106) x 10~ when
0.6 x 10s belbowyio TableR51 x 106.

As noted above, the apparatus and procedures used to prepare elastomer
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
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



93. An el astomer conposite conprising natural rubber, 30 to 70 2

carbon bl ack, and 0 to 20 phr extender oil, the el astonmer conposite haV|ng
macr o-di spersion D(% of the carbon black in the natural rubber as follows:
(i) D% <0.3%when MNo, is less than 0.55 x 10s; and (ii) log (D < |log
(0.3) + 2.0 x (MNo, - 0.55 x 106) %g 10's when 0.55 x 106 < MWa, < 1.1 x
10s. ' 94. An el astoner conposite canpr|5|ng nat ural rubber, 30 to 70 phr
particulate filler conprising a blend of carbon bl ack and S|I|ca and 0 to
20 phr extender oil, the elastoner 2 6 JUN 2UU2 -148 conposite having

macr o- di spagrgeriiamidtédfror the bfdlﬂuéﬁ%cﬂdrbé&!d Imé&iﬁn&aﬁwdadmﬂﬁhgﬂlr as
follows: (i) D(% < 0.8% when o, is less than 0. 6; and (irI) Iog
1.1 x 106, Sesthpfe M&%&%a@%ﬁ%@ﬂ%ﬁ&mm Py B cul o

filler corrprl sesgdal | east aboqut 60% car bon bl ac 96. An el astoner
conposite er, gealed thereto) ane st fortiy in Teble 25 ahcresmrp axially shost, &airedar bon

bl ack, and 0 to 20 phr extender oil) the el astomer conposite having

macr odi speristervonh¥ctidpnsbetwéen the komesn- t-r eat ed carbon bl ack in the natural
rubber as follows: (1) D(% < 1.0% when MN O, is less than 0.4 x 106; and
(it) , log (D) <log ( 1.0) + 2.0 x (MNWoO, - 0.4 x 106) x 10'6 when 0.4 x
106 < MW~ < 1.1 x 106. 97. A w cani zate conpri sing carbon bl ack dispersed
in natural 4 ubb th c&odi ers D(% of the carbon black in the

el ast oner %npoﬁ?@ﬁ@%#l °?% 98. A vul cani zate of claim 97
wher ei n the macro-di gpersion D(% of he. carbon bl ack in oner
conposite is Ie&agfﬁgﬁa"bo‘l%‘c“ wofegmixef with sisionized Waer g °§Ib§§§(§#'r‘é‘i”

conposite in accordance with any of clains 60 to 98. 100. Tire tread
conpri si ng teak ekinped withmaragisatopo The agitatorroks thapelietnintfragments toform@l. Tire
sub-tread conprising cured el astoner conposite in accordance with claim99.

102. W r e- iide éaboreblack surepThe Sarbon Bhsk eondentrationo@s veeight parent) dathee Wit h
claim99. 103. Tire sidewall corrpri si ng el ast oner corrposi te in accordance

with claim ]’(ﬁé’cksﬂi'éhf g,u(fp Ean@l X =25 PE | @t oner
conposite |c%9°agcordanc tg?] aim9 éfs(% ﬁzﬁi‘mﬁ%g conpon S ﬂ;‘% eng| ne
nount , corrp|5|n eIa cOo site in,accordance with cl

Tank £ r ack S SRR (OB L A, GAPHTSR CORs o mqaff?P 0. 107.
I v>sning belt, conprising elastonmer conposite in accordance wth cI ai m 99.

108. A rubtfh#PC&Wﬂaoﬁb?\ﬂUM“@SH}FGrfed V8 #ntairchianbragm pymp ki coliqid milbwbishi te i n
accordance with claim99. 2 6 JUN 2002 - 150 109. A bridge bearing
conpri si ng thérafed anrera progressing eavity pampoodainamogenizir, spedifically. Miktéfluidizerei sni ¢
i sol ator conprising elastonmer conposite in accordance with claim99. 111.
Cured el astvsal M20BRM MRrdflidis IMemaisnal Obiporatiod. The alictoffGidber prodd¢edhavi ng

a crack gromh rate nmeasured in accordance with AST1VI D3629-94 no nore
than 1. 20Cm finely ground slurry. The slurry flow rate from the microfluidizer to the mixing zone
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 siurry was fed to the homogenizer and the
homogenizer output pressure (all pressures are psig) are set forth for each sa-mple in Table
25. From the homogenizer the carbon black slurry was fed to an accumulator to reduce
any fluctuation in slurry pressure at the slurry nozzle tip in the mixing zone. The slurry

nozzle tip pressure and flow rate at which the slurry was fed to the mixing zone for each

sample are given in Table 25.



/ nullion cycles. 112. A w canizate having a crack growh rate measdifesiiN qg;
accordance wth ASTM D3629-94 of no nore than about 1.20 crn / mllion
cycles. 113. (A method of producing el astoner conposite, conprising: feeding
a flowof first fluid conprising elastomer latex to. a mxing Zone of a
coagul um react or defuoing an el ongat eggoagul um zone extending $om the

m xing zone to a di scharge end: feed,l_ng a continuous flow of second fluid
conprisingpartieulate filler under pressure to the m xi ng Zone of the
coagul urn 3,eactkitet Deficeryn a nixture with the el astoxner |atex, the
trux~ture passing as a continuous flow to the disc3~arge end and the

bi cul ate f ' t
Wezerein feedi oo fad ey 3?13‘*?ISE.%a“%*‘g%?%ét”"?@"éﬁ%‘?‘%ﬁ@?%ﬁ”&%&?h. " the
~ { t bst al
Conzpl at clageetioHhelfiek o el At 1o tafeii ArRUROA Vere added saneisting 96,1 1 ot ne

di scharge e, ~d and discharging a flow of el astomer conposite fromthe
di schar ge tasmonyﬂ phényl ;ﬂmgh;tqmg’é‘a@nd) Santoflex® 134 (alkylaryl p-phenylene diamine

. AY. A. AHy. AS. A3% A39. A3r. Al a9. A. AA9. Al . AFl . AFL. A. AU. A. S. A. AFN, . AAy. Au. A% Au

r. A AS; % Anixtirirhie. a&%uﬁts&ﬁo%%ﬂ:ﬁdh m&wmmmamﬁreuaa%
A, LA AUF. AL AQUL . AY( LA AYy (9.A .A . AaSy.Ar.A3.A{.A A

83 oA AR i ﬁ%“‘kﬁﬁi\?@i@ﬁ@@% O il okt 8 wic

. AE. AY. Al.Ye.,A.T. # Adu A921. A AA. Au. A
9$A "AA P R&?L‘R?’l Hyirole d o aﬂ!@‘p&*‘&" %‘ﬁ‘}{aPRP °&'\1 ﬁ@“ﬂ‘ﬁ]’m @AN, | .
Al . AF_ A( Aly. A% AL. Ale. A (?. Ay. AIF AI Al 9. AF . As[. AFI Ar .
e2GM o' +iE8wasadded in the aar]%waabpwa@] Table2§ e‘hwml@aﬁmm@@eﬂm move
Ul cral] cal] cal] ca] cal] ca] cal] ca] cal] cal] ca] calca U c”a U] c"a
U] c”a] ca) dlielatex fron thé feed)dmojriito the mixing zone of the coagulum reactor. The latex flow
| wmhc”Yca] ] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] calrgf] analverkiphieahewh iiTast 28! Cafek oW Wad dutomatically metered with a
v} xsni d_Zca]]]ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca] calca]ca]ca]calc

%g%ggég ﬁl}?}ﬁk ﬁ'a']‘f‘%}ﬂ%g‘]n?’g‘]"ﬁa f%&if]" Hf %ﬁﬁﬁ%ﬁ caeﬁ] i’%gg&;g
]&E)'a] C?)U% )C? C%ﬂp erﬂtxo ‘.HJ."B‘? LJll9"/611)‘%‘] ﬁa ca&ga&gégg&tﬁb zfcaa:g]aca] cal] ca

] cal] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] calU] cal] ca] cal] cal] ca] ca] ca] ca] ca] ca]c
al ca

/]40008111<2220333+444 57"556Y6666797778*8, 8889} xql f a\ W] ] ca] ca] cal] ca] ca

U] c”a] ca] &a] ca]cﬁ-bﬁﬂblﬁdlcﬂidinh‘ei]mﬁl@] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal 9] 99: g:

;- <<<<0=:::=L>am‘é°’a@éfm&°ﬁh }MM%‘L@Lychﬁa-ﬁgh #téd i AR cal caj ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ta]ca cal ca] ca] ca! _CCD

| ca] oa] ca AP pdeyrsy o0 g iRt ot gk eaﬁlﬁ]"’e&%@” e Bl B S €

a] cal M%NNN& OOPgP~PP )

RRRRA&ES 8D xwwawuﬁpw CWEtCIPPORY: awprnsof sopguiym gxited the] ca
U] c"a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca
UU WVt VW$\eoagiium reactor.
XOXXXXXSYYY: ZCZEZZZZZZI [ [[ [ [ } w mhc"YTzupj d*Xmhc”] ca] ca] ca] ca] ca] ca] caU] cal]
ca] cal] caU] cal] cal] caU] cal] ca] caU] cal] caU] cal] cal] cal] caU] caU] cal] cal] cal] c
aU calUjca[#\ t\\ & ]] 37 1" " " 4aaaaalbbbFcccOdddQeef { vql gb] X] ca] ca] ca] ca]
ca] ca] ca] Ga] ca%[fzq} g%"g] ca] ca] ca] ca] ca]ca]ca]ca

Ul c”a] ca] ca] ca
#msnmmm| nn8o008 xsnld alca ca cal calcalc
a] ca] c!a] ca] ca] c‘a‘] (o) T‘E% ;9}’ E’&% ealnﬁa‘] i‘g}'@ﬁ‘} %&b&kﬁﬁé&‘%@ 'JF‘F‘N; r\sll'ss% \ 't % u-
huuvpvv, wwOX pXxX yzezrzvz| w mhc’Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]Sb%t‘]’Eé!] %al}/leapca]wa\}letaqrwp@w] wptesgd with 4] denqateringataflers(Thez" { {{] | 1
}}}<~~~FET_(1<| wnhc”Y] ca] ] ca]ca] ca] ca]ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]
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process conditions.

The excellent carbon black dispersion in the resultant masterbatches is
5 demonstrated by their macro-dispersion quality and molecular weight of the sol portion
MW,,. Table 26 below shows the MW, and macro-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 oil loading are shown as phr values in Table

26.
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8 BPBOO/55/0 304 0.14

9 N326/55/0 666 020

10 RE80/55/0 678 0.12

11 RE80/45/0 733 0.05

12 RE80/85/0 588 0.04

13 R680/85/10 607 0.02

14 N234/55/0 433 0.15

15 . N234/55/0 11000 0.10

16 N234/55/0 500 0.15

17 N234/55/0 . 550 0.10

18 N234/45/0 495 0.17

18 N234/85/0 . 359 0.20

20 N234/85/10 350 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 3re 0.16

29 N234/49/5 618 0.12

30 N234/54/5 482 0.16

31 N234/63/5 380 0.17

32 N234/65/5 325 0.20
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10 10 10E: 9% jechmigyes.) Addeast pne data point for an invention sample comprising 55 phr

loading of each carbon black is shown in Fig. 9, along with all of the control samples

having carbon black loading of 55 phr. (Control samples 401 to 412, also shown in Fig.

9, used 33 phr N351 carbon black and 20 parts extender oil.) It can be seen in Table 26

and in Fig. 9 that the invention samples have excellent macro-dispersion. Specifically, the

invention samples have D(%) values generally below 0.2%, even at MW, values above

.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

used in subsequently discussed Figs. 10 - 25 are explained in the legends below.
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Figure 10 Dispersion Quality and MW Sol of NR Masterbatches
(Region 1)

xcontrol samples 177 to 224
o invention sample 10
mcontrol samples 145 to 176
2 invention sample 9

© control sampies 33 to 64.
pinvention sample 4

X control samples 1 to 32

o invention sampie 1

o control samples 113 to 144
m invention sampie 8

Figure 11 Dispersion Quality and MW Sol of NR Masterbatches

(Region Il) A control samples 273 to 320
minvention sampie 14
A control samples 368 to 400
pinvention sampie 21

Figure 12 Dispersion Quality and MW Sol of NR Mashrbaum
(Region Iil)

< control samples 401 to 412
minvention sample 22
© control samples 412 to 443
o invention sample 23

Figure 13 Dispersion Quality and MW Sol of NR Masterbatches
(N330 Carbon Black, 55 phr)

@ control sampiles 1 to 32
m invention samples 1t03
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¢ control samples 81 to 96
Ainvention sampie 6

< control samples 87 to 112
Ainvention sample 7

Figure 15 Dispersion Quality and MW Sol of NR Masterbatches
(BLACK PEARL 800 Carbon Black, 55 phr)

@ control sampies 113 to 144
minvention sample 8

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

@ control sampies 145 to 176
m invention sampile 9

Figure 17 Dispersion Quality and MW sol of NR Masterbatches
(REGAL 680 Carbon Black)

o control sampiles 177 to 224
m invention sampie 10
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g invention sample 11
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Ainvention sample 12
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Figure 18 Dispersion Quality and MW sol of NR Masterbatches
( N234 Carbon Black )
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Alnvention sample 18
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Figure 20 Dispersion Quality and MWsol of NR Masterbatch
( N351 Carbon Black, 33 phr)

@ control samples 401 to 412
minvention sample 22
Figure 21 Dispersion Quality and MW Sol of NR Masterbaiches
(STERLING 6740 Carbon Black, 55 phr)
o control samples 412 to 443
@ invention sampie 23

Figure22 MW sol Effect on Crack Growth Rate
(NR Compounds Containing N234 Carbon Black @ 55 phr Loading)

@ control sampies 273 to 288
ginvention sampie 16

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

@ control samples 145 to 160
o invention sample 9

Figure 24 MW sol Effect on Crack Growth Rate
(NR Compounds Containing REGAL 880 Carbon Black @ 55 phr Loading)

o control sampies 177 to 182
pinvention sample 10

Figure 25 Max. Tan 5 (Strain Sweep @80 C) of NR Compounds Containing N234 Black
at Different Loadings

@ invention samples 24 to 28
o invention samples 29 to 32
B control sampie 444 to 450
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Figure 31 Macro-dispersion Quality and MW of Sol Portion of NR Masterbatch
Containing Biend of Carbon Biack and Silics
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when MW, is less than 0.45 x 105 and

log (D) < log(0.2)+2.0x [Mw.,,l -(0.45x 109] x 10°  (2)

when0.45x10° < MW,, < 1.1x10°%

It will be recoénized from the discussion above, that macro-dispersion D (%) in the
above equation (1) is the percent undispersed area measured for defects greater than
10 microns. It can be seen in Fig. 9 that D(%) equal to 0.2% is the threshold macro-
dispersion quality for all carbon blacks in Regions I, II and III for natural rubber dry
masterbatches. That is, none of the dry masticated masterbatches achieved macro-
dispersion quality of 0.2% at any MW, , even after mixing sufficiently to degrade
MW, below 0.45 x 10% as described by equation (1) above. When the MW, of the
dry masterbatch control samples shown in Fig. 9 is between 0.45 x 10° and 1.1 x 105,
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 ghe.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
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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10% h& () - GilotoPFigh £0.(Specifically, Fig. 10 shows the macro-dispersion values and MW, values

of the invention samples and corresponding control samples comprising the carbon blacks

Regal® 660, N326, Regal® 250, N33'0, and Black Pearl® 800, at carbon black loading

ranging from 30 phr to 75 phr and extender oil loading ranging from O phr to 20 phr.

Excellent carbon black dispersion is seen in Fig. 10 for all of the invention samples,

representing preferred embodiments of elastomer composites in accordance with the

present disclosure. All of the invention samples advantageously are below line 101 in Fig.

10, whereas all of the control samples have poorer dispersion, being above line 101. In

fact, the preferred embodiments shown in Fig. 10, even through comprising carbon blacks

from Region I, the most difficult to disperse, all fall below a D(%) value of .3%. The

most preferred embodiments all have a D(%) value not exceeding .2% even at an MW,

value advantageously exceeding .7 x 10°. The data shown in Fig. 10 clearly reveals that

the macro-d.ispersion quality of the novel elastomer composites disclosed here comprising

Region I carbon blacks, over a wide range of MW, values, is significantly superior to

that achievable using comparable ingredients by prior dry mastication mixing methods.

The macro-dispersion values for the elastomer composites of the invention shown in Fig.

10 are described by the following equations:

D(%) < 1.0% 3)

when MW, is less than 0.7 x 105, and
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blacks in Region I for natural rubber masterbatches in accordance with the present

invention. That is, none of the dry masticated masterbatches achieved macro-

dispersion quality of 1.0% or better at any MW, , even after dry mixing sufficiently to

degrade MW, below .7 x 10%, as described by Equation (3) above. When the MW,

of the dry masterbatch control samples shown in Fig. 10 is between 0.7 x 10° and 1.1 x

105, the dispersion quality is even poorer. In contrast, the dispersion quality of the

invention samples having MW, in that range remains excellent. The preferred )

embodiment shown in Fig. 10 having MW, between .7 x 10¢ and 1.1 x 10° falls well

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

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 cm:ntrol samples
described above made with such Region II carbon blacks are compared in the semi-log
plot of Fig. 11. Specifically, Fig. 11 shows the macro-dispersion values and MW, 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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poorer dispersion, being above line 111. In fact, the preferred embodiments shown in Fig.
11 comprising carbon blacks from Region II fall below a D(%) value of .3%. Most
preferred embodiments have a D(%) value not exceeding .2% at any MW, ; value. The
data shown in Fig. 11 clearly reveal that the macro-dispersion quality of the novel
elastomer composites disclosed here comprising Region II carbon blacks, over a wide
range of MW, values, is significantly superior to that achievable using comparable
ingredients in prior dry mixing methods. The macro-dispersion values for the elastomer

composites of the invention shown in Fig. 11 are described by the following equations:

D(%) < 0.3% (5)

when MW, is less than 0.35 x 105, and

logD < log(0.3)+2.8x[MW,, -(35x109]x10% (6)
when 0.35x10° < 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
masterbatches achieved macro-dispersion quality of 0.30% or better at any MW, even
after dry mixing 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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Region III Carbon Black Samples

Invention samples comprising carbon blacks having morphological properties (i.e.,
structures and surface area) of Region III in Fig. 8, and corresponding control samples
described above made with such Region ITI carbon blacks are compared in the semi-log
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
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
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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masterbatches achieved macro-dispersion quality of .1% at any MW,,, , even after dry
mixing s_uﬁciently 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 10¢, the dispersion quality is even poorer. In contrast,
the dispersion quality of the invention samples having MW, in that.range remains
excellent. The preferred embodiments shown in Fig. 12 having MW, between .30 x
10° and 1.1 x 10° fall well below the preferred macro-dispersion limit of .2%, and, in
fact, are at or below D(%) value of 0.1%. It can be seen that the elastomer composites
of the present invention comprising carbon blacks from Region III provide heretofore

unachieved balance between macro-dispersion quality and MW, .

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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Fig. 14 clearly reveals that the macro-dispersion quality of the novel elastomer composites
of the invention comprising REGAL® 250 carbon black, over a wide range of MW,
values, is significantly superior to that of the control samples. The macro-dispersion
values for the elastomer composites of the invention comprising REGAL® 250 carbon
black, as shown in Fig. 14 are described by the following equations:
D(%) < 1% %)
when MW, < 0.6 x 10°%; and
log D) < log (1)+2.5x [MW,,-(0.6x109]x10%  (10)
when 0.6 x 10° < MW, < 1.1 x 105,
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW,,, even after dry mixing sufficiently to degrade MW, below 0.6 x 10% In contrast,
elastomer composites of the invention comprising Regal® 250 carbon black and having
MW, above, 0.6 x 10° have excellent macro-dispersion, such as D(%) less than 0.2%.
Compound properties and performance characteristics for the invention and control
samples shown in Fig. 14, comprising REGAL® 250 carbon black, are set forth in Table
27 below. It can be seen that invention sample No. 4 has exceptionally go;ad resistance
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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Sampie No.| Mooney  Hardness E100 £300 Tensile  EB
ML(1+4)@100C (ps) (ps)) { %)
control 33 60.63 5535 18126 999.82 409024  675.0
control 34 73.58 5780  235.14 1293.88 367824  585.0
control 35 81.49 5885  243.66 128526 410341 6130
control 36 84.04 50.95  244.23 1215.87 3860.32 6140
control 37 57.35 5675  218.70 1250.99 4119.85  502.0
control 38 60.10 5705  216.75 1206.80 402365 620.0
control 38 68.28 5725 22544 1256.23 413406  621.0
control 40 77.40 50.10  255.15 1330.87 4059.01  587.0
control 41 44.40 5625  216.00 1214.78 403868  618.0
control 42 47.96 56.50  214.53 1202.93 3844.05 6130
control 43 49.84 5705 22128 1220.07 401824 6110
control 44 50.10 5660  210.50 1140.80 4058.33  638.0
control 45 35.82 5280 17747 . 982.88 3790.56  533.0
control46 { . 38.23 5450 19863 = 1111.04 3860.56 620.0
control 47 35.35 5460  199.03 "  '1110.00 387149 5050
controi48 | .; 40.58 5550  204.52 1130.94 3961.06 632.0
inventiond | V749t . 57.00  218:18 1230.30 4036.30 _ 611.0
Sample No.|' Rebound  Crack Growth Rats Abrasion loss Tand Tan d
- " (cmmiliion eyelu) (g @0°C__ @esC
control 33 64.50 2.00 0.191 0.167  0.091
control 34 64.55 1.83 "0.182 0.155  0.083
control 35 '63.75 2.38 '0.182 0.150  0.091
control 36 63.30 1.42 '0.180 0.162  0.091
control 37 -64.65 3.00 0.168 0178  0.100
control 38 -63.45 2.99 0.163 0.184  0.099
control 39 63.90 2147 0.188 0470  0.082
control 40 62.30 1.69 0.182 0.175  0.083
control 41 64.20 284 . 0.180 0.189  0.102
control 42 64.20 3.24 0.182 0.168  0.103
control 43 64.50 3.52 0.177 0.183  0.101
control 44 63.90 3.50 0.179 0.185  0.104
control 45, 63.80 3.86 0.199 0.197  0.104
control46 | - 64.30 3.4 ' 0.191 0.184  0.107
control 47°| | '64'35 3.81 ' 0.192 0.108
control48 | ' 63.65 '3.46 0.180 0.182  0.110
invention 4 64.70 '0.92 . 0.180 0.148 0.096
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10%", & ()-x'h 10%", & ()-x'h 10%", & ()-x'h 10%", & ()-x!#3 h
10%", & ()-x'h 10%", & ()-x! 67FKPUV| \ §34h 10%3 h 10% ", & ()-x!h
10%", & ()-x'h 10%", & ()-x'h 10%", -x!#3 V[\]”~_pul L, 4h 10%", & ()-x!h
10%", & ()-x!'#3 ,h 10%",& ()-x'h 10%", & ()-x! h 10%", & ()-x!'h
10% ", & ()-x!uzcGrdh 10% ", & ()-x'h 10%", & ()-x'h 10%", & ()-x!h
10%" , & 8 - 03, 19%Undweie dikpehsidf Yuilnfahd W) 8 o HOAtRnund control

(1] - X!

samples described above comprising BLACK PEARL® 800 carbon black at 55 phr
loading, The data shown in Fig. 15 clearly reveals that the macro-dispersion quality of the
novel elastomer composites of the invention comprising Black Pearl® 800 carbon black,
is significantly superior to that of the control samples. The macro-dispersion values for
elastomer composites of the invention comprising Black Pearl® 800 carbon black, as

shown in Fig. 15, are described by the following equations:

D(%) < 1.5% (11)

when MW, < 0.65 x 10%; and

log D) < log (1.5) +2.5 x [MW,, - (0.65 x 10%)] x 10¢  (12)
when 0.65 x 10° < MW, < 1.1x 105,
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW, even after dry mixing sufficiently to degrade MW, below 0.65 x 10°. In contrast,
elastomer composites of the invention comprising Black Pearl® 800 carbon black and
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
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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h 10%", & ()-x'h 10%", & ()-x'h 10%", & ()-x'h 10%", & () - x! hLO4h JUN 2002
10% ", & ()-xLh 10%", & ()-x'h 10%", & ()-x!#3 h 10%", & ()-x!h

10%", & ()-x'h 10%", & ()-x! " @4h 10%h 10% ", & ()-x'h 10%", & ()-x!h
10%", & ()-x'h 10%", & ()-x!#3 h 10%¢. & ()-x!1 HO4h 10% #3 h

10% ", &'() x'h 10%", & ()-x'h 10% ", &9_2(.) x'h 10% ", & ()-x! #3 "#gG+4h

10%", & ()-x!h 10%", & ()-x!#3 h 10%", & ()-x'h 10%", & ()-x!h

()-
0%;' .()rﬁ %1% “%}%% W% & O)-x! ST108& ()-3
70" 10+ 100 vt 100 M?ﬂ( 5?*%)"‘ TW' EfNA““

oA R' kX1 1L[I. hIAAh 0
10%& () Sampie No.|  Mooney’ ‘ : :
uu1+4)gmoc __(ps) thl) {psi) {%)
control 113 110.5 66.4 345.0 1333.0 3878.0 598
contro! 114 100.0 67.3 387.0 1427.0 4033.0 606
control 115 106.4 67.2 383.0 1311.0 3896.0 610
control 116 105.7 69.0 322.0 1202.0 3856.0 626
control 117 110.6 67.1 316.0 1400.0 4180.0 616
control 118 118.9 67.1 310.0 1395.0 3967.0 607
control 119 111.9 67.7 309.0 1323.0 4149.0 634
control 120 110.6 67.8 373.0 1188.0 4199.0 653
control 121 114.7 66.3 287.0 1262.0 4329.0 667
control 122 110.6 65.8 288.0 1223.0 4217.0 659
control 123 115.0 67.5 280.0 1282.0 4071.0 624
control 124 116.5 68.5 309.0 1388.0 4168.0 823
control 125 1134 65.4 281.0 1274.0 3978.0 631
control 126 1014 68.8 280.0" 1222.0 4208.0 656
control 127 105:5- 66.4 2820 11500 4167.0 670
control128 |.  110.7 66.8 2920 - 1301.0 4209.0 643
invention 8 Y1313 62.5 227.0 1291.0 3418.0 532
Sampie No. |- Rebound . Crack Growth Rate Abrasionioss Tan Tané
' - (cm/million cycles) (@) @0°C___ @60°C
control 113 44.7 314 0.148 0.281 0.184
control 114 45.0 2.72 0.125 0.274 0.185
control 115 47.0 2.54 0.163 0.233 0.171
control 116 46.6 2.41 0.194 0.244 0.163
control 117 40.9 4.56 0.086 0.327 0.214
control 118 41.8 2.80 0.112 0.335 0.225
control 119 417 433 0.091 0.321 0.218
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 124 417 378 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 as.2 4.79 0.073 0.346 0.254 .
control 128 | . 4394-.s 3.40 0.113 0.357 0.23
invention 8 448" 027 - 0.130 0.297 0.199
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control 153 55.4 3.12 0.0811 0.258 0.170

control 154 56.0 3.35 0.0858 0.241 0.147

control 155 [ 55.4 3.63 0.0811 0.254 0.152
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control 157 '55.5 302 0.0831 0.254 0.148

control 158 55.4 381 - 0.0914 0.249 0.150

control 158 549 323 0.0933 0.240 0.158

control 160 852 3.18  0.0942 0.246 0.163

invention 9 | __'s8: 3 0.77 " 0.0839 0.225 0.136
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Sampie No. Crack Gm Rate  Abrasion loss  Tan b Tans _-
{cm/million cycles) () _Q@0C _ @eorc

control 177 546 0.131
control 178 556 2.34 0.1649 0.194 0.129
control 179 537 2.78 0.1620 0.200 0.140
control 180 529 2.8 0.1385 0.220 0.153
control 181 51.0 3.41 0.1189 0.267 0.185
control 182 49.9 3.11 0.1076 0.270 0.184
control 183 50.1 3.15 0.1086 0.264 0.182
control 184 480 3.1 0.1085 0.284 0.208
control 185 415 459 0.0937 ~ 0.306 0.209
control 186 48.5 4.06 0.1008 0.295 0.211
control 187 417 3.53 0.1041 0.287 0.198
contro! 188 47.8 3.79 0.0985 0.285 0.207
control 189 475 3.7 0.0857 0.306 0.203
control 190 46.8 4.14 0.0962 0.300 0.200
control 191 474 0.228
control 182 465 4.78 0.0887 0.301 0.226

invention 10 '48.2 0.69 0.0942 0.271 0.178
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1098& () - dikdn MW, R 0.35 x 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 105

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,
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
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 278 108.6 60.0 532
control 280 120.3 715 475 2273 3352 502
control 281 76.4 69.7 556 2723 4027 451
control 282 89.8 69.8 553 2574 3896 485
control 263 93.6 69.6 508 2416 3867 475
control 284 106.7 718 5268 2384 3788 484
control 285 73.3 69.3 529 2586 3831 444
control 286 |7 79.2 69.5 531 2574 3856 456
controt 287 778 70.7 544 . - ‘2486 3834 481
control 288 82.8 712 485 . 2295 3799 499
invention 14 . 826 *71.5 500 2440 3883 531
Sample No. Robound Crack Growth Rats Abrasion loss Tan§ Tan $

_ : (cm/million cycles) {9) @0°C @ 60°C

control 273 45.9 2.14 0.0563 0.285 0.183
control 274 47.2 184 0.0583 0.274 0.173
control 275 46.1 170 0.0538 0.284 0.172
control 276 48.9 1.21 0.0620 0.270 0.173
control 277 47.1 222 0.0628 0.305 0.173
control 278 45.8 240 0.0634 0.299 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 281 463 3.10 0.0598 0.283 0.174
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 284 442 1.99 0.0579 0.304 0.180
control 285 47.0 2.99 0.0554 0.295 0.178
control 286 456 2.85 0.0551 0.284 0.172
control 287 454 .2.93 0.0569 0.305 0.187
control 288 440 2.39 . 0.0847 0316 0.198
invention 14 ' 45.1 2.08 .0.0688 0.310 0.198
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shown in Fig. 19, are described by the following equations:
D(%) < 0.5% (19)

when MW, < 0.35 x 10% and

log D) < log (0.5)+2.5 x[MW,, - (0.6 x 109] x 10°  (20)
when 0.35x 10° < MW, < 1.1 x 10°.
None of the control samples achieved macro-dispersion quality of 0.5% at any MW,
even after dry mixing sufficiently to degrade MW, below 0.35 x 10% In contrast,
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. 26 shows the dispersion quality and MW, of invention sample 22 and the
control samples described above comprising N351 carbon black at 33 phr loading. The
data shown in Fig. 20 clearly reveals that the macro-dispersion quality of the novel
elastomer composites of the invention comprising N351 carbon black, over a wide range
of MW, values, is significantly superior to that of the control samples. The macro-
dispersion values for the elastomer composites of the invention comprising N351 carbon

black, as shown in Fig. 20, are described by the following equations:
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STERLNG@ 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) +2.0x [MW,, - (0.3 x 10%] x 10¢  (24)
when 0.3 x 10° < MW, < 1.1x10°
None of the control samples achieved macro-dispersion quality of 0.1% or even 0.2%

at any MW, , even after dry mixing sufficiently to degrade MW, below 0.3 x 10% In
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Table 34 Crack Growth Rate of Control Samples
N234/55phri0 N326/55phr0___
“RSS1 RSS1
Code |Sample Mw,, CGR Code | Sample Mw,, CGR
No. (K) (cm/million cycles) No. (K) (cm/million cycies)
MiD1 | 273 585 2.14 MiD1 | 145 550 2.84
MID2 | 274 689 1.84 MID2 | 146 636 2.52
MiD3 | 275 759 1.70 M103 | 147 850 2.03
MID4 | 276 898 1.21 MID4 | 148 724 1.63
M2D1 | 277 580 2.22 M2D1 149 517 3.39
M2D2 | 278 602 240 M2D2 | 150 572 .77
M2D3 | 279 631 2.00 M2D3 | 151 613 2.61
M2D4 | 280 667 1.81 M2D4 | 152 696 2.79
M3D1 | 281 457 3.10 M3D1 153 489 312
M3D2 | 282 478 2.33 M3D2 | 154 521 3.35
M3D3 | 283 493 2.41 M3D3 | 155 504 363
M3D4 | 384 485 1.88 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
M4aD3 | 287 381 2.93 M4D3 | 159 466 323
M4D4 | 288 403 2.39 M4D4 | 160 469 3.19
Regal 660/55phr/0 ~Regal 660/55phr/0
RSST RSS1
Code |Sample Mw,, CGR Code | Sample Mw,, CGR
No. . (K} (cm/million cycles) No. (K) (cm/million cycles)
MiD1 | 177 674 M3D1 185 473 4.59
MID2 | 178 782 2.34 M3D2 | 186 506 4.08
M1D3 | 179 891 2.78 M3D3 | 187 562 3.53
MID4 | 180 678 2.98 M3D4 | 188 550 3.79
M2D1 | 181 598 3.41 M4D1 189 401 3.71
M2D2 [ 182 602 3.1 M4D2 | 190 426 4.14
M2D3 | 183 687 3.15 M4D3 | 191 468
M2D4 | 184 659 3.11 M4D4 | 192 449 4.78




109679T& ()-! dij my{ _?bU4S>, #1 #d. 109679T& ()-!d. 109479T& ()-!d.

109F9T& ()-! #3Xd. 109G19T& ()-!d. 1099T& ()-!{ ?bU4S>, #1 #d. 109a97& JN-00.
109679T& ()-!dx 1096T9T& ()-!d. 1096T9T& ()-!#3Xd. 109GT9T& ()-! <bU4S>, #1
#3Xd. 10999T& ()-'d. 109%9T& ()-'d. 109%9T& ()-!d.

109619T& () -! #3X DbU4S>, #1 #3d. 10967978 ()-!#3Xd. 109479T& ()-!d.

109679T& ()-!d. 1096T9T& ()-!d. 109619T&—)-!{ 2?bU4S>, #1 #d. 109679T& ()-!d.
109679T& ()-!#3Xd. 1096T9T& ()-!d. 1096T9T& ()-'d. 1096T9T& ()-!_?bU4S>, #1 #d.
109679T& ()-!d. 109GT9T& ()-!d. 109GT9T& ()-!#3Xd. 109G79T& ()-!d. 109GT9T& ()-!
% ?bU4S>, #1 #d. 10049T& ()-!d. 109d9T& ()-!d. 109a9T& ()-!d.

S | W A S D

109Dx$D&' () + . PR
10T9TO10TOTHE 3 4 : aw 13y
109Dx$D& (){ d3y zQ%)x$D& 0)-) d@@ 10%)x$D&m d3y 100/&2%& ()-1d3y
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28

27 sals 0.218

28 6855 373 0.227

29 48/5 818 0.159

30 54/5 482 0.171

31 63/5 390 0.228

32 85/5 325 0.224

Table 36 Tan & at 60°C for Control Samples

Sampie No. MW D  N234 Loading/Oll Max.7anD |
0 % (phn) (@0 C)
444 428 0.25 37/5 0.154
445 409 0.37 42/5 0.170
448 379 0.42 48/5 0.179
447 381 0.58 51/5 0.185
448 366 0.27 53/5 0.212
449 290 0.39 58/5 0.215
450 296 0.64 63/5 0.245
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10% % & () -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.

The advantageous performance characteristics of the elastomer composites of the

invention are e;cempliﬁed 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

impact of excellent macro-dispersion in the elastomer composites of the present invention.

It should be understood that the MW, , values shown in Figs. 22 - 24 and in Tables 33 -

36 are for the masterbatch materials prior to cure. The molecular weight of the cured

material is understood to correlate well to the MW, value of the uncured masterbatch.

The crack growth rate of the control samples over an MW, range of abc_mt 25x 10°to

.6 x 10% is seen to fit well along a straight line correlation to MW,,. In contrast, the

invention sample no. 16 at MW, 0.5 x 10° has significantly better (i.e., lower) crack

growth rate than any of the corresponding control samples, due to the better macro-

dispersion D(%) of the invention sample. This is further established by the similar

showing in Fig. 23, wherein the crack growth rate of invention sample no. 9 comprising
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y10% $& (indicathls YatRantddeéous fracture properties, such as excellent tear and cut-and-chip

resistance. The superior hysteresis results discussed above for the elastomer composites
of this invention not only demonstrate advantageously low rolling resistance (and
correspondingly higher fuel economy) for motor vehicle tire applications, but also
indicates advantageous improvement in related performance properties, such as reduced
heat build-up. One or more of these superior properties, fatigue and fracture resistance,
low hysteresis, low heat build-up, etc., render elastomer composites of the present
invention well suited for use in commercial applications such as tire applications and in
industrial rubber products. Regarding tire applications, various preferred embodiments
of the invention are particularly 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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life are understood to improve for sidewall in the direction of trend arrow 292 subject,
however, in the past, the offsetting degradation of these and other characteristics due to
reduced molecular weight of the rubber and/or poorer macro-dispersion resulting from use
of such lower structure carbon blacks. Likewise, performance characteristics such as heat
buildup, processing and wire adhesion are understood to improve for steel belt elastomeric
materials in the direction of trend arrow 295 subject, however, in the past, to offsetting
degradation of these and other characteristics due to reduced molecular weight of the
rubber and/or poorer macro-dispersion resulting from use of such higher surface area,
lower structure carbon blacks. Elastomer composites of the present invention can employ
higher surface area and/or lower structure carbon blacks as indicated by arrows 292 and
295 to achieve improved sidewall and steel belt rubber materials, respectively, in view of
the excellent macro-dispersion and the optional preservation of high molecular weight in

such elastomer composites.

Additional Examples: Preferred Embodiment and Control Samples Comprising
Other Fillers

Additional samples of elastomer composites in accordance with certain preferred
embodiments of the present invention, and corresponding control samples, were prepared.
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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Massachusetts). Such ECOBLACK® filler has morphological properties, i.e., structure
and surface area, similar to that of carbon black N234. Sample no. 33 employed 45 phr
ECOBLACK® filler and no extender oil. Sample no. 34 employed 68 phr ECOBLACK®
filler and no extender oil. Typical filler and extender oil usage for various product
applications are shown in Table 37, for elastomer composites of the invention comprising
natural rubber and a blend of carbon black and silica filler. It should be understood that
the use of silica filler in the compositions shown in Table 37 would typically replace a like

amount of the carbon black filler.
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o ad (si)li-c%llers, 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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ove), filler loading, ru MW.,. and macro-dispersion for masterbatches

451-466 are set forth below in Table 39. The processing code, filler loading, rubber,
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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M2D3 453 489 461 388 0.48
M2D4 454 515 462 384 8.05
M3D1 455 383 483 280 223
M3D2 456 422 464 . 298 2.13
M3D3 457 435 465 350 4.05
M3D4 458 449 466 379 722

Tabie 40 Sol Molecular Weight and Undispersed Area of invention Samples

invention Sampie No. “CB/Loading/Oll Mw, (K) D (%) -
a3 CRX 2000/44/0 380 0.18
34 CRX 2000/58/0 448 0.10
as N220/Hiisll 233/43/10/5 500 0.14
36 N234/Hilsil 233/40/10/0 480 0.35
a7 N234/Hilsil 233/30/20/0 g9 0.23
38 STERLING 6740/Hiisil 233/30/20/0 as54 0.39
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M2 803 809
M3 601 580
M2D1 467 483 1.5 475 443 8.74
M2D2 468 537 2681 476 517 10.9
M2D3 469 523 282 477 589 12.5
M2D4 470 615 295 478 582 8.25
M3D1 471 417 0.95 479 358 6.65
MaD2 472 438 1.40 480 420 138
M3D3 473 433 2.15 481 516 139
MaD4 474 485 222 482 447 7.25
N234/Hilsll 233/30/200 STERLING 6740/Hiisll 233/30/20/0
RSS1 RSS1
Code Sample Mw o D(R) Sample Mw D (%)
No. (K) No. LY
M2 909 909
M3 580 590
M2D1 483 394 4.37 491 430 3.77
M2D2 484 507 5.68 492 488 4.39
M203 485 526 4.7 493 517 5.37
M2D4 486 568 5.94 494 563 4.86
M3D1 487 377 8.39 495 375 35
M3D2 488 363 449 496 380 2.73
M3D3 489 376 5.07 497 419 2.72
M3D4 490 432 526 498 448 3.28

) - &5W



| 1096#& ()-& | 0] 5] 9] =| Bl F| _?vU4 | 1096# ! 1096H#& ()- & ! 10YBHE () - &

1 1098#& ()-& | 1098#& ()-& T1098#& ()-& ! 1098#& ()-&F| G S| X/ 1] al e| nNZ\BumNznﬂz
| 10YBHE () - &al 109BH#E ()-& ! 109BH#E ()-& ! 109BH#& ()- & | 109BH#& () -

3teli|nfolz| || mtvs I 1008%& ()-8 | 1096#& ()-8 ! 1096#& () - &5W3'#

| 1008#HE& ()-& 1 10%S#& ()-& || |]]]1-vU4, ] J0%SHE () - &EW 3! | 10%BHE& () - &

| 1098#& ()-& ! 1098#& ()-& | 1098#& ()-RITI|]]_?vU4 | 1098# | 1098H#& () - &

1 1098#& ()-& ! 1096#& ()-& ! 1096#& ()-& | 109BH#& () - &

1 1098#& () - & | ItHel

| Toomng: () & llb"‘&g#?‘%“( RS sﬁ"'é%ﬁ%@“‘%ﬁ%‘ﬁm“ -
10518 (S AL AUBIS ()l bkl i) M LD - 55

shown in Tables 39-41. The invention samples nos. 33-34 made with ECOBLACK®
silicon-treated carbon black, and the corresponding control samples are compared in the
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
accordance 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
2% even at an MW, value advantageously exceeding .4 x 10°. The data shown in Fig.
30 clearly reveals that the macro-dispersion quality of the novel elastomer compos-ites,
disclosed here, comprising silicon-treated carbon black is significantly superior to that
achievable using comparable ingredients in prior dry mixing methods. The macro-
dispersion values for the elastomer composites of the invention shown in Fig. 30 are
described by the following equations:
D(%) < 1.0% (25)

when MW, is less than 0.4 x 10%, and

log (D) < log(1.0)+2.0x[MW,,-(0.4x10%]x10% (26)

when04x10° < MW, < 1.1x10°

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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P 1098#& ()4 &1 O eferredembOdiieats showh in Fig. 30 fall well below the threshold. It
can be se;zn that the elastomer composites of the invention comprising silicon-treated
carbon black provide heretofore unachieved balance between macro-dispersion quality and
MW,

Invention samples nos. 35-38 comprising carbon black blended with silica filler 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
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 D(%) value of .4%. The data shown in Fig. 31 clearly reveals that
the macro-dispersion quality of the novel elastomer composites, disclosed here,
comprising carbon black/silica blends over a range of MW, values, is significantly
superior to that achievable using comparable ingredients in prior dry mastication mixing
methods. The macro-dispersion values for the elastomer composites of the invention

shown in Fig. 31 are described by the following equations:

D(%) < 0.8% @7
when MW, is less than 0.5 x 10, and

log (D) < log (0.8) +2.2x [MW,,-(0.5x 10%] x 10  (28)

when0.5x 10° < MW, < 1..1x10¢
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109648 () _g%:a!telro 1h&16) mfrons and 8% is the threshold macro-dispersion quality for
masterbatches in accordance with these preferred embodiments of the present invention.
That is, none of the dry masticated masterbatches achieved macro-dispersion quality of
0.8% or better at any MW,,,, even after dry mixing sufficiently to degrade MW, below
.4 x 10°. The preferred embodiments shown in Fig. 31 fall well below the threshold
macro-dispersion value of .8%, and even below .4%. It can be seen that the elastomer
composites of the invention comprising carbon black/silica blend filler provide heretofore
unachieved balance between macro-dispersion quality and MW,

. In view of the foregoing disclosure, it will be apparent to those skilled in the art
that various additions, modifications, etc. can be made without departing from the true

scope and spirit of the invention. All such additions and modifications are intended to be

covered by the following claims.
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1. A method of producing elastomer composite, comprising:
feeding a continuous 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 continuous flow of second fluid comprising particulate filler
under pressure to the mixing zone of the coagulum reactor to form a mixture with the
elastomer latex, the mixture passing as a continuous flow to the discharge end and the |
particulate filler being effective to coagulate the elastomer latex, wherein feeding of
the second fluid against the elastomer latex within the mixing zone is suﬂicicntiy
energetic to substantially completely coagulate the elastomer latex with the particulate
filler prior to the discharge end; and
discharging 2 substantially continnouns flow of elastomer composite
from the discharge end of the coagulum reactor.

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

second.
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the elastomer latex is natural rubber latex and the particulate filler is carbon black.

5. The method of producing elastomer composite in accordance with claim 1 further
comprising feeding an auxiliary fluid to the mixing zone, the auxiliary fluid being

substantially non-reactive with the mixture.

6. The method of producing elastomer composite in accordance with claim 5 wherein

the auxiliary fluid is air,

7. The method of producing elastomer composite in accordance with claim 1 wherein
the coagulum zone has progressively increasing cross-sectional area in the direction from

the mixing zone to the discharge end.

8. A continuous flow method of preparing elastomer composite of particulate filler
dispersed in-elastomer, comprising:
A)  establishing a continuous, semi-confined flow of mixed elastomer latex
and particulate 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
@ feeding elastomer latex fluid continuously to a mixing zone at the

entry end of the coagulum reactor, and
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14.  The continuous flow method of producing elastomer composite in accordance with

claim 8 wherein the particulate filler fluid is an aqueous carbon black dispersion.

15.  The continuous flow method of producing elastomer composite in accordance with
claim 8 wherein the particulate filler fluid comprises silicon treated carbon black, fumed

silica, precipitated silica, and mixtures of any of them.

16.  The continuous flow method of preparing elastomer composite in accordance with

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.

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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The continuous flow method of producing elastomer composite in accordance with

claim 8 further comprising injecting pressurized gas into the mixing zone.

22.

The continuous flow method of producing elastomer composite in accordance with

claim 21 wherein the pressurized gas is injected separately into the mixing zone.

23.

The continuous flow method of producing elastomer composite in accordance with

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.

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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from the discharge end of the coagulum reactor, through a dryer.

27.  The continuous flow method of producing elastomer composite in accordance with
claim 26 further comprising the step of baling the elastomer composite by sequentially

compressing 25 to 75 pound quantities of the elastomer composite after the drying step.

28.  The continuous flow method of producing elastomer composite in accordance with
claim 8 wherein the elastomer latex fluid is fed under pressure less than 10 psig and the

particulate filler fluid is fed under pressure of at least 75 psig.

29. 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 black in a coagulum reactor forming a generally tubular coagulum
zone extending with progressively increasing cross-sectional area from an entry
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
(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

mixing zone; and
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30. A continuous flow method of producing elastomer composite comprising
particulate filler selected from carbon black, silicon-treated carbon black, fumed silica,
precipitated silica, and mixtures thereof finely dispersed in natural rubber, comprising:
preparing a particulate filler fluid by high energy dispersion of the
particulate filler into aqueous liquid in a homogenizer; a_nd
establishing a continuous, semi-confined flow of mixed natural rubber latex
and particulate filler in a coagulum reactor forming a generally tubular coagulum
zone extending with progressively increasing cross-sectional area from an entry
end to a discharge end by simultaneously
@) feeding a liquid stream of the natural rubber latex at less than 10
feet per second continuously to a2 mixing zone defined by a mix head in
sealed fluid communication with the entry end of the coagulum reactor,
the mixing zone extending coaxially with the coagulum zone, and
(ii)  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
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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Apparatus for producing elastomer composite of particulate filler dispersed in

elastomer, comprising:

32.

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

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

filler feed means for feeding particulate filler fluid as a continuous jet into
the mixing zone to form a mixture with the elastomer latex fluid traveling from the
mixing zone to the discharge end of the coagulum zone, wherein the distance
between the mixing zone and the discharge end is sufficient to permit substantially

complete coagulation of the elastomer latex prior to the discharge end.

The apparatus for producing elastomer composite in accordance with claim 31

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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35.  The apparatus for producing elastomer composite in accordance with claim 34
wherein the latex feed means is for feeding elastomer latex fluid continuously into the

mixing zone under pressure less than 12 pounds per square inch.

36.  The apparatus for producing elastomer composite in accordance with claim 31
further comprising auxiliary feed means for simultaneously feeding an additional stream

of pressurized fluid to the mixing zone.

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.
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

end;
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10% p&( & () - & hHrieaforfeadiflg particulate filler fluid sufficiently energetically into the
mixing zone to create semi-confined flow of mixed elastomer latex and particulate
filler in the coagulum zone toward the discharge end and achieve substantial
coagulation of the elastomer latex with the particulate filler prior to the discharge

end.

40.  Apparatus for producing 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 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
fluid, uqder 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

coaxial with the elongate coagulum zone.
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48.  The apparatus for continuous flow production of elastomer composite in
accordance with claim 47 wherein the cross-sectional area of the coagulum zone
immediately downstream of the mixing zone is about 4 to 8 times the cross-section;l area

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.

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 than 25 degrees to the central longitudinal axis.
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51.  The apparatus for continuous flow production of elastomer composite in

accordance with claim 40 wherein the cross-sectional area of the coagulum zone increases

continuously toward the discharge end.

52. The apparatus for continuous flow production of elastomer composite in
accordance with claim 50 wherein the cross-sectional area of the coagulum zone increases

step-wise from the entry end toward the discharge end.

53. The apparatus for continuous flow production of elastomer composite in
accordance with claim 51 wherein said first portion of the coagulum zone comprises:

a first section of substantially constant diameter D, extending a length L,

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.

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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a second section extendmg toward the discharge end from a faired
connection to the first 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,;

a 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;vard the discharge end from a faired
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
from the discharge end of the coagulum zone and passing the elastomer composite

selectively to any of multiple receiving sites.
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accordance with claim 56 wherein the diverter comprises a flexible conduit having a first
end attached to the discharge end of the coagulum reactor and a second end moveable to

any of the multiple receiving sites.

58. The apparatus for continuous flow production of elastomer composite in
accordance with claim 56 wherein the means for feeding particulate filler fluid comprises
pumping means for developing said pressure to greater than 75 psig and the means for
feeding elastomer latex fluid comprises a holding tank and feed line for developing less

than 10 psig elastomer latex fluid pressure.

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:

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 fluid; and

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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60.  An elastomer composite comprising elastomer in which particulate filler has
been dispersed by '
feeding a continuous 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 continuous flow of second fluid comprising particulate filler
under pressure to the mixing zone of the coagulum reactor to form a mixture
with the clastomer latex, the mixture passing as a continuous flow to the
discharge end and the particulate filler being effective to coagulate -the
clastomer latex, wherein feeding of the second fluid against the elastomer
latex within the mixing zone is sufficiently energetic to substantially
completely coagulate the elastomer latex with the particulate ﬁllerﬁrior to the
discharge end; ar;d
discharging a substantially continuous flow of elastomer 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 particulate 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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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
carbon black in elastomer composite, measured as percent undispersed area for defects

larger than 10 microns, is less than .1%.
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77.  The elastomer composite of claim 72 further comprising from 0 to 20 phr extender

oil.

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
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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elastomer composite having macro-dispersion D(%) of the carbon black in the natural
rubber, as follows:;

@ D(%)<.2%
when MW,, < .45 x 10% and
(i) log (D) <log(0.2)+2.0x (MW, -0.45x 10 x 16"

when 45x10° < MW,, < 1.1x10°

82.  An elastomer composite. comprising 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
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(%) of the carbon black in the natural rubber, as
follows:

@) D(%) < 1.0%
when MW, is less than 0.7 x 10% and

(i) log®) < log1.0+2.5xMW,,-0.7x10%x 10*

when0.7x 10° < MW,, < 1.1x10%
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when 35x10° < MW,, < 1.1x10%

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 0 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%
when MW, is less than 0.35 x 10% and

(i) | log(D) < log(0.1)+2.0x (MW, -0.30x 10% x 10°

when 03 x 10° < MW,, < L.1x 10"

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-
dispersion D(%) of the carbon black in the natural rubber, as foliows:

@ D®%) < 01%

when MW, is less than 0.3 x 10%, and

% 2& & ()- 9z 10%2& & ()-  10% 2& & () -
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86.  An elastomer composite comprising natural rubber, 30 to 70 phr N234 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 0.35 x 10% and

() log(D) < logx(0.3)+2.8(MW,,-0.35x10%x 10

when 0.35x 10° < MW,, < 1.1x10%

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 10% and

(i) log (D) < log(0.5)+2.5 x (MW, - 0.35 x 10°) x 10°

when035x 10° < MW,, < 1.1x10%

83.  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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90.  An elastomer composite comprising natural rubber, 30 to 70 phr REGAL ® 660
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:

® | 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%

when0.6x 10° < MW,, < 1.1x105

91.  An elastomer composite comprising natural rubber, 30 to 70 phr REGAL ® 250
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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black, and 0 to 20 phr extender oil, thé elastomer composite having macro-dispersion

D(%) of the carbon black in the natural rubber as follows:
(i) D) < 03%
when MW, is less than 0.55 x 10% and
(i) log(D) < log(0.3)+2.0x MW, -0.55x 10% x 10¢

when0.55x 10° < 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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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 O 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®) < log(1.0) +2.0x (MW, - 0.4x10%x 10°

when04x10° < 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.  Cured elastomer composite in accordance with any of claims 60 to 98.'

100. Tire tread comprising cured elastomer composite in accordance with claim 99.
101.  Tire sub-tread comprising cured elastomer composite in accordance with claim 99,
102. Wire-skim for a tire comprising elastomer composite in accordance with claim 99.
103. Tire sidewall comprising elastomer composite in accordance with claim 99.

104. 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. Tank track comprising elastomer composite in accordance with claim 99.
107. Mining belt, comprising elastomer composite in accordance with claim 99.

108. A rubber component of a hydro-mount comprising elastomer composite in

accordance with claim 99.
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109. A bridge bearing comprising 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 continuous flow of second fluid comprising particulate filler

under pressure to the mixing zone of the coagulum reactor to form a mixtire
with the elastomer latex, the mixture passing as a continuous flow to the
discharge end and the particulate filler being effective to coagnlate the
elastomer latex, wherein feeding of the second fluid against the elastomer
latex 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.



