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DS FOR PRODUCI NEOPMEIPO GD0002' " ' | 5 The present; i nvention iRCTH8REEY to
novel methods for producing el astonmer conposite ﬁlends and to novel

vt o e IMAMRHNIEN e o Bt o5 oqlel . ot ast o

conposite bl ends havinggparticulate filler finelj di spersed i n? @IMARZ@0per ,
and to el astomer conposite blends such as curative-free conpositions,
curative-bearing 10 g9 té&ﬂﬁosxﬁ’ﬂeﬁ E.RBINFE% kﬁ‘?@ﬁndﬁ%}c‘m end
products formed of such compositions groun uner ous pr oducts of
comerci al signifi ce are fornmed of elastonerll conposi tions wherein
particulate fill emm’ﬂ&ﬂmﬂw din any of various synthetic 15 el astoners,

natural rubber or ends. ‘on blac for exanple, is wdely
used as a reinforcing<cagent in natu o er elastoners. It is
comon to produce a masterbatch, that a prenlxture of fille , elastomer

and various optional 'I'(ﬁé'%'résbmeiﬁvenﬁb&'i‘s cﬂfec@&tt@ﬂéi@l nettods fRhrédieig ieThsRRIFE
cas~s to blend such masterbatch with additional €lastonmer in a subsequent

m xing step Carhgp, %xécﬁeﬁa%@ AR s V\ﬁrgerpé ??edb}é'hés. okl gERdes

of commercially av e car ch var surface”area per
unit weight and | tur r duct nlflcance
are formed of sytH & as onef 5@”8%%% 89 3. %S&ﬂ éLq%%Pf gtifat e
filler dispersed in natural. rubber Suc i, ¢lude exanp

vehicle tires SESPTEIEN ’(dlsbf“(mﬂipaf@%e‘ lei ey, d ‘ﬂﬁfré‘%illﬂﬁ gfgmer, and
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be used for the ¢ reas@msHLOMBAFILe Hleadsnglich S5 cusatie-Bes eampositions: ChgLve-manag
products include, for exanple) engine nount bushlngs conveyor belts,

wi ndshi el dOwi percsmmndnmsl iang. vilfanized arublied emateniaje aocl educsr fomed of such
characteristics can be achi eved enpl oying currently avail able naterials and
manuf act uri ng t eohipbdti@s, there has been a | ong standing need in the

i ndustry to devel op el astoneric conpositions havijng i nproved properties and
to reduce the cost and conplexity of current manufacturing techniques. In
particular, it is known for exanple that macro-ispersion level, that is,
the uniformty of dispersion of the czw#gggﬁ k lor other filler within the
el astoner, can significantly inpact per characteristics. For

el astoneri c conposi ti,ons prepare i nt ens ﬁLﬂ;xm the, c on bl.ack or
other 111 erwith: nacumerol BBaRt,BY coibraal XEpetlid oE i SF shtomib Lry

m xer or the like)) any increase in intensive nlxhn with the consequent

di sad nanufactuﬁoﬁﬁoﬂpﬁﬁ WhERIns pafFiFulate SYISE df wlispe “h@@bﬁ%ﬁ@“@#rﬁ@ﬂﬁﬂ%
characteristics, dispersion possible or conmmercially practicable using
known In ddditi mstmhwm@mr@iasmreblenﬂseﬁgt e blatly iforkixamplet isovidely t he
pol ymeric chains of the natural requires |longer or nore of increased energy
costs, black fildsed as efeinferdiag agesuinframeal imgbbar arelr dtiadr relatemese Ihasomaionbeen

i ng apparatus and techni ques. degrades the natural rubber by el astoner, and

so reduces its nprbéslaghaswetagiht that B& eremigure e filler) eBReflecindShfoR optonal
applications. For use in tire tread) for exanple)| to cause an undesirable

increase in the pankad ls&dh aktexueﬁdemhlanhmmm §ctneaRs @Y/ blerd A mA@Biteh #aAPOuNd
undesirable for certai'n nol ecul ar melght is known resistance of the tire.
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uni forniry of di Sgrifieaneharsiformedind sugh slastomerip cornppsiions efirarhon lack perticulate
however, w thout unacceptable degradation of the patural rubber. In fact,
for typl cal car bbfertdispeised upAtgl Tubbes| Subhnpredualy klude; fbeexamplec Mehigle 4:sphr
to 75 phr, and oil loading fromO phr to 1q phr, | ow structure carbon

bl acks) such as carbon bl acks of DBPA | ess than 1] 1 Qcc/ 1 area above about
45m2/ g to 65ni /g (CTAB), it conpdGURBTITEIE SYEFERULERR about 1 %

undi spersed di spersion) as described bel ow) regardl ess of the Furthernore,
whil e theoretical analysis has in certain perfornance characteristics of
particularly those having surface not been possible to achieve bl ack
(rmeasured as macro and intensity | evel of mxing.| desirable inprovenents
conp05|t|ons enploylng carbon blacks of hlgher su face area and Iomer
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pell ets) are broken down into aggregates (accorrpii sed by di spersi ve m Xi ng)
uniformy separated fromeach other surfaces of all the carbon bl ac
aggr egat es i sheWP9%B¥668 st ri buti ve mi xi ng), 7bWMAh'l[t0he (usual l'y FET’HF?%&”PO as

i ncorporation). Conmon problens in the rubber mﬁustry macr o- di spersi on can

be classified int f.our. or surface el face ar ance_and
per f ormance and H FEBi ?lﬁ??"bfla ‘°%‘5fﬂ%8%’g§°s\?€bf’$éa“ 255? tursi%d ?ﬁpﬁg F?étp?r%m&’h are
often related to é)oor dories: product performang ef ficiency. The
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wear resistance, ark affected substantially by cro dispersion qualit

Undi spersed car bisshipgsctoneeyer eltso windshieldswipers sad dbe lke. s Vhilef4 wideHrange
products, including visible defects. Elimnating|the presence of surface
defects is of crpdrfoerhnce Rharadteristies ¢an berakhievkdtelmpho twerehtly abailabie inturerials
reasons and in extruded profiles for both aesthetjic and functional reasons.
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creaned carbon bl ack/latex m xture is introduced Las ~a singl e coherent
streaminto the core of a stream of coagul al 7RI

0uor. The sol ~tn
of creamed car b8 YI%M/ | atex nixture is said to undergo shea%#@”&%‘g%
atom zing bye the stream of coagulating liquor 10 prior to coagul ation,

bei ng then passeﬁno%ev@ca& &wn?résgah&%mamaﬁm ?&Eﬁn@éﬁ@@el@%s,t erally,

coagul ation. Fol ng such coagul ation step, t~e renmal nder of the process

is substantially .convent.i I, i ; Lop of 1t} . t he
waste product " SEFTHR EHGAE e%‘éf;fa%*o?r'ﬁayn.%ﬁgﬁ’%?*"eghév@me"ia%%é&ﬁ*?a
simlar process is described in U S. patent 048, 559. to_Heller e . An
aqueous slurry ofechigusshavs b&E‘P(“%“?‘Q AEYFAE; er’fﬁ"il;ﬁgq g@meﬁdwwmh%%?@gm of
natural or synthetic elastoner or |latex. The two }streams are m xed under
condi ti ons descr blaeksabraughayt tHerelastomst.civversrd watiputinacreprable degradatian iofthgct .
As in the case of the the conbi ned stream of carbon black slurry and

coagul at ed 3y t hganaddiubbern Iiofacta foraypickl carbandildck 2éhdingdevelshia sathmhgibberesuch need
in various particulate filler dispersed in suitahle el astoner ha

especi al ly) for gxagre 75gbaRa dilleaingdicap@pigad 10 phr; 16 eichif® tarbddsblacks,

di scussed above, inproved correspondingly inproved aesthetic and functional

Bl ends-CI P 7 | S&&ﬁl&bﬁooﬁfﬂﬁ%ﬁ &f DRPA £S5t 1184/ 1R ?%iéﬁ?a?l&itﬁ&@ﬂ%ﬁx@osﬁﬁlcé at ex
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conpounds of carbon black a blend of natural rubber apd synthetjc

ol aotoner . whor cRAmRRdRea st hen hout Tk Mnetsed dirbad Bacr ettt e

hi gher nol ecul ar wei ght of the natural rubber. It/ is object of the present
i nventi on & neediseasyen. @ deseribed pelpwbrsaardipssof the|dpragerans inwnsity leyelaf mising e
wth a first aspect, a nethod f~r preparing el astiomer conposite bl ends
conprises first prepafdrﬂgnmrasvmmcmiﬁa@nblasishjldibaatlﬁtn'ga@t roproveresntss| y a

T

particulate filler fluid and an el astomer latex fjluid ; to a m xing zone of
a coagul um r eact @i certBingfeefominye cHabeeteciony W elastoRedd composisions ensdl ey igiatatbon
coagul um zone extends from 10 the m xi ng zone, nost preferably having a

progressi ely i ngLaaf AEh& sOfse 206 bh@Ralker aFeRrd, it Hab BordeMNSds§ifle Widi kesid on
toward a discharge et~d of the coagulumreactor. The el astoner |atex may be

either natural o t ' art Il Lo IS
carbon bl ack or é?’%%aégl ‘g@?‘{gﬁé %grt%& Fa?ﬁgé#og#%gté(ﬁ)é ﬁtsgghceg%{g%gggd%déﬁ?%t ex.
The particuylate filler fluid is, fed to the. mxing zone referabl

cont | nuous! hi ghi™ e bed' e biec whitnl P RbRE ARRF & LARRET AR, ¢
is ed at low velocity. The vel oci.t flow rate and particul aje )
concentration of S3EECIER,PIEY ‘éﬁeé“‘?'{l%weéﬁﬂfﬂem%g@d%%? fAeRigvEtht &‘F’l‘?r@éuggas

m xture with high shear of the latex fluid a Id f',llowturb.ul ence of the

m xture w t hi n abednsfaurd, or expmpleetiai he elestomerorinforeing GropeTes 2bmearben black o
substantially conpletely coagul ate the el astoner Jatex with a particulate
filler prior to trdvea@asdhespaitiviqyszecsfdhe Guinmtbdavkidatressec oHpivertee, wittagputeatelyon ¢
t hus be achieved, in accordance with preferred enbodi nents, w thout the
need of em-l oyi Nngin@Barbon blacks agahdmalas@ohditioris kagen to beldncournaed) livvaithpreoduct
of such wet g step then is dry mxed with additiopal elastonmer to form an

el ast oner 6@NPOSiexhl-RAGm ﬁu&ﬁe@%ﬁb' i@l is ahrashievadl iR ddedBod tobbe due ar
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may be the sane g5 g{p%;t H HeCHhbilifyOsR crﬁpﬁnigﬁ;ﬁ_de'la &%érh& Er}gﬂ)g( hidthodd &P

Optionally, addition er can be adde uringjthe arry ng step.

Such additional filler. can h S, ..or di rent. fr t he
particulate fill 893%‘?813 a?swe{%ﬁéﬁ em%{b%ﬁirg%cﬁai %’f g%mrag i “al Qrug%%lé b\ﬁa{(ﬁoxlnet
anot her aspect, el astort~er conposite bl ends, ar rovided as .a product of
the process di scl°5§’€(f?aﬁ‘8¥n€r.p°|?¥{n c? Frdé’ﬁ%léeewt{’?{etﬁf F%’?S‘F‘é‘ﬁme%g‘iyr’r%%%?“lhovel
el ast oner conposite blends are provided hav g nacro-di spersion | evel of the
particulate filler, nolecular weight of the elastomer~ particul ate | oading
| evel ) choice of particulate filler (including, for exanple, carbon t~lack
fillers of exceptionally high 10 surfaBedaf®a and|| ow structure) andl or

ot her charac~eristics not previously achi®ved. Inthat regard, preferred

el astomer conposite blen s disclosed here have ex | ent macro-di spersion,
even of certain fillers) such as GMBSORTYIESHEE structure to H 'S
surface area ratio DBP: CTAB less than 1.2 and evdn less than 1, in

el astonmers such ~ as natural rubber, etc. with little or no degradation of

the nol ecul ar weight of the 15 elastoner. In accordance with yet other
aspects of the invention, intermnmediate products are provided as well as
final , products which are fotmed of the el astomer|conposite blends produced
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copolynmer of 30 parts styrene and 70 parts and 57 parts butadi ene and a
copol yner of 50 80| grers and copol yners of conw‘g% d di enes -

pol ychl or opr eneVO&8%¥8he | i ke, and copol ynmerk 7 Ml e |iquid BYPE% My be
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from about about qual'ﬂ@ . ady
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met hyl vinyl either, 5 esters and am des thereof [such as acrylic acid and
lic acid ani de. otisyushetigictastomer lagx. This ntixmes yndengeescoivcialiereersaming epsrgtiann e
anti other high al pha ol efins such as propyl ene, butene-1 and pentene-1I.
The additi §nal elpeastatiyesingddedf datious gndwrecrelimying agentsn Fallowjngahe trlesmingadr y

m xi ng net hod di scl osed here can enpl oy any el astjonmer or 10 intended use or
appl i cation, inGhdighrim BidtRAse] midnel itislsibjeqeiodadiagulationRiep e Spadificaly eher r ed
enbodi nents, wet mxing step is natural rubber |atex and the additi m xing
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Che: but adi ene. oHE S84 OIS ESSHETEF £ APBRIRE bYans et of SoanEng L ng
from10%to 50% by weight ~f total elastonmer in the elastoner conposite

bl end. I n 1fccor duies & caRgHatioar beingthen nassed forasuitahie edctionizensi fanenmpletipn of the

el astoner latex enployed in the wet m xing step is natural rubbed |atex and
t he additional eloagtimionr &ojldowingduchn codgeladory stepx ithegrestagyer of the process is
styrene-but adi ene rubber (SBR). In such preferred enbodi nents, the SBR
preferably fornmsubdiguia®y €invertiogalinvelomgiseiadftioh of thetdh@nteiramitBdRiste?Product
conposite blend, nost preferably being from50%td 90% by wei ght of total

el astoner in theghadt HkaGMIPARI &9ind! ENHe chitntfCROESndwhat\sidiiaf BFdcddsis Ot her
preferred enbodi nents, the additional "elastonmer is natural rubb r. In

accordance W th &?&’o@& th @tshsgt%rgg%lhgggﬁ &algHEPQJ IEA Zapuﬁtog{sl@r}agtécgﬁé bk €X
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90% by wei ght of‘“ioos(‘g%l%f‘%r“qdﬁr Eopditions, deSHBRd &% MY MEcViBlERInkYAraYic ac cor
ance with certain other preferred enbodinents, the el astonmer |atex enpl oyed
in the we~ m xi ngyrogieags and impackdAs iethe gans of thedtagopian gt al paterigagntipeagzabove,

el astonmer enployed in the dry; mxing step i s nat u}al rubber. In such
preferred enboditenbmpined stman wof adarboo ek guref endijslaytomer takex isi subsequently
constituent or phase of the el astoner conposite b]end, nost preferfably

bei ng from 10% t@apHed by Wi aghition bf dr0icad orcdaR b t éolutiohe el ast oner
conposite t~lend. In accordance with certain other preferred enbodi nents

enpl oyi ng Jgut adi ene rtheR&as okl B¥enl dtnebd &1 Webus Tndishes Fdr@Rstommbic &ftHobhast!
el astoner i s additional butadiene rubber; In accordance wth certain other

10 preferred enb‘%ﬂ'- I . ~ A 1. X1 Ng
step is SBR and g@%%l?ﬁglf%%%&%ﬁé%lf e?atss%ﬁf ad ng%gﬁbrr U 83%%4,\%&%:3%@
preferred enbodi nent he_butadi ene. rubher eferabl v.is from10%to 90%
Dy el ght “of t GRRTEH lof S SBRE bR Bl SRR s AR e
accordance with certain other,. refgrred enbodi nents, the elastoner | atex
enpl oyed in the WM i ng St %“FS;S S30G¥e - HPPFRVED o FFTOTHSPETSION £2R oREVIdEs 15
natural rubber. In such preferred enbodinments. the na-ral rubber preferably
is the maj or coneArTespRadinglyimproyedacsthesiciand, funptiqnalphgragresisies. fEspeaiallysiesiegbls0os by
wei ght of total elastoner in the elastonmer conpos|te blend. Certain qther
preferred enbodi ments SBR is enpl oyed Blrdy6tPh t he: wet mi xi ng and dry mi xing
steps, thus being essentially 100% of the’el astoner in the el astomner
conposite blend. 20 As noted further below, the rubber conpositions of the
present invention can contain, in SUBRTITYE SHEERMAWERS) oner and fill er,
curing agents, a coupling agent, and optionally, various processing aids,
oil extenders an~ antidegradents. In that regard, it should be understood =
that the el astoner conposite bl ends di scl osed here include vul cani zed
conpositions (VR), thernoplastic vu~cani ~ates (TPV), thernoplastic
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When a carbon black filler is used, selection of {the carbon black wll
depend 10 15 20 r upon the intended use of the elastoner conposijte
bl end. Opti onal P‘Jﬁwgggé{car bon bl ack filler TpmARMS) ude al so ak Wrﬁg?séﬁ%r’gl
W hich can be slurried and fed to the m xing zone in accordance with the

pri nci pl €5 di Scl 36y Gomell dotpbindd Wi hibBRHacRh ol QAL Cndel flbber B UCe,

for exanple, conductivq , retnforcing filljers) f ers conprising

short fibers (typicgall avi n.Li e ijo les flakes)
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di scl osed here, BHgker molasyiar weightiof the napigp! gybbere Jy 1 o5t 9%‘3@ resent iYENtQlyat ed
carbol | ~ bl ack, chem cally functionalized carbon blacks, such as those

havi ng attached tormeghbane ofradlgishese jomg £¢lt negdma- t r eat ed car bon bl ack, either
alone or in conbination with etch other. Suitable chemcally functionalized
carbon bl acks include those disclose | in International Application No.

PCT/ US95/ 16194 (W9618688), the disclosure o ~ which is hereby incorporated -
by referenge. In silicon-treated c ) lohi con cont ai ni ng speci es
such as an oxide or carbide of silicon, is distrijputed through at lest a

portion of the carbon,Rlaeden@0GkeORtEasPeet A mbRbd ktPrépabag ElaRBmEx}'&n{b%Ei&Pn
bl ack. i Conventional carbon blacks exist in the form of aggregates, with
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anor phous car bon?ar%\?q'ﬁ&/t? glﬁﬁ"’s{]‘éﬁjlaﬁ& an aﬁ‘f?ﬁ‘Fre{aE?F‘ tﬂ’d i%l HhIXI8e ﬁB‘Ye 9@‘ tRagElEs ed
el sewhere herein, carbon bl ack aggregates may- be modi i ed by depositing

si | i con- cont ai ni Te8ctefp dUEEEplys e Koagylumy reacias hasan elengpie geagulamyione pxsends frophe
surface of the ¢ 'bon black aggregates. The result may be descri bed as

si licon-colt ed cte lboxingionekmost prefenabichaveng e pdessessivilp dnchaasieg crossssectional area
silicon-treated carbon bl acks are not carbon bl ack aggregates which have
been coated or oinh@e dbwasuratiditeeibn bwhrdacdiskhhigy one f @fetagdludli refctdrenTheki nd
of aggregate. In the silicon-treated carbon bl acks, the aggregates contain

two phases. One phasfer fekdhPBe efhrChimMIl dr $hitetic RRA RELsRNtuIAS MeARRd | C
crystallite and/ or anorphous carbon, while the second phase is silica (and

possi bly other sjl]i - (WAl I e iJ i 04 Ng
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different fromthe silica-coated. carhbon bl acks. nenti oned above, which

consi st of 151 e- f ¥FIOREY JerOf ijacted Siyids whyle the datexfjuig is Ted,arlat elacinn aPhenyslocity,
silicon-containing species deposited on their surfface. Such carbon bl acks
may be surface-t fleWtralg and pagtigelate cangsngation Hf ghel ﬁ%ﬂﬁ%ﬁﬂ?fdhm preysufficiank &0
surface of the carbon black aggregate. In this priocess, an existing
aggregate is tr ecduse mexumswitiohigh phsr of te lgeafluidi dnd dow( @msbulenkd ofithe muissird| vy
otl her silicon-containing species) on at |east a |portion of the surface of
t he aggregate. ~oith@xanehst,anaupsaepne Potion Qi théNcOaguiummizones 6d s it® RubEtintibiey used
to deposit anorphous silica on the surface of carjbon bl ack aggregates in an

aqueous sl urry atodiietblyPEbagitee Nth@ eiftoffer Misiith 88 SHrSGUts Flel PridPRGNES €
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conposite conposite blend are found to have excel | ent PCTI US98I 20279 hi ghly
preferred for certain disclosed here. Such el asto r of the carbon black in
the el astoner. Moreover, these advant ageous resul wet'e achl eved WIthOUt
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fusing the nethod and apparatus discl osed here,
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energy input during mxing & the fluid streans, |

ncl ude the concentration
euminting’ epandie tisel choicy and
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The standards are run under td the standards are integrated to ~t for a
given elution t} ed Zce the tine based.d dout i on s si

appropriate nolggtr?f’/é?%@\at ers' MIIlenium soft\Z/gjr @h e foll ovvgﬁg)f}%%mkﬁgTest
pi eces were cured to Blends-ClIP 47 SUBSTI TUTE SHEET ( ULE 26) WO 991 16600

PCT/ US98120279 i ess:
23 nin. id4. 4reaﬁv%§??:§a{5§°'§mmgnﬁ ‘ﬁg“o“‘d%““&'ﬂé%'ﬁgg?‘i |d?n Rt sip, it 0 éééﬁéé?n

Chart ,,rrethodls t t

m cr ogr aphs. (Am &W@?ﬁﬁﬁ%&%@ g%terl%}slogkegt%%?ﬁ d%rmiﬁﬁe%agp El@%ﬁ? &5 and

| SO 37. 7. Hardness ed to SO 4 1 erature 23C. 8. .

Resi | i ence: Tested tcﬂ-‘BS wtagewg%‘texrj_ag@g?f%rﬁ%@?y@& PRCSent ApuGBToR GP‘Z HyYse e (g
mm 10 nol ded disc test piece). 9. Heat Buildup: Tested to ASTM D623,
MerJhod A 9.1 Seugr cangiepdisgritysien of dillep betweer twe diffesent ejastomes phaseg istapoke:
0. Z25 inches. 15 9.4 Frequency: 30 Hz. 9.5 Run for 30 mnutes. 10. Tan 8:
Measured ofi Rheimstomer sompaokite RIAd|i$ seeRap thret exdmplel ofem edaswmea composite foiench
strain sweeps . Strain sweeps at 0 , 30 , and 60 C, 1 Hz, and 0.1 %to
60 % strain. f 20mplisin@matial Gubbir hbiredierkt @BE : (ré‘f&@@fneﬂhsl dis@gson, ihdanre

wi th ASTM D3629- 94 Exa~l ~A El astoner nmasterbatch was produced in acco dance

Wi th the presentipdh¢@)bi OBR ﬁa&eaﬁa&ah&eﬁncanw &&slﬁ licARSHs §Y 1 PrFtriPd
produbed conprising standard natural rubber field |atex from Ml aysia wth

SEET ( ULE 28) onRoe B ol BB Soh 8 of m”?@?bgf Prd gE MG

avai |l abl e from Cabot The erties he natural .rubb r
field latex are 8 F’BW’EFe@Q‘?‘L Sf‘hﬁ‘fcgrdfmﬁl ’HU T1Qs| BI04 %ﬂflggl' PG leSppigHes ( Re

25) WO 991 16600 PCT/ US98/ 20279 Tabl e 1 Nat ur al lRubber Lat gx Properti es 5
10 15 20 28 Dr yRentonaRiagk: 528RerBrdtitnehe panue) meRbey Rajeg; RERH 81988 |‘Qfg-%m%hppm
| Fatty Aci d100 C0. 15 % HNS' 28. 434. 20. 380. 366; 0. 052680. 3% NH3, ZnQ, ~~b, a.
HNS: hydr ozyl anifoBowesuby the additibmary fukthemdry nviixislg@ﬁlﬁw Atctiiaﬁ%nmr:ousb'. large
ZnQ TMID: used for biological presetvauon, typic ~ 1y 0.025 %of 1:1

m xture. The fulporgungrabncarbar bludkavillanigrate met thé BR ghate ddeddl itshfiZniyefopwie and
is representative of a commercial truck tire tread known to have excel ~ent

resistance to reye \R?héénan@%é M&s GhbnCdesiFabi ﬁa&om&ﬁroaaifqﬁe e4rBaH 8labioth the
r

edient ~ Parts by ber i Carbon Bl ack Zn0O | St earic acid 6PPD

(anti oxi dant) Sqﬁfﬁ'rﬁ%bﬂe é’ eﬁr &rsn(?m%ﬁ drm&E&ve V\A PP@EH@E Bedof{barable 1

product i on appara us appa nce to Figs.
100 52.5

LI | toth h
dr awi ngs. Li‘?he sr‘*‘as %&%ﬂpgﬂrsmgﬂ?s@ée elf‘% % We I“(i:‘%’f‘grfﬁe"tﬁ‘?‘g‘.“s%seﬂ‘%’%. d39
h di anet t | and f No. 168 Fi g. havi i al
wae 0 168 1 neh. df ﬁ%r A ey O o 56588 BlaRk i Terkipe dl'i*en’b‘.“{égirHE‘%?.‘ Ph45e SERHEI um

zone of constant dianeter between Bl ends-ClP i 50 suesT~urs sHEF-r t>-~ulLe
Zs~ a  \WD 99/ 16800nbErk isSyBed ity the nagirainthhey lrzfaﬁemaaiover mixigg gemdplipvednd.
Preparation o the masterbatch is described in | further detail imediately

bel ow. 1, C ar hrby the additi@i ofr BR ity sybagquentdry mBamggssterf. i car bon bl ack were
nxed with deionized water in a carbon black slurry tankl equi pped with an
agitator. The 5 agit dhaccofdandecwitinhe ped thiving siepodthk hikgise disSlosed theredifeed tuts
slurry was fornmed with 12.5 wt: % carbon bl ack. During operation, th-~s

slurry wagocont i gfysbs Huid 4APparidate e Hufdi :aﬂrarrﬁﬁﬁrg RO R RBagifMirh Rlattofkdn! f pr
initial dispersion. The slurry was then fed by a progressing cavity punp t~

a honogeni zer, sraerus&glﬁra@ frneF’ X gggga@%weg%nﬁrmm ergaﬂardnmienk

The honogeni zer produce slurr he slurry ow rate

froth the honobge e npgeni zer speed,

th ' honogeni zer‘P“éi%:S rsgdoﬁﬂ ?nﬁf é’h‘%‘& sur %V\{a@%?rsf cﬁ“gﬁfgf H%“lmba%t pSI u
flow rate was ored th.a Mcronption mass fl ow neter. The carb~

bl ack slurry was ‘éﬁf‘[t‘ﬂs%mr?&ﬁﬂ‘éf@rﬁy ot Brcftﬁng "Qeﬁsﬁ’ﬁ@%aﬂl‘ﬁh{“@@o’t ol

| 00 psig and the honogenization 15 pressure was set at 4000 psig) such that _
the slhrry was iPRapoBISteRYS £8tablished injthg mixingzone %‘-‘ﬁ?‘ they ceagyum sglids arerbetng of
4.1 to 4.4 ~b/mn and at a velocity qf, ak it 130 fdsec. 2. j,atex

Det _iverv. The latex-was charged to a ﬁB"qgal | on pressurized feed tank.

Ant i oxi dant emnul sion was added to the |atex prior/to charging. Antioxidants
20 were added consisting of 0.3 phr tris nonél he Hﬁé)hosphite (TNPP) and
0.4 phr Santoflex 134 (al kyl-aryl $§M xture) Each of the
antioxi dants was prepared as a 15 wt. %errul ion psing 3 parts potassium

ol eate Bl ends-CI P 51 SUBSTf ME SHEFC tifULE 26) 99/ 16600 4 5 about 3.8 =
feet per second, and was auto a Mcronotion rmass flow neter and a per 100
parts anti oxi dant along with potass to a pH of apbroxr mately 10. Also) 3
pressure (51 psr g) was used to nove t he 1~ zone of t he coagul um reactor.
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15 20 dropped into a second extruder 1. Water waﬁ fl ashed of f upon of the
extruder. Product exit 52 BSTITUTE SHEET |ilULE 26) su i DewaterinQ The
wet crumb di schavge&ebt ~r ~ t he coagul um reak1 MR WHE about 79PCHYMPRT The
wet crunmb was dewatered ito about 5 to 10 % noi stiure with a dewatering

extruder (The Frenc chi nery 4 anet n,the
extruder, the wetf O‘ETP"S%F’W‘%‘H% \)ﬂa‘tthO%{i’gb?@a 191:;' ﬁ'eR’%I} t?ﬁ% and
through a slotted barrel jof the extruder . , D, ~1 _ng & Cooling. The
dewat er ed crunb WSFEY ok thtpartieuas fl "écﬂ‘t‘ﬂr@@ 4‘?@%1? ¢ eegvINmireAsasfand he
crunb through the diepla~ Blends-CIP WD 99116600 | PCTI US98I 20279
tenperature was aplacoxidiffdredtial 800ive ahel latdxsfluid deedoare datieved so dboignif@a® tio | 1
w. %. The hot, dry crunb was rapidly cqol ed (approximately 20 seconds) to
about 100F by a faohiediflg sufficiehdattulence, d@Ni sufftdently BhergétiSshedr dfghelayex Byut had
about 66. wt. % rubber solids and about 33. wt. 9% carbon bl ack. Exam | ~e-B

A control ngsterlabed Jfage Bﬁx‘ﬁ&ﬂﬁt@%l@b’ ﬂdwjemtm& grORixingN$hdCAPefsRin SNRE Oy ed
t he sane formnul at| on as Exanpl e (see le 2 aﬁg%e) except that the

natural rubber

premasticati on of F?E:{B F%‘g’f) &Erkﬁéxaﬁgggll%%fgm&@ ury ae)Ege ""?ﬁ‘ﬁ%?r%%f‘“r%ta y
For " hppr oxi mat el SRR RS T o B it WBAR i aniey P B Pk ! ¢
A and Exanple B %wﬁaswr?ﬁ%éﬂqqﬁ%ﬁgﬁq@kﬁﬂ%%gad thebégg)&t?rdg% graster%g%ch of
Exanple B were c AR | dsus heptighpur y
m xer (approximately 3 kg). Table 3 below sets forth the m xi ng schedul e
for the first st dylerflvid anhelastmes bagax arefad pmﬁ@bmmueuw meestiag thatantengeiht owed
a nodifie mxing schedule. Table 3 Stage 1 M xi ng Schedul es Ti ne

(m n) Exanplie AExdtgw dicyazuBtedomsterbaidh BAhthbhsmgrfmdt tﬁé\hﬂBtg%zohhtomma:hsehhmed end
Rubber 0. 5Car bonBl ack and G | 1. 0Sweepl. 5Renma’ ' ng I ngredi ents Bl ends-Cl P ~53

SUBSTI TUTE SHEET df th ccﬁg@lﬁ% reacWP»@t@lEiﬁ@Qﬁte%uﬂt@d ng/oltﬁweg@ﬁt?x@s is maintained.
2.0 2. 5Sweep3. 0l Xdunp at approx. 700 MJ/ m dunmp a tI\/IJ/rrB i ~ approx. 1,000 In

tEB(rat ﬁgfoﬂfxfﬁgggyéi%ﬁ |%,g %\I}:‘J/ rr?gd:ﬂa‘lw;b Jéhg |gl naﬂy\%t a%@umratlm&%gglotfl on
t

In egr d| emi Parts ) 165. 5 . Goadye 00

(anti o~ 'dant) 1. G? gl'%%a/\%l %’%& %r%&n% ner%ftdgér)jr)one ont re hours Ef‘:lagtya "15

Thus, Banbury m xi ng _en or .the c oundi n Exarrpl e A master batch was
about 53 % of thén%g &f)%ﬁt”it"r‘?ae?é"ﬁé’f’ ng’q?tjw%e&"F "™ he prenamstication and
conmpoundi ng of the control material of Exanple B.! Despite the reduced

ener gy inp8t5) t he Exa@ﬁnenmr#ﬁteéquﬂshodmwfa&mifutsed helow. qfenaphods grdapparatus
macr o- di spersion, and the nol ecul ar wei ght (weight average) of its sol
portio',n MAsO, vfas pediing tiei zovelyeldstagies coposith dengdh disclosed there. cWhile wériouThese
data are sumarized in Table 5 below. Table 5 Conjpoundi ng and wing Data
Sanpl e ~ M x EnetprefgrrédvBmbbdiments-ofMbe (rivedijon~caiviAmpldyQD@ErieRr of difféseraddlers and

Final ~ Total i ~ Stage ~ Final ~ w. av. Masticate 1 Blends-CIP 54 i
SUBSTI TUTE SHEET dlastoridkd=cetfajn portidh FMelfbifiinddeldled! é 986 2RHS abX &4 0
694 500 1,194 ' 102 72 4. 44, 900 Exanpl e B 8p0 965 2. 265 - 92 327,000

Addi tional testing,iadfdieSinl@hiod BAl, wgoeft lﬁyﬂe&eﬂ gqva nfaStBibheh
6 t1ona Test

material are set forthln Tabl'e 6 below. Table Dat a

A71. 621 16 026, 7esoairoe apl Paf nd AR L PR e o ekimaTe ©
AS2656. 570" 0. 0038 D58D: SYSEABIE 6b 116G, 6 SUBGY SH00° 5% e RpTESC

El ast oner masterbatch was produced in accor ance th the present

i nvention. Speci f§igdasedherein aspordangsivith ths pripsiplss efApgrationdisrpssed fere ghpspduce ng
standard natural 15 rubber field latex from Mal ayela with 55 phr fill r
consi sting of caripesterbitelc knd¢lagemereqomipasitehiende cRpprding 660mbsraif|akitrnasivierasm
Cab~t Corporation. The conpound formulation (excluding mnor ordinary |atex
additiv s) is setaddaoionkl élastdradsb,efilierd eddowotherTmialedals. Nadtrief, patfefedomptibdy foon

| B~dl ~t Parts by W. 20 Rubber ~-100 Carbon_BI ack‘~ 55. Sant ofl ex 134
(antioxidant) i 0.4 TNPP | anti oxidant| e 55%' 0 25/ Total ~ 155.7 Bl ends- C1P
i5 ~ SUBSTITUTE SHEET (R, LE 26) a 5 10715 20 WD 99/16Q&00 PCT/ US98/ 20?79
The el ast oner masterbatch production apparatus as|substantially identical
to the apparatus described above WSUBSTETUTESHEET (RULERP). 1, 3 and 7 of the
drawings . The slurry nozzle tip (see reference . 167 in Fig. 7) ws .025
inch dianeter with a land (see reference No. 168 in Fig. 7) having an axi al
le gth of 0.2 inch. The coagul um zone (see No. 53|in Fig. 3) included a
first porltion of .188 inch dianmeter and approxi mately .985 i nch axi al
Iength (be| ng partly W|t~| n the mx head and part) W|th| n the extender

o . o S S, e a =




shear, to produce a finely ground slurry continually punped by an air The
slurry was then specifically, Mcrofluidizer ﬁ %ﬁti on for pressuri zing
and The slurry VOSW¢M e from the m crofl uidf tielt he mi xi nSCE’Hﬁ%S’Z\%T% set
~y the mcrofluidizer speed) the mcrofl ui di zer acting as a high-pressure
flow rate was nonitored w

th .SUBST TUTE SHE T di | t
punp. Slurry nas&ep H\ﬁ/%mél?era}ﬁﬂﬁg BBW“?G‘?’ in gﬁ}’@%‘%%%

2 black slurry was fed to the mcrofluidjizer aa pressure of about 130 psig
andt he out put  priadkereotherdiliep andy3 nagprghrubbsr Jatex, Huid of QHSF stigpleséastomer Aiyig

pst gout put pressure) such that the slurry was ~trjoduced as a jet into the
m xi ngzone at a tolaomixing zoneof abeagulug) Badtes mh RoagHtIM Zage waiends frgm die mixdngt 300
ftlsec. Latex Delivery. The |atex was charged to a tank, specifically, a 55
gal l on feed dr unzondnprefexatdyapiogressivedy inereasing anlclosk- seatomkmdattt the Wetvasteedae d
consisting of 0.3 (TNPP) and 0.4 phr Santoplex 134 (alkyl-at to the |atex

prior to chargi Neirecfitt frériaf ef Mtdt@ﬁ@%}ﬂharéﬁ”@ﬁphi‘ﬁ@slt{ﬂryP;f@ﬂ‘@f‘ﬂ‘xk%ﬁﬁng'z&i@ ne
m xture). Each of the antioxidants was prepared as wt. % emnul Sion

por Qi’sf‘uf’nf‘ktyér o fﬁ@‘@sﬂfé%ﬁtmﬁ‘?%f lii E%ﬁg?@dﬁﬁ?@ﬂgdmgtq?ﬂkg%%‘?ﬁgﬁ% 10
pot assi um h
i Xing zone of B CORGh RO PR b o tﬁioé“?ta‘?é&m%t i, 85t Poapiulgt”

| bsl m n and about 3.9 feet_ per second, an tered witha Endress +
auser (Greenwood‘:"“F"d’(’i!'a'aﬁ’l‘};tOf Aller sirey 3§ ‘ﬁ'ﬁ’t‘é? gi?ﬁé‘%%“ﬂr“éd"&?aﬁ“%r? fheack]
| oadi ng of a 55 phr was obtai ned by maintaining proper ratio of the |atex
feed date to thelaearfbhid fsivaskbulénge pf/the auxfureawidun gt legsh ah upstBim ERrusndf (ke ex
M xi ng The ca>fbon black slurry and | atex were mixed by entraining the

| at ex i ntdothe cajag.ﬂmrntzbm; lands subsmmntialloorhpigel ndagaiaentiast@fier tiiex prgraonhebl ack
was intimately mxed ;into the latex and the mxt'ure coagul ated. Soft, wet

spongy "worms" oaxs&aegguhmrrswstaﬁmytmplaea@lghtumr{aaqmroe aﬂx@/@&jﬁn@cﬁrdance57 i
SUBSTI TUTE SHEET ( ULE 26) a WO 99/16600 ' PCT/{1JS98/ 20279 4. Dewat eri ne.

The wet crunmb di @ﬁtﬂgf ﬂ-%fi efnBodiffEnE QAU fLR6E O 1%%% eﬁﬁﬁ&&g &8 20 p@hGn  The

wet crunb was dewat out 17 to 13 % noi st ewat eri ng

extruder (The Frepgh Ly Mol  REAIE it CRTRANY prchulife W o S dosid L e

extruder, the we Ra Conpressed an er squ
The

and through a slotted barrel f th r der
onat or od 0 onb SR ERE FrisBnsald SRS fefton, phane i e OB Surd

conpressed and heate . Water was flashed off upon expul sion of the crunb
through the di eploshe-méxing 3nBe g4 Hhe GeREPITRAAC Fﬂ&hﬂtuns & FPRITEO: serploepnfined
approximately 280 F to 370 F and nvoisture contedt was about 10 0.3 to .4
W. % . The hot, flowyofcr mintureeos theasted| and dillst elirryaipphoxoagutusi gore0 Elestomers) to
about 100F by a forced air vibrating conveyor. ExanpUes D and E Two dry m x
control nast er batahgsitsvenantp e pier dmbyf UwyrmBisdri glabilesnare Tdischarped fidns the

enpl oyed the same fornulation as Exanple ~ (see Table 7 above), except that

15 in Exanpl e D §iiénatgébdialof WaScda@sium riididrak ReGbddd@Rly cdmbiagXfiow Bodensemye E
the rubber was SMR 10 NR Each was prepared by prerrastl cat ~on of the rubber

in a BR Banbury i @fe onlgdng rfgmegr of Hle 15ATR Grilon E@a‘ﬁqntotth%mtﬁéam

for 10 minutes. The rubber o e E was rrastlcat rpm

e BENCE: o g e, SR B At e dhprope

D and E were conmpounded in a anbur und sche ul es. Tabl e
Conpoundi g PCT/ BRSBS0S PRsHES B B s S5MRiEs S as caarelim rtfaosetegva*@
forth the Pre-MasticationStage | MrlngStaeII )

(Fi nal ) Masr t er bafdY9amesens gnagiitatingreopzelsngd ¢o eelasiomshFomposite, prodpgt
Banbury . BR Banbui ryBR Banbury 77Exanpl e Dm xer 18 rpmm xer 77 r~m 3rpm
4.5 mn. | O nmn. nbychBRIBammadigBRr Ribsaqueny BRIBLprocessing/sIps aipédora@npfcbe nagral pm -
Am xer 77 r~m) 8rpm 4.5 mn.mn.mn. 10 The conpoundi ng formulation is

gi ven in Tabl e 9aibber keblfleidanScapen blackGlrrst tovie mkikgj Zone bf the cpagulungreater v
W . Exanpl e 4 Masterbatch or15 Exanpl e 5geys-EpSt age 1 Dry~vlix 155Azo b6
(zinc oxide) '4.0Hystrene 5016 (stearic aqgsd) ~2.0Santoflex 13

(antioxi dant) ~2.0Sunproof Inproved (wax) ~2.020 LW ngstay 100 (anti oxi dant)

~1.0Santocure NS (sul fur accelerator) 1.8Sulfur ijl.0Total:168.8All three
conpounds exhi bited wel | -behaved SUBSTMUTESHEER(RUERR) si on. Despite the25
reduced energy input) the Exanple C material wafaund to have significantly
better Bl ends-ClP ~9 ' SUBSTI TUTE SHEET ( ULE 26) WD 99/ 16600

macr o- di spersion than the dry mx controls, and the of its sol portion MM,
was substantially higher are sumrari zed in Table |10 bel ow. Table 10

Mast er batch and 10 15 20 25 Propertl es Exanpl e CExarrpI e D Exarrpl e

A a2 T T Y e o= N AA PSR

A NN NS



~rdance with the present invention | apparatus diiscl osed above. In

suesTi TUrs sHFFr (9§ & 2S5~ WO 991 16600 particul @, novel masterhat %&79
conposi ti ons wel@ &Y Bbn black filler, havi nNY7 MR cantly bBY VEYS
rubber nol ecul ar wei ght than heretofore found in sarre or simlar starting

materials. Fig. rey
specifically) t hcgn %‘i‘%@gﬂél 'gé%r%g?%ga%%gr @ﬁ%g rgt I ac l%g?gi% %@7‘2@9

and di buryl phthal ate ubi i meters of. DB hundr, e rans

Shown. Fi 5. b dmergsedsathon siack Tt PHRAGEErtER Mbe BBEIARHH U QL HESPHEIE bon
bl acks having | ower 15 20 those nost difficult to disperse in natural
rubber a dry ni XPEPTt eWithpy uishing fobsbound by Sheapy oi¢ PEeSERtlYHE HRdRsyaed ety of
natural rubber |atex and |l evels andl or natural canpositions fornmed of the
surface area andustimeno-phase s¥stemmis essatilished lin the mpwing zonsrexcept Watrcoagubime sadidper
gram of carbon sorption (DBPA) val ue expressed 'bon bl ack per ASTM D2414
are ferentsregi ansbeig foandiohers and krsdownstreamdhdredftin thestonfuhae zoree aExipenely

ot her elastoners using traditional | are not used comrercially as wi dely as

ot her carbon bl Qﬁggﬁfee&/&abar,b@mﬁbcﬁaéd bladk Q6ire iis tRMixing a8 &k tcofhtuniade
with Region I carbon blacks using traditional ry jmxing techni ques have

poorer macr 0- di SRR 3i,0d vél deﬂz'r bl jali bbep‘.fe C@{&J&@dple%gifévem

Region |1 have higher stru ure than t{!uose 0 egl on ypi cally, they

o oduct s and t ndo ot RS B fRie R o #ﬂ@ukcé%iiﬁra{}@fcw% HE Faboh

MAso, of the natural rubber i.s significantly degriaded. The carbaon, bl acks of
Region |11 of Figj thelagx\hy the dmpact & e aer@cwtééﬂ% Wid; Jetefor Hiorquel ppiging 3ng
Accordingly they have been used wi acceptabl e di slper sion in natural rubber
via dry milRi ng, dipersiogaf e particilatg ite te daex| fbﬂ@l@gir@dﬂlatm Slighnmixing endrigies

di spersion of carbon blacks of all three regions Lof Fig. 8, specifically,
macr odi sper si on,yi¢ld tse govel iptadutd with repeatierd dmacno-tiispersibm stogether wilnposrdiled

di scl osed here, and Blends-CIP -6 | SUBSTI TUTE SHEET (Z~i ULE 26) WO

99/ 16600 can be predicedetifleryd tie Sbagliuii i€ erédtbd/andi tgneformdd/imto a@sivibleRxRidter r ed
enbodi nents. Control Sanp es 1 PCT/ US98/ 202,79 natural rubber in

accordance Control Smkﬁﬁoﬁérm&ﬁepébﬁtam@awae@sw&amn@w teamqﬁa in
accordance with S 10 15 20 the foll ow ng proceduries, for purposes of

of Nt ur el RbbGPe FRPAEY aﬁg’f‘i?%@dp%@ 3iBlombf O R ey BHEEbYHipn by ¢ %@%ﬂiﬁé?”

of nol ecul ar wei ght tural

bal es wer elgpre W@B%(g’?fg %él éoﬁl?ﬁrw g’@#ﬁ%’?‘r‘l‘b""’?‘ﬁ’é‘%h’i’ B‘W&i\fﬁ
conditions ( ill factor: 0.7~): Table 11 Natural |[Rubber Mastication

Condi ti ons Sanpl ‘vaél%‘gfq%tmegf?ﬁof” preas,priny- WPH%‘@&‘Q“CWH%YCF’I\%%W{%t i on
time (mn.)M 1INoM2Yes770n ~4M3Yes118On ~6MAYes ~1180n ' 10 2. M xi ng Carbon
Bl ack with Pre- Mneshodciatvduch avaestarbachrfirsheformed i drgmixiog prcpigitionplasasamer
rubber dry maste~batches with different |evels of macro-di spersion quality,
the foll ow ng m ixiddgd py dadeudeysnixeg e The dy mining s8R oBehe wet/drynmixieng .mettiod ofi | |
factor was 0.70. The nasterbatch ingredients and jm xi ng procedures are

described as foltheweeserl idvthliéh dad. beBlagivd SouChviith @dmmedcidlly’ avaiitiie-dpphfbs. and2s 1 a
WO 99/ 16600 PCT/ US98/ 20279 Tabl e 12 Natural Rubber Drv Mast rbatch

Formul ati o 5 1GedmiduadiRuiail foPaampRy Hgﬁﬁu %%@%ﬁt fixof ’I’hUbﬁQ&i'hom{

wei ght ) Nat'ural Rubbet~100Car bon Bl ackSée Tab ~See Tabl es

it A pro TREHEGLEE e é“‘\%p"f’v(f@%“%ékﬁ T%M %wﬁm fidege  °

antioxidants ~ (.7 é’% Diff ret macr o- d|

t hrough M4 pre- nl%g?l g'g]tb&?nﬁ JREY eraﬁ%’%rts VY “BWS &b h%IO sarrpl e
code M2D1 in byd ofl\/llmxn as shownln le 13
i ndi cates a cont¥ °"§55ﬁb?’gp gg? %é‘?"l ’B%f‘feétlf‘%atq?fi‘ ImFGQ}B%‘F alﬁ&"’(’%@%a@

11, | above) mxed for 10 mnutes_ in accordance wth the fornul ati on of

Tabl e 1?. Tabl e alonavwith thy aiditional glastoRRr farineche drychixsasppineluding, for exampie
CodePre-Masticated NR ~M xi ng Ti neML 4NI1D3NI16WD2NI1 i 8MLD1IML ' 10M2DANR
~4MeD3M2 ' 6Ni 2D2M2 | 8MeD 1M210 Bl ends- “%'Cé% SUBSTI TUTE SHEET | 2s~ WO

991 16600 5 PCT/ US98/ 20279
MBD4MBt 4AM3D3VB6M3D2VB~8NVBDLM310OMADAI vI 41 AMAD3MAI W! 8miaDlL - ~~M4 -i 10
3. Final mxing of Natural Rubber , anpl es 10 To

eval uate conmpound performance, additional ingredients were added to the dry
masti cated natural rubber masterbatch control sa~ples of Table 13 in
accordance with the fornulation shown in Tabie 14, Table 14 Additi onal
Ingredients f r Final M xing Ingr edi ent Amount (phj ) 15Azo0 66 (zinc oxide)4.0
| Hystere ~O 16 (stearl c aC| dyr 0 ] Sant of I ex 13 (anti oxi dant) 2. OSunpr oof

— A NN a P N



Bl ends-Cl P 64 SUBSTI TUTE SHEET (I 'd cure techniques at 150 C ,10 and 30
mnutes. In that procedures, including the 26) 7aMAR ¥# 99/ 16600 ~

PCTI US98/ 20?79 W8O%14M ati on gi ven above in Table 14, were usBET/AHHS289
control sanples, as well as all sanples of elastonmer conposites of the

Enhoai ment & Exabr ob RefiiBatine g;y?rgglggfvggg%g? Fipost =Sy e

properties and performance 5 The follow,ng tables 1 S - 23 set forth the
sol oi ecul ar \Aeiaﬂﬂ‘POW?mﬁwa‘erfﬁ'SF Scﬁdgﬁﬁélgﬂ'@ﬁhﬂ%‘!m&fngé&h%%‘} addifigoploallef
through 443. a sanples are grouped in the tables according to choice of
carbon bl ack. Wcambsthe syne/asrprdifferent fromahestilie(sruse iﬂbﬂ@m&pgmlbﬁor@%bb@eof
nat ural rubber and by carbon black | oading d oil | oading. The table
headi ngs show t Iwes nmixihgsmpt i on i n accordance with standard Thus, for .
exanpl e, the 10 heading for Table 15 "N330/ 55phr/'0" i ndi cates 55| The table
sub- headi ngs show t hehe bford&id PreférpddUipphratisl add {ebHrMEH fdtYRoduERg AREHastdindde
made from standard 15 N330 carbon black with no oil. Specifically, control

sanpl es natural HBBGE Biehal; disthdREd hefddaroMRL(ssed! %?EQB{:jﬁ@étioﬁ’eﬁﬁ{ kHat épggnd%ﬁ
these naltur al ' bbers is widely available, such as i'n Rubber \\orl _
Vogazine s B ue FRRsGE Mol Rl BR B6OLLeABRELRY 4P Srod B5E e O

USA). The nol ecul ar he' nat urar rub pri or any

premastication {M1 nd after t.he various_anpunts_ofd premasiication

AT ATARIIRR L Et e M B R B s I SR e

SHEET ( ULE 26) WD 99/ 16600 PCTNS98/202"9 Tabl e 15 Code Sanple Mv', D
('.0 nple Mv', mairal rehberjgtex (feid latexpr cpneentiape) Irxe %S SUe o4 B5 expgia. 017

. 4654. 24~t 74764, 35ML0225713. 70t 84673. HOMLD337064. 79i t 94864. 86MLD447704, 52Q2
05354. 78M2D154458 26EeuSheDy. ocfmwmﬁmma%a@ms&mfmwﬁg 12 8ofifiteb3@AuB 0 M2 D4
85813. 93;

244985. 81MB01937%34: wRA5adehds, PUIBE GO BABRsHADBrhcRBMBNRb:40ARnAGREIFIHR. 55MB
Ddt 2452~ 3. 35 ~, ~84D85. 01M401t 33113. 63;

293113. 66MAD214. 3303 40a 1o @ HseRargel MUD3TH 3R 3setlashRbA® AW VR 5 3B 3 2369
5.67 Tabie 16 ; Tablé 17 Bl ack Pearl

800l 55phri D' N35t | SS1~ : ' ( MV', D
S e Samt clin e HsHeS s %%%%3@!%&%%%&%% v
.- 491MP803MI527420. ~ . . m :

| MB601MLDL| t350%'2"2695’@53&?8%‘?‘%‘1\}&‘62f‘%@%‘iﬁ%?’fb‘i@dﬂ%‘é‘h%hﬁxﬁﬁf&b‘%%%rd%m&. "1t 5
7D010. 20t 315156. 3MLD24029693. 41ML D41 T 67865. 72t 325B38. 4ML ,
D3403104035 68V 91 tSHbsnsiglly; s{oses prstream \af dhy ouing gane endz Ipareg 44 the SPROSIHY 382, 4
MZD3t t 95497. TOt 3343423MZD140564B1 15MZD4t 206065. 88t 36530~ 3. BMZD2406668.
216M301t 213873. ZBMRyBRaYEng V¥ g £0F8ha reag g that i3 at shaggashofIppagder214. T
OMBO3t 234563. 611393993. M3D4t 244834. 61i 404312. 9|\/B[j14095321. 10M4D1t 253392, 13t
4i 311280241 053 ARactotMiDZbiénce I6TdABI i 2ABS Bpfufetrdqdgrtion of the coaguium zone are

i 5352. 45MAD3t 27360260i 4334d2. 7M3044t 25584. 06 MADAt [284031. 95i 443902. 3

Bl ends-Cl P 66 suf4idmibed BnsS biekding,~dt .16as? Squasi-stéhdyO aled GRRion ESaLLHORGLIRAR79 |
1 -ante 18A RSSt SMRCVCodeSanpl eJitw',D (‘.G ~ Sanpl eMv' "D

' GNo. (1QNo. (1 : - - | e
Etgaogt . 83iq\bwg2%%%%&%%%%%%‘3?%&?%%%@%%&%“ PLP iR fuidin

357591Q 55}6B72. 8 ~] + B27024 i j o

535392, 14 D2386%%%%§%§?%?%ED§8%6§%8¥%%1%% %‘%H‘?’%W&‘M‘é&hﬁg_% !
565956. 25MBD1414571 . 53~ 57%@2288!\/8&4247 209! 584 9&. 19MBD3~ 43493232~
594644, 53VBD444 49BN enera iy &1 e \GHpqSPACTF Pressure| and, F3RicAll oRy PERIS EEDAY 0 g
624333. 42MAD347387- 2321, 634374, 39MAD4484033, 54~ 644474, 73Tabl e 18B
Regal250/ 65Jn ~FigRepimalyrwihins shigpded or smensdiffoncpatatesuebis spliestigp means.

(' /) Sampl eMw', ~1(' /) Sanpl eMV', D (' /) No. (JQNo. ( .(pML11381138
~1138M2901901 ~9WdivseBoieehimpreres 8 iernaraanexméa 88 2eni-GoingEpw results

~. 87976611. 8OMLD2686223. 2582624 ~. 50987022. 69M D3p77077. 5083685

4.t7997413. 14 Nn? nphgexe gridiema4Eading axigdls bORSZIRMiRANMRIIHiI6 9584(a HRRMmAS the

4. 3210i 5930. 9t MZD27054B4. 19B6512-

~.961025723. 48MPD3715854. 378T557. 71103899%CIB3INR D472 i 216. 2188605. 851046645,
35MBD7734593. 6489429. 271055072. 65M3D274469. 5. 79904. a6. 6810654a2. 9sMB03T5511
5.309146fi.461075353.fi9NBEM765419.t392491.221085é43.27NME&773802.3493368.1
17094t 61. 85M4D2T83922. 8694372, 137 SUBSTTUTEIGHEEIIBYLE 26905375 2192t 114186
96M4D4803954. 579638H 292112441. 6. 46 Bl ends- C1P 67 SUBSTI TUTE SHEET (F~U~
26) WD 991 16600 Table 19 Table 21(A) PCT/ US98/ 20279 N3ZEIl 55phr/| 7S6740/ 55
phr | DR$51SMRCV

- RSS1Codeanp~ew, o, , snpi ebi w'ri Codeanpmv', i . ~No./J .11 QNo. / K) MLt 2001060;
ML1080M21Q30934' MR2837MB724777~MB72dMA635644' MA532ML D11455503. 491616441. 15
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Blends-CIP '"i 70 SUBSTI TUTEWSHEET GULF 25) WD 991 16600 PCT/ US98/ 20279
Preferred Enbodi mnent F'~xanples Additional sappl 7 el astomer conpositds
in accordance WWMO?1F®0present invention were‘prepared. Speci PEEXFI&R0274
series of natural rubber elastomer conposites no.;1 - 32 in accordance with
the present invention iwas Ry,aduced .using, apparatus and 5. procedur

general ly in acc°8?%'§%éea%f’rt &o@}?&‘é‘gﬁg ‘SQQH%‘F@%)&%BW Presgy vgluﬂ%{s&wgﬁhat
conposites conprised natural rubber field |l atex fromalaysia with the
properties showths ¢pagaimaopeissigniizant ihperpitung bgh pridense aitingand gesgulation
conprised carbon black with norphol ogical propertjies (structure and surface
are ) of Regi ongnkn upstream portion| of e qpagudum Saeior.ftogatier ywith shstantiallyopdigrtype ar bon
bl acks were used:| Regal 660, N234, N326, N1 | 0. 10 Regal 250. N330,

Bl ack Pear| 80Qiischirge flowmgf a §did(pradnct alNdit distimegeomdb frmjecibm okthé cabhinigakoanged
from30 to 7~ phr. and-extender oil |oadings were in an anount fromO to 20

phr. The psoductgus filiet Sivrpad DEontihasb it SRR !ZEnSEHRs 8n BRBoingd fashid? ar €
shown bel ow in Table 25. As noted above, the apparatus and procedures used

to prepare el asgggan%f%oﬁﬁgpmas& 8Bcollction ofmé%laﬁg@g%aﬁfﬁﬂ Mﬁ‘di?%ﬁf@t'eﬁiance

v~ith those of I ncluding the nmaster ation additives
shown in Tabl~ 2. ‘A nore detailed dgscription of ithe.,apparatus and
procedures used ‘1‘“8?“ %’Igé%‘fu@ﬁ%rpﬁ%%eog?‘?’égﬁﬁ%@sfng 51??@ %’éleré(gﬁsﬂ“ogtl "8\"7v. 1.
Appar atus | nventjon sanples no. - 32 -e. prepar| ed using masterbatch
production 20 apiﬁbasﬁgﬁﬁﬂwm %Heycti)ﬁ%e%?maﬁ@evegfvﬁw ¢ SlPmeueh
appar atus described above with reference to Figs.| 1, 4 and 7. The di aneter
of the slurry ndheshemtnggzle yuethp mbvisgaene 30d. frpigallyyan thengstrepm endefghdroagulume

| and (see item 168 in Fig. 7~ are given in Table 25 for each of sanples no.
1 - 32. THé coagwheiare schsentily thigheBhamratithe GisEhargtlen@UBSIR] VdlAdity SHEBE Sluhmovill our
zones of progressively 25) V. WD 99/16600 PCT/ U398/ 20279 | arger dianeter
fromthe m xing wsieglytbe sévarl blindfd depger edcbill as Theredh themixerg 200¢] prferadly fr@f gt h
of each of the four zones (the first zone being partly within the m x-head

and partly withinghliep6x! SR4E" ok Gekdl B¢ & MeohfeSEith pratemBd lehbddimefts 25-
There were axially short, fai'red interconnections between the zones. 5 10

15 20 2. Carbon G r ' . xed
W th dei om z-d viies Bl Vel B AR S PRGRR uoPl Al koA
agitator. The agritator. brokﬁ.thd eltletls into fr malnts to forma crude
carbon bl ack sl ¢f3SPT “HRE*RAAIPE Sro8TSTEtONRI SHEAN L P18 PRSI RS g’]éF’?&}P?% in

t he carbon black slurry for each of the sanple is given in fable 25. During
oper at i on,13t hi s SPEFEF RErseoBhEnh BATeISI PR &° Bt Reh sesprd- dhphIsRiARepERDd to a
grinder for initial dispersion. The slurry was then fed via an air then fed
into a progressilngomﬁliﬂg?ﬂmlﬁbvql@?“aofthmmfbmvjbb predwat being dispharigedsthere

2

International | a finely ground slurry. The slurry flowrate fromthe t was
set by the m cr o#illin diypenl gpphaation ke applorimatetyr biol 10 fgposdr séconrd, dndspbra gerrally
punp. Slurry flow rate was non flow neter. The priessure at which the carbon

bl ack s and the h@eenpetescoad! Phis, (e afordshid semildonfh&bmtbubat ASW athevésibee 25.
From t he honogeni zes the carbon bl ack to reduce a*ny fluctuation in slurry

pressure at the ﬁgmﬁgﬁﬁéwsavxn@wts?ﬁapmpé&&sam& e@a&néﬂliw i'%@&&lullak\c,imwi ch

zone for each sanple are given in Table 25. punpito a colloid m ich
%ig t he

speci ficaljy, MErQhl Wil éﬁ{}n AL o%&ér%ﬂe{’%\%h %ﬂhe bRGGP Q:b?i@%%%ﬁ:n

m xi ng zone acting as a ﬁlg -pressure w a M GHONDLi 0N MEss Wwas red to

t he honogeni zes are set farth for each sanple wag fed tp an accu or by
bR & s e s g e e R e S
7~r | SUBSTI TUTE SHEET (R L ZfJ(%, go 991 166(;0 CT/ US98/ 20279 3. Latex

Del i very The | at @%Swelde%ar@@at very BEM DA qogenlyma SRCiaF (o SUbseareR gRIcassine:

enmul sion was then added to the latex and m xed in prior to charging.

Ant i oxi dants were addéshawdshig undrisigodin this ragardghgrirelgiseqeyte thsicoaguiiim waqiar ag-' p)
and 5 diamne mxture) in the amounts shown in Table prepared as a 40 W %
enul si on usi ng 4bgieg t'epeal atthe disthargeoindgs netrintepdbdds imben that duj disshargh endl 84

(al kyl aryl p-phenyl ene Each of the antioxidants Was ol eate per 100 parts
antioxidant to a pH of approxi mately Eb’.’ds'ﬁiftender: oil, if any, was added in
t he anbunt shown irk Table 25. A peri stadltic punp was used to nove the

| atex fromthe feed dnun to the m x~ng zone of the coagulumreactor. 10 The
latex flow rate and velocity are sSURSTITUTE SHEETBULE g8lex f| ow was
automatically | nmetered with a Endress + Haul er ss flow neter. Th ~
desired carbon bl ack | oadi ng was obt ai ned by mai ntai ning proper ratio of
the latex feed rate to the carbon black slurry feed rate. 4. Carbon Bl ack
and Latex M xing 15 The carbon black slurry and llatex were m xed by
entraining the latex into the carbon bl ack slurrw During entrainnent, the

T 1 .. . .



NGmMmMNmMJ ,N~n_ Nt m_ . ~n v Tshta Ze Inviention 8anol e Production
Details fnvsntl onC - ~ "abot El astomer Blte lack ~ ~

| oadi ngSI uNoul e WA | enptt~M cruF nl et pr ssure uI dl ze~ Ogﬂr/gtswzoz ’
pressureSam i No.LateX aT aLoadln h h Dl a, al nljlfl el d | atex’

N3305500. 0250. 5 ' ; 0 0 | .

. 5500. 03A130004£Q%9%ﬁfg’@é%&ka‘%%ggg;’g‘ééL LN %ﬁ g%?ﬁé?%fd%?%%iﬁ
2508500. 0250. 53001 gi‘gb‘ll EGAL ,250T50 250 5200130007 i el d

| at exREGAL 25085%C eﬁ 666 THET 4YSEOL QIS HRN I BEYE St device, such as a
8005500.0250.520Q0009f|eId t exN328 ~550 -0, 0251250300010Cel d | at exREGAL
8805500. 0251- - 1144grigr {discHss er pelowk dfyebe*ezﬁbﬁ dsthargoendef therceagylumyreasteiEGaL
8808500. 02$0. 52801500013f i el d | at exREGAL 88085100. 0250. 52001200014 i el d

t el exN2345500. 025 DpS0BESDO irdndrianti seisa that the (NEBUIBS Flowowiis tesoaghon airneaf the
latex_ - N234 °' ~550 ~ ~0.0250.5- 145001 Thel d Idtex B

N2345500 0350 5-dodphllm reactor, wh1ch~15 _under. high pressure aTcL sealed against.any significant.

=t NS 2o

~ ~ 19 field latex; ~ .

N234850 ~ =0. OZSQM BOM%MQ@QJ@&B&Q&EAQQ 2hiReP3CRAKEN 0 hRksdid
| at exN1105500 0251120A50022] at ex concentrat eN35133200. 0250. 52501250023(l el d

| at exSTERLI NG 8T,

| at exN2344850. 02@'8%%%5‘%88‘8%‘? %Qgﬁ@at ‘(egﬁf%i 5%’8' 0 s3s fomyps Si5esteS el“g'

| at exN2345850. 0230. 5250110002Thel d | at exN2348 2501

t el exN2348850. 0230. 5%2%?&@‘68"2&%%"%% 280 TS Yo %iﬁﬁﬁzia@ e’b“fé%g‘? S{e SERY
concentrat eN2345450. 0230. 5-1100D31I at ex concentr at eN234835

0230. 5- 1100032f e%@%%ﬁ&%%%%feé?{%a‘wgéh@z@béfsc @Gb%mbplus)ﬂw:qf&éollq 0J
~0 CM\J da n-oxm C-. .rrnN Table 16

fnvenf | on1kt rt i opreditdistEBadd goertp éndtsmame@nd:giemd@tmsu@ fagsorSasperdent efn f h
InDla. InLen fh InDa. InLen fh InDa. InLen th [

| n10. 193. 00. 271. &pa3BuiBLatbRIelEctibd oPBAtedaAd and Ghedike; REfeRAc. H3M 1688 Pdbed0. 191
. 10. 271. 80. 382. 30. 533. 2

_14.940. 193. 00. Ziﬂ;st&Qiaﬁﬁ8lu§@lo&&BorZﬁﬂ)r@@Qdil&ﬁng@Qn@%ﬁh@&a&ﬁﬂmii&c@a&103211136080- 1
93 00. 2T1.80.382.30.533.22t.0 ' T0.193. 00 271.80. 3d2. 30. 533. 221. 080. 193. 00
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above conpri si ngBbMtK:oklpOsite bieal! Oln%&*?%cw&r@h ofher Qﬂ’erréd)éiﬂioﬁgnenghﬁe dat a
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the novel el aSt%%ngﬂgEQ%uB%dqg ﬁiehfet hﬂé{%&é 00 SARINA G adl 1§ioﬂdlgﬂktgﬁxgtaigt ' y

superior to that o e values for sto OSI tes I nvention

bl ack, as hovvn | ri.bed b k Pear |
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This is believe arge He bet
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i ~~uLF 2sy WO 991 16600 ~ PCT/ US981 20279 Fi g. it? shows the dispersion
quality an ~ e invention and control s es described above

i d M ?Jléﬂ i i d I npl d i bed ab e
conpri sing REGAVQ Y88  ark) 660 carbon bl heMREBlected ' i MAAMPEN*End
control sanples shown in Fig. 17 com-rised oil, as set forth above. The
data shown m Fi gejaddm&t Pﬁfﬂ))incftﬁé&%k)ﬁsdc%_iyoielf'iﬁs ) TevarpReLa oD Miliéaid v of
the novel 5 elastoner conposites of the i'nventi ont conprising GAL 660
carbon bl ack, over, g g . ULS Hed ShaShdlBdd d t jor t

S rgF!ssrl tQJxr M}ﬁy é«?’ @é ed ﬁ')dsxiugﬁ'éd %e%’m tL eesé’?{gl%y

that of the control sanples. e nacro-di spersion values Tof t st oner

conposites of the . invention c risi REG. AL.. 660 carbon bl ack, as shown
T B g T ~Car e CHSBHIAD S GRS R S T BT By SO (TS
when MMo, < 0.6 x 1 G ; and log (D < Iog (1) +'_'".=x[MAO - (0.6 x
1 06)] x 10'6 ( blewds onpermere gusng pegntssugh/gs, foz example sulfs, sulfardoness, acHeatesnt r ol
sanpl es achi eved macro-di spersion quality of 1.0% or better at any MAMoi,
even after dry naocklaptoss)pérokides; and dtiter dystprmmdised to-€figct viokehrozation 6f the l@Gomer
contrast, 15 el astoner conposites of the invention conprising Reg~al 660
carbon bl ack andcdmpdsitionMaBG: ugddove 0.6 x 10 have excel | ent

macr o- di spersion, such as D(% |ess than 0.2% Conpound properties and

per f ormance charact eriwgbleGhe &8iorhd? ark:NetBH1bye@ n BRWR: Shik¥Rg stdp coshis¥ahdn@us
control sanples shown in Fig. 17) conprising Regal 660 carbon black, are

set forth in Tab | qw. ~t. I j 10
has 20 exceptiona |b§‘0 lgag%dg]\rgens?&%lgﬁ%gp?%&gggc‘{?g’gubgwéﬁq%ggﬁ?ig:%)te%c%@mfets
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macr o- di spl} si onlaE BATLRfrFoRIsE e Sufakln BT icpReuintipp §Y shaaron backqdiHeasw s
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620. 3000. 200control 19147. 40. Z26cont r0119246. 54. 78008970. 3010. 226nvenbon

10" 4B. 2Q 690 09420, &iihlle laf& oPbRAYIS 1£11cES vl be bwefpWRRiH ild-SbiicybiEthdse kit din2f)
WO 99/ 16b00 PCT/ US98/ 20?79 Fig. 18 shows the dispersion quality and

lv,IWo, of the ipv i q G : e SCI . Lsing
N234 carbon bl acl?{.;1 gzver%‘etg te’%ﬁgﬁtnventﬁg‘lhengﬁgﬁ%%ta?‘gl es%{r?pul?egige §E%\¥\e%n§xﬁ£@%§ 18
conprised oil, as set. forth: above., The data shown in Fig. 18 clearly
reveal s t hat thegﬁ‘ﬁ’é‘?lg-%‘?llsrﬁ%qggﬁzﬁﬁmd&fﬁf‘&sgy‘of t h~ novel el astoner conposites
of the invention conprising N234 carbon bl ack, over al w de range of

M/~'" SO, values, is significantly superior to that| of the control sanples.

' ~'he macro-di spersion values for the gl.astgner conposites of the invention
conprising N34 carbon bl ack, as shown inJkig. 18 are described by the
follow ng equations: D(% < 0.3% 10 when MASO, < 0.35 x 106; and ( 17) log
(D <log (0.3) + 2.8 x [MN 0, -;(0.3~x106% - 18) when 0.35 x 10b
< MMo, < 1.1 x 106. None of the &Hﬁﬁ%ﬁ% Eﬁ‘ ed nacro- di spersion
quality of 0.3%or better at any ~ 6 t MAMO,, even after dry m xing
sufficiently to degrade MN So, below 0.35 x 10 In [contrast. 15 el astoner
conposites of the invention conprising N234 carbon bl ack and havi ng MAsa,
greater than 0.35 x 106 have excel |l ent macro-dispersion, such as D(% not
nore than 0.3% or even 0.2% Conpound properties jand perforrmance
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10 log (D) < Iog (0 ~) + 2.6 X [MWSoy - SO.6 erj%)] x 10'6 (20) when 0. 36
X 106 < MM, < ﬁlo None of the control sanples achieved

macr o- di sper si oWOq%?QP OPy of 0.5% at any MAso37 MARem)after dryprﬁTQisﬁﬁzoyab
ciently to degrade M WSO~ below 0.3 ~ x 1 G6 In contrast, 15 el astomer

comosites of the | vl LaN-GA0RRE! ANl loBnbar NARAPAASK AY. Kl oo~

above 0.3~ x 106 have ex macro- di sper such ess

0.2% Fig. 20 shows the di ersion ual i t and 0 e sa Ie 22
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Creek Growth RaBO¥1688At r ol Sanpl es - PCT/US98/20279
N231 J55phr | DN3Z6155phr | nRSS1RSS1CedeSanpl eMv', de~
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1487241. 63VRD1Z FRE9ppamsbis uspally p/misiure o8GR IO Sorgisg 25s disAbsssd (elsewhere herein,
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991 16600 It can herezteNitlis eRirdued® MRaEdnoR N Mast AP 1BorPSf B degdegatd s will be
advant ageously | ower crack gromh rate is achieved by the 1 nvention
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that better Tin 8m- values are achi eved by the invention sanples, that is,
val ues whileh ar PRHAgErepEs-having YLAONEQNIBINIng [faeciss fepesited; amielr surfaceq souch
Accordi ngly, inproved performance is achieved by th~ invention sanples for
nunmer ous pr oductcasepl hlecks may e sHERagdraagd ip ordeexapiarea sitice fingiigmalivaan ¥as and
the like requiring | ow hysteresis for correspondiingly Low rolling

resi stance: . Theusdecanfitzegmches biack agpreparc dn diapracdse ran skisting dgglegdihiz teehmdt oner
conposites of the invention are exenplified by the crack growh rate of
N234 carbon bl acds agmsldepasit exSdparsiiicaqad well asrgossmbly Siifer SiEOMCoBiamy padibsy oh N

Fig. 22. Specifically, Fig. 22 between MMo, and crack growh rate for the

control s i npactyQfasex péibRBF tRBGFReHf YREL 3R Me Fok RRankhiS 3MRIgRedRO sodkéin
conprising control sanples nos. 273 to 288y denonstrates a correlation .
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Shour d bo 2nder IR ARG E IR (SRl MGOROGART, oniind BNRRL LOLarth
mat eri als shown i,n,Fi t. of

S, 22 - 24 and,in to.cure. [The nol.ecul ar wei
the cured mat eri%{?“ﬁﬁ{?ﬁ%}%%'&“%% e%sséugp'raéﬁﬁf‘@iﬁé'l’k 45 6 qr hehef @ disgisped in o
t he uncured nasterbatc The. c k.qrowt ate of the contyol _sarr~ples
over an MAo, raﬁg@eéq %ﬂ“@éaﬁa‘i’g}‘?e‘? .°g"“3< %lli:aélogegﬁ- t‘{;'q3i7§5-wel OT§| ong

a straight line correlation to MNo,. In contrast, the invention sanple no.
16 at MMo, 0.5 specifigylyn£3rbop diackimeaynby Jisksated dp watereto obfaiman pquepnt RUgY owt h
rate than any of the corresponding control sanples, due to the better

macr o- di sper si oncod§igtingofforn exampiey of rbayn 59a by MeighT hirbon-blatluand@5% dytwdightshed
by the simlar showing in Fig. 23, wherein the crack growth rate of

Bl ends- C1P 112 sanple no. 9 conpri sing §P1TUT SHET (~1UL 26) WO
99/16600 5 N326 carbon black is seen to be significantly lower tl control
sanpl es nos. 145 to 160, and is well below th 24 the excellent

macr o- di spersi on of invention sanSUBSTACKESHEE h(RMHERS) whi ch |ies far bel ow
the and MM, established by the correspondi ng conhrol PCT/ US981 20279 t hat
of any of the corresponding correlation Line. Likewse in Fig. no. 10 is
seen to result again in a line between crack growh rate nos. 177 to |92.
In Fig. ?~. the max tan b at 60C is shown graphically to be better, i.e.,

| ower, for invention sanples nos. 24 to 28 and inyvention sanples nos. 29 to

N~ o —— S o, o AN oA



WO 991 16600 econony for the notor vehicle and ot her products, various
preferred enbodi ments of the use as: engiyeMApPINLs, hydro-nounts, bridge or
tread, nWei%@6BElts and similar products 5 characteri SPEBASHEMTBY ed by
various preferred em Pc~r/us9an0z~9 Regarding industri al rubber are
particul arl

superi or %%tgxf m&h%ﬁ@grlyé?g?%egrwaﬁ@%msq 8'f"fr9(9aﬁl i at 3o §P r?%ﬁtgk tr -urgel ife,

durability, and ot{;uer advant age for Puch product pI i cati ons |g . 26 - 29
are gr aphAdiusfed te above O, sugh;ag fd a gange of 1G4}, Withana ﬂrsﬁ HEOBgyA sepifatict ur e ( DBPA)
and surface area (CTAB), corresponding generally |to Fig. 8. Carbon bl ack
mor phol ogyrepasaion is REE qfﬁowrg siligge salutiogdeantaining the aionnt of siliga wdishl v i n
comercial use for 10 OTR tire tread applicati on# Arrow 262 indicates the
i rection isdesiad chberdegosited @bthe cahorﬂﬂackdaﬂ%&rjdouaﬂgn ©birap dedodiomaccor dance

with the present invention. Performance characterjistics such as

cut sand- cdjidatd Sshitfonab GeneusIGEK. Tthe Wodiurh Qficht: ARE AciaNIuti6R! ark Q8dedt ance are
understood to inprove generally in the direction of in the past, to

of fsetti E%Pg@raéfmé Ly, qtmémmu@maqr its %kﬁ rer c@dr Bfaiit he nat ural

rubber a poorer use of such higher a, lower structure

carbon ¢ e RLESENoeh VAL 00 CARAIRL O BUEN VTl dlGalRd DX trend arrow

262 to ac%reve sr I cant eir -excel Cro-di spersion and
MAsoO~. arrow 2 characteristicls o reduced resulting
iiomthe ’Elg&?fe y%Jcﬁ%é‘&Sr‘ P&’BB?J“HP@W&?‘E SQJptoRy ¢ ?ﬂé‘g 58FPPB‘1‘5§ck OTR trend
materials, in 20 Simlarly, carbon_bl ack norphol agy regl on 27 ~in Fig. 27
i ncl udes 29411980 #d-A0RY 3 c‘ﬁ?‘gkér?‘?’lc?“lswc’ééﬁﬁe}”éha‘FSP%Fé'gO totglramounidfd bus (TB)
tire tread applications. Arrow 272 indicates the direction in which region
2710can bearkantthack hger howrs ekhe slumyehouldbe stipeed fdorimgthe @dditiore ragd afset itso i nprove
generally in the direction of Blends-ClIP-|11d ext ended in accordance istics,
such as Vemipleieai fot Aroae sevarab menuewsZh2ass30)j o et fewhmyﬂe.,izm)suhs st ~e~
(~ut.s Zs~ 5 10 15 20 WO 991 16600 t he past, Loffsetti ng degradation of

these and.diah®Ciilicdh-vefbdbdrb blidRe mhy BOESaiAdIHy Qﬁanﬂrﬁ%ﬁh BR66h Hlad@her surface
area carbon bl acks. Elastoner co enpl oy such h| gher surface area carbon

bl acks Pcﬂ?dgf‘&@%] 8 df oHRBEAE LifE dndohta iy n¥p8ur{d§d G&f. ME& ng from use

of such e present 1 nvention car‘f y'trend arrow to achr eve
i nproved IB.tr ter I n vr her [ r o-.di spersion
and MAso, pre ab?‘?ﬁ“’ﬁ&"gé%? Ouu aSe clarg eicéo qﬁ&‘“ﬁ@ in Fig. 28

show car bon bI acks cu en |n cormercr al use for tread base d passenger
carl>(PC) FqRRSHeRazRRe ?L‘E"fﬁ 4,205 of §onypi@ing digpeters g Seed JoockgWertindi cate t he d
rection in which region 281 and 283, respectively, can be advantageously

ext ended #ncavibremAced Wiameier handp Econ izanentA iengherdngr iralAeated
characteristics such as he t build-up (HBU) and rplling resistance are

under st oodowmueampodthe réastion ceed Dpsmlly,m queaching Suklj genecdilytwaerd isar r ow 282
subj ect, however, in the past. to offsetting degradation ~f these and ot her
char act er jprhyedsintdue tsredne df aewllynfohrpeiud stborBlackpariidles heéwing i tnd/ or  p~or er
macr o- di spersion resulting fromuse of such higher surface area. tower :

struc a Cahbgth MnaCKa prddukifiisARon-BefEOEABRCHak) WP sibRENiE WoaBizableCh as
rolling resrstance a unders ood to inprove for PCtread in the direction of

d
E)][ eﬁese e %&her char pounﬁ) i€ frbduc &]lﬁt?%lqoé‘g%ce cko{egcﬁgrl I Zpg%lg[egra ation

acteristics ecul ar ht of the

bber ang] dirs | { such high
surface arEheet GuF vy r%ﬁu@@?%ﬁr‘r’r%r fép vtoae%.r&r HRPIRS A EEPTLs o | t he

present ipvention can e O)é %‘quher surface are | ower. structure carbon
bl acks i nBlackTEAger ByPERE 33BPIcs prluds byt gre-nop "é‘w‘, fonpiicaresFuEk 8ad base and
PC tread, res‘gectr velyi, in view of the excellent| macrodi spersion and the
opti onal

conposites Bl ends-Cl P 115 SUBSTt ME SHEET 25) 9911 6600 PCTI US98/ 20279
Si mi | ar | yewaghibrorsilahea @id trighjoio msthyisiangi andscolBile sik@@e polymeSisucinasi g. 29
shove carbon bl acks currently in commercial use for si ewall, apex and
steel belt tire applications, Bespertively. Trend arrows 292 and 2 .5
indicate the direction in which ragi on 291 and 294, respectively, can be
advant ageous!| extended in accordance with the 5 present invention.
Performance characteri sti cRUBSTITUTE SHEET MUWLE@SUp (HBU) and fatigue life
are understood to inprove for sidewall in the dir{ction of trend arrow 292
subj ect. however, in the past, the offsetting degradation of the a and

ot her characteristics due to reduced nol ecul ar wei ght of the rubber and/or
poore macro-di spersion resulting fromuse of such{lower structure carbon
bIacks eremnse 10 as heat buil dup, processing nd mnre adhesron are ut
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SUBSTI TUTE SHEET ( ULE 25) GanonnN xm .rN OL V [Table 3T Typical NR

Formul ati ons foWOPH00App|ications A licali qrfQdsolil Bl ack T aBEFME/B7Ack
Loadl nO | Loadi n8111ca | _oadi nTnrckl Bus Tr oalelO Nl lb,NNlt1 N1 S4 Nzt O
Nz8940 - 80 hrO - OIR N110 N116 =0 Nts146 - 66 hr6, -10
hr6 - Z0 hr8t eel‘%?m%ly%élettemﬁ* O(Bl‘giaﬂ (])-Eh GFP{J%EIV 9‘@5&“@"’3&%@\60
N6b040 - 60 hrO - _tO hrCarcass Pl N326 N3Q_N65040 60 hré - ~0

hr 8i dewal | N30 Ne¥illNGsEomge.thg geightgerceniofifiligor indie arepied camettago Thowaight - 10
hr LRR PC TreadN24 Nz89, N~~t 1 N34 Ns4T N6140- 60 hﬁO - 30 hr Oev 0 0O NON
J ~O WD 99/ 166#frent HGilicopNBIhz @2Red farbacilack typioalfy mhgesdrm atsoueO]ll peyeed: a

bl end or m xture of silica and carbon black. In epbodi nents of the present

i nvention enpl oybng parcbhte pekfcdiblf adRp0.5Peteelt BAGot 10igertehd, hhEmbre prbfetably
generally preferred that they be used in weight rlatl o of at |east about

o a0t porSan; SHBR ERARANGIASK LS D ALEARN Coppindtiel SR pBRPD
st or bt ch. 1 B sﬂoﬁab“aeckﬁ@%%?? e ot Jrbged C@ﬁo%# RAckrifgp dheao,

carbon bl ack is used together articul ate Si f|IIer H Sil ~ 233

avai | abl e from F’P@“PHC?G% “Aégen(apyql? vsﬁarvgﬁmab&ﬁ@nﬁ%ﬁwy Rgsimyrodycsd jtp ghe
surface area BET of 150 nR/g, surface area DBPA of 190 m|s/100 , pH of 7
and a prinmary paeadionFenesepamately zeitherf upseanneraiommnaream fidrh thef feehgodknmggntioron
sanples, i.e., additional in prepared in accordance with the procedures and
appar 32, as degmwintbed above. Process and apparatus details 33 - 38 is
given in Table 38, below. The field latex or 15 nbs 33 - 38, as the case

may be, igothesame as\dgsed hbotd; addtivéeé hiay b8 RBRTRE1iREE thdd cSlpfindabdyd N
Tabl e 38 F above, for invention sanples nos. 1-32. The carboi Tabl e 38 |s

for i nventi on sareoly LRt it f"ﬂf'fén Ahat A f‘%ﬁ B e

in sanpl es above Wi th refer ce t II hat provi i e 25
black Filler »CRROHIREaH GERpn Hagks E ﬁ"é’&a’?‘lﬁ“g‘éd“r&ba% TOy & %“éFP“‘i‘agi
SUBSTt TUTE SHEET ( ULE 26) S Tabl s 38 I nvention Sanple Production Details
i nvent i onCar bonrigEtcutagestylers gre cammersighy availatie andnare lopawm © thase skifledin the art.

t ypeTypeLoadi ng ( rLoading (phr)(phr)(In)(lIn)l33a alex R C X200046000 0200
534fi el d | at exCRX200(s800th 6206 p&B88Qet dillknoemiMazeds partioulte FDlef381ll depend

| at exN23441900. 0200. 537fi el d | at exN234312000. 0200, 538l at ex

concenhat gSTERL | jikgeB/7 dpid200 Gniend20 . hoagms &1siatadted Kitd BIBAt PAs XRed Réte,
ortlon3 ortlond4SanpJd No.Dla. (!n) sng Ina. (In engt ( na. ( n ang ( nD a.

I n)3319 03 00 2% o . ) .
(192? 00 271 80 3 ak&%ééfg?%ég%oé%% 0 ni%% 38“‘%@2"% 43 glg’é”;é%%ﬁ?gdg‘%égé g,

382. 30. 53m ~ 380,493, 00 ALhe B A%, Al Mot £ANCMLLLRY S08LARS ARy, 1 o

rate S any velocity qent

- Sanple No._( ;b%lud{] )fgf chEa/mS_p e, é:ogcﬁlxémf7€@6 :?rgmk:,f ‘gle %xllérls l?:%%%?&g ];tcfrts aC)

88. 3N 355. 23B00. 30. 4Fi el d4. 87, 1365 05T60 30 4Fi el d4 38 2374. 85500

30. 4Fi el d4. 15. 93@@‘&68@9319@31@6ri‘&é-@?s%h?“@é%ﬁ dpaviQ). dlakesg Boy Ingddigion to

Cool i ngProuucui I nventionTi p Pressurenit al cram F ne cranProduct

Product M x8r Rat eBangrben black(and Isiliootype Gillers (ifitioned shave efil{edd tanrbe forfeBbf wiay st ur e
(YT ps(lblhr~ 3 3 77.5 >8.0 435 0 2 T-Mock 6834-78.01. 64T00

3T- bl 0ck52351850g[dss Ipolyfd6 Ah 4T ataniilfited, 363 0RAH b2 WwithihIth®ability of those skilied

5T- bl 0ck3937293078. 912. 34350 4T-bl 0ck3438280069. T4. 24550. 2 - T- bl ock48 CB

conc. (%N) 14.5plBe Urtld. seleddsubabie -partiduidieMl1eds fordnss - 13 tﬁcemEth@El ranti”a paratus
pt T-nssuro 17000 14500 t 0000 9500 9000 Invention Sanpls No. 34 35 36

37 38 0~0 a 0 Od,pclosgdﬁ&eogqvegd}éﬂeneﬁ: of tfie kel é&%@&% ., W38 10Uk e&?{ed?rfa?%fnpl os

451- 498 were prepare appar at us des
nos. Table 13 ab d|n rubber and m 451-4 re set
forth below in ?é‘"ﬁ%le %'éseb’? mpqiﬁ’(?%’f ﬁe ’(TF%‘B%‘?'§$HH° Sﬁlcgé@m@f t he
invention say filler and oil Ioadl ngs Bieks-cienveni ent reference) are sh from
Tabl e 39 that control sanples 451-466 conr¢ esp~ sarrpl es nos. 33 and 34.
Simlarly, control sanples nos sarnpies nos. 38. Blends-ClP 1?1

SUBSTI TUTE SHEET PCT/ US98/ 20?79 a cedures 1-450. The
processi ng code (see ;ro-dispersi %Hggg&%g% @%%PI ng code, filler

| oadi ng, rubber. nples nos. 33-38 (along with the own in Table 4G 1t wll
be seen ~nd in conposition to invention 467-498 correspond to invention 25)
a WD 99/16600 Table 39 PCT/1JS98I202' ' 9 CRX 200014NOCRX

20QQ 5810RSS1' RSS1CodeSarrrpleAlw' ,0 ('.Q S~npleAtw',D ('.0Q -

No. (1 Qo. (! QvB59059bM2D145J4813. 48t 593338. 61M2D24524743. 68~603925. TIM2034534




WD 991 16600 Tabis 41 PCTI US98/ 20279 i~ orHii~il zs~l 43nor sNx~uh~eu
zsy40nonRSS1RSH USRIl e81W', 0 (' . G Sa~pl e4! w', D PCT/US98/20279

(" G No. (I QNo. (Kyl\/2803~9Q9|\/8601j 590MRD146T4931. 51STS4438. 74MRD2468537261~76
51710. 9MPD3469573282~775691 %g %3§295~T85 2 25I\/B 471417g 9%Tg§586. 65
MB024T24381. 40CHRPOSHES Wik09% q BT beoussen blen Rz341 H

iisii 23313012010NG 6740l Hi | si| 2331301Z010RSS1RSSt CodeSaan eMv', D
( . ©) Snpl eMy' ", YBrious pyrigulate dhlers dizonssod heyoinvpayods $1483394 |, -
4. 37~914303. 77MRD24845075. 6f | 1924884 39MZD34855264. 7
- 1935175, 37M2DA4865 A0S cdrkt 2eHOEMeRS B DiLASTVETFS cARistns Wit FodBD2% @8262ly 4906
380273MB034893765. 07~9T4192. 72MB0449D432526' 98448329 Bl ends- Cl P 123
SUBSTI TUTE SHERJelf hadgkda tgeﬁr?arﬁ{@n%?/pax@éﬁﬁemr e fdedonfiising AGRRs DAt of

di spersion in the 33-38 is denonstrated by conparj son of the shown in

Tables 39-41. dgrb‘ffcﬁtt 'Iﬁgccﬁﬁdﬁﬂée%g{‘@wﬁ%%&lﬁ%g Hv%%?{?rédz;e?s%&%’lﬁ? é‘io%n and

t he correspondl ng sem el ' ent

di spersion is s . . or the 10.15 |nvent|

representing pr@?‘%ﬁh‘@ﬂn%%&? &KF?&%WPW“PH&%%E %‘g J@’FHECO"?F@”“O“

i nvention PCT/ US98/ 20279 of invention sanples quajl ity and MNVi val ues 34
made with ECOBLIACKe] PagiFBlates SHF ¢QrAshicwd the seme eragilruen fiqact Aplpsieres in
advant ageously are below line 301 in Fig. 30, whereas all of the control
sanpl es have poomeenttitisperisiation bliwkrhgviag)bigbcxt sunfece34rta pdrrunfrawdightt Aeitated
preferred enbodi nents shPwn in Fig. 30 fall below a D(% value of .2% even
at an MM, val ugi-asy ankageaetkivey wateresdica@on black 168, , 6E|ﬁ6nz£ll@t;ikll§t|i}.QMaﬂan Fig.
30 clearly reveals that the macro-dispersio quali tty of the novel el astoner

conposi t &g, di sghases phgae, an%ﬂfmrduﬁﬂuﬁ%\ﬁd | k8 MikiufAfRe &eéstmué}t aggéﬁafgé
significantly superior to that achievable using corrpar ab I ngredients in

prior dry m xin el ast oer
conposites of tﬁoer{n%n@gﬁ?‘f‘%g‘&’s#%%%e&lkﬁg&@éﬁg C?“C 8%!3 B?}pk}rﬁ%npgrln]) OWI ng
equations: D(% < 2 ess than 0.4 x 10 and i

(D) <log ( | .8ythe t=o &31 %vpassesw%wri@ﬂd 1p qaligid milb33, mszkaloe <
MAB, < 1.1 x 10 It will be recognized that D(9 i}% the percent greater than
10 mi crons and Ripelinegrinder ar thedidgothgough dntaketnorcHe s Thencashandrarkrie dispdrsed inhese
preferred That is, none of the dry masticated nasterbatches area neasured
for defects quathizstaglrue‘fousrcat-:t'mﬁr lighidttd éormrasigpatsionfinéhwhioln is passed thraligh petles ipom
quality of Blends-ClP 124 | SUBSTI TUTE SHEET (I ~t{ULE 25) WO 991 16600 ~

PCT/ US981120279 11 &% ffid BAd 3Bio sHoniigyniddrB4. PaMPhgahdads 361rpx‘ef6?al§lvrtﬁmﬁ>ﬁsmﬁ
ficiently to degrade MM, below .4 x 106. The pre,f erred enbodi nents shown
1

in Fig. 3~ fal LipY@Sréss?tﬁ' eryltﬁiﬁnﬁ&rﬁém?é -prévidéa3h) tﬁ?;gggﬂa{r&% %@ﬁm re

el ast oner conposit n ention conprising car

bl ack provide hgretofore achi eved baI ance. ~et

quality 5 and I\ﬁﬁ‘j &SP?{RS/%E‘F‘? %ahbqsna@rp 18 Ujc@rries digy ISJWB} {h&cﬁ@"@ﬁ{f‘bﬁ“mack
bl ended with silica f| |l er and correspondi contr ol sarrpl es _are corrpar ed
tn the sem-| ogwﬁcht‘s 5 tq-thg mixpg z@ﬁéﬁ %ﬂ“?‘i)“ reacigr 141 lidks aa inlgfport 37

macr o- di spersi on val ues and MW, o, val ues of the jnvention sanples nos. 35
- 38 and corresﬁb‘ﬁGpwgmé@mqndVlﬂs’aﬁﬁﬁe@mﬁS coligd mill g8 The hompgenizer 34 masr bon
bl ack dispersion is seen in Fig.j 31 for the invention sanples,

repr esent2thg pr pfefaratdy cempnst, fiermdxampiee b Mitmfieidizere sysmem cinsméromily evailible

i nvention sanpl es whereas all of the control sanp]es have poorer in

accordance w t hfloheMycrafisidioe Intarnhtional Gorporhtibh (Nedv@pn, MassitBuseets FDONE Alsge
311. In fact, all of the preferred enbodi nents shown in Fig. 31 fall 15

data shown m Fi gyjiagik ‘i}ee%lnts%érﬁ’ié?@sﬁch tf13hodelle chgr ﬁﬂs§§t§?ﬁeM@ﬁﬁp§§Aéses

di scl osed here, conprising o , values, iIs significantly superior to
EI'Efeltqlugtl Pt IyO::)f d%‘ﬁeg;%’élzg a%\Jaﬁ ZE I'en 3105:12?} ‘%‘5@@“@ g‘élg{tﬂgfa/obl e
i ngredi ents val for t sto sites of the invention sho

Ho 3 1 are delBimpon, Mg %&b”@%ﬁﬁﬂl@h’g hosgesaR e GOBTRIA )
when M-, islessthan05x106 andﬁ/{/\%g_cgp)<l g (0.8) + 2.2 x [ MW, -
(0.5 x 106)] x 10'6 when 0.5 x 106 < 1 106 Bl ends-CIP 1?5 ET

1"t ULE 25 suesnTU~ sHic ,. (28) 5 WO 99I 16600 It wll be recognized that
D(% is the percent greater than 10 _m.crons 00'%)t he mast er batches in
accordance with these preferred Tt%’tast@',urﬁoﬂgégf( y masticat ed
mast er bat ches 0. 8% or better at any MN ~,, even after dry mxing .4 x 106.

The preferred enbodi nents shown in Fi®. macro-di spersion value of .8% and
even bel ow . 4% conposites of the invention conpr|sing carbon

PCT/ US98/ 20- 79 area neasured for defects macro-di spersion quality for of

t he present |nvent| on. macro- d| sper5| on quallty of to degrade MNO~ beI ow

”~ A r 1 - " o o .



t echni ques, as now descri bed. The el astoner corrp\r{si te bl ends were pr epar ed
w th el astoner co osite sanples referredZO bel ow as "C~C' or_"

mast er bat ch. " &PLr bat ches were made usi ng field |atex nETW%?IB’Z?U%ber
and Vul can 7H car bon bl ack (ASTM N234 carbon bl ack) as follows: Preparing
Ei ast omer Conpo t uced
i n accordance vm%tklétlﬁ?l%%&wmgé%aéﬁﬁmmﬁ ﬁcg‘l$§8ecr F\%ﬁfﬁ'@b@&n} ay\@ Pr%gé?lg

resent | nven~i on
mast er bat ch was duce risin ndard~t r r ubher f| | d | at ex
from Mal aysi a wiERIORE frwr Ay satopf aBHE R Ry rpred F‘gBln“B“ B AOVE a
grade N234 avail abl e from Cabot Corporation. The lcorrpoun formul ati on
(excl udi ng mi nodessTidesh A¥Sfem avidxhaye it ieaste ahout S0&e p2FIQRSTALSS fesT ANeabpuh 3P o
Bl ends-Cl P 126 SUBSTI TUTE SHEET ( MULE 2S) WD 991 16600 PCT/ US98120279
Tabl e 7A Mast er mgitrohs, amare prefarabiy atlleagd abput 905 aggldmerares. leRuhdnaabout @0 nEic©as bon
Bl ack ~ 71. Santoflex 134 (antioxidant) 0.4 Total| | 171.7 The el ast oner
mast er bat ch pr odweize OrPrefprablyattiescarbah tadksis drdkiealdoyn itdentavarade sixe dfite- 189
apparatus descri bed above with reference to Figs., 13 and 7 of the draw ngs.

The slurry nozzlggcfohd) e(gs €sboted RlicesHs e ENQ po B8 pakkedittd carbbn WREK sirkp flomChe
dianmeter with a | and (see reference No 168 in Frg 7) having an axi al

| h of 0.2
f?rgt pg | " on :)?1%9?8%% ‘ﬁ&g:&é er an ppro>l<l|n§ te 9&18@%%}%0%9%292?0{1
| h (b h d t hi 1 h
o om0 e ko Wy

o Ao ar s SR RN P
|l ength; a third porti O? 376 1 nch bg‘_ﬁgneter an 256 axj al Ien th:, and a
fourth portion gRores8zE ri’RfYr highearkan cQntqmyis t‘ﬁeI‘P redyce| the @HkGRf rfemPanﬂ
addition, there are axially short, faired interconnections between the

af or esai d 1port i @Aesss Pﬁfep%rr@hqfd‘hl‘f@f Treicatiys akoub 4@ 930 weiglspercemearbon blagk t her
detail imediately below 20 1. Carbon Black Slurirv Pre aration. Bags of ~
carbon bl ack werie preferrel. Wi THosel ekitied ire dhewartt ewilli rc@gnizar igoen bheabsne§it of nhis t ank
equi pped with an agitator. The agitator broke th peIIets into fragnments
and ~a crude sl WisclosidSthitQhd@eboniblak &&neht(«iﬁwe Fﬁfdéﬁd)‘ob&x@@lﬁrry diahe Sluee

slurry ~as recircul ated using a pipeline grinde During operation, this

slurry wa conti il fae te%mﬁ&utg&oeashema bziodrdﬁataa%mtﬂymapmabe%épnav m il
for initial dispersion. The sl'urry was then fed by a progressing cavity

punp to a honoge>=er, r.ofl
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w dchCEG 10W50 apH s ECin the prefepred ebediment dlustrasedimdhe doawings, the cross-sectional

masl | cat edCEC-2sDi't 055.5 phrO phrbl endRSS1 and q'd. CEC- 3a012062. 5 phro

phr bl endCEC- t 7Di a3éhl df 4hehtchpulemdzdie G2nindteides progreskively-from the entry end 66NoO . 0
0O00O0ONNOIJJ~O W 99/16600 Tabl~ 2 Compound CharxZe~stics of CE

11331 H enda tergy ClYDEE) O YM k! ?eeiﬁtzzg, Yhd thoshiORGSl MY aRAhas WOinght
Xend Ra66or 9Gdi 30438CECL_ e3_ 3T041CL~G2013QR40CEC- 3613634DCEG 4603T743

Bl ends-CI P 147 R abl e
5. “Prysid propor (1S 4t CARSERET g GEERe by WiFabodtich
Cadhl ar dnessE10 .prjlgoo aTensi e MPaEl on é~.G Rebound 60' C.' ~G§§rpsgunb
0' C, ' 16Rebound r't'8 1 6%2 BS A 8B R EI Y 5%@%%%‘5’@&5%
-3.017304633952CEC-, 3632817304964 8@@048828183 50653854 .Tagjpe 4 Fracture
Properties and DH#driPcreastropiRropsly ey RESINSENLIA-Sptiend gagien pf-c Refriess r
Rite x~0'', rn~lIrfUlionTear Sbength Die C; NmAb |'oo Ratinghar. Tan d
60' CD4. 83t 22800. 1o 7Ciiansten agl14rasgoestippd @ranf Uy aagilum reactor (or, more properly,

100. 174CEG33. 85971 1080. 174CEG44. 11106; 980. 1B8 Abrjasi on Rating = (v~ei ~t
Loss of rri0l 9r enbhscaguiptaode-tefmed-witlis sheabagnhumpteagiony ahdéthérroefnporens curdesspl e

wzs the sanple no. Z-1 in CEC in NRIBR blends app[! ication) In view of the
foregoi ng di scl ogdié® othktwity, lake Digitehfial toVin€anOme cAsistisdctions ardd0sti thé epéd ABS,

etc. can be scope and spirit of the invention. All such be covered by the

fol | ow ng cl ai mg,,ql, H£Rthd Bsibd S enkbd gu@@lﬂwgn e, Wi thout departing

fromthe true itionSi and nodifications are inténded to Blends-CIP 1.i8
SUBST1TUTE SHEET ( U .99 P | 2Q72 7.

claim A method for ;EE ) uc?rncﬁmégé(gt %;ﬁg?gaggm%%ggp%%bﬁ%gf% CHi oglpvégnd
optionally other_ingredient f.eedi a.continuous flow of first_ fluid zone
of a coagul umr %a‘,t&b‘iné’gﬁg%'éf chﬁggﬂg fischarggd %P & PRqWUIB Geasier ?%3‘&?%8 a
continuous flow of second fluid_pressure to the m xi ng zone of the coagul um
reactor |afex, thaiversrPclivarer ?90 s128 pdigabigcopdyipatiarhed 19 Be coagylimpicactef alt he
first fluid and the second fluid within the mxi fto substantially

conpl et el y coagudisahargetsad 68 .aditipadinstablesomsite selengively ases drrglastomeay mpgterbaichi ng
particulate filler under forma mxture with the ;el astonmer he el astoner

| at ex and the mommy Z2oweanyeaifngricuss differemnietaivieg eigget Tids feawirt ladtahmgeously
particulate filler in the coaQU umreactor; '. discharging a substantially
continuous flow fatilitardsagnovar lof GRSE®SIch eruboffdrh ik Fro@eu bidind, FaCéxampled ot

testing or at the beginning of a production run when initial process instability may
20 result temporarily in inferior product. In additigon, the diverter provides design
flexibility to direct product from the coagulum reactor to different post-processing
paths. In accordance with the preferred embodiment of Fig. 1, the masterbatch crumb

72 being discharged from coagulum reactor 48 through diverter 70 is seen to be

received by a drier 40.
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dry m xing the el astoner conposite with addit']| oﬂal el astonmer to form

el ast oner conposi.t end. 2. The nethod of producing elasto jte
iblend in accor‘agr?@éé% th claim1 further charactierized in tﬁévﬁg‘ﬁg&%

el astonmer | atex and the additional el astone eachlis independently selected

from natural rubber, ﬁbgﬂisé-é’&i‘{iﬁgl ARG of cHHXRin reRQE183k %’&ﬁrto AR #R'

terpol vmers of 1, 3-butadi ene, styrene, |soprene.§|sobuty ene,

2, 3-di mat hyl - 1, 3- but.adi ene,_.acrvl oni trj n ropyl en t he oil
ext ended deri Vatqurélaggﬁm eﬁ‘)‘f&gfm&ﬂéﬁé k%%“c? ‘ﬁ%%%‘]&r[ggd 8? g‘ﬂgle%flxlgﬁeé% tha"lﬁd t he
particulate filler is selected fromcarbon black, funpd silica, __.

preci pi tated si |9 @84 pprstengd emposimenss 15 4988 thap iy ?Pﬁgﬁéﬁfyblﬁﬁ than 1ok, mgstqy

m xtures of any of them Bl ends-ClP 149 SUBSTI TUTE SHEET carbon bl acks,
silicon-treated meferaply from ©67 16600 Themnglare Fogsen to bpeTalisygle? W HRQ it3is The
met hod of producing el astoner conposite lend in 4ccor dance with clainms 1 or
2 further 6har acheasureé drommthe hettrahthiiginidimbhxipaf the cedgaluen Zok &r a peintasldethe
during the dry mxing of the elastonmer conposite wth additional elas~oner. -
5 4. The net hod diter RirOdhfetefick ¢fltRSdoagiim e6HFRO teted bf B8 dodgluat eadioha Nxahisi t h
claim3 further characterized in that the additiagnal particulate filer is

mxed with the agdgidiipaRhideaRiRHBEd Rt R crbR-sbdint ayea BF the RPstRbmipdRion of
el astomer com~osite wth additional elastomer. 5. The nethod of "produci ng

Lo oo LA A0 S Wi

further characterize Itrve 't
coagul umreactor, _sel ected fromanti ozonants, .antii oxi dants asti~izers,
processi ng ai ds,suff&qrﬁg_sﬁxfwlgf F% e?’%ﬂ%ﬁﬁﬁﬂ?g oéilie (oAU iR §¢°°Fdlﬂﬁcrei"3‘§h§’§. and
m xturesiof anv of them 15 20 35 6. The net hod %f produci ng el astorrier
conposi t e 181 end Brincipies Giseksprdeabye: H ogdareoa aaglgiofexpansion of the ¢pagyliym zone may
characterized in that: the elastoner |atex and the additional elastoner |'s
each i ndependentresulsil e eldtomen masterbatcia inot heirigeprofipeed i d<SBAbIe ghivey formt@x and
but adi e a rubber latex; the additional elastonmer is present in an anount |
qual to ~0% to 9£18buls oteiophs ardf sithply spragihfithicugR thel¢oagulien edacxsi. Oliefeasinpesi t e
bl end. andil the el astonmer conposite blend has 30 to 85 phr carbon bl ack.

7. The nethod ofpgpg HEME EaGuilinaeictirREo AANPes fequib irffittainRRcGiReAla NG ®atituph any
of claims 1 to ~, further characterized in that the coagulum reactor

defines an el ongat i 1 | v

i ncreasinQ i crog%-cgcé%%?%ﬁéa#@zﬁggg?f%&?ﬂe&%mﬁ Iﬁlgo g’%ﬁ‘g&?’gﬁa ﬁgg vg?sggargnd'
8. El astomer conposit | end .conprising. particul ~ el astoner.,. characterized
" that CHE el ackiim ot i GRENES Tie, MoRpAL S ool AENARTY R &0 00
b~ a m~cthod Bl epnds-CIP 150 | SUHSTLTUTE §1H1:| Cf %R~LE 26 V. WD 99/ 16600
PCT/ US98I 20279 21e% REEFPESEES CSetd YQ“ﬁé{‘r’f”h e ] FonemAY FXHrgd Sithes Wi o us
flow of first fluid conpri ing elastoner |latex to a m xing zone of a

coagul um r eact or Witaup dngigpse inc¢FATSTseernual arcaowl o, sfseensel here 19 the coREUIUN 201§
particulate filler under 5 pressure to the m xing zone of the coagul um
reactor t form ainnprefemmed embiodiments dilavieg anprogiessiveky, incteasing xrasgysesfionahardai r st
fluid and the second fluid within the m xing zonelibei ng sufficiently
energetic to subsioaldtbe aindatstoplréfeepimariingd thhgcetidrer thd esapslaMmrzohaiviereinn t he
coagul umreactor; discharging a substantially comi nuous fl ow of ~el ast oner

conposi t e Jor om t 18y Ondt CRGHNHANY RAcHS: and dry m xi ng the el astomer
conposite with additlional elastomer to form eiastomer conposite blend. 9.

The el astoner conposiff Q},g%@clﬁ,&%grﬁ ﬁ@? Eﬁa(rglﬁlr‘llg{T Q%thg‘egti’;égpmpy‘g%o 15

di spersion D(% of the particu ss th 0.?% undi Sper sed

area in a first el astaner .pha t he gl astone onmposite blen i _first -
el ast omer phase ?:%ﬁﬁ? ﬁ%efer?& aésdzsgﬁst%:;%mea(e%ﬁ; agcrvgg %N sPqu'eWIgﬁ gaglﬁérrlfer

| atex. 10. Vul cani zate conprisi.ng el astoger copposite i, accordance with
claim8 or 9, 2074 hanE he oy “ﬁ?@aﬁ'ﬁﬁ STt ‘E)‘WPW“F%H‘Q%@' %Drlﬂﬂie an
1.20 cmmllion cycles, measured _in _accordance with ASTM D3629-94. 11. An
el ast omer conpos¢miodipens dluswriesd indiig . a fontingays flgy s fra prqducriontof elpstpmer;

di spersed in a multi-phase el astomer, the le?,rti culate fuller being selected
from carbon 25 bl ack. silicon coated car'ftggn bl ack, silicon treated carbl on
bl ack, fumed silica, precipitated silica or a m xture of any of them and
each phase of the multi-phase el astoner being ind P_Tg_ndently sel ected from
natural rubber, a chlorin ed deri FHBSTEGE SHERH #Bber .~ honopol yner .
copol ymer or terpolymer of butadiene, styrene, isoprene, isobutylene, 3.3
Bl ends-Cl P | 51 SUBSTI TUTE SHEET ( ULE 26) WO 99] 16600 PCT/ US98/ 20279 2 7
MAR 2002 di al kyl -1, 3- but adi ene where the alkyl group is C1 to C3 al kyl,
acrylonitrile. ethylene and ~r"~, ~~~nz, an oil extend derivative of any of
them and al m xture of any of them wherein macro-djspersion D(% of the

a N r " 1 o o - ~ NN 7




Zt) The net hod of produci ng el astoner conposite

blend ire accordance with

claiml1l | wherein the particulate filler is carbon black. 21 . A nethod of
produci ng el ast Y1689k posi te bl end, feeding a continuous fl oRCHYSEPL?P
fluid m xing zone of a coagulumreactor; ising: elastonmer latex to a

il ¢

feeding a conti nﬁ)%{?r oﬁjglg‘i%orrer Fiﬁr%g};??labﬁép]

m Xxi ng zone of the vmbyﬁg}tﬂhg&e

el astoner | atex and the mxi of the first fluid
reactor to formH‘cﬁ’ld?(lalF‘é hé?‘p‘g’ég‘fl% P F&'ﬂ%’(&#‘ €
t he 153 m xi ng zone being sufficiently energeti

B SBIGBINE, e
rtic
A

.and silica |.at e
c to subs el astoner

i n

| at ex

e SESY e

with the parti cufesgelum Fong icregses i stepy¥isg (fashion o Mssterablyy the dedivideal sequies of

reactor;
from t he coagul uthecezgpiuor zonamcucir a/step-wisergmtiodiement
addi ti onal
roduci n el ast onegectier¥p That i€, théyeidehbine (@ feRRdmH06@

t he el astoner conposite blend has 30 to 85 phr of

23. The nethod oforRls@dhie] RGpFdsesd O ERAMBIL! D 2 Shdrf o
claiml wherein additional particulate filler is

of the el astorer ¢egrQSElfah 4 A0 H gk ) 3310

produci ng el astoner  conposite end 11>l
t he additional par itﬁl{lﬁte filler.is the, sarreuss
Tt hod of | pr odus BifY BALAEES A OB ER TR

particulate filler is carbon bl ack,

fun coated carbon bl acks,

di scharging a substantially continuous f|l ow o~ el astonmer conposite

ofaired conmeaniteadpacehr

el astonmer to form el astoner conposite bl end. 22. The net hod of

i iobned1 B dtndnupugc o N
t he _particul ate filler.

eGusARGELsE B G metért
added during the dr m xing

Cﬁ l%v:c ?ﬁc%?%?% [ﬁ:te\%ﬁe g?gf n
haca 1 o PR e

chemcally

functional i zed c8¢SHEIPIRCHIes discussprimipgriatgly ahpve, Be|crosesactianadjarea oheoag@lifod of

produci ng el astoner conposite blend wherein the
filler is tarbonzdyeddkncreases fronitheenmetend 46 tof popt dckn
bl end wherein the additional particulate-filler
second accor dancengp twhicH sdhiavds thei hecesdary PRO®C cinidt
silicon-treated carbon accordance with claiml1l a

154 2 7 MAR 20Qgagdfhm fdaeroretTihe dirfifsedtiof dM4Cdah e &thi
ir~~ accordance with claim 12 wherein the particu

conposi te bl end B8 elePForRas bf Lﬁé‘ilnﬁctlgzaé 50 Infhed®fe1P oy

produci ng el astoner co I com ~ rising
144

osite blend,
flow of first fluw.,g. c risi { I
) R o Sl Gl on Bl 9
By

coagul um react or; cont
\rﬁﬁ? to the mxing z

particulate filler de ressur
Pt HS FFECRRR Btsa dyGoRAn| SHoBScses

ctor to foth a

being effecti ~ to coagul ate the el astoner |atex

first fluid and dismensiaeanignsth Li- dInthis firss sacHen 1 then
energetic to substantially conpletely coagul ate t
the particul at e thrkd gme$ thetdianeteradulmare peederstiy igrea
m xi ng zone of the coa~ulumreactor; discharging

fl ow o~ el ast one preferahly fomabbutdditd htimesaldyu | Typicakyg

el astomer conposite with additional elastonmer to
blend. ! 3U . ThepdRififeen @inepD)dUEAAGuBIegSdnd SR ko

i's silica.
ltif dhe updteam portion of the

dditional particul ate
|therdischdrgesendro@rat zroomeali t e
filler of the

ccordance with claim 11

25 0 TRIudiRYTRY Shel Eorstafnd
|ate filler the el astoner

; dof
el L i
i ot ol 3% A PlecPong
one, Qf the_coagulumre |
Honal plametet B 208 79 pYigh
and the m xing of the
ignghhe shpuidhe SieRter dhamt | y
he el astoner latex with
fee elshinrfgyeadukst) vend mosthe
a substantially continuous
)ahie sectiam eiltlhave i lxsigdgott he
form | el astoner conposite

Prazaably habla &dfstAmr cross-

accordance with claim 18 wherein the additive is iselected from
anti ozonanys, antl.Qxi . i<l j L als, ' ;
ot i aant 028 o oseEhl BfchsioRirStdsb L R o ORATAD Bl ik SPIP Brecldi @™

The net hod of pr
| further conpri

Eirnie YR %

it ve dur

SR el

:

e pgl 2 S

0 .-ste ioq'nlalai m1
el ast or ner

conposite with additional elastoner ~ 155 727 R 2002 . oh t hod of
produci ng el ast o%ﬁ?ené‘(?ﬁﬁ%? ?r8ssbsF‘épr‘?Baliaﬁea\/ﬁB“rhe‘F d Fﬁ%& °ftf‘\?g7%"r ss’g'g‘l’rg'gt%ed
fromantiozonants, antioxi aids, resins, flame retardants, extender oils,

| ubricants, and &FastrseEHgRahared ohiesdqn 14 is dpuble harpfdeation S -andghe ¢rRgs-5Ftiqmk m

33. The nethod of produci n7q
claim 1 wherein taree ofisscgon 7t
of "elastomer in the el astoner conposite blend fro

el ast oner conposite b

isdpeple that of secsiom 36.0 leeach ofiprstionse’ Sbl 7@ nthe length

| end ini accordance with

mthe elastoner latex to

the additional elas~omer is from 95:5 Bedstl85 3~ The nethod of producing
el ast oner conposite blend irk accordance 3ith claim1 wherein the el astoner
| atex is natural rubber latex and tlhe additional| el astoner is butadiene
rubber, and butadi ene rubber is fraRSTUYTESHREL RYLEARht of total

el astoner in the elastomer conposite blend. ~5~ [The met hod of produci ng

el ast oner conposite blend i~ atcordance with claim 1 wherein the el astoner
| atex is natural rubber latex and the a ditional elastonmer is SBR, and SBR
is from50%to 90% by wei ght of total elastomer ~n the el astoner conposite
bl end. 3~ . The nethod of producing el astoner conposite blend wherein the

e I
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and particulate filler under pressure in a coagulium accordance with claim1l

zone extendi ng e filler finely dispersed iin of m xed e at ex
form ng an el on‘gg?@%& 2 7 MAR z002 coagul u:ﬂione ext endi n%@l?mﬁﬁgﬁd’ml

progressively incrc an entry end to a discharge end, by simultaneously (i)
feedi ng el ast OMgyprbREaBlY grdathr thaf @¥kd rirhddGis ﬁﬁhfe?ér.b e pfefdritly SRADMEATD EREL OF

and (ii) entraining thé elastonmer |atex fluf y (feeding the particulate

filler fluid as. g . : QSSs j fi u t 19 zone
at into parti culugﬁeg&f é‘%err ﬁdd?gﬁugﬁiﬂojﬁ@ﬁ t%it;%q%sﬁ{éﬁﬂn%[é}i %8&?’?@ ar'gll9 ng
fromthe discharge e of f' .the. coagulum reactor ja substantially caqnstant
1 ow of el ast o uaa??éqngmzﬁl35?%*8?E*s&aﬁ?{#ﬁeﬁ?vv‘l’wmsf@&%&r% the
fluid streams in accordance wi.th sups A(i) and A(lii), ,wherein .

macr o- di spersi on (D ymigheadand seaepium fone @ssemblyesorrespopdiag ) ths prapadiment of
masterbatch is | ess than 0.2% undi spersed area; and C) dry mixing the

el ast omer Tonpodig. 8 isi shhwe |imFig rfepardallypin seetipnoviewid Mix| kead SRas imegrgowith e

bl end forned by: feeding a continuous flow of fi r[st fluid m xing zone of a
coagul um r eact orpaguieslzorg extendartS3ninjoint SOVt défiree e ariging Zonedwhenele muykips sur e
to the mxing zone of the coagulumr~ the el astoner |atex, the particul ate
filler being efff@gtdhahmisee0, 6162 foahlaljanttiah Swith i Ebngaed, REbseinfifBt dytiRdiial
coagulal mxing of the first fluid and the second fluid wi sufficiently

energeti o 10 SURRIAD! kPhbHuSATPLEE itk 0l SoRPhEH ARG diebjdiss N (he

coagul um reactor; schargli ng a substanti cont 1 nuous

coagul um react or, wherei n nacro-dj spersjon (D the el astoner .conposite IS

| ess than 0.2% 6&1%@%8%‘:&“1??4)%%% lg|n8.5 Sg?ﬁ%lgl iooﬁﬂoqpﬁ{#&%é’f @T%E‘F%ﬂ%ran at ex
to a isi n? particulate filler to forma mxture with to coagul ate the

el ast omer 1@ he e RBRAFHWisHosedbers, 1o Prerisely AQIng the t??g‘“?%’ﬁ%“b‘é? AUXiRg Eqne agd/or

el astoner latex ' elastonmer conposite from of thel articulate filler in
area; and 158 coagplumpmRneOmmerops yRiAtags arh@ossitis i fesigmmidh flew phannely
ditional elastonmer to formelastomer conposite blend. ~-'~. The el astoner
conposi t e bl end jwictict arem B4witirbeZpparkmrteitwse bidlighint the aft afvenfthd benefin of the f i r st
el ast oner phase of the i conprising essentially elastonmer fromthe

el astoner | at ex prderid@glosuré.~In thatlregad, a5 h QERFall9 PraTersdd! gaideli6d) dn @mbedimests 34 or
35 wthe particulate filler throughout the el astoner conposi undi spersed

area. 4' 1. The efagtRiBluGaRBaskkes tbeadmplk, kb by 3P eMeh@hlly Phpekamek! i con

coated carbon black, silicon treated carbon 1 si |)I ca or a mxture of any of
th 5e. ,dh I - ' f [ ' N
ot o- o sfar o on iy S RirE WoAtiec] vt %Eé%i? aMEE Gl Janeimainaly
- di [ Y f b i.s, | h 0. 2%.par ti filler |
Car bon f uned si 1 05 SRR LR SeB A aras: Sharn SPopHBen JEFSHER - M Bt

sel ected fromnatural rubber, a chlorinated derivative of natural rubber, a
homopol yner, cofePSeriopd aed Adingendy B IBRRIBATY SABe fromy the STy 1R ddr onte
isobutylene, 3,3dinethyl-1,3-butadiene, acrylonitrile, ethylene propylene,
a~ oi |l extended cireuin{egentigle permaRy asf thehbeginpeg ofghet aylindotalapgrtion 8hein  An
el astoner conposite blend conprising at |east 30 per particulate filler

di spersed i n a radvintagetxsiyegredtersthanyer at iedse equal toi, chel cadss-sédtioha rardaenif g lsek ect ed
from carbon bl ack, silicon coated carbon black, sjilicon treated carbon

bl ack, funed si feddcchadieP60. PPrefet®, BothicRanélr 802andiaK febdt EheQips@eltn Portibh 6fhe and
each phase of the multiphase el ~stomer being indeEendently sel ected from

natural rubber, &aﬁmrm@tmﬂerﬁwtm@neﬁ& Bxi®" FHor! 40 BfsanfR RO RGhHIEERT |
copol ymer or terpolynmer of butadi ene, styrene, ispprene, -'sobutylene,

3,3-dialk 1-1, 3ect¥)ﬁb i oqio?ﬂ% em%ﬁﬁr fax, ﬂAJ@ﬁ'cnl%gg oLss-scglnd{[.o C3 al kyl,

acrylonit~ile, ene and propyl ene, an ol nde erivative of any of

themand a m xture of_.s_of themwherein cro 159 2 7 0Q2. di sper si on
D% of t he par L1 cul 8 RS R R PR e s ol s i 38R 212"
Vul cani zate conprising the w.capi zatjon product of. el accordance with any
of claims 34, 35°GPmBE@e ag?f.d mﬁeggew %@?@Pa&‘}? a\lﬁ'c%‘ﬂ? é&%@%crﬁﬂ@B’r‘Bance
with cl 41. blend is |ess than conposige _tt:{gnd in+, . Tire sub-tread
conprising vul canizate in accordance w Pﬁ im4l. SS.' , Wre-skimfor a
tire conprising vulcanizate in accordance, with cLai m4l. '~~~ Tire

sidewal | conprising W cani zate in_accordance w.t im41l. ~~ . Cushion gum
for a re-tread tire, conprising VngM§Hﬁdg p%& e with claim4l. 5~
A rubber conponent of an engine nmount, conprising,claimm 51 . Tank track
conprising vul canizate in accordance with cla m41l. bC. Mning belt,
conprising w cani zate in accordance with ¢ aim41, 61 ( A rubber conponent
of a hydro-nmount conprising claim41l. in accordance with in accordance with
~2 . A bridge bearing conprising vulcanizate in accordance with claim4l. ~

o A o . o o, .




conposi te bl end. The nethod of producing el astongr conposite blend ilh
accordance vc.~ith claimb54, wherein the additional latex is dr¥ m xed with
t he el ast oner cMﬂﬁ?QF‘t"g to form el ast omer conposiite bl end. 6 TCTARB 2% hod
of producing el astoner conposite i lend in accordance with claim54,
wherein the sec ,h% %635 Bon

D ack 161 A A hcpbtidh & YEmAR-RBYS %g/?%}ctjl  EpptyRg e Bapund Dol R 2

| e. AFY. AF% AF. A3.. Al . AY. A

. A9. A9. AL. AF. A3. hA‘LaAAZ(E“ﬁé‘f“%feé‘"&% i eermegiembadimegts flispusged here. The carbon
%AY9 A9. A3% A3. AF9. AVy. A . Aly% A | AIfL A S% ASf % Ah, A% Ay. A, A% AY

9. Al % A} y% ASY% Alask alurry, agnoted %OA(C’SQ d go the mjxing zong at yegy hjgh velocity relative the
fO9.A 9. A@o A Af % Af L. AS% AY. A3y% A3. S9. AS. AA, L. AY, 9. AY9. AS9. A) Hf9. A

. AXf . AS% AS@ Ae. frédneionitoofahelatag@andtis Axiel anpmgensat aimarrw dgre feed tube 82 results

.A3. A% A9. AL A AS.%A. .ASA. .AF.A[. A .Ae. AA A%BA%NA .AA

L. AL. f . AOF SA@ A.in A€delient @evéwﬁ@ﬁogﬂowmﬂeﬁb@h%' OB, &f the ¢haBne A8 Akhidy % A%
A .A Ay . AI5% A@ A& Ay. A% AsyZ: Z ,,45 ,C
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10%h& ()---- prior to the elastomer masterbatch exiting the coagulum reactor is not meant to exclude

the possibility of subsequent processing and follow-ori treatment steps, for any of various
purposes appropriate to the intended use of the final product. In that regard, substantially
15 complete coagulation in preferred embodiments of|the novel method disclosed here
employing natural rubber latex means that at least abaut 95 weight percent of the rubber
hydrocarbon of the latex is coagulated, more preferably at least about 97 weight percent,

and most preferably at least about 99 weight percentiis coagulated.

The masterbatch (or other elastomer compositL:) produced by the wet mixing step
20 optionally undergoes any suitable further processing prior to addition of additional
elastomer in the dry mixing step of the wet/dry method disclosed here. Suitable

apparatus for the dry mixing step is commercially available and will be apparent to those

skilled in the art given the benefit of this disclosure. Suitable dry mixing apparatus
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The method and apparatus disclosed and described here produce elastomer

composite blends having excellent physical propertieT and performance characteristics.

Novel elastomer composite blends of the present invention include masterbatch

15 compositions produced by the above-disclosed mTthod and apparatus, as well as

intermediate compounds and finished products imade from such masterbatch

compositions. Notably. elastomer masterbatch can iLe produced using natural rubber

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

having excellent physical properties and performange characteristics. Carbon blacks

20 presently in broad commercial use for such application as tire tread have been used

successfully, as well as carbon blacks heretofore considered unsuitable for commercial

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

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

macro-dispersion at routine commercial loading levels for the carbon black and/or to
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avoided.
Prior known dry mastication techniques could not achieve equal dispersion of
10 fillers in elastomer composite blends without signiﬁcant molecular weight degradation

and, therefore, could not produce the novel natugal rubber compositions made in

accordance with certain preferred embodiments of the present invention. In that
regard, novel elastomer composite blends are disclecd here having excellent macro-
dispersion of carbon black in natural rubber, even oé carbon blacks having a structure
15 to surface area ratio DBPA:CTAB less than 1.2 and even less than 1.0, with high
molecular weight of the natural rubber. Known mixing techniques in the past did not

achieve such excellent macro-dispersion of carbon black without significant molecular

weight degradation of the natural rubber and, therefore, did not produce the novel
masterbatch compositions and other elastomer composites of the present invention.
20 Preferred novel elastomer composite blends in accordance with this disclosure, having
carbon black macro-distribution ievels not heretofore achieved, can be used in place of
prior known elastomer materials having poorer macro-dispersion. Thus, elastomer
composite blends disclosed here can be used as cured compounds in accordance with

known techniques. Such novel cured compounds are found in preferred embodiments
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area can be measured as CTAB expressed as square meters per gram of carbon black,

10 according to the procedure set forth in ASTM D3765-85. Tt will be recognized that other
factors affecting the level of dispersio-n achievable jusing the method and apparatus
disclosed here, include the concentration of the carbon black in the slurry, total energy
input into the slurry and energy input during mixing of the fluid streams. etc.

The macro-dispersion quality of carbon bla¢k in natural rubber masterbatch

15 disclosed here is significantly better-than that in previously known masterbatch of
approximately equal MW, (weight average). In some preferred embodiments excellent
carbon black distribution is achieved with MW, app]

oximately equal to that of natural

rubber in the field latex state, (e.g.. approximately 1,000,000) a condition not previously

achieved. The dispersion quality advantage is especially significant in the above
20 mentioned preferred embodiments using carbon black with low structure and high surface
area, e.g., DBPA less than 110cc/100g, CTAB greater than 45 to 65 m?g, and

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

EXAMPLES
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stored for 4 days. The sample is then removed from the solvent and air-dried under

a hood at 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
l

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

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

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

2.2 UV detection at 215nm.
2.3 Solvent: Tetra hydro furan (THF)
2.4  Concentration, nominally 2mg/ml in THF.

20 2.5  Samples are left to dissolve in THF for 3 days, stabilized with BHT.

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

2.7  Sample Preparations Sample prep fmon is designed to prepare sol
concentrations in the range of 0.5 to 0 05 percent by weight to provide
25 a good detector response for accuratr measurement of the molecular
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supernatant. This gel-free solution is diluted at 1:5, again using
stabilized THF. At this point, the samples are transferred to GPC vials

and placed inside a Waters 717 A

15 Milford, Massachuse_tts, USA) in pr

Molecular Wejght Determination The

of the sol portion MW, is then detern

(available from Waters Corporation,

baseline is defined using a valley-

20 increments of 15 and 35 minutes. T

for the column set described above 1

j;o-Samplcr (Water Corporation,

paration for the GPC testing.

weight average molecular weight
nined. Using Millenium software
Milford, Massachusetts, USA) a
to-valley mode within the time
his time increment is appropriate
paragraph 2.1 with the mobile

phase flow rate set at 0.75 mL/min| Once a reasonable baseline is
established the distribution can be determined. The elution time is
converted to molecular weight. Pplystyrene solutions made from
commercially available standards (EasiCal : Polymer Laboratories,
U.K.) are prepared containing a series of molecular weights with very
narrow distributions. The conversion of polystyrene moiecular weight
to polyisoprene molecular weight equivalents is based on the universal
calibration method of Benoit and cowoprkers. The hydrodynamic radius
is proportional to the product of the molecular weight times the intrinsic
viscosity. After converting the polystyrene molecular weights to
polyisoprene equivalents, the caljbration curve relates absolute
molecular weight to elution time. | The standards are run under
conditions identical to the samples, and the standards are integrated to
assign the appropriate molecular weight for a given elution time, based
on a best fit to the standards data. Qnce the time based distribution is
properly converted to molecular weight, the appropriate molecular
weight averages are calculated by the Waters’ Millenium software.

25

30

35

3. Mooney Viscosity: Standard procedures were followed for ML

40 (1+4)@100°C. 4. Test Sample Cure Conditions: Test pieces were cured to

150°C for the time periods indicated below:
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8. Resilience: Tested to BS903:A8 (1990), Method A, temperature 23°C (8 mm

)-1Y710% ()- " 610%& () -

10 molded disc test piece).
9. Heat Buildup: Tested to ASTM D623, Method A.
9.1  Start temperature: 23°C |

9.2 Static load: 24 1bs.

9.3  Stroke: 0.225 inches.
15 9.4  Frequency: 30 Hz.
9.5 Run for 30 minutes.
10. Tan &: Measured on Rheometrics® mode] RDS II. Reported vaiues are

maximums from strain sweeps. Strain sweeps at 0°,|30°, and 60°C, 1 Hz, and 0.1%

to 60% strain. I
20 11. Crack Growth Resistance: Measured in acc]iardance with ASTM D3629-94

Example A

Elastomer masterbatch was produced in accordance with the present invention.
Specifically, an elastomer masterbatch was produced comprising standard natural

rubber field latex from Malaysia with 52.5 phr ﬁlier consisting of carbon black of
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10_/Z& 0 10 0 " {'Ple fu?l compoén)d formulation is set forth in Table

A 610%&'

()-&n&& m ' (dEP4

2 below, and is representative of

a commercial truck tire tread known to have excellent resistance to reversion during

cure.

Table 2 Masterbatch

Formulation
Ingredient | Parshy Wt
15
Rubber | 100
Carbon Black | 52.5
Zn0 | 4.0
Stearic acid | 2.0
20 6PPD (antioxidant) 2.0
Sunproof Improved (\L'ax) 2.0
74 gil) 3.0
Total 165.5
25 The elastomer masterbatch production apparatus was substantially identical to the

apparatus described above with reference to Figs. 1 and 7 of the drawings. The 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
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10, 810%&' ()-!p, 8109 2*2& ()-33455686aB~ @ f10%& ()- 910%& () -

D109 () -!%& F mlO%& {gitafdr badlkaie pellers3ntd GP4Binents 8fid H6MmA6 dldfry was formed with

109&' ()-"th%&' ()-LMLO%' ()-9310%& ()- MO ()- &1O0%&' ()-7077789;a?~ @ !
109& ()-nt'!  10%& () 1715 wi @9 €arborrtHck 1@%’&1%@@%90 s@nury 1Y&rhihnally pumped <r S4

Z10%<& ()-109%<& ()-1 109%& ()- 10 10 10!'P 109%&

by an air diaphragm pump to a colloid mill for initial dispersion. The slurry

was then fed by a progressing cavity pump o2 homogenizer, specifically, a
model M3 homogenizer from APV Gaulin, In¢. The homogenizer produced a
10 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 carbpn black slurry was fed to the
homogenizer at a pressure ranging from 50 to|100 psig and the homogenization
15 pressure was set at 4000 psig, such that the slurry was introduced as a jet into
the mixing zone at a flow rate of 4.1 to 4.4 |b/min and at a velocity of about

130 ft/sec.

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

20 were added consisting of 0.3 phr tris nonyl phenyl 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
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pbon black slurry and latex were

Mack slurry. During entrainment,

the carbon black was intimately mixed into the latex and the mixture

coagulated. Soft, wet spongy “worms” of

reactor.

Dewatering. The wet crumb discharged from
15 79% water. The wet crumb was dewatered
a dewatering extruder (The French Oil Mi

diameter). In the extruder, the wet crumb wa

from the crumb and through a slotted barrel

Drving & Cooling. The dewatered crumb
20 where it was again compressed and heatec

expulsion of the crumb through the dieplat
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coagulum exited the coagulum

the coagulum reactor was about

to about 5 to 10% moisture with

1 Machinery Company; 3%: in.
s compressed and water squeezed

of the extruder.

dropped into a second extruder
1. Water was flashed off upon

e of the extruder. Product exit
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& ()-Y YY Table 4 Final Stage Curative Addition

Ingredient Parts by Wt,
10 Stage 1 compound 165.5
Goodyear Winstay 100 (antioxidant) 1.0
TBBS (sulfur accelerator) 1.8

Sulfur 10
Total 169.3

15 Thus, Banbury mixing energy for the compounding of Exampie A masterbatch was

about 53% of the Banbury mixing energy requied for the premastication and
compounding of the control material of Example B. |Despite the reduced energy input,
the Example A material was found to have very|good macro-dispersion, and the

molecular weight (weight average) of its sol portion MW, was substantially higher

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

Table 5 Compounding and Curing Data

Sample Mix Energy MJ/m?) ML (1+4, MW
100C)
Pre- Stage 1 | Final Total Stage | Final wt. av.
Masticate 1
Blends-CIP
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¢ () ( Sample 0 Sklsrzgatlkon at lpllancé 8% . Heat BuillaL-)U/p ofé Max Tan BeltJExU 7
Break (%) (°¢) 60°C 30°C
0°C
10 Example A | 526 56.5 70.5 0.203 | 0.240 | 0.290
Example B | 511 57.6 76.5 0.206 | 0.236 | 0.286

Example C
Elastomer masterbatch was produced in accorgance with the present invention.

Specifically, an elastom‘er masterbat;:h was produged comprising standard natural

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

Table 7 Masterbatch Formulation

Ingredient Parts by Wt,

20

Rubber 100

Carbon Black 55.

Santoflex 134 (antioxidant) 0.4
25 Total 155.7
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y10% ":& ()- ABLappwmm@:%?mhym@%ngth ing partfy) meazu@tleacg@mwny W&m(l)
y10% ":& ()-M"n.SWN]cdjplL,3 y10% ":& ()- y1000 & ()- y10% _": & ()-
y10% ": & ()- yliBexidndé sealed thefded); 4' se€ond)portioh @96266 lﬁ'h(d)a{mg{r\aﬂdlllﬁ ifichydxial
y10% ": & ()- y10% ":& ()- y10% ":& ()- y10% " & ()-M"n.ShH 3 y1 y1
y10% _": & ()- ylhefen;"a &ifd pokrivrl 806376 iskéh(diametdrOfd 3 286 fxial IvAARG apd: Sbciaith
y10% ":& ()-vI3H 3 + @!10% & ()-! @!10%s& ()- yl0% ":& ()-M"n.S
portion of .532 inch diameter and 3.190 inch axial length. In addition, there are

10 axially short, faired interconnections between the aforesaid portions. Preparation of

the masterbatch is described in further detail immedjately below.

1. Carbon Black Slurrv Preparation. Bags of| carbon black were mixed with

deionized water in a carbon black slurry tank equipped with an agitator. The
agitator broke the pellets into_fragments a:cji a crude slurry was formed w—ith
15 14.9 wt. % carbon black. The crude slurry Lvas recirculated using a pipeline
grinder. During operation, this slurry was continually pumped by an air
diaphragm pump to a colloid mill for initial dispersion. The slurry was then
fed by a progressing cavity pump to a homogenizer, specifically, Microfluidizer
Model M210 from Microfluidics International Corporation for pressurizing and
20 shear, to produce a finely ground slurry. | The slurry flow rate from the
microfluidizer to the mixing zone was set by the microfiuidizer speed, the
microfluidizer acting as a high-pressure positive displacement pump. Slurry

flow rate was monitored with a Micrornotiorﬁ® mass flow meter. The carbon
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/7109 & ()-J[[:vU4  the oulfd¥ipfesfure wis 3&%t 8060 1 @ adeufmbitatdr s@tTQtQ%ngs(g)

3T10% & ()- Y 110% & () - 3789: UYvU5
yZ109W' & () - 10" 10" 10"

109" &

?slg ¢
8fm&]ﬂ}g§s§i‘; u(:Sl e B/%)&P(&)v?{ﬁ

109" & () -

e &9%9W‘§f88%§3 e

109" & ()-° 109 & N

10% & ()- 10%'& () -

9%4.0% &'(%)- 171100 & (3¢ {tgﬁ% élg‘% pf a‘?°%‘%%% 2 “% ‘J&#&“’( pf "5"5 %0%@5“
-110% & ()- | y)10% &' ()- 1 & 10% & () | 9%4.09% &' -1 10% & ()

10% & ()-uS\ o| [ -510! 1 710% & ()- 710%y& ()- | &610% & ()- | 310% & () -

| 111109 & (g /10% & ()-A bA510! |  Q !10%d8"d& ()-x || ~10%8"L& ()- |

S 10%.xL& () Broo | Thedagow sy dharged toraptanky spesifizalis 265 gallon feed

-F10%.8"L& ()-& 3 11098"& ()-z& | 3 110%8"L& ()-z& 3 110% & ()-z |F

1094.8"L& ()- | 110% @&tme' (Antoxidabt1€milsion ‘w8 %4déed Yo (the' 1a@xOp8i&Y (o) charpiMg.

f GL0% & ()-(10L8"L10L8"L10L8"L | Py710%.8" L& ()- \
|-
L10% & () - cOvUALO |

=109% & ()-= =10%& ()-

13°10% & ()-" | L$f TAﬁﬁMda(n)s werk @Bdd%oksifting d>f1@9/

y710%B<& ()-*Riq}|[:vW410

i
ﬁ)p&r%(nz‘sr x(ld)m vi b Q@@{& ﬁc)sphlie

=10% & ()-= |Lm 10% &Npp) ancb@! @an'to lex‘l (s ehicheibohing mixru c‘.
=10% & ()-= =10% & (ﬁr 10% Eﬂ]l A Wéaﬁey iRk iy gy
=10% & ()-= =109 & (?iacﬁ of the antioxidants was prepared as a|40 wt.% emulsion using 4 parts

potassium oleate per 100 parts antioxidant a

adjust the emulsion to a pH of approximately

long with potassium hydroxide to

10. A peristaltic pump was used

to move the latex from the feed tank to the mixing zone of the coagulum

reactor. The latex flow rate was 3.2 10 3

.3 Ibs/min and about 3.9 feet per

second, and was metered with a Endress + Hauser (Greenwood. Indiana, USA)

15 mass flow meter. The desired carbon black
by maintaining proper ratio of the latex feed t

rate.

Carbon Black and Latex Mixing. The car

mixed by entraining the latex into the carbon
20 the carbon black was intimately mixed

coagulated. Soft, wet spongy “worms”

reactor.
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=108 & ()-=)? , A & 1245C-bBvU410 | ! =108 & ()-= =10 & ()-=

=108 & ()-= =
=109 & () -= =X0&bsa6600- = =109 & ()-=)? ,ACDER]'_nzZ: vU410 | pcai0ddk 80269 - =
=108 & ()-= =108 & ()-= =10 & ()-= =108 & ()-=)? ,A mxzZ: vU410 |
=108 & ()-= =108 & ()-= =10 & ()-= =108 & ()-= =10N& ()-=)7?
, A z"BvU410 | =309% &Dewatering: 1THSwEt €umb dischO8EdFrdmy tie cozsudéth eacjor was about
=108 & ()-=)? ,AzZvUA10 | =10 & ()-= =10 &|()-= =10U& ()-=
=108 & ()-= =109 & Qé%wa)ze?. The wé&irﬂrhﬂﬂv@s diew‘aié?% ' dbbur12 1518% Soisturewith
=108 & ()-= =109 & () - =10% & () =)? ,A $%zNBvU410 | =10 & ()-=
=108 & ()-= =10% & 5 ( I-N;’?- & { 10 11
"109% & ()-9"1 "10% &S 6”516“9‘%}?“ m§§ %g@ﬁ %‘1 ¥ ashmﬁygc ’J@aﬂ% Sk
"10% & ()-9 " 10% &' % &.()-9"1 " 10% & ()-9l
"10% & ()- 9xX@l " bl )1(]5’9/5%‘”(‘*')"5 i "ﬁ°mpi°'6%2?<§“‘é §‘)“§r pqueezed
"10% & ()-9"! "’>pX<4I " 10% & ()-9""I " 10% & () gl "10% &' ()-9"&
5 from the crumb ‘and through a slotted barrel pf the extruder.
5. Drving & 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 280°F to 370°F and moisture content was about
10 0.3 t0 .4 wt.%. The hot, dry_crumb was rapidly cooled (approximately 20
seconds) to about 100°F by a forced air vibrating conveyor.
Examples D and E
Two dry mix control masterbatches were prepared by dry mastication. The
controls employed the same formulation as Example € (see Table 7 above), except that
15 in Example D the rubber was RSS1 NR rather than|latex. In Example E the rubber
was SMR 10 NR. Each was prepared by premastication of the rubber in a BR Banbury
mixer. The rubber of Example D was masticated at 118 rpm for 10 minutes. The
rubber of Example E was masticated at 77 rpm for 4 minutes.
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"10% & ()-91 "10% & ()-9?CD bcsW4l "10% & () - 9l
"10% & ()-9"1 " YRPoRiedoh- OXX@"| "10% & ()-9l " 109
"10% & ()-9" ! TpX<4l "10% & ()-9"| "10% & ()-9l "

"109% & () - 9Twxyj ] PC 1ONDN&10NDN10NDN P96109NDNE (
"109% & ()-9"| 5 oof Bdaing IdES" L& () -
1110%.8" L& () - &10%_8" L& ()- I E

109%.8" L&' () -
SF10%.8" L&' () - UX[ “al nfHethdsterbaych bod Exiiniplé&C(and fhe twb@hiBollntdste}batches of Example

| |
| 3y) 10%.8" L& ()- | #10%.8"L& ()- |3f10%8"L& ()-

y1109%.8" L&' ()-E p) 2 B weld Ohebiuhdia(th-2EBR B Biiks
y1109% 8" L& () EfF]PC yl y110948"L& ()-E )?) 01
1109%.8" L& ( ; E y110%8"L& ()-E
glv) 0 y110%8" L&F‘%‘S]P'"’E@%%%&@“ L& {)-E yllO%(_%S"L
fF]PC "yl y1109%8"L& ()-E )?) 01 y110%8"L& ()-E

"109% & ()-9"1 "10% & () -9l
0& ()-9"1 "10p¥rAsisndb
1098 & ()-9"1 "109% & ()- 9l
)-@J  9610%&' () -

|Ys 109%.8"L& ()- |

| 31094.8" L& () - mwY=] PC
& (Table 8 ¥IbQ%E 1héh e E
v110%.8" L& ()-E
Y=] PC y110%.8"L& ()-E
& ()-E y110%.8"L& ()-E
y110%.8" L&' ()-E

y11094.8"L& ()-E y110%.8"L& () - \&A 1109 eél E)?) O
y11094.8" L& )-E y110%.8"L& ()- Er go%&"’ﬂ%ﬂ N écgf‘ é‘fﬁ)%s" L& ()-E pF]PC
y1)?) 0 y110%48"|& ()-E y110%48"1& ()-FE v1109%8"1& ()-E v110%_8_" L& ()-E
y110%.8"L& ()-E [$c9] PC) ?) O |yldfpd&aki&s (}s Stage Vﬂ{lﬁr@B" Ls%a i g
y1109%.8"L& ()-E %ﬁ&_&l )-E yllO%_8'L& ()- ] PC))?)| 0
y110%.8"L& ()-E Le ) 9 0 1 &0 -
y110%.8" L& () - E KMNOPQRVE J* Y IND% 8" L& ()t No)?) 0 yl1(0%BRBhrbufy 7E
y11094.8" L&' () -E | glakie &' L& () E y110%.8f L& ()-E yllQ-%S"Ls&h{IQ- E
VWZ[\ pbB* y110%8*t—y+109481t&~—E 72—y 898" =& 48" L& ()-E
y110%.8" L& ()-E | y110%.8" L&' (|)BR=Bpnpust u~f FBRyBanbemy 8" | yH;BLB%@'l‘)L'KZ ()-E)?) O
y11094.8" L& () -E | BLdm@e ®' L&' (|)miker MBI 81 tnfkef V7 Ebrn. 3 | rpm, 4.5 min.
10 min. min. '
BR Banbury BR Banbu}y BR Banbury 77
Example E mixer 77 rpm, 4 | mixer 77 tpm, 8 | rpm, 4.5 min.
min. min. |
10 The compounding formulation is given in Table 9 below.
Table 9 Stage II Curative Addition
Ingredient Parts by Wt,
Example 4 Masterbatch or
15 Example 5 or 6 Stage 1 Dry Mix 155
Azo 66 (zinc oxide) 4.0
Hystrene 5016 (stearic acid) 2.0
Santoflex 13 (anuoxidant) 2.0
Sunproof Improved (wax) 2.0
20 Wingstay 100 (antioxidant) 1.0
Santocure NS (sulfur accelerator) 1.8
Suifur L9
Total: 168.8
All three compounds exhibited well-behaved cure with minimal reversion. Despite the
25 reduced energy input, the Example C material was found to have significantly better
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y1109.8" L& ()-E

~Y=*

y110% y110%.8"L& ()-E )?) 0
y110%.8" L& () - Ewosbabi® 8" L& ()-E y110%.8"L& ()-
)?) 0 y110%.8"L& ()-E y110%8"L& ()-E y110%8"
bB* y110% y110%.8"L& ()-E )?)
y11094.8" L&' () - E micra-dispegsipmthan the d-mix\conumojs. and

0 y110%.8

"Le ()

Y=

IJy110%_8" L& ()-E

y110% y pt®AbsEoRs () - E
& ()-E yl10%.8"L& () -
-E y110%.8"L& () -
lgcalar weight)(Weiglk average)

E

y110%.8"L& ()-E y110%8"L& ()-E ( y110%8"L& ()-E y110%8"L& ()-E fF*

y110% y1 y110% 86flite'sél)porignHIWQ,L wyslshbearialyhigher Fhar

Qi doerdl} -

Fhese data

y110%.8"L& ()-E y1109%8"L& ()-E Y=* y110% y110%/8"L& ()-E )?) O
y110%.8" L& () - E ar¥ dkR¥hGreli& TiblE10 ¥idW% 8" L& ()-E y110%8"L& ()-E  fF*
y110% y1l y110%.8"L& ()-E )?) 01 yllO%_S" L& ()-E y110%.8"L& ()-E
y110%4.8"L& ()-E y110%8"L& ()-E & +,;Y=* y110%y110%.8"L& ()-E )?) O
y110%.8"L& ()-E y110%.8" L& L& ()-E
* AH NOMY=* y110% y110%.8" L IE gb@@ih’ffl@"ﬂ@"ﬁ&?&% %.8"L& ()-E
y110%.8" L&' () - E —y-4-1094-8-&-—=-L—bedeph: YA e0—1-1094 8" L&' () - E
y110%.8"L& ()-E y110%_8" L&' @)ﬁﬂlﬁle (3]1100 L&hm&b P) E MB" L& ()-E
el mopqoE* .y110% M3 L& ()-E yIIOAWS L& ()-E  yIL0%W8"L& ()-E
5 Mdseé:
y11094.8" L& () - E f T)-E g=cO*_y11)2) 0 ¥1100 'O E
y1109%.8"L& ()-E &mb&ézﬁ%&i)l_é 115) E y110%28" L& ()- ,E 196.10%.8" L&} () - E pF*
y11)?) )?) 01 ylnca-shHesol){E y110%8"L& ()-E |
Bound Rubber 50 32 44
(%)
10 MW sol (x10%) 0.678 .| .466 .463
Percent 12 1.48 2.82
Undispersed Area
(D%)
Compound Properties
15 Hardness 62 65 62
100% Modulus 239 315 270
(psi)
300% Modulus 1087 1262 1216
(psi)
20 Tensile strength | 4462 14099 4344
(psi)
Elongation, % 675 591 600
Max. Tan Delta 0.189 237 .184
@ 60 C (Strain
25 Sweep) ‘
Crack Growth 0.8 5.0 ! 5.8
Rate
{cm/per million
cycles)
30 Additional Examples and Comparisons
Highly preferred elastomer composites in accordance with the present invention
were produced in accordance with the method and apparatus disclosed above. In
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10909&' () - oghkor yyxquiBivadarimytedsONEISEP fer -bandréd §RAMS ch

kA* y11)?)?) O
E y110%.8" b&&/(398k02%9

y1109%4.8"
&l qf)naural rubber latex and

o-QispersidOR@eiSardy or, dahiryU4
1098& () -, (
rib@@‘&mﬁ%smods %&x@é‘(o)? lhr%

&gﬁﬁ%% "‘8’ ﬁﬁ%ﬁ}gm

U&d yrgt¥5=,rbatc§x SO M () -

F 3 L0 M () - (

Te( Netery PED ¥RRIROL( qarkoy
/K RY 10909& ()-0Y
ptod €DBBAY tidue ¢€pR¥sed
oY 10999& ()-oY
of ¥adlOpE RETM D2¥%14 are

109099& ()- oY 10909& ()- o/ K Rxz{~sS3vU4 /Y 10909& |()- oY 10909& ()- oY

10999&' ()-0oY 10%99&n() E

10909& ()- oY 10989& ()- 6/ K RY 10989& (

20/8Ks Beenlid % Ufvifad e @ee iffererk GBS c(f)caﬂ%n blacks.
)-oY 10%99& ()-osX7vW4

YONK& () - % Y 101@8& f éonQ{utg cﬁ%o&gléﬂgq’xa\gl}l R)X’mlgl{@gl& z(r)dh?z\ﬁcr surface area, being

those most difficult to disperse in natural rubber and

dry mixing techniques. Hence, carbon biacks of Re

as widely as other carbon blacks.

made with Region I carbon blacks using traditional g

15 macro-dispersion and typically lower MW,. The

higher structure than those of Region 1.

dispersion in natural rubber for vehicle tire product

extended dry mixing that the MW, of the natural
The carbon blacks of Region III of Fig. 8 have

20 structure,

rubber via dry mixing, but again, with undesiraPle degradation of MW,,,.

dispersion of carbon blacks of all three regions

Accordingly they have been used with

other elastomers using traditional

gion I are not used commercially

Masterbatch and cured elastomeric compositions

ry mixing techniques have poorer

carbon blacks of Region II have

Typically, they achieve reasonably good

s and the like if subjected to such
rubber is significantly degraded.
Jower surface area relative their
acceptable dispersion in natural
The

of Fig. 8, specifically, macro-

dispersion, is significantly improved in the elastomer composites disclosed here, and
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SS$910% & () - ZS$910% & ()-Z' 1 9S$910% & () - ZS$9100

F109 & () - 10! 010! 10!
6109% & ()

| =
-1610% &

$1098 10% & ()-

PCT/US98 3"79 y

& () -
"()-61

lég P%\q%/raf/wg@ ip accordance

-610% & () -+, ?AEFY[ hL, 4610
'9[gl.4610%8 & ()-)' 9610% &

4610% 3@0% & () -

@% & ()-"258K|[;.4610%

@ 10% & () -

by dry mixing in accordance with

B & ()-Z2S$910% & () - ZeG+4S$ -

91006 & () -Z' | 9SER1QNbvRing JprtSER:) Mr Siufpbsed SBARME anaaask&ﬁszaggfés&e& df BEE+4SS
910% & () - S$910% & () z 9109 & () -ZS$910% & ()-Z' | 9- S$910% & () - ZS$9109% &'
() - ZhL, 45$9109% % & ()-2 19S$910% & ()-2S$910% & ()-ZS$910% & () -

Z' 1 9eG+4S$9109% g”%% VA l9 910% & () - ZS$910% & () -

7S$9109% & ()-Z' ! 95$91096 &

() - ZeD+4S$910%
6°10% & () - S$910%

&”%ggq%ﬁ(“@éﬁ%&“’ Fr ZS$910%

Cl0% & ()- 9%yS10% 10% 0%
SF109% & ()-),.0169{ ff(\/gﬂ%f u ﬁgfm%ﬁbatc EsSCHiGy8
ClO% & ()- A CLO% & ()- 9: <=BEGIDvU5S$91AA CLO%
Cl0% & ()- #3Csprnmeumd mayrplrubberiREG] SNB CV

ClO% & ()- A CLO% & ()- A Cl0% & ()- #3C$BA CLO%

VW acef * <\QU5S$9 2 BROSBpury Glifetusing the foll@tidgLgid{tions
#3C$Bf knpr sx” DvU5S$91#3A CLO0% & () -

& ()-Z$) vU5S$91A

0! 10! 10!

() ranseyémec@mwx&mo

'()- A CLO% & ()-
quemmea&d(n) A

&

1rf(aa)aw &:76):-

& ()- A Cl0% & ()-

A CL0% & () -

) #3C$BA C10%
ClO% & ()- A CILO% & () - X{'}z{ble?MWRuﬁBﬁ”M&s’t{c&ﬁod\CG‘ﬂﬂ%& ()- #3C3$BA
ClO% & ()- ACIO% & ()- ACILO%W & ()- _>vUSS$91# E 6s!10% & ()-J <
(10% & ()-A C10 = L = =
#3HL0%f L& ()- 189EPleg 0 YEaoR, |3 PBYE £ LfoMnE 6ol YoEhtte ) - 9
dH\/U58$91# #310 9 - 9 atey- 9 -_J0%fL& ()-
Y 012CI:Q/U58$91ﬁfNﬁ10%_f L& ﬁ))- 109 fL& () - #BW 109 f L& (f) - 109 f L& ()-
15 M2 Yes 77 On 4
M3 Yes 118 On 6
M4 Yes 118 On 10
2, Mixing Carbon Black with Pre-Masticated Natural Rubber
In order to prepare natural rubber dry masterbatches with different levels of
20 macro-dispersion quality, the following mixing procedures were used in a BR Banbury

mixer. The fill factor was 0.70. The masterbatch ingre

described as follows in Table 12.
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10%.f L& ()- 10%fL& ()- ID4al¢ 128 NaturakBubber@ydagarbatch| Farmylation () -
/MLO9 & ()- :109& ()- 6 10%& ()-mY /10% & ()-100fL& () - , vU4SSO
SI10% & ()-Z  1qB& - ., 1pshlitel () - EGLOW J&[)-Y 1 "10"10"

| =10% & ()-"3cf|[|: vU4S$9 &1 %&'() Y#10% & @mpe@,g dq,a,g)ofmgbe,\gylo% & ()-
| F10% & ()- 3@Qo & ()- )7|[:vU4SS9 6 10% & ()- 1Q%:8 (

% 10% & ()- t 10%&— 0% &) +9A&-—F w.wvv 539 —4+0%8g& () - (9
10%gg& ()- ~10%gd& ()- Y rﬁimltu;bbm 10' 10 py81006 & () 1@KvV: S$9 9 10%g9
10%9g&’ () -9® 10%5;9& ()-9 I W 9 10Yg90& ()-9 90 () g

10%gg& ()-hLOvV: 9 10%gé& ()%"% ﬁ 8& ()-9 10V@ag %889%%%%0v1-l9

10%gg& ()-; & | LOvV 9 10‘V¢gg&'él) 9 10%gg&' () ;¢ M .d9mesadiw® 10%go& ()-9

10%9& () -gKvV: 9
10%99& () -9 10%d4&
10%9& () -9 10%gd
10%9g& () -9 10%gd
10%99& () -9 10%gd
10%99& () -9 10%d
10%gg& ()-;¢ ~'9

10

15

20

25

& ()- 9116%

-89 10%yg& ()-9

~—Ic N9

g& =9 T09%u& =
0 10%g8& ()-9 10%gd& ()-9

S

10%gQ&
O i

1 minute:

&f() I T0%G9% () - &
s& ()-9 10%gg& ()-

A:hg Oéfge rtrg;‘zlasglcated natural rubbe:

Add black. oil and antioxidants

. 2/8hH, v9 10%g& ()} 9
N 8<@FKMEG vO 10%%9&' ()-9

r (77 rpm, 45 C)

Different levels of macro-dispersion were produc

through M4 pre-masticated natural rubber for differe

ed by dry mixing samples of M1

nt mixing times, as shown in Table

13, below. For example. sample code M2D1 in Table 13 indicates a control sample of

premasticated natural rubber M2 (see Table 11,

accordance with the formulation of Table 12.

Table 13 Mixing Times

above) mixed for 10 minutes in
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Dry NR Masterbatch | Pre-Masticated NR | Mixing Time

Sample Code
M1D4 MIi 4
MI1D3 Ml 6
MIi1D2 Ml 8
MIDI Ml 10
M2D4 M2 4
M2D3 M2 6
M2D2 M2 8
M2D1 M2 10

Blends-CIP




10%99& () - MW _dcCv9 10%9& (9 10%gg& ()-9 10%g& ()-9 10%g& ()-9
10%g9& () -9 10%yadstesnd 10%gg& ()-dejl puvhH v9 10%99& ()-9 10p@EEsdkoRe
10%gg& ()-9 10%g& ()-9 10%g9& ()-;c ~vy}cG v9 10%g& ()-9 10%g& ()-;
A9 10%9& ()-9 10%0& ()-9 10%9g& ()-cCv9 10%9g& (9 10%g& () -
10%99& ()-9 109 0 & ()-9[10%g& ()-hH v9]|10%9& ()-9
10%gg& ()-9 109 go& ()= ¢ A cGvO 10%ggR] () -
10%9g& ()-;c ™9 10%};&&113) 9 1 /gg&' ()MB_; 10%gg&' (n- CQ/9610%];g&' j 9
10%99& () - 9 10% & HO4 g& ()-hH v9
10%gg& ()-9 109 )-9 10@@9&' () 9 10%gg& 8)-;c N ¢G v9
10%99&' ()-9 10990 (- lé 9 I 0% ()~ T0go& (-9 lu%gg& r=1cCv9
10%9g& (9 10%gg& ()-9 mq&' OF 9 10%} ()-9 10%9& ()109 10%9& ()-9
10%99&' () <" &+, hH, v9 1 & () - -9 10%?9&' ()-9,10%0& () -9
10%gg& ()-; ¢ "N L389>Ac(G v9 100 %ol () C /\I 10%gg&l()-9
10%99&' ()-9 10%gg& ()Médﬁ\jPSV\Y : 9 10%;@94 10%;9&' (D-9 10g@o& ()-9
10%99& () -9 10Y%ges8——9—1+0%ga% —+0%@r &~ —+-BiephH—+9—309G9& () -9
10%g99& ()-9 10%gg& () MIDROYgQ& ) 9 10MM0& ()-;¢ " ptx}8&cG v9 1)%gg&' -9
0 ' . |
10%99&' ()-;c 9"‘1’0‘7@&6&\) SRR (LR OEY) o
3. Final mixing of Natural Rubber Masterbatch Control Samples
10 To evaluate compound performance, additional ingredients were added to the
dry masticated natural rubber masterbatch control samples of Table 13 in accordance
with the formulation shown in Table 14.
Table 14 Additional Ingredients for Final Mixing
Ingredient Amount (phr)
15 Azo 66 (zinc oxide) 4.0
Hystere 5016 (stearic acid) 2.0
Santoflex 13 (antioxidant) 2.0
Sunproof Improved (wax) 2.0
Wingstay 100 (antioxidant) 1.0
20 Santocure NS (sulfur accelerator) 1.8
Sulfur 1.0
The compounds were cured in accordance with tandard cure techniques at 150°C
until at least substantially completely cured, typically between 10 and 30 minutes. In that
regard, the same or substantially the same final mixing procedures, including the
Blends-CIP
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10%99& ()
10%g9& () -
10%gg& ()-;¢c ~cGv9 10%g& ()-9 10%g& () -
10%99& ()-cCv9 10%9g& (9 10%g& ()-9 10%gg& ()-9

10%99& () -9 10%gfp&n(irtoPgiven-abb@d/fy’ Taple; H4, Workdis¢d) for

- _2v9 10%gg9 10%gg& ()-9 10%gg& ()-9 109
9 10%g 8 {esoonH. VO 10%g& ()-9 10%gg& ()

:c Mg

99& ()-9 10%9& ()-9

10%0&' ()-9 10%9é& () -
10%g9& ()-9 10%gg& ()-9
all B! {anpleY, akOR a5)all9

109%g& ()-:c " &pT4; ~ 10%& ()-:~ 10%& ()-:~ 109&'|()-:~ 10%& ()-:~ 10%& ()-
R (11 Al AN i i i (-
-~ o/R* g -~ o/R' e o/R' "~ R’ "~ o/R'

10%&: ()-:~ 10%&: t%.%low gsélzo‘gﬁ‘efé efEﬁ)gpclh;%ﬂtg/ Exam%fgs’ﬁ&y&gch Svete ’cur?:ld djtgs{ﬁgd €or- .
Eoi/agcyéz)(r- Eoi/%%& e Bt el ) 1ocygy& - IO%&'/G(&) -- Io&/gf‘)()
109% ()-: ~ 109& ‘(ﬂ“‘%’ﬁgiym ’ﬁ?it%ﬁ&? #%P(“)"“"féi%“?’im 1098 ()-: ~ 109%& ()- S, 5
2> 9@ ~ 10% ~ 109%& () -~ 10% O 0 (

A L R Lkt sudves S
109&' 8 - X8k@B; ~ %pmu(n)D@:)Qg c):o-n’gol samples 1(1?}1.rough 443. ézamples are grougaz.dmthe tables

according to choice of carbon black. Within a given|

choice of natural rubber and by carbon black loading 3

show this information in accordance with standard no

10 heading for Table 15 “N330/55phr/0" indicates 55p

The table sub-headings show the choice of natural rub

1 through 450 are seen to be made from standard gra

and SMR10. Technical description of these natural

table, the samples are grouped by
ind oil loading. The table headings
menclature. Thus, for example, the
hr N330 carbon black with no oil.

ber. Specifically, control samples

ide natural rubber RSS1, SMRCV

bbers is widely available, such as

in Rubber World Magazine’s Biue Book published by Lippincott and Peto, Inc. (Akron.

15 Ohio, USA).
premastication (M1) and after the various amounts o

shown below in Tables 15 - 23.

Blends-CIP
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The molecular weight MW, of the natural rubber prior to any

1 premastication (M2-M4) also are
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-9 10%9& ()pctnkosmend () - 9



109K ()-;~ 109%& ()-;~ 10%& ()-1PO;~ 109K ()-;~ 100& ()->;~ 10%& ()-
109%& () -~ L0%EwQ sonssod0%& () -; ~ 109%& ()-31 POS, 5 |, 2> ; ~ 10%& (,,)C,T;U,Ss,s,m,.9
109 ()-:~ 109%& ()-;~ 109%& ()-gG+: ~ 10%& ()->: ~ 10%& ()-;~ 10%& () -
109& ()-(;~ 109%& ()-;~ 109& ()-;~ 109%& ()-1gG+; ~ [10%& ()->; ~ 10%& ()-
109&' ()-;~ 10%&' (Yablet5100@" ()os= 100K ()-:~ 109& ()-pPAGGH ~ ; ~ 100& ()-,~
109& ()-;~ 1098 () -;~ 10%R ()-S5 _ 2> hitr: N33US5aHwR ~ 109& ()-:. ~ 109&' ()-
109& ()-;~ 109%& (|)-;~ 10%R. () -~ B8®IR' ()-3Hy IS 5 2> .S ‘()-~
109%&' ()-;~ 109%& (]) -Code1qyde q’n o) Mwg 7.+ DLl 109‘55:;}'- ,~ Meag () B4
109&' ()-:~ 109& (D= WAR A9 <d>2lNe- — g — (Kh- ~ 100R (- ~
109%& ()-:~ 10%& (- M 1dog ()-;~ W& ()-;~ 1do&’|()- 2@ BB L, O+ ~ 100& ()-
~ 109& ()-;~ 109 (% ~ |10%& ()-S.2¢, 2> SW~_dhcGt: ~ 1097 109%& () - F |
109%& ()-; ~ 100& (])- M2 1qyty&'() &'()}-~ 1cty&'0()-%% o/c+]‘635é‘o«)&()-
~ 10%& ()-S,5 ,?9 ; 00'(-;~1 "() - a2t 1 1005 -~ ()~
109%& ()-; ~ 109%& (]) mg]' 0o& §)"; ~ LO0& () -4g+S/|5 }} -~ 143 ()- Faslope (-
00k (3 1096 (5301, 53, 25 : Se 0% (s, - 109 () -+ ~sa@%& (Jose-
109&' ()-;~ 109 () mm 4 770 452 20 535 4.78
M2D1 5 445 3.66 21 380 2.44
M2D2 6 490 2.68 gz 398 an
M2D3 7 512 3.68 23 433 4.30
M2D4 8 581 383 24 498 5.81
M3D1 8 373 1.33 25 342 3.78
M3D2 10 402 2.50 26 358 4.35
M3D3 11 407 298 27 KYh 5.55
M3D4 12 452 3.35 - 28 408 5.01
M4D1 13 311 363 29 311 368
M4aD2 14 . 337 3.40 30 325 8.31
M4D3 15 362 5.03 31 344 5.91
M4D4 16 382 523 32 368 5.67
Tabie 16 Table 17
Black Peari 800/S5phr/0 _ N351/33pht/20phr
RSS1 SMRCV RSS1
Code |Sampie Mw,, D (%)|Sampie Mw,, o(vrc) Code | Sampile Mw,, D (%)
No. I8 No. (K No. (K)
M1 1041 863 !
M2 786 662 | M1 1300
M3 663 . - a9 M2 803
M4 527 420 | M3 601
M1D1 113 507 1220 129 418 5.15
M1D2 114 8§51 1510 130 482 4. M1D1 401 854 2.08
M1D3.| "115 700 1020 137 515 6.93 || M1D2 402 869 3.41
M1D4 116 786 5.72 132 §83 8.74 || M1D3 403 1040 3.68
M2D1 117 420 5.65 133 403 2.30 M1D4 404 1130 4.91
M2D2 118 441 6.50 134 438 274
M2D3 119 549 7.70 135 434 283 || M2D1 405 648 1.15
M2D4 120 606 5.88 136 S30 3.88 || M2D2 406 668 2.16
M3D+ 121 387 3.26 137 366 2.38 || M2D3 407 675 2.98
M3D2 122 409 288 138 378 2.83 {| M2D4 408 721 4.70
M3D3 123 456  3.61 139 399 3.34
M3D4 124 483 4.61 140 431  2.39 }| M3D1 409 532 1.10
M4D1 125 339 213 141 311 222 || M3D2 410 537 2.17
M402 126 | 367 223 142 332 227 || M3D2 411 835 2.45
M4D3 127 360 260 143 344 2.27 || M3D4 412 558 4.06
M4D4 128 403 1.86 144 390 2.73
Blends-CIP
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109&' ()-_?+S,5 ,?2> ~ 10%&' ()-;~ 10%&' ()-;~ 109%&'|()-;~ 109%&' ()-;~ 109%& ()-;
1098 ()-pP0?+Sw 09%( ()-:~ 109 ()-: ~ 10% (-3~ 10% ()- SPETURENTIGS: ~
1; ~ 109& ()-; ~ i T~ 1098 ()-;~ 109& ()-:~|109& ()-;~ 109%& () - kO 2+S; ~
10% ()-:~ 10%& ()-S,5 ,?> ;~ 10%& ()-: ~ 10%&'() $(,/1 ?+S;~ 10; ~ 10%& ()-
~ 10%&' ()-;~ 10%&' (Yapte38AQYUR () - ~ 10' JO& () - 123456<7+S, ~ S, 5 , 7>
%~ 10%& ()- ;~ 109& ()-;+ 10%& FRoal 50550 P_2+S. ~ S~ 100& () - ~
109 ()-; ~ 10%& (){; ~ 100 A 1@5&411- T BMBEV2+S: ~ S, ~
1098 ()-;~ 109& (){; ©od®9 o 1%() DAY Sample.  Mw,, D (%)
10%&'()-cfglptoC)”?+S'~-1D o '(\--~mc .95 B - -
109& ()-ty} 2+S;~ 10: MT10b& ()-:~ 18% ()-;~ 10¥& ()-; ~ 10@@()
109&' ()-;~ 109&' (){_7M%; ~ 10; ~ 10%8%&“5 L~ 100%& ()-; ~ 10ty&'é‘;)$-;~ 10%&'q)-;~
109& ()-;~ 109%& (){pPY®+s| ~ 109 () zq 1098 () - ~ 109%& () 504 10%& ()- 1S, 5
,?> 245~ 1, ~ 109 (Jas ~| 10%& () -z 00/&'&5,~ 109%g' (- g 0%&! ()93)
109&' () - kQ ?+S; ~ 109 §§ -1~ ()sgé 100/ ()- V&' ()g292+S; ~
10; ~ 109%& ()-;~ 10 «&Mé 3. & () -5y 10%&153 - 1QY& () ) 684 221
M1D4 35 896 14.1 52 702 4.09
M2D1 37 580 2.71 53 539 2.14
M2D2 38 602 261 54 589 2.72
M2D3 39 631 .61 55 587 475
M2D4 40 867 5.43 56 595 6.25
M3D1 41 457 1.53 57 486 2.88
M3D2 42 476 2.09 58 449 3.19
M3D3 . 43 493 232 59 454 453
M3D4 44 495 - 3.54 60 500 5.89
M4D1 45 32 1.53 61 423 2.88
M4D2 46 382 2.08 62 433 3.42
M4D3 47 as1 232 63 437 4.39
M4AD4 48 403 3.54 64 447 4.73
Table 188
Regal 250/65/0 Regal 250/75/0 Regal 250/65/10
RSS1 RSS1 RSS1
Code |Sampie Mw,, D (%) |Sampie Mw,, D (%)| Sample Mw,, D (%)
No. {K) No. (K) No. (K
M1 1138 1138 1138
M2 901 801 01
M3 660 660 660
M4 483 483 483
MID1 | 65 570 150 | 81 539 bB7| 97 661  1.89
MID2| 66 622 325 | 82 624 450 98 702 269
MiD3| 67 707 750 83 685 417 | 99 741 314
MID4| 68 788 477 | 84 T8I 14.35| 100 822 524
M2D1 | 69 534 162 | 8 484 432{ 101 593  0.91
M2D2| 70 548 419 | 86 512 296| 102 572 348
M203 | 71 585 431 | 8 557 471| 103 842 423
M2D4 | 72 621 621 88 605 485| 104 664 535
M3D1| 73 459 364 | 89 429 227| 105 507 265
M3D2 | 74 469, 579 | 90 446 268| 106 544 296
M3D3| 75 511 530 | 91 466 dJ46| 107 535 369
M3D4 | 76 541 913 | 92 491 6§22 | 108 524 327
M4D1 | 77 380 234 | 83 368 211 | 109 416 185
MaD2 | 78 382 286 94 372 313 | 110 413 318
M4D3 [ 79 399 459 | 85 375 292| 111 418 6.96
MaD4 | 80 395 457 | 96 388 2092 | 112 441 646
Blends-CIP
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109&' ()-+?+S,5 ,?> ;~ 109%&' ()-;~ 109%&' ()-;~ 109%&'|()-;,~ 10%& ()-dD+S,5 ,?>
;~ 10%& () -; ~ 1O%ofige00 ~ 10%& ()-; ~ 10%& ()-;~ 10%& ()-;~ 10%ctAisosh285¢S, 5
,?> 5~ 1;~ 10%& ()-;~ 10%& ()-;~ 10%& ()-;~ 10%&'{()-;~ 10%& ()-; ~
109%&' ()-!""'+/ 4l L, S+S; ~ 109 ()-;~ 109%&' ()-;~ 10%&' ()-;~ 10%&' ()-S,5 , ?>
48<?AF] _?2+S; ~ 10% ~ 100/&'()-;~ 109&' ()-;~ 109%& ()|-; ~ 100/&'() ;~ 109%& () -
10%&' () - INSTY] e ~ 10%& ()-;~ 109%& ()-S,5 , 7> ;
109&' ()-]afjnpg= 9t~ SEAsohT B wE
10%& ()-:~ 109 () - qV=TCREsD 7> T = 1 (¥ Zraam e |
10%&' () - dD+S, 5|,c33e | Wi - D L[ Shiple) Mw e L%
~ 10%& ()-dD+S|5 , ?% ne: 108 () - ~ 108& (po; ~ 10%&
109%&' ()-;~ 10% ~PPODFSA200109& () -, ~ 10080 () -, - |TO%E () - )-b J
,?> _?2+S: ~ 1; ~ | 108&] () -~1m0/&' () -f ~ 109w8%) - ; ~ «&W)-;~ 10%&33()
1098 () - kQ ?2+S;{~MBOY& zglo%&' -S, 5 /g P~ 1O%§‘Vg§3~ 10‘1/%;%3()’%8 ~S
10; ~ 10%& ()-; + MB%% () 0%&: g)-;~ 109 -~ %S, ~
0f ~ /M1 4 d/R' ~ 1D 412 1.24
S5, 7> % 10 %11@ 1(§Z§L ()3 11@/& (2;4 'ﬂ.@ﬁ’/ 1D2 413 556 1.32
M103 147 650 5 89 153 697 1 35 M1D3 414 633 1.41
M1D4 | 148 724 4.79 164 732 2.01 M1D4 415 732 143
M2D1| 149 517 3.16 165 580 1.50 M2D1 416 433 0.86
M2D2| 150 872 2.41 166 621 1.58 M2D2 417 451 0.80
M2D3| 181 613 3.11 167 641 2.22 M2D3 418 495 1.53
M2D4} 152 696 4.37 168 676 2.31 M2D4 418 542 2.15
M3D1| 153 489 2.78 169 §51 1.22 M3D1 420 405 0.25
M3D2| 154 521 1.83 170 550 1.62 M3D2 421 418 0.50
M3D3| 7155 504 3.4 | 171 563 206 || M3D3| 422 447 075
M3D4 | 156 538 2.84 172 578 2.68 M3D4 423 469 0.73
M4D1 | 157 415 174 173 487 1.86 M4D1 424 371 0.21
M4D2 | 158 447 2.17 174 495 2.22 M4D2 425 387 0.42
M4D3 | 1589 466 3.13 175 50§ 2.99 M4D3 426 382 0.30
M4D4 | 1680 469 2.93 176 526 3.37 M4D4 427 396 0.56
Table 20 Table 21(B)
N110/55phr/0 S6740/55phr/0
TRSS1 SMRCV SMRCV
Code [Sampie Mw., D (%) |Sampie Mw,, D(%) || Code [Sampie Mw., D% |
No. (K) No. (K) No. (K)
M1 837 730 M1 876
M2 764 - 653 M2 754
M3 569 541 M3 574
M4 449 ) 463 M4 444
M1D1 | 369 360 124 385 334 1.28 M1D1 428 433 0.25
MiD2| 370 426 2.50 386 338 1.60 M1D2 429 441 0.36
M1D3 | 371 4980 2.69 387 an2 1.42 M1D3 430 487 0.34
MID4 | 372 618 468 388 413 2.80 M1D4 431 540 0.84
M2D1| 373 340 0.69 389 309 0.72 M2D1 432 398 0.35
M2D2 | 374 356 0.85 390 314 1.17 M2D2 433 389 0.41
M2D3| 375 395 0.80 391 342 1.27 M2D3 434 422 0.62
M204 | 376 433 1.17 392 380 2.94 M2D4 435 469 0.44
M3D1| 377 295 0.81 393 271 0.94 M3D1 436 340 0.44
M3D2{ 378 313 127 | 394 292 093||| M3D2| 437 383  0.81
M3D3| 379 333 1.20 395 314 1.43 M3D3 438 kyas 0.8%
M3D4 | 380 383 135 386 351 1.77 M3D4 438 403 0.86
M4aD1| 381 255 1.12 397 260 0.74 M4D1 440 363 0.65
M4D2§ 382 269 1.14 398 267 0.93 M4D2 441 328 1.05
M4D3 ¢ 383 287 1.30 399 284 1.49 M4D3 442 342 1.52
M4D4 | 384 316 1.67 400 297 1.83 M4aD4 443 360 1.89
Blends-CIP
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109 ()- 109%& ()- 109%& ()- 10% ()-+CA4S] 4j 30E [10%& ()- 10%& ()- 109 ()-
10%&' () - hH, 4S \9&o/fspo0 109& () - 109%& ()- 109%&k' ()- 109%&' () - 10‘%‘/1I(SP8/20-’9
10% () -1 hH, 4S 10%' ()- 109%& ()- 109%& ()- 10%& ()- 10%& ()- 109%& ()-
109%&' () - pP4hH, 4S vbR%81A)) - 109&' () - 10%&' () - 100, ' ()-Sj 41 3OEhL 4310%& () -
10%&' ()- 10%&' () 1T09& () - I09& () - ITOV&N] - TO9%
109 ()- 10%& ()4Si 4] 1 S LO4om
109 ()- 10%& () Ceoo&SEmpm 1 ) SampIOMWLD |
109& ()-( 109& ()-.2348:Na>gK+#) 10%& () - N&OIR() -
109& ()-( 109%& (Y- MACQEHTAgKIBBOI0V& ()-S5 4] BE
109& () - Hl MNOSUVI[L®2 10o& () 81100/&' ()- 109&’ 10%&'
10% () - VYz~_ 31 LOMS 4] 3CE 189 ( 10%: (3 109&’
109 () - fjnsw_7044 1109 )“‘5‘3 10%&' - 10937 191 - 10‘3& 0~
10%& ()-{cco4s] 1 1( 00§é) J‘sgxc&égg 1398 % 1098 () -3280%5{3 - pPoC04
10% () - 109%& ()1 &34 (2;5 (3og cecids 1b% 307 400 1.89
MID4 | 276 665 270 | 292 419 (156 | 308 as8 173
M2D1 | 277 323 040 | 293 304 076 | 309 294 054
M2D2 | 278 371 073 | 204 306 (072 | 310 321  1.24
M2D3 | 279 398 074 | 295 318 |0.74 | 311 3s4 128
M2D4 | 280 464 142 | 296 357 130 | 312 /3 1.39
M3D1| 281 278 047 | 297 260 1053 | 313 260 0.9
M3D2 | 282 304 083 | 298 272 loes | 314 268 048
M3D3 | 283 323 082 | 299 295 (058 | 315 289  1.38
M3D4 | 284 360 1.06 | 300 302 (114 | 315 303 078
M4D1 | 285 251 061 | 301 244 1053 3177 23  1.00
M4D2 | 286 266 051 | 302 253 081 | 318 2389 077
M4D3 | 287 273 064 | 303 266 (062 | 319 257  0.72 |
M4D4 | 288 282 053 | 304 206 088 ( 320 268  1.30
Table 23(B) '
N234/45/0 N234/6570 N234/65/10
RSS1 RSS1 RSS1
Code [Sample Mw,, A mﬁ) Sampie Mw,., D (%)
No. (K No. (K No. (K)
M 7185 1185 1185
M2 828 828 828
M3 623 623 623
M4 462 ) 462 462
MiD1 | 321 807 733 | 337 338 B44 | 353 395  §.51
MID2 | 322 598 815 | 338 458 509 | 354 478 768
MID3 | 323 731 897 | 339 479 817 | 355 555  9.46
M1D4 | 324 772 1202 340 706 850 | 3s6 637  8.39
M2D1 | 325 486 348 | 347 255 322 | 357 295 058
M202 | 326 479 544 | 342 288 334 | 358 352 1.23
M2D3 | 327 527 551 | 343 295 485 | 359 394 135
M2D4 | 328 566 770 | 344 383 f 45 | 360 449 237
M3D1 | .329 419 088 | 345 237 50 | 361 292 0.86
M3D2 | 330 423 124 | 346 252 178 | 362 286 1.4
M3D3 | 331 431 255 | 347 270 288 | 383 313 218
M3D4 | 332 458 403 | 348 304 392 | 364 340 251
M4D1 | 333 341 062 | 349 226 {18 | 385 265 083
M4D2 | 334 338 143 | 350 214 181 | 366 273 0.99
M4D3 | 335 319 137 | 351 233 297 | 367 291 139
M4D4 | 336 354 206 | 352 258 383 | 388 307 2.41
Blends-CIP _
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109%& ()- 10%& () 10 10%88 {Dackdrthed with 8res & &nvenro
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109& ()-Sj 4j 3CE
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0% ()- 109%& ()-I puy} C04S
AR HbEr tiShir cdinpgédites

0% ()- 10%& ()- 10%& ()-
arath® ¥#d () -

| 3CECQ04S

ke () a0 S hOEftel ) -

composites comprised natural rubber field latex from Malaysia with the properties shown

in Table 24 below. The elastomer composites each

er comprised carbon black with

morphological properties (structure and surface area) of Regions I, II or III in Fig. 8.

Specifically. the following carbon blacks were used:
10
loadings ranged from 30 to 75 phr. and extender oil |
to 20 phr. The production details for elastomer comp

below in Table 25.
As noted above, the apparatus and proce
15 composites no. | - 32 were generally in accordance W
the masterbatch formulation additives shown in Table
the apparatus and procedures used for elastomer comg
1. Apparatus
Invention samples no. 1 - 32 were prepar
20 apparatus substantially in accordance with the inventi
reference to Figs. 1, 4 and 7. The diameter of the slu

7) and the length of the land (see item 168 in Fig. 7

samples no. 1 - 32. The coagulum zone of the appara

Blends-CIP
-7

Regal ® 250. N330. Black Pear! ® 800. Steriing ® ¢

Regal ® 660, N234, N326, N110.
5740 and N351. The carbon black
oadings were in an amount from 0

psite sample nos. 1 - 32 are shown

dures used to prepare elastomer
ith those of Example A, inciuding
2. A more detailed description of

posites no. 1 - 32 is set forth below.

ed using masterbatch production
on apparatus described above with
rry nozzle tip (see item 167 in Fig.
) are given in Table 25 for each of

tus had four zones of progressively
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109&' ()- 10%&' ()-#$_C04S 10% 10%&' ()- 109%& () - 1§‘0/&' ()- 109%& ()- 109%& () -
109&' ()-$)- 167 %0MB6604j 30E 10%&' ()- 10%& ()- 109%& ()- 10%&' ()PCTa@HAIID04S)
4j 3CE 109%& ()- 109%&' ()- 109%& ()- 109%& ()- 109%&' ()i- 109%& ()- QXY’\bf kcC04Sj

4j 3CE 109%& ()- 109%&' ()- 109%& ( 0Y&! 1098 () 0%&' () - kI POC04S
109 ()- 10%& (fgermtif)]fmntb@/&lw 7gpe t&f“@éﬁ d.1 6% m@reﬁ* 5)7&

109 ()- 10%& ()- 109&' ()- 109 ()-kQ C04S 10% ()- 109&' ()-Sj 4j 3OE

10%&' ()- 10%& (of-eactnafshe Gour o (the firkoge being paytg Within the oex- bt)ad amfmtle/)

109&' ()-+C04S] 4j 30E 10%&' ()- 10%& ()- 109%& ()- 10%& ()-dD04Sj 4j3CE

10%&' ()- 109 (withid GfRex{ehdersesldd thereto) A¥det(fYrth ih e(25- dberé SteredgxH Dy shOVR' () -
109&' ()- 109%& ()- 109& ()- 10%& ()- 10%& ()-pPOCU4S 109%& ()- 10%&' ()-

10%& () - 109 (fhired intétcdfdecéonstetiddmthtQdnet 0%& () - |10%&' () - 109%& ()- 10%& ()-
1098 ()- 109%& ()-049: 2CkQ C04S 10%& ()- 10%& ()-S9 4j 3CE 109%&' () -

109& () - CGLPTYZ_C04S 10% 10%& ()- 109%& ()- 10%& (|)- 10%& ()- 10%& ()-

109%&' ()-Z_cgl mC04Sj 4j 3CE

5 2. Carbon Black Slurry Preparation

Bags of carbon black were mixed with deionized water in a carbon black slurry

tank equipped with an agitator. The agitator broke the pellets into fragments to form a

crude carbon black slurry. The carbon black concenr]tation (as weight percent) in the
carbon black slurry for each of the sarﬁplc is gfven in 'i‘able 25. During operation, this
10 slurry was continually pumped by an air diaphragmi pump to a grinder for initial
dispersion. The siurry was then fed via an air diaphragm pump to a colloid mill which
then fed into a progressing cavity pump to a homogenizer, specifically, Microfluidizer
Model M210 from Microfluidics International Corporation. The microfluidizer produced
a finely ground slurry. The slurry flow rate from the microfluidizer to the mixing zone
15 was set by the microfluidizer pressure, the microfluidizer acting as a high-pressure
positive displacement pump. Slurry flow rate was monitored with a Micromotion® mass
flow meter. The pressure at which the carbon black sliury was fed to the homogenizer
and the homogenizer output pressure (all pressures are psig) are set forth for each sample
in Table 25. From the homogenizer the carbon black slurry was fed to an accumulator
20 to reduce any fluctuation in slurry pressure at the slurnly nozzle tip in the mixing zone.
The slurry nozzle tip pressure and flow rate at which the slurry was fed to the mixing

zone for each sample are given in Table 25.
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10% / & ()-dCD4S 10% 10% /& ()-! 10%/& ()- 10%/& ()-
10% / & (Dhe latekGo4k tiikrdell s XM gallor f28d YdAnKoxidant emilSidh m&s then !
10% /& ()- 10%/& ()-! 10%/& ()- nL*Q&! 10% /& ()-!

I 10Mhddko (e 1ddex aﬂé)rrﬁ‘xé&m(ﬁrro% chﬁi/gldé' AnY%iRAdts weil® ¥hded cbasistin
109% /& ()-1 10% /& ()- &) ;I 109% /& () - /0483%)’40!'

ST ey At i

0
%ch ¢ 0% [ &

) Antigxidafits was
10% /& ()-! 10%/&'%) “befj k} CO!' M4 {
prepared as a 40 wt.% emulsion using 4 parts potassium oleate per 100 parts antioxidant

along with potassium hydroxide to adjust the emuisjon to a pH of approximately 10.

Extender oil. if any, was added in the amount shown in] Table 25. A peristaitic pump was

used to move the latex from the feed drum to the mix?ng zone of the coagulum reactor.

. |
The latex flow rate and velocity are shown in Table 25. Latex flow was automatically
|
metered with a Endress + Hauser mass flow meter. 'HT desired carbon black loading was
obtained by maintaining proper ratio of the latex feed tate to the carbon black slurry feed

rate.

4. Carbon Black and Latex Mixing

The carbon black slurry and latex were mixed by entraining the latex into the
carbon black slurry. During entrainment, the carbon bjack was intimately mixed into the
latex and the mixture coagulated. Soft. wet spongy |“worms” of coagulum exited the

coagulum reactor.

5. Dewatering |

The water content of the wet crumb discharged from the coagulum reactor is

shown in Table 25. The wet crumb was dewatered  with a dewatering extruder (The

French Oil Mill Machinery Company; 3'2 in. diameter). In the extruder, the wet crumb
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10% / & ()- M4  Bjextiudet.0%he &in@) ctumblifoiin® ¢ontent-g! $hiown ih Tablgods/ fr ehechl of the
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10%/ & ()-x*40M4 B U 10%/& ()-! 10%/& ()-! 10%/& ()-! 10%/& ()-
| z80MA ' 10% /& ()-! 10%/& ()-! 10%/& ()-! |10%/& ()-! 10%/ & ()-
10%/ & ()- wxVEOMA Ly 10% /i & 8 10%/& ()-! 10%/& ()-! 10%/& ()-!
10% / & () - 109/ & Bl'}'é%#gg ‘Bom 10%/ & () - d 10% /& ()- (!

0 1 0 ! - I 0, ! 0, ! -1
ig‘ﬁ ; i 8 ig‘ﬁ ; i <T}n '\é%wate{'ed crum Aglﬁrcc))sp)}()é:/cff cl)n% a secon A /& gi?er wher%oltdv\{ag agg.in'
compressed and heated. Water was flashed off upon expulsion of the crumb through the
die plate of the extruder. Product exit temperature and moisture content are shown in
Table 25. The hot, dry crumb was rapidly cooled (approximately 20 seconds) to about
100°F by a forced air vibrating conveyor.
10 Table 24 Natural Rubber Latex Properties
Latex Type | Source Additives % Dry | %Total % Ash | Nitrogen | Volatite
Rubbe | Solids ppm Fartty
r Acid
Concentrate | TITI Latex 0.35% NH, 60 620 015 0.29 0.022
SDN BHD Zn0O, TMTD
0 1% HHS
Freld Latex | RRIM* 9/94 | 015%HNS® | 284 342 0.38 0.366 0.052
0.3% NH3, |
ZnO. TMTD®
a. RRIM is the Rubber Research Institute of Malaysia
15 b. ZnO/TMTD: used for biological preservation, typical 0.025% of 1:1 mixture
c. HNS: hydroxylamine neutral sulfate. Mooney viscosity stabilizer
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c3{_? d10%& d10
d10%& d10%&' () -
d109%& () -
d109%& () -
d109%& () -
d109%& () -
d109%& () -

d109%& () -

d10%&W0 99/166b0%&’ () - d10%&' ()- G c3{"

d109%& () -
d109& () -
d109& () -

d10%&,
d109&

S
ISture ™

mo

d10%&
d109&
d109&
d109&
d10%&

SProgact

|
)

%)

[®)

d10%& ()-"' xX8G d10%&
,07;?D_? d10% o202
d109%&' ()- d109%&' ()- d10%& ()-%EJNRW\<’7 4109 d100&:

d10%& ()- d10%& ()- d109%& ()-

d10%& ()-G c3{W dhlq_? d10%& d10%& ()- d10%& ()-

()-

d109%& ()- d109%& (Y-qrx]|\<? d109%& d10%& ()- d10%& ()-

c3{_7 d10% d10% ()- d10%& ()- d10% ()- d10%& ()
<? d10%& d109%& ()- d109& ()-' d109%&' ()- d10%& ()- G
d109%& ()- d10%& ()- d109& ()- d109%&' ()- d10%& ()- |
'()- d10%& ()- d10%&' ()-G{ c3{_? d10%& d10%& () -
ehle!fm ey emtmv LA TOR, (1) Z % O -t V&
7150 °£0%& chﬁ/«ﬁ‘(%ﬂ 2(31@8(@(2 3B
H109& () le%& () T+,37; @\ <? d10%& d109%& () d109%&
[ C3{ @HNRV[ _? d109%& d109%& ()- d109%& ()- d109%& ()-

\ <?

Drying and Ceoling~ —~ —~ o

Product temperature

(F)

312
450
400
350
310
335
310
345
285
335
330
oven dried
oven dried
oven dried
7o
325
345
350
280
330
380
300
400
410
420
400
420
400-450
400-450

Table 25 {Continued)
Final crumb molsture

)

7.9
114
88

8.4

;:;Qoilllcuvl

8.7

10.3
11.2
15.0

8.5
.18

Dewatering

Initial crumb molsture

%)

Invention
Sample No.

~-NOMwTnoroa 2 TINTLOND

19
20
21
22
23
24
25
28
27
28
29
30
"
32
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d10%& ()-[\ceim\<? d10%& d10%&' ()- d109%& ()- d10
c3{nmvz_? d10%Bweb68ekod ) - d109%&' ()- d109%& ()- d10
d109%& ()-{[;? d10%& d10%& ()- d10%&' ()- d109%&' ()-
d10%& ()- d10%& ()- d109%& ()- d10%& ()- d10%&
d109%& () - dlo()/&lt(sgaoulé betmteé yhaGangriqs Zjangoigwers pr
d109%& ()- d109%& ()- d109%& ()- d109%& ()-{[;? d10%&

Sereih

%&' ()- di0o%& ()-¢

&' () - d10%8pdpuses20279

G c3{ d10%&' ()-_? d10%&k
d109%&' ()-{[;? d10%&
APPOoEmately ng O () -
d10%& ()- d109%&' () -

d109%& () -G c3{ prdsi th MicdfliiRefoul 808@.. (0)detetth Diviiato-dishbAIR' upjier advieDeR’ () -

d109& ()- d10%& ()-!9%[;? d10%& d109%& ()- d109%& (
d109%&' () - % . 28<@2esd 104RicA.0%&' ()- d10%&' ()- d109

)- d10% ()-G c3{
& ()- d109%& ()- d10%& ()-

d10%& ()- @FKOU[[ ; ? d10%& d109%&' ()- d109%& ()- dl(ﬂ;g/a&' ()-G c3{
d10% () - Uz~ bhl p_? Q%8 k% UR et i HOYE ) AR ()ix 109! () -
d10%& 8 puv{{] 3 d%&&&%&&%@bﬁ%@ﬁ (rs)g‘)n o 8@&?2@%@9{4&3%%‘ ()-_?()

d10%& d10%& () - 4
d109%&' () - “d10%&!

portion MW ;.

%@"{@'ﬁéc} by B Hcrb isp B B3R Eudidty arflhd
Table 26 below shows the MW, and |
invention samples 1 - 32, along with the carbon black

the samples. The carbon black loading and oil loading

Table 26.
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SfEediar wefkhPdfnd doy {1+ 7 d10%&

macro-dispersion values for
and oil (if any) used in each of

; are shown as phr values in

(ULE 26)




d109&' ()- G c3{ d10%& ()-_? d10%& d10%& ()- d109%& ()- d10%& ()- d109%& () -
d109%& () - d10%&wosofiksos d10%& d109%& ()- d109%& ()-! d109%& () - G pedluses20279
d109&' ()-_? d10%& d109&' ()- d109& ()- d10%& ()- d10%& ()- d109%& () -
d109&' ()- | [?? d10%&10%A& () - 109%A& ()-) d109%&! ()-G& c3{

d109&' () - 9%&' 234BKkQY

lelO%(A)& () - 10%&'”(3250169)&& -r)'"&‘t‘!ﬂ)&'&'t'? "iﬁ%&'ﬁ‘ ¥ Rexntion $UBleY () - BCDEFGL
H(/ 10%A& () - L0YA&L 094

si GLO%A&' () - 10% &Wﬂvﬂqﬂmcmm of
) - 109%A&' () - 109AY () - \]bhrmxX8I&
si Gouz| _?010%A&'|() - 10%&' ()- 10 Yo
()-)10%A& () - 109A& () - 1DY%A& ()} 330/55/0
si G_C010%A&' () - 10%A& ()4 10%A& [ ) - LORRARBHY - 10048 (MO%\& ()- |Q‘t§$10%x< ()-10 .
UA& () - LOYA& () -|109A& (5 - 10978 () - #Q

i ' 730 10048 () 6%’0@{ 0.03
si GLOYA&' () - 10% 'g’“ 0%A& () - $A& () - k02
si GLO%AE () - 10%A& () 10‘%& () LOYAE TTLOYAS () - g% 109%A& () -
() - 10%A& () - 1094 () 9BO/qA& O | 10082850 @109 P2 10048 () -
si GLOYA& () - 10%A& () - 13}(4\& ()- g|<+1%L 10%A& (T 0%A& () -

A v @ (). = 10%A&'
' 10%A& 3&%%& () - 10%5& - (
&' () - 10%&@() 10%&'{2”\@)10%&'

A& ()] - 10%A&
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-6; <pEI{[;
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?2+1010%A&" () - 10%A& YA& ()} '
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si GLOYA&' () - _?+1010%A& () - 10%A& () - L0%A&' () - LOYAS () 109A& () 10%& O- {I;
2+1010%A& () - 10%A& () - 10%A& () - G
Si GLOYA&' ()-#', 04 _2+1010%A& () - 10%A& () - 10%A&' () -|10%A& () - 10%A&' () - 10%A& ()
- 49: 20G{ [ : ?+10109A& () - 109%A& () - 10%A&’ () - G
si GLOYA&' () - GLPTZ b_?+1010%A& () - 10%A& () - 10%A& (]) - 10%A& () - L0%A& () - L0%A&
() - bghmu{ [ ; ?+1010%A& () - 10%A& () - 109A& () - G
si GLOYA&' () - uz~_ ?+1010%A& () - 10%A&' () - 10%A&' () - 10%A&' () - 10%A&' () - 10%A& () - {
[; ?+101094A& () - 109%A& () - 109A& () - &
Si GLOYA&' () - _?+1010%A& () - 10%A& () - 10%A&' () - L0%A&' () - 10%A& () - 10%A& ()-{[;
2+1010%A& () - 10%A& () - 10%A& () - G
si GLOYA& () - _?+1010%A& () - 10%A& () - 1094& () - 10%A& () - 10%A& () - L0%A& ()-|[: - -
+10A : 10%A& ()- 6S10%A& ()-m 10%A& ()- G si GLO%A& ()- EJQUZeE10A @

109%38G& () - s@ 10%G8G& () - s@ 10%G8G& () - s@ 10%G8GE () - s

@109%G8G& () - 10A10AZ_hnrz_?E10A @ 10%8G& ()-s@ 10%8G& ()-s@ 10%8BG& () -s@
109%G8G& ()-S@ 10%G8CG& ()-s@ 10%G8G& () - SADE10A @ 10%G8G& ()-s@
109%G8G& ()-s@ 10%8G& ()-s@ 10%G8G& () - s@ 109%G8GE ()-s@ 10%G8G& ()-s’ D(E@
109%38G& () - s@ 10%38G& () - s@ 10%C8G (},-ﬂ% 0%UBGCE () - s@ 10%BCE () - SCF
}Wk#G } W@ 10%G8GE ()-s @ 10%C8GE ( ssg 0%UBGY ()-s@ 10%UBCE () -s@
10938G& () - sgGH @ 109%38G& () - s@ 10%8G& () - s@ 109G8G& () - s@ 10%38G& () -s@

10%BGCE! @ 10%BC @ 10%8 @ L0%G8G8
W@ 10ty85c§ ()-s@ 10ty85c§ 0- s@%&&@"&%&% %(2@9 > ()-sq

10%G8G& () -s@
10%G8G& () - s@ 10%G8G& () - s@ 10%G8G& () - s@ 10%G8GE () - s@ 10%G8G& () -s@
10968G& () - s{[ ?gK/ @ 10@ 10%G@ 10%38G& () - s@ 10%8G& () -sG }w@
10%G8BGE () -s@ 10%BGCE () - sgK/ @ 10@ 10%BCE () - S@ LOUBEE () -5@
10%G8G& () - s@ 10%G8G& () -s@ 10%G8G () -s@ 10%G8GE () -s@ 10%G8G& ()-s{[; gK/ @
10@ 10@ 10%G8G& () -s@ 10%BG () -G } W@ 10%8GE () -s@ 10%BG ()-s_?/ @

- NN TN PN




hC ?(10%8G&( 10%8G&" () - (10%BGL' () - (109%8CG& () - (10%xBG ()-(10%8C&& ()- (10

UWBCE () - P\ <?( WorsBesg 10%6BGE () - (10%BGE () - (10%3BGE () - ( 10pEBRTHsR)276

hC$( 26: ?_?(10%BG&( 10%38G& () - (10%3BG& () - (10%BG& () - (10%BG& () - (10%BC&
"()-(109%BG& () -?@JINS|\ <’>§ 10%38G&( 10%8GE () - (10%638G& () - (10%3BG&' () - (10%5

8G&& () - G{ The results for all invention samples having carbon black loading of 55 phr are shown

hCSV\] aein_?(10%8G&( 10%3BG' () - (10%BG& ()-(10%BG () - (10%BG& () - (10%=BCG&
() - ( § 1(();{’/&386& () -inahe pdmisiod 31006BFE( 1 ARaE @th (Mackd: 1 anjd- MW YEB4Rses(fbr £ 10%68

&

hC_?( 10%48G&( 10% ﬁ&m sERUBTEE abdve(ddLUER @Rl TibHO 4R s@.r}xBE éﬁfb@&b() (10
UBGCE () -]\ <?(10%38 /GSG&() (10%38G& () - ( L0%BCE ()- ( LO%BE () -

T T BT
St LTI e T it

? 10%386& 1098 G&! 0%8 & 100&386& - 0B G& 1098 G&
NG TSy O (e )10 <e§3mmv@&s}§wxm&z
€

%c >BFINS_?( 1ow@m@ﬁém@§l(cynbemm0@
"()-(109%3B8G& ()-STY_ch|\<?(10%8G&( 10%8G& () ( 10%386& ()-(10%8G& ()-(10%

8& ()-¢ and in Fig. 9 that the invention samples have excellent macro-dispersion. Specifically,

hChl pt x| _?(10%38G&( 10%8G&' () - (109%68G&' () - ( 100/&B$L ()-(10%8&X& () - (10%8x

() (10%BGE () - e RkARMIBHHRONE G Vil AUURE bt IOURRE AU LOMREL ()-

sol

G
h 0, 0,
O/C 2 1? /Glﬁ\@fglfl) O@@@;& 8%)1’6 g/ é@»@(@% the cén%Q?/ s( ﬁevé Qc%?%ué(})lgg%ge@%‘m() (10

Sl D R I R R L
OB B S B ] (1

$(,1 ?(10%8BGC( L0%BCE' () - (10%BG (?_u (10%8G&' () (1098G&" () - (10%8&& () (

10%B& () -127; is significantly superior to that achievable using comparable ingredients ‘in prior-known

?2D\ <?( 10%386&( 10%8G&' () - (10%BG&' () - (10%BG& () (10%8C&L () -

hCDHLPTX] _?( 109 CR{xine/asinsds( Th¢ svokeis@sed(fpr thd 08demeatd poifits GBEBGE Fi9. 9 (ahd %8 G&

"()-(109%8G& ()-]"cgkp] \ <?(109%68GC&( 1098 () - ( 10t%GSG& ()-(109%8CG&' ()-(10%:5

8&& ()-¢ 15 those used in subsequently discussed Figs. 10 - 25 ar¢ explained in the legends below.
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)- Pi
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Yo% 0% & (
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Figure 10 Dispersion Quality and MW Sol of NR Masterbatches
(Region 1) xcontrol sampies 177 to 224
@ invention sampie 10
# control sampies 145 to 176
52 invention sample §
O control samples 33 to 64
Dinvention sampie 4
X control samples 1 to 32
ainvention sampie 1
@ control samples 113 to 144
minvention sample 8
Figure 11 Dispersion Quality and MW Sol of NR Masterbatchs
(Region If) A control samples 273 o 320
minvention sample 14
A controi samples 369 to 400
pinvention sample 21
Figure 12 Dispersion Quality and MW Sol of NR Masterbatches
(Region IIl)
< control sampies 401 to 412
minvention sampie 22
_— ¢ control samples 412 to 443
5 ginvention sample 23
Figure 13 Dispersion Quality and MW Sol of NR Masterbat:!]les
{N330 Carbon Black, 55 phr)
@ control sampies 1 to 32
] m invention samples 1 t0 3
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Figure 14 Dispersion (Quaity and MW Sol of NR Masterbatches

Figure 15 Dispersion Quality and MW Sol of NR Masterbatches

Figure 16 Dispersion Quality and MW Sol of NR Masterbatches

Figure 17 Dispersion Quality and MW sol of NR Mastsrbatnhe#

Figure 18 Dispersion Quality and MW sol of NR Masterbatches

(REGAL 250 Carbon Black)

(BLACK PEARL 800 Carbon Black, 55 phr)

(N326 Carbon Black, 55 phr)

(REGAL. €60 Carbon Black)

{ N234 Carbon Black )

Blends-CIP

83

i

@ control sampies 33 1o 64
minvention sample 4

© control sample &5 to 80
pinvention sample §
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Ainvention sample 6
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m invention sample 8
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minvention sampie 9

@ control samples 177 to 224
minvention sample 10
o control sampies 225 to 240
pinvention sample 11
o control sampies 241 to 256
Ainvention sample 12
o control sampies 257 to 272
A invention sample 13

o control samples 273 to 320
m invention samples 14 to 17
o control samples 337 to 352
ginvention sample 19

o control samples 321 to 336
Alnvention sample 18

< control samples 353 to 368

Anvention sample 20
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Figure 21

Figure 22

Figure 23

Figure 24

Figure 25
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Dispersion Quality and MWsol of NR Masterbatch
( N351 Carbon Black, 33 phr)

o control sampies 401 to 412
m invention sample 22

Dispersion Quality and MW Sol of NR Mastarbatches |
(STERLING 6740 Carbon Black, 55 phr)

@ controi samples 412 to 443
minvention sampie 23

MW sol Effect on Crack Growth Rate -

(NR Compounds Containing N234 Carbon Black @ 5§ phr Loading)

@ control sampiles 273 to 288

pinvention sampie 16

MW sol Effect on Crack Growth Rate

(NR Compounds Containing N326 Carbon Black @ 53 phr Loading)

o control sampies 145 to 160
oinvention sample 8

MW sol Effect on Crack Growth Rate
(NR Compounds Containing REGAL 680 Carbon Blaek @ 55 phr Loading)

@ control sampies 177 to 192
ginvention sampie 10

Max. Tan § (Strain Sweep @60 C) of NR Compounds
at Different Loadings

Containing N234 Black

@ invention samples 24 to 28
émventmn sampies 29 to 32
ﬁ control sample 444 to 450
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Containing Blend of Carbon Black and Silica

@ control sampies 491 to 488
s invention sampie 38
© control samples 483 to 480
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D(%) < 0.2%

when MW, is less than 0.45 x 10%; and

log (D) < log (0.2)+2.0x (MW, -
when 0.45x 10° < MW, < 1.1x10°%
It will be recognized from the discussion above. that

above equation (1) is the percent undispersed area me

.10% ~, & ()- Ao o#(._?vU4 |3

. 10% ~,
. 10% ~,

& ()
& () -

.10% ~, |

(D

0.45 x 10%)] x 10

2)

macro-dispersion D (%) in the

asured 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.

masterbatches. That is. none of the dry masticated m
dispersion quality of 0.2% at any MW, . even after n
MW, below 0.45 x 105, as described by equation (1)

dry masterbatch control samples shown in Fig. 9 is b¢

[T and III for natural rubber dry
asterbatches achieved macro-
nixing sufficiently to degrade
above. When the MW _, of the

'tween 0.45 x 10°and 1.1 x 10%,

the dispersion quality is even poorer while, in contrast. the dispersion quality of the

invention samples having MW, in that range remain;
preferred embodiments shown in Fig. 9 having MW

10° exceeds the preferred macro-dispersion limit of 0

5 excellent. None of the
between 0.45 x 10%and 1.1 x

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
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. 10% ~, & ()- .10% ~, & ()- .10%~, & ()- Ao o#(. ?vLa 3 .10%~, & ()-
. 10% ~, & ()- .10%~, & ()- .10%~, & ()- .10%~, & ()- .10%~, & ()-
bB?vU4 3 . 10% ~0.18)(may havel @esre-disgeripn qualit0eh0-1% &t 1) even bargogi-e,. Igvet) D(¥Ao
o#(.%7?vU4 3 .10%~, & () .10%~, & ()- .10%~, & ()- .10%~, & ()-
10% ~, & ()- . 1ee~, & ()- %) 57?BbB?vWA4 3 . 10%~, & ()- .10%~, & ()-
. 10% ~, & ()- .10% ~,
Region I Carbon Black Samples
Invention samples comprising carbon blacks having morphological properties
5 (i.e.. structures and surface area) of Region I in Fig. 8, and corresponding control samples
described above made with such Region I carbon blacks, are compared in the semi-log
plot of Fig. 10. 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, N330, and Black Pearl® 800, at carbon
10 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
15 101. In fact. the preferred embodiments shown in|Fig. 10, even through comprising
carbon blacks from Region l. the most difficult to dﬂsperse, all fall below a D(%) value
of .3%. The most preferred embodiments all have a ID(%) value not exceeding .2% even
at an MW, value advantageously exceeding .7 x 10%| The data shown in Fig. 10 clearly
reveals that the macro-dispersion quality of the novel elastomer composites disclosed
20 here comprising Region I carbon blacks, over a |wide range of MW, values, is

significantly superior to that achievable using comparable ingredients by prior dry

mastication mixing methods. The macro-dispersion Lalues for the elastomer composites

of the invention shown in Fig. 10 are described by Llnc following equations:
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. 10%

U4 3 . 10% ~pcdiukdsrnors 10%

.10% ~, & ()- .10%~, & ()- .10%~, & ()- .10%~, & ()-

o#(. 2vU4 3 .10%~, & () .10%~ & ()- .10%~ |& ()- .10% ~, & ()-

~, & ()- .10% ~whe®' M-, ibBRyiidn 8.7 x 10Q%nd, & ()- . 10% ~, & ()- .10% ~,

& ()- .10% ~,

10

15

20

& ()- Ao o#(. _2vU4 3 . 10%

|

logD < log(1.0)+2.5x MW, -(0.7x109]x10¢ (4)
when 0.7x 105 < MW, < 1.1x10¢
It will be recognized that D (%) is the percent undispgrsed area measured for defects
greater than 10 microns and 1% is the threshold macro-dispersion quality for all
carbon 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,O, , 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 10, the dispersion quality is even poorer. in contast, the dispersion quality
of the invention samples having MW, in that range remains excellent. The preferred
embodiment shown in Fig. 10 having MW, betweer] .7 x 10® and 1.1 x 10° falls well

below the preferred macro-dispersion limit of .2%. &t can be seen that the elastomer
I

composites of the invention comprising carbon blacks from Region I provide

heretofore unachieved balance between macro-dispersion quality and MW

sol *

Region II Carbon Black Samples
Invention samples comprising carbon blacks| having morphological properties

(i.e., structure and surface area) of Region Il in Fig. 8, and corresponding control samples

described above made with such Region II carbon blacks are compared in the semi-log

sol

plot of Fig. 11. Specifically, Fig. 11 shows the m?cro—dispersion values and MW
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.10% ~, & ()- .vebws of thg inyention pamples ang! qoprespondipgicontrod; spmples comprisgRtha 3

.10% ~, & ()- .10%~, & ()- .10%~, & ()- .10%~, & ()- Ao

o#(.=?Q cq_?vU4 c3rbon hiatksN23&'afd N110.al &vbon blak [opding rahfitig from&0 phr-to 70 AlF%md-,

& ()- .10%~, & ()- .10%
: extender oil loading ranging from O phr to 10 phr. Excellent carbon black dispersion is

seen in Fig. 11 for all of the invention samples, representing preferred embodiments of
5 elastomer composites in accordance. with the present Jisclosure. The invention samples
advantageously are below line 111 in Fig. 11, whereas all of the control samples have

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 exceeJ‘ing 2% at any MW, value. The
10 data shown in Fig. 11 clearly revez;l that the macré)-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 desdribed by the following equations:

. |
: |

15 D(%) < 0.3% (5)

when MW, is less than 0.35 x 10% and

logD < log (0.3)+2.8 x [MW_, -(.35x109]x 10°  (6)
I
when 0.35x 106 < MW, < 1.1x 10¢ ’
It will be recognized that D (%) of .30% is the threshold macro-dispersion quality for all

20 carbon blacks in Region II for natural rubber masterbatches in accordance with the

present invention, and 0.35 x 10° is the threshold MWL, value. That is, none of the dry

masterbatches achieved macro-dispersion quality of ?.30% or better at any MW, even
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between 0.35 x 10°and 1.1 x 10, the dispersion quali

is even poorer. In contrast, the

dispersion quality of the invention samples having M s in that range remains excellent.

The preferred embodiments shown in Fig. 11 having

&VIWSO, between .35 x 10° and 1.1

x 10¢ fall well below the preferred macro-dispersion limit of .2%. It can be seen that the

elastomer composites of the invention comprising carb

heretofore unachieved balance between macro-disper.

Region III Carbon Black Samples

Invention samples comprising carbon biacks

(i.e.. structures and surface area) of Region III in Fi

on blacks from Region II provide

sion quality and MW, .

having morphological properties

g. 8, and corresponding control

samples described above made with such Region III carbon blacks are compared in the

semi-log plot of Fig. 12. Specifically, Fig. 12 shows

the macro-dispersion values and

MW, values of the invention samples and corresponding control samples comprising the

carbon blacks N351 and Sterling 6740. at carbon blag

k loading ranging from 30 phr to

70 phr and extender oil loading ranging from Ophr t¢ 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

control samples have poorer dispersion, being above

embodiments shown in Fig. 12, comprising carbon

below a D(%) value of .1%, even at an MW, value a

and even .7 x 10%. The data shown in Fig. 12 clearly
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* line 121, In fact, the preferred

racks from Region III, fall at or

vantageously exceeding .3 x 10°

reveals that the macro-dispersion
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using comparable ingredients in prior dry mixing methofs. The macro-dispersion values

for the elastomer composites of the invention shown iin Fig. 12 are described by the

following equations:

D(%) < 0.1%

when MW, is less than 0.35 x 10°%; and

logD < log(0.1)+2.0x [MW,_, - (030 x 10%) x 10%]

when 0.30x 10¢ < MW_ < 1.1x10°

It will be recognized that D (%) of 0.1% is the threshol
all carbon blacks in Region III for natural rubber maste
present invention, and 0.3 x 10° is the threshold MW,
masterbatches achieved mgcro-dispersi?n quality of .19
mixing sufficiently to degrade MW, below .35 x 108, 2
above. When the MW, of the dry masterbatch control
between 0.30 x 10° and 1.1 x 10%, the dispersion quality
the dispersion quality of the invention samples having !

excellent. The preferred embodiments shown in Fig. 1

0]

(8)

d macro-dispersion quality for

rbatches in accordance with the

value. That is, none of the dry
fo at any MW, , even after dry
35 described by Equation (7)
samples shown in Fig. 12 is
1s even poorer. In contrast,

MW, in that range remains

2 having MW_, between .30 x

10% and 1.1 x 10° fall well below the preferred macro-éispersion limit of .2%, and, in

fact, are at or below D(%) value of 0.1%. It can be see

of the present invention comprising carbon blacks from

h that the elastomer composites

Region III provide heretofore

unachieved balance between macro-dispersion quality and MW, .
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The macro-dispersion values for the invention

, & ()- .10%~, & ()-
& ()- .10%~, & ()-
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.10% ~, &Addgitional fgmple Cgmpgrisons 1005 ~ & ()- FGIUZ] bB?vU4 3 . 10% ~,
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samples are shown graphically in

the semi-long plots of Figs. 13 through 21, as a function of their MW, values, as in Figs.

8 through 12 discussed above. More specifically, in

Figs. 13 through 21 all invention

5 samples described above comprising a particular carbon black (being limited to those of

a specific carbon black loading when so indicated) are shown together in a single semi-

log plot together with the corresponding control sampl

the reference numbers of the invention samples and

es. (See the legends above giving

control samples included in each

figure.) Thus, Fig. 13 shows the dispersion quality and MW, of invention and control

10 samples described above comprising 55 phr N330 car,Lon black. The data shown in Fig.

13 clearly reveals that the macro-dispersion quality of

the invention, comprising N330 carbon black, over

significantly superior to that of the control samples!

the novel elastomer composites of
a wide range of MW, values, is

Macro-dispersion for elastomer

composites of the invention comprising N330 carbon black, as shown in Fig. 13 is

f
|
log (D) < log(1)+2.5x [MW,, -E

|

15 described by the following equations:

D(%) < 1%

when MW, < 0.6 x 10% and

20 when 0.6 x 10° < MW, < L1x10%
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~ & ()- .10%~, & ()- Ao o#(.] _eims_2vU4 3 .10% &, & () .10% ~, & ()-
.10% ~, & ()- wbdmesno & ()- .10%~, & ()- .10%~, & ()- stpbBosdshesdy

. 10% ~, & ()- .10%~, & ()- .10%~, & ()- .10%~, & ()- Ao o#(._?vU4 3
.10% ~, & () .10% ~, & ()- .10% -, &'g)- . 10% ~, &'(J' .10% ~, &'80)-
.10% ~, & ()- bBNa of the drptrpsticatgd (mpsterbatghpymachieved! facro-dispegion quaity pf1.0%10%
~ & ()- Ao o#(._?vU4 3 .10%~, & () .10%~, & ()- .10%~, & ()- .10% ~,
& ()- .10% ~, & dthny MW,Q%ven affer ()y-misBig\suficidntly ©bQRigrade BIW,), below 0@k 10¢ & () -
. 10% ~, & ()- .10%

(see Equation 9, above). In control samples comprising 55 phr N330 carbon black in
which the MW, was maintained between 0.6 x 10%and 1.1 x 10%, the D(%) value is
5 even higher, such as more than 4% undispersed area.
Fig. 14 shows the dispersion quality and MW, of the invention and control
samples described above comprising REGAL® 250 carbon black. Selected invention
and control samples shown in Fig. 14 comprised oil, |as set forth above. The data shown

in Fig. 14 clearly reveals that the macro-dispersion quality of the novel elastomer

10 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 LLe invention comprising REGAL®
250 carbon black, as shown in Fig. 14 are described by the following equations:
D(%) < 1% | (9)
15 when MW, < 0.6 x 10°: and ;
log (D) < log (1) +2.5x MW, J (0.6 x 10%)] x 10 (10)
when 0.6 x 10° < MW, < 1.1 x 10°. ’
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW,,, even after dry mixing sufficiently to degrade MW_, below 0.6 x 10° In contrast,
20 elastomer composites of the invention comprising Regal® 250 carbon black and having
MW,_, above 0.6 x 10° have excellent macro-dispetsion, such as D(%) less than 0.2%. '

Compound properties and performance characteristics for the invention and control

samples shown in Fig. 14, comprising REGAL® 259 carbon black, are set forth in Table
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& ()- Ao o#(. _2vU4 3 .10%~, & () .10%~, & ()- .10%~, & ()- .10% ~,

()- .10%~, &@)9n660010% ~, & ()- "BB?vU4 3 .10% ~, & ()- pcrhi¥ezozr

()- .10%~ & ()- .10%~ & ()- Ao o#(.%-139 2vU4 3 .10% ~, & () .10%
()~ L 10%~, & ()-. .10%~, & ()- .10%~ & ()- .10%~, & ()- O::

“FKa@vU4 3 y>$%bw (1 cag be:sqepodap invention\sample iz 4/has exgepriongly-googregiptancso

o#( . KNOTUWKYVZ> 3 10%& () - 10%& ()-10>10>10> 0y>$10%& ()-S y>$10%& ()- S

Ty>$10%& () - SYZ{o] érackbgrP@th, as indicated by its very low crack growth rate value of only 0.92

10%& ()-' &10%& ()-10%& ()-010%& ()-' 10%& ()- bcdeghlj nRA>

$10%& () - &10%&6rﬁhiﬂﬁ%§élé§. - IR ke (nveddBiy&mple-ik @f ¥ the corresponding

109%8& () - 10%& ()-10%& ()-' 10%& ()- 10%& () - 100@& “qrstxy{| | Pa>

oty 1O ve e etter and macro-
_1‘3(%%(&)() 1‘3%>8 6&95@@%&) ﬁgs/‘?sgbeill djté)olégﬁué&)a(%l }ontygﬁn MW, and

10%& () - 1Q%& ' () - PaA>
10%-& 8 - 0%&( %&9{%&@@&%‘5 (‘%3 s?’g"(%} %“)Esee above

10%& ()-')10%& ()-10%& ()-(10%& ()- (' 10%& () nR4>

'10%& () - 10%& ()-10%& ()-' 10%& ()-10%& ()-sR2> '-10% & ()-  10%

&:
&I

& ()-10%& ()-' 10%& ()-10%& ()-10%& ()- 22> ' '-10%& ()- '-10%& ()-
'10% & ()- '-10%& ()- '-10%& ()- '-10% & ()- W?2> '-10%& ()- G F
I$(1- ' -10% & ()- '-10% & ()- '-10% & ()- !+3=122> '-10%& ()- '-10%
& ()- '"-10%& ()- '-10%& ()- '-10%& ()- '-10%& ()- =EOPQE[; ?2>
'-10% & () -
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& F I$(!- -10%&'() 10% & ()- ' -10% & ()- %X\aejn 22> ' -10% & ()-

-10%&'() ' "-10% & () - -10%&'() -10%&'() %%9’?2>
-10%&'() 2%-30-10%&'()- 'o10% & ()- [ -10% & ()- W&’”
& ()- -10%&'() '-10% & ()- '-10%& ()- '-10% & ()- ' -10% & ()-
22> '-10%& ()- G F I$(!- '-10%& ()- '-10%& ()- '-10%& ()- _?2>
-10% & ()- T-10% & ()- '-10% & ()- '-10%& ()r '-10%& ()- ' -10%
& ()- W?2> '-10%& ()- & F I$(L- '-10%& ()- -10%&'() '-10% & () -
_?2> ' -10% & (JFable 1&pmrgund Properties pI NR Compounds 1 0o/ &' () 10% & () -
To10% & ()- W?2> ' - 100enkining RESALL259 §arpon B“&Wf&rmw‘*ﬂn 10% & ()- '-10%
& -
0 Sample No.| Mooney  Hardness  E100 | £300 Tensiie E8
ML(1+4)@100C (psi) (ps)) (ps) (%)
control 33 60.63 55.35 18126 999.82 408024  675.0
control 34 73.58 57.80  235.14 1293.88 397824  595.0
control 35 81.49 5865 24366 1265.26 410341  613.0
control 36 84.04 5985 24423 1215.87 3960.32 614.0
control 37 57.35 56.75  218.70 1259.99 411985  502.0
control 38 60.10 57.05  216.75 1206.60 402365  620.0
control 39 68.28 5725  225.44 1256.23 413406  621.0
control 40 77.40 5910  255.15 1330.87 4059.01  597.0
control 41 44.40 5625  216.00 1214.78 403868  618.0
control 42 47.96 56.50  214.53 1202.93 394405 613.0
control 43 49.84 57.05 22126 1229.07 401824  611.0
control 44 50.10 56.60 - 210.50 1140.80 4058.33  638.0
control 45 36.82 5280  177.47 982.86 3790.56  533.0
control 46 38.23 5450  198.63 1111.04 3860.56  629.0
control 47 35.35 5460  199.03 1110.00 387149  505.0
control 48 40.58 5550  204.52 1139.94 3961.06 6320
invention 4 71.97 57.00  218.18 11230.30 403630  611.0
Sampie No.] Rebound Crack Growth Rate Abrasion loss Tan s Tané
{emumillion cycies) -] Q 0°C Q 80°C
control 33 64.50 2.00 [0.191 0167 0.091
controf 34 64.55 1.83 ' 0.182 0.155 0.083
control 35 63.75 2.38 '0.182 0150  0.091
control 36 63.30 1.42 .'0.180 0.162 0.091
control 37 64,65 3.00 | 0.168 0.176  0.100
control 38 .63.45 2.99 | 0.163 0.184 0.089
control 39 63.90 2.17 | 0.185 0170  0.092
control 40 §2.30 1.69 | 0.182 0175  0.093
control 41 64.20 2.84 ! 0.190 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
control 46 64.20 3.94 | 0.191 0.184 0.107
control 47 '64.35 a.81 | 0.192 0.106
control 48 63.65 3.46 0.180 0.182 0.110
invention 4 64.70 0.92 0.190 0.148 0.096
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I 22> "-10% & ()- "-10% & ()- '"-10%& ()- '"-10%& ()- '-10%& ()-
'-10% & ()- ! &WBIWRE | -10%& ()- G F IS(!- "-10% & ()-  pedf¥afohd -
S10% & ()- 27, @M 72> -10% & ()- "T-10% & ()- '-10% & ()- -10% & () -
L10% & ()- '-10% & ()- MRVIANW?2> - 10% & () G F JI$(!- T-10% & () -
'-10% & ()- ' -10% &Fig. -15‘sabw e _dRPersion qhdldy &hd MW, oflﬁ)t%n&ér(tion and <&RB6I& () -
':10%&'() S10% & () T-10% & () - .{W?2> I'-JO%&'() e} J$('- '-10%
.&_ (1)0(‘%) g i ;LO% & (slm/plgg ?) n/%é% afb))ve co%fp)?i_sine\}%%%@l&f@ {16®&|8((3(§)c/9r§bn( %lack at 3_130;9(% (%0((%2
&_ g_z)% &: E ;l‘ E)% & (l?)admg. The ({gé‘sl'foXNn m:F)i%?lS éléa?r@%%x‘gélal(s)tﬁat the n}agr{?-éfs;ge}smn quafllg'%)f & () -
the novel elastomer composites of the invention comjprising Black Pearl® 800 carbon
5 black, is significantly superior to that of the control samples. The macro-dispersion
values for elastomer composites of the invention con";prising 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 i
10 log (D) < log (1.5)+2.5x MW, - 90.65 x 109} x 10°  (12)
when 0.65 x 108 < MW, < 1.1 x 10¢,
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW,,, even after dry mixing sufficiently to degrade M{W «obelow 0.65 x 108, In contrast,
elastomer composites of the invention comprising Blgack Pearl® 800 carbon black and
15 having MW, above 0.65 x 10 have excellent macro-dispersion. such as D(%) less than
0.2%. Compound properties and performance characteristics for the invention and
control samples shown in Fig. 15, comprising Black|Pearl® 800 carbon black. are set
forth in Table 28 below. It can be seen that inventiop sample No. 8 has exceptionally
good resistance to crack growth, as indicated by its very low crack growth rate value of
20 only 0.27 cm/million cycles. In fact. the invention samples are far superior to the

corresponding control samples. This is believed to be Tlue largely to the better MW, and

macro-dispersion of carbon black in the invention sampie, as discussed above.
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'S10% & ()- '-10% & ()- W?2> '-10%& ()- & F|I$(!- '-10%& ()- '-10%

& ()- '-10% &Wooongged> -10% & ()- "-10% & ()- ' -10% & ()pcrrsodiasy () -
'o10% & ()- '-10%& ()- W?2> '-10%& ()- & FI$(!- '-10% & ()- ' -10%
&()- '-10%& ()- $)-_?2> '-10%& ()- '-10%& ()- '-10%& ()- ' -10%
& ()- '-10% & ()- '-10% & ()- -26;<?W?2> '-10%& ()- G F J$(!- '-10%
&()- -10%& (). '-10%& ()- PDHOBX 22> ' -10% & ()- ' -10%& ()-

10% & ()-  1asel8¥%0 Gorbpound Prob@tfesiorNR Compodhll & () - \aej knw 22> ' -10% & () -
R Ry A Sttt g A e ang - 10% & ()-

'S10% & ()-  '-10% & ()- ' -10% & ()- '-10%&'()\- "o 10% - W?2>
'-10% & () - mple No.| Mooney  Hardness E100 Tensils EB
ML(1+4)@100C (psi) M» (psi) (%)
control 113 110.5 66.4 345.0 1338.0 3878.0 598
control 114 109.0 67.3 367.0 1427.0 4033.0 606
control 115 106.4 67.2 363.0 1311.0 3896.0 610
control 116 105.7 69.0 3220 1202.0 3856.0 626
control 117 110.6 67.1 316.0 1400.0 4180.0 616
control 118 118.9 67.1 3100 1395.0 3967.0 607
control 119 111.9 67.7 309.0 13:E.o 4149.0 634
control 120 110.6 67.6 3730 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 6.5 309.0 1388.0 4166.0 623
control 125 1134 65.4 281.0 1274.0 3978.0 631
control 126 101.4 66.8 280.0 1222.0 4206.0 656
control 127 105:5 66.4 262.0 1150.0 4167.0 670
control 128 110.7 6.8 292.0 1301.0 4209.0 643
invention 8 1313 625 2270 1299.0 3418.0 532
Sample No.| Rebound  Crack Growth Rats  Abrasion loss  Tand _ lan b
{emimiilion cycles) {(g) @o°c @ 60°C
control 113 447 3.14 0.148 0.281 0.184
control 114 45.0 2.72 o.:is 0.274 0.185
control 115 47.0 2.54 0.163 0.233 0.171
control 116 48.6 2.41 0.1 0.244 0.163
control 117 40.9 4.56 0.0 0.327 0.214
control 118 41.8 280 - 0.112 0.335 0.225
control 119 41.7 433 0.091 0.321 0.216
control 120 42.1 3.89 o.o%s 0.304 0.207
control 121 39.2 3.38 0.075 0.312 0.256
control 122 387 4.58 0.108 0.344 0238
control 123 40.2 4.79 0.143 0.329 0.232
control 124 41.7 3.78 0.142 0.321 0.209
controt 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 ag.2 4.79 0.073 0.346 0.254
contro! 128 394 3.40 0. 143 0.357 0.23
invention 8 448 0.27 0.130 0.297 0.198
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J$(!'- "-10% & ()- "-10% & ()- -10%& ()- _?2> "-10% & ()- '-10% & ()-
S10% & ()- - 0@A9Redd- ' -10% & ()-  '-10% & ()- W?2> - 10ea&isesrere F
J$(!- "-10% & ()- '-10% & ()- "-10% & ()- _?2> ) '-10% & ()- '-10% & ()-
-10% & ()- T-10% & () T-10% & () - '-1_0%&'&2-' W?2> '-10% & ()- G F
I$(!- '-10% & ()- ' Fie0ds ghqws the dispeysipr/quality ambM W, -of @it igvenyion and ¢@mapk’ () -
S10% & () T-10% & () "T-10% & ()- "-10% & ()- "W?2> -10% & ()- ¢ F
J$(!- '-10% & ( yamples dd3efit®d (apeve compBSENGR6 carborDEl8ck 235 phr loddifg. &TRe data
S10% & ()- T-10% & ()- "T-10% & ()- T-10% & () " -10% & ()- =BFLMNW ?2>
- - ]1-82? g 8 - §  Bholi{ih Fig. 14 0%l réveals that thO Mo dispersion d8HVE f (De-noNPRAELR¥E L, >
1 - 0 1 -
composites of the invention comprising N326 carbon| black is significantly superior to
5 that of the control samples. The macro-dispersion values for the elastomer composites
of the invention comprising N326 carbon black. as shown in Fig. 16. are described by the
following equations: ;
!
|
D(%) < 1% l (13)
|
when MW_, < 0.7 x 10°; and
10 log (D) < log (1) +2.5x MW, - (0.7 x 10%)] x 10 (14)
when 0.7 x 10 < MW < 1.1 x 10% ;
None of the control samples achieved macro-dispersion quality of 1.0% or better at any
MW, even after dry mixing sufficiently to degrade JWSO, below 0.7 x 10° In contrast.
elastomer composites of the invention comprising N326 carbon black and having MW,
15 above 0.7 x 10°® have excellent macro-dispersion. suc’h as D(%) not greater than 0.2%.
Compound properties and performance characteristics for the invention and control
samples shown in Fig. 16, comprising N326 carbon black are set forth in Table 29 below.
It can be seen that invention sample No. 9 has exceptionally good resistance to crack
growth, as indicated by its very low crack growth ra}te value of only 0.77 co/million
20 cycles. In fact, the invention sample is far superior to the corresponding control samples.

This is believed to be due largely to the better MW, j and macro-dispersion of carbon

black in the invention sample, as discussed above.
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'S10% & ()- ' -10% & ()- '-10% & ()- '-10% & ()- ' -10%
& ()- YWIL, > ' woomnsf¥ & ()- G F I$(!- '-10% &'()- ' -10% &pEYrrusesizoid9%s
& ()- cG+> '-10% & ()- '-10%& ()- '-10%& ()- | '-10% & ()- '-10% & ()-
L10% & ()- T @G> '-10% & ' -10% & ()- '-10% & ()- G F JI$(!-
'S10% & ()- 24> '-10%& '-10% & ()-] '-10% & ()- '-10% & ()-
'i10% & ()- ' -10% & ()- wW;?+> '-10%'-10% & ()- ' -10%
G FJIS(!- "-10%& ()- '-10%& ()- %. 24> '-10%"'-10% & ()-
" T1086& Edrmpou m%z.&uaf R CombAuha® ()~ ' -10% & ()- . 278, @f;
T poy . . .
10T Sy el i camifees. i ()
Sampie No. Mooney Hardness E100 E300 Tensile EB
ML(1+4)@100°C (psi) {psi) (psl) (%)
control 145 _64.6 60.5 289 1713 3921 548
control 146 882 624 340 1802 4084 553
control 147 91.7 63.3 391 1917 3891 528
control 148 96.8 64.3 a2 1664 4045 572
control 149 62.4 61.5 310 1763 4029 552
control 150 67.7 626 326 ‘|l855 4085 551
control 151 76.5 60.6 287 1641 4015 575
control 152 79.4 63.6 a2 1720 3980 559
control 153 57.2 60.1 282 1623 3968 579
control 154 572 62.8 354 1889 3879 525
control 155 57.3 62.2 323 1763 3975 556
control 156 60.1 619 310 1667 3g18 564
control 157 45.1 612 a8 1748 3768 533
control 158 50.1 60.6 315 1740 3817 546
control 158 532 61.3 306 1675 3886 563
control 160 50.5 62.6 331 1752 3884 549
invention 9 77.8 60.9' 77 1563 4167 593
Sampie No.| Rebound Crack Growth Rate Abrasion loss  Tand Tan s
{cmUmillion cycles) {g) Q o°C @ 60°C
control 145 57.8 2.84 0,0952 0.225 0.129
control 146 58.1 252 0.0887 0.217 0.126
control 147 57.6 2.03 0.0946 0.205 0.123
contol 148 56.3 1.63 0.0827 0.221 0.129
control 149 57.2 3.39 - 0.0827 0.234 0.142
controt 150 56.8 2.77 0.0866 0.234 0.150
contro! 151 55.6 2.61 0.0833 0.241 0.149
control 152 54.5 2.79 0.0857 0.248 0.155
control 153 55.4 3.12 0,0911 0.258 0.170
control 154 56.0 3.35 0.0858 0.241 0.147
control 155 55.4 363 0.0811 0.254 0.152
control 156 54.9 3.55 0.0906 0.251 0.153
control 157 55.5 3.02 0.0831 0.254 0.1438
control 158 55.4 3.81 0.0914 0.249 0.150
control 159 54.9 3.23 0.0833 0.240 0.158
control 160 552 3.18 0.0842 0.245 0.163
invention 9 58:4 0.77 0.0839 0.225 0.136
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'o10% & ()- @I MRV[_?+> ' -10% "' -10% & () - '-10%i&'()- 'o10% & ()- ' -10%

& ()- '-10% & who91dsool0% & ()- [_dehmy[; ?2+> '-10% ' - 10% & () pCT/USORA8HTR’ () -
G FJI$('- '-10%& ()- '-10%& ()- movz_2+> '-10%'-10% & ()- '-10% & ()-
'S10% & ()- '-10% & ()-_ ' -10% & ()-. '-1,0%&'&}- W 2+> '-10% "' -10% & () -
'o10% & ()- G F J$( Fig.'17 shoysgthe ispersion qugligy apd MWg,-of the] igygntion @og goqyel
-10% & ()- -10% & ()- '-10% & ()- T-10% & ()- "-10% & ()- W ; ?+>
'-10% ' - 10% & ( )samples d€3®titid(apove@pmprisify REGAL@a6efiafR)-660 carb@0hlgk( Selected >
'o10% ' -10% & ()- ' -10% & ()- '-10%& ()- '-10%& ()- '-10%& ()-

1 -10% & () - W ; Iventionl&@fbcontid) ¥ardplés) shown inlBiY) B dohnpricdd dil, dshdet forthaBO/ &hé ) -
data shown in Fig. 17 clearly reveals that the macro-dispersion quality of the novel
5 elastomer composites of the invention comprising REGAL ® 660 carbon black, over a
wide range of MW, values, is significantly superior t¢ that of the control sampies. The

macro-dispersion values for the elastomer composites of the invention comprising

REGAL ® 660 carbon black, as shown in Fig. 17 are described by the following
equations: D(%) < 1% ; (15)
10 when MW, < 0.6 x 10¢; and
log (D) < log (1) +235x [MW,- (0.6 x 10%)]x 10 (16)
when 0.6 x 10° < MW, < 1.1 x 10%,

None of the control samples achieved macro-dispersign quality of 1.0% or better at any

MW, even after dry mixing sufficiently to degrade MW, below 0.6 x 10° In contrast,

15 elastomer composites of the invention comprising Regal® 660 carbon black and having
MW,,, above 0.6 x 10° have excellent macro-diSpersi;ion, such as D(%) less than 0.2%.
Compound properties and performance characteristics for the invention sample No. 10
and various control samples shown in Fig. 17, comprising Regal® 660 carbon black, are
set forth in Table 30 below. It can be seen thT invention sample No. 10 has

20 exceptionally good resistance to crack growth, as indicated by its very low crack growth
rate value of only 0.69 cm/million cycles. In fact, the invention samples are far superior

to the corresponding control samples. This is belie»]:d 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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] -

'-10% & ()-  _?+> '-10%'-10% & ()- '-10%& ()- |'-10%& ()- '-10% & ()-

L 10% & ()- - MOSeRisg- | W ; 2+> ' -10% - 10% & ()1 ' -10% & ()pcrisofmod(! -
10% & ()- '-10% & ()- % 37<_2+> '-10%" -10% & ()- ' -10%& ()- -10%
& ()- -10%&'() -10%&'() -10%&-() <GEF{Naf; 24> *-10% - 109 & () -
-10%& ()- I8(! Q di 24> 1 -10% " - 10%

& ()- 0%&7‘6’" Co o8 o 0% & ()~ " -10% & ()-

inrsv{w;?+> '-10% "' -1

10%&'
& ()- {_ ?+> '-10% "' 10042 ()

'-10%

GAL Gi%g Oﬂ( cl&g 515_-9 :

'-10% & () - -sa-m'&o% i dofe L g | FJIS(! -
Co10% & () - (1+4)@100°C ps

- control 177 61.0 213 §42 702
controt 178 87.6 63.2 222 943 4002 694
controt 179 87.1 64.9 285 1134 4016 844
control 180 85.6 64.0 2 1198 4058 618
contro! 181 80.1 61.0 206 845 4098 661
control 182 934 50.0 182 g3s 3524 733
control 183 89.0 61.0 215 820 4134 698
control 184 834 624 223 996 4236 694
control 185 70.1 60.0 178 794 a7es 717
control 186 69.8 60.3 196 820 4051 666
control 187 76.7 63.5 166 866 4157 720
contro! 188 72.1 62.0 181 ds3 4182 704
controf 189 54.3 612 222 1079 4240 674
control 190 557 611 - 183 942 4125 682
control 191 65.0
contral 182 61.1 60.4 191 902 4189 710
mventon 10 88.1 629 - 249 1202 4292 634
Sample Na. Rebound  Crack Growth Rate "Abrasionloss Tand Tanb -

(cmimillion cycles) (9) @0C __@e60°C
control 177 54.6 B 0.131
control 178 55.6 2.34 0.1649 0.154 0.128
control 179 537 2.78 0.1620 0.200 0.140
control 180 52.9 2.98 0.1385 0.220 0.153
control 181 51.0 341 0.1189 0.267 0.185
control 182 49.9 3.11 0.1076 0.270 0.194
control 183 50.1 3.15 0.1086 0.264 0.192
contro! 184 48.0 3.1t 0/1085 0.284 0.208
control 185 475 4.59 0.0837 0.306 0.209
control 186 48.5 4.06 0.1008 0.295 0.211
contro! 187 417 3.53 0/1041 0.297 0.198
control 188 47.8 3.79 0/0985 0.285 0.207
control 189 415 an 0/0857 0.306 0.203
control 180 46.8 4.14 0j0962 0.300 0.200
control 191 47.4 i 0.226
controt 192 46.5 478 00857 0.301 0.226
inventon 10 48.2 0.69 00942 0.271 0.178
Blends-CIP
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~10% & ()- _2+> '-10%'-10% & ()- ' -10% & ()- "-10%&'()- '-10% & () -

'i10% & ()- ' -OYRsh) - W ?+> T -10% ' -10% & () - ' -10% & () pcrAisokraehd ! -
S10% & () "T-10% & ()- ?+> "-10% ' -10% & ()- '-10% & ()- -10% & ()-
S10% & ()- "-10%& ()- '-10% & ()- W ?+> ' -10% " -10% & () - ' -10% & () -
G F J$(!- '-10% & ()Eig. 18 sigiws&hg Yispersion-gualityl b MW,Q uf die(ipvention aBhgaRiTo) -
-10% & () T-10% & ()- T-10% & ()-  '-10% & ()I- #(O), W ; ?2+> '-10% "' - 10%
& ()- '-10% & ( gamplds descdibéd above chffriding N234 darbbl Yack. (Jelected irvEhtin AdbcontrdD %
S10% & () T-10% & ()- "-10% & () - '-10%&'%— -10% & ()- " -10%
g 8 NRVKY[ W ; ? ¢nples k¥ 10Fig U@%ipfiden!l], assdO%iakove. The daralshotvn in FikOPP
clearly reveals that the macro-dispersion quality of thL novel elastomer composites of the
5 invention comprising N234 carbon black, over al wide range of MW values, is
significantly superior to that of the control samples. 'L\e macro-dispersion values for the
elastomer composites of the invention comprising N£34 carbon black, as shown in Fig.
18 are described by the following equations: l
D(%) < 0.3% (17)
10 when MW_, < 0.35x10%; and ;
log (D) < log (0.3) +2.8 x [MW_, -!(0.35 x109]x 10°  (18)
[
when 0.35 x 10 < MW, < 1.1 x 10°,
st None of the control samples achieved macro-dispersion quality of 0.3% or better at any

LS
&

A

MW, even after dry mixing sufficiently to degrade MW _,below 0.35x 10° In contrast.

15 elastomer composites of the invention comprising N234 carbon black and having MW,
greater than 0.35 x 10°® have excellent macro-dispetsion, such as D(%) not more than

0.3% or even 0.2%. Compound properties and performance characteristics for invention

sample No. 14 and various control samples shown in Fig. 18. comprising N234 carbon
black, are set forth in Table 31 below. It can be seen that invention sample No. 14 has

20 good resistance to crack growth, as indicated by its crack growth rate value of only 2.08

|

cm/million cycles. !
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'-10% & ()- [cfikmp|[:+> '-10% f>f&10% & ()-& f>f&10% & ()-& f>F&10% & ()-&
f>f&10% & () - & wolHidabe & ()-- S>10% & () -prstulyX7 '-10 ylO0YGECTYS98/20279
y1098& ()- " yl09B& ()- yl0%& ()-10;10;10;910% & [()-Z gK/ 7 / 1098& () -
]109B& ()- /1098& ()- /1098& ()- /109B& ()- /109B& ()- f3 Zz109B& ()-1L,/7
11098& ()- ! 19%R%1( CompdatiPopesties SANR CompbA®S () -| / 109B& ()-,-c'/;ct"(/
11098& ()- /1098& () -CcdntéimifgtNLn CarbdR BRSK 4¢SS pharld@iRg () - - 79: <Bl hH/ ; ct " (/

[ 1098& ()- /1098& ()- /1098& ()- /109B& ()- /1098& ()- /1098& ()-| PYacj k_#;

ct" (/ /10Y8& [6impib NEJBX Mobney LU Hirdhess /END0GS ( E3p0 LUV tense KNT EB -AP; ct " (/
/1098&' () - /1098& ()J%ﬁa- /1 1098& (psty / 1098l () - /(pOYB& ()9J ;
[1098& () - / IOZ@eA781 | L () 8./ 7 38e78& ( pey7] L0703a748 - _7, &1 (
[1098& ()- / 1Q@adidry| /16306 () - /eb@YB& 4ga- / 10%89%' () - dDages " (/ $0409B&’ () -
[1098& () - / 1QY@&id7E1 / 1096 () - /7RAYBE& éed- / 109848 () - gQ@ess / 10988 () -
11098& () - / 1QYmeld761; ct 1822 / 1098&1(0) - /4QYB& ( R259#; ct " (3964 10YBR0O( )
/1098& () - /1Q@mRid7y{ / 10%8B& () - /eBBYB& 4g8- dD; c443/ / 10%4B87 () - 468098& () -
/1098& ()- /1GeMeiZ7rp{ / 10BBL ()- /7DOVBE $31- gG 248810%B8& ey4 / 1048B& () -
[ 1098&' () - ; ct|"cbdtrol WOYB&' (198.6 / 1098 &HI0) - $406- #; cR1YY/ /1092883 () - $3209UB&' () -
[1098& ()- /4GB I8Py / 102BR () - - /AS>BFd®I6ct " (/ 227B0YB&’ (3852 / 1098’ (] -
/1098& ()- /1Co@Py| / 108B& () - /EBTUB& gﬁﬁ FJOP G ; /4eYB& (451
1 1098& ()- / 1GoB®3BR4; ct "ﬂgﬁ 1 1098885®) - /39988 (514 cgkop38Re ct " (485/ 109B& () -
/1098& () - control 283 83.6 69. 506 2416 3867 475

control 284 106.7 71.8 526 23 3788 484

control 285 73.3 69.3 529 2586 3831 444

control 286 782 69.5 531 25Z; 3856 456

control 287 77.8 70.7 544 24} 3834 461

control 288 828 7.2 485 2285 3788 4989

invention 14 826 71.5 500 2440 3883 531

Sampie No. Rebound Crack Growth Rate Abrasion loss Tan & Tan b

{cm/million cycies) 1(°)] @oC _@es0°C

control 273 45.9 2.14 0.0%63 0.285 0.183

control 274 472 1.84 0.0583 0.274 0.173

control 275 46.1 1.70 0.0538 0.284 0.172

control 276 46.9 1.21 oﬁzo 0.270 0.173

control 277 47.1 222 0.0628 0.305 0.173

control 278 458 2.40 0.0634 0.299 0.196

control 279 454 2.00 0.0680 0.306 0.198

control 280 442 1.81 . 0.0646 0.298 0.198

control 281 46.3 3.10 0.0598 0.283 0.174

control 282 46.5 2.33 0.0237 0.307 0.182

control 283 46.4 2.41 0.0584 0.309 0.186

control 284 442 1.89 0.0579 0.304 0.190

contro} 285 47.0 2.98 0.0554 0.295 0.178

control 286 456 2.85 0.0551 0.294 0.172

control 287 454 .2.93 0.0569 0.305 0.187

control 288 44.0 2.39 0.0647 0.316 0.198

invention 14 45.1 2.08 0.0698 0.310 0.198
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1 109B& ()- /1098& ()- /1098& ()-prvz~dD;ct" (/ /1$
1 109B& ()- | 10%B&9g)es00/ 1098&' ()- /1098&' ()-gG ; /.
] 1098& ()-;ct"(/ /1098& ()- /109B& ()- #; ct"(/ /1
1 109%8& ()- /109B& ()-. / 109B& (Lgl-d_D; ct"(/ /109B& ;
1 1098& ()- /109B& ()Figs 1Dshnays(the dispersion guaiey and-M
1 1098& ()- /1098& ()- #:ct"(/ /109B& ()- /109B& (

988 ()- /1098& ()-

1098& ()- / 16om@&9¢30279

09B& ()- /109%8& () -

- [1098& ()- /109%8& () -
OB the(ipventiomaggkeqnymol ot v (/

)- 11098& ()- /109B& ()-

1 1098&' () - dD; ct ‘sqmples Gsxgrabed pbove xoompusing N1 10Lgoisw Hlack at $5 pieloading. / Tigodeea () -

1 10988& ()-#9G ; /1098& ()- /1098& ()- /109B& ()-;
1 1098& () -# + 3govi iaFig 19 HIDNB&el} thay thORMBAR>-(jspert
/ 1098& ()-8; @HLPID; ct"(/ /1098& ()- /1098& ()- /

ct"(/ /10%8& ()-

13048 y(of the/nbO@Risioner

1098& ()- /109B& () -

[1098& () - / 1098&mposiEd ¥ ¥eap@ion dorkhBi@s 10110 c%‘:)%@r‘?/?l&é}& boer/a 3B ot MW, /

/10988 ()- /109%B&' ()-ei osw(| _#ct" (1 /109%& ()- |
A0S ) A s
1 1008& () - grv] sri ot e FEROT RS kpgeies o hgdenion
11098& ()- /1098& ()-inmgruz~gG : 9BE ()~ | 10%

r J1
1 1098& ()- /109w inFig:l1gsarg ¢es¢rihg@4g&m€)fgl owing equations:

D(%) < 0.5%

when MW, < 0.35 x 10% and

10 |

1098& ()- / 1098& ()-

il XAl ).

rine ) 10 Gog ke o

& ()- 11098& ()-;ct"(/

(19

log (D) < log (0.5)+ 2.5 x [MW,, - (0.6 x 109]x 10 (20)

when 0.35 x 10° < MW, < 1.1 x 10,

None of the control samples achieved macro-dispersipn quality of 0.5% at any MW,

even after dry mixing sufficiently to degrade MW,

below 0.35 x 10° In contrast,

15 elastomer composites of the invention comprising N110 carbon black and having MW,

above 0.35 x 10° have excellent macr(;-dispersion. such as D(%) less than 0.2%.

Fig. 20 shows the dispersion quality and MW, of invention sample 22 and the

7

control samples described above comprnising N351 carbon black at 33 phr loading. The

data shown in Fig. 20 clearly reveals that the macrd
20 elastomer composites of the invention comprising N35
of MW, values, is significantly superior to that of t

dispersion values for the elastomer composites of the ir

-dispersion quality of the novel
I carbon black, over a wide range
he control samples. The macro-

yvention comprising N351 carbon

black. as shown in Fig. 20, are described by the following equations:
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/10988 ()- /109B& ()- /109B& ()- | DOABE 3%
ct"(/ 1109B& ()- /109B& ()- # ct"(/ /109
1 1098& ()- /1098&Hen MWL0XEREK) 10°; add & * .
/1098& ()- /1098& ()- /1098& ()- /10%B& ()-. 2 6|
110988 ()- /1098& ()-;ct"(/ /1098& ()- /109B& ()-
/10988 ()- /109B& ()- /109B& ()- /109B& ()- /10%

t(/ /109B& ()- /109B& .
3C/z(} 9G ; pw%a&'()- 515’%@9 fggﬁ J{B%;@f%"")h-

_#yet"(/ / 1098& Q’%"fﬁ@ég Wm& (3%)@06 / 1098&

ct"(/ /1098& ()- T09B& () -
gG : /10988& () - /10%3&'()- 1 1008& ()::ct (] [ 10%

ct”(/ /10%8¥ () - Nonoohige cpurol 1ot aeylevsdm%adleeermqnm%@ of y 0% atany

/1098& ()- /1098& () -
119G ;

/109B& ()- /1098& (
1 1098& () even &g &ry Jnixing ad@derty-to

(gze / 10%
grade MWgehe!

elastomer composites of the invention comprising N

above 0.35 x 10° have excellent macro-dispersion,

(/ 11098& ()- /1098& ()-
1098&' () - / 1p&f6sok)Re279

[09B& ()- /109B& () -

)- 11098& ()- /109B& ()-
/1098& ()- /108 ()-;
& ()- 11098& ()-

dD; ct"(/ /1098& ()- /1098& ()-

7; @D gG; /109& ()-
DHLPTXY _#Hyct"(/
()-Y\ aei mq db

GHRBNET ot

%3&'()
()- / 1098& () -

/1 1098& () - /10%3&'()
& ()-..110%8& ()-

5&'

_#,
oict " (/
- 11098& () -

& (?
W) 0.33 x09B&Ix( yoritrast,

0

51 carbon black and having MW

sol

such as D(%) less than 0.2%.

Fig. 21 shows the dispersion quality and M\b,u, of the invention sample No. 23

10

phr loading. The data shown in Fig. 21 clearly reveal

and control samples described above comprising STERLING® 6740 carbon black at 535

s that the macro-dispersion quality

of the novel elastomer composites of the invention comprising STERLING® 6740

carbon black. over a wide range of MW, values, is
control samples.
15
by the following equations:
D(%) < 0.1%
when MW, < 0.3 x 10%; and
log (D) < log (0.1)+2.0 x [MW,

20 when 0.3 x 10® < MW, < 1.1 x 10%

None of the control samples achieved macro-disper§

at any MW, even after dry mixing sufficiently to d
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The macro-dispersion values for the elastomer composites of the

invention comprising STERLING® 6740 carbon black, as shown in Fig. 21 are described

\

(23)

(24)

ion quality of 0.1% or even 0.2%

egrade MW, below 0.3 x 10° In
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-109%& ()- h - LoonR4 $84tf0; $rr$ 813y voA8R01h - 8P ()- K12 100282()1 h
- 109R8& 8 )’?Vz#‘-"]"l""-“i%/d?g' "Il°Jh 15@& y() 9¥§x$|$ $yY9Ac3§721h - 1 /‘?81 () -
h - 10%R& ()- hﬁ’@%&? ) - z#h-fﬁa/@&gﬁh £8 "

-109%& ()- h -16%9&“ L h B ®ope () 871 2vz 109

$$$$$$$)(/<(9Act 1ﬁ°"!"i'g R (V&2 - 1002850) - B#3*90upd)

-109%R& () - $$B bt LR 10098 €y h -ABERE (s

-10%9& ()- h -1 Sl $ $$yY9 1h & (b3

“100%& ()- ) VP Aabbeg NN h - 10%6Y () 88558

-109%& ()- h - 1028 | )'> 74 h - L0KP& () -4ghg- 109

-1099& ()- h - 0% b9 t h 6AlPE () vek ?V2isal- 10%3keal0) 75
$900000Y YOACT " L Bynrd Q3SR () 67.90 - 0"/@&56) h524.8 096 &iagain ) ?VZ gty - 109 (

- h
T10%8 ()- 9504 BUHLoh] <AL 10%820) - Mg 0% Bt - LOMRE () - s V-
-109%& ()- h - 10Ye&4td | - WORIRUCHMEK k51 | 23RYTE () -dabsl 0% &isk) -

yGLO% & () - 1Ofnvention 23 110.50 64.8 4536 2241.0 3324 443
Sample No. Rebound  Crack Growth Rate  Abrasion loss Tand Tan &
{(cm/million cycles) (g) _@ocC @ 60°C
control 412 598 5.04 0.127 0.202 0.107
control 413 60.0 3.63 0.128 0.203 0.108
control 414 59.3 3.96 0.126 0208 0.114
control 415 58.8 4.56 0.12 0.217 0.118
control 416 60.3 5.67 0.117 0.188 0.094
control 417 60.0 487 0.112 0.202 0.104
control 418 59.3 423 10,125 0.204 0.105
controi 419 §7.5 322 0.122 0.218 0.117
control 420 60.0 4.23 0.131 0.204 0.098
controi 421 58.8 3.84 0.127 0.206 0.108
control 422 59.8 3.98 ©0.126 0210 0.106
control 423 56.8 3.85 0.12 0.213 0.117
control 424 58.3 4.54 0.131 0.200 0.104
control 425 58.8 3.65 0.128 0.207 0.100
control 426 §8.0 3.07 | 0.134 0.211 0.110
control 427 56.9 3.25 0.126 0.217 0.115
invention 23 5§7.3 0.91 0.1642 0.204 0.124
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10 D3629-94. The rotating type flexing machine uded to measure crack growth is

commercially available and well known. It is discusséd, for example. in the Proceedings

of the International Rubber Conference, 1995 (Kobe, Japan), Paper No. 27A - 6 (p. 472 -
475). The compounds were tested at 100°C and at 4 45° flexing angle. It is generally
accepted by those skilled in the art that crack growth rate in such compounds is affected
15 by the molecular weight of the natural rubber and the dispersion quality of the carbon
black i.e., by the MW, and D(%) values of the compounds. Higher MW,;, and lower
D(%) correlate well with reduced crack growth rate; The crack growth rate and other
information for invention sampies nos. 9, 10 and 16 are set forth in Table 33 below. The
corresponding test results for corresponding contro} samples is set forth in Table 34
20 below, grouped by choice of carbon black. Also, T?.n Omax @ 60°C was measured for
invention samples nos. 24 - 32 and for corresponding|control samples. The Tan §,,,, @
60°C values for the invention samples are set forth in Table 35 below. The

corresponding test results for control samples is set forth in Table 36 below.
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S1098 & ()- | s1098 & (36 | s10%N234550 1 1098 &bef ) - J. KKKLSMBI8E: vT310|1 |
ss-110% & ()- ' FFI0W& ()- BIORBIT&E ()- T "~ I0B& ()- I MORB& ()-
s10% & ()- MNNNNN OOOr Q01 | 3y109®97"9&' ()- | 510%9%' 9& ()- | F
yZ10997" 9&' () - TableDd CracksGrowhRate(cf Control Semgl®! 9&' () - COEOTOXOOS| [ : r Q01 |
T10907"9& ()-Y I 0 "1099h9& ()-Y | % 109®7"9& ()b | L$gl09®""9& ()- | s
1090! 9& ()- | 394099 " 9& () Na#mSene  Zor Qo | ] %/ 1096)/N3&550hr0
w1090 " D& () - 13/ 10%axax& ()-~  3RS8W"& () - | 109" 9& () - RBSI
-s10997" 9&' () - ¢ hdded pSample\ W U4 T [CGIG! 100D CH8& |(Semiple  MW.10%6 " &CER- Y(
No. {K) (em/million cycies) No. (K) (cm/million cycies)
M1D1 273 585 2.14 M1D1 145 550 2.84
M102 274 €69 1.84. M1D2 146 636 2.52
M1D3 275 758 1.70 M1D3 147 650 2.03
M1D4 276 896 121 M1D4 148 724 1.63
M2D1 | 277 580 222 M2D1 | 149 517 3.39
M2D2 | 278 602 2.40 M2D2 | 150 572 2.77
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 153 488 3.12
M3D2 282 476 2.33 M3D2 154 521 3.35
M3D3 283 493 2.41 M3D3 155 §04 3.63
M3D4 384 495 1.98 M3D4 156 8§38 3.55
M4D1 285 372 2.89 M4D1 157 415 3.02
M4D2 286 382 2.85 M4D2 158 447 3.81
M4D3 287 381 283 - M4D3 1589 468 3.23
M4D4 288 403 2.39 M4D4 | 160 468 3.18
Regal 660/55phr/0 Regal 660/55phr/0
RSS1 RSS1
Code | Sampie Mw,, CGR Code | Sampie Mw,, CGR
No. {K) (cm/million cycies) No. (K) (cm/million cycles)
M1D1 | 177 674 M3D1 185 473 4.59
M1D2 178 792 2.34 M3D2 186 506 4.06
MID3 | 179 891 2.78 M3D3 | 187  s&2 353
M1D4 180 676 2.98 M3D4 188 §59 3.79
M2D1 181 5§98 3.41 M4D1 189 401 371
M2D2 182 602 3N M4D2 190 426 4.14
M2D3 183 697 3.15 M4D3 191 466
M2D4 184 659 3.1 M4D4 182 449 4.78
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Sample No. MW D N234 Loading/Oll Max.Tan D
(K %) (phn) (@60 C)

444 428 0.28 3715 0.154

445 409 0.37 42/5 0.170

446 379 0.42 - 46/5 0.178

447 361 0.58 51/5 0.195

448 366 0.27 §3s5 0.212

449 290 0.39 58/ 0.215

450 296 0.64 63/5 0.245
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invention samples, that is, values which are lower than the values of the control sample.

Accordingly, improved performance is achieved by the invention samples for numerous
product applications including, for example, tire applications and the like requiring low
hysteresis for correspondingly low rolling resistance.
10 The advantageous performance characteristics [of the elastomer composites of the
invention are exemplified by the crack gfowth 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 ¢learly demonstrates a correlation
between MW, and crack growth rate for the control samples. as well as the advantageous
15 impact of excellent macro-dispersion in the elastomer composites of the present
invention. It should be understood that the MW, values shown in Figs. 22 - 24 and in
Tables 33 - 36 are for the masterbatch materials priorjto cure. The molecular weight of
the cured matenial is understood to correlate well to the MW, value of the uncured
masterbatch. The crack growth rate of the control samples over an MW, range of about
20 25 x 10% to .6 x 10 is seen to fit well along a strajght line correlation 10 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 fs further established by the similar

showing in Fig. 23, wherein the crack growth rate of iLwention sample no. 9 comprising
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184&% E g %g 7} flgﬁh %nos )li%@é%é&ng& @1@510@%3@3@%1& J.jkeﬁyjse in Fig.

_10%ChC& () - %) 10%ChC&' ( 10%ChC&' () -%$z2z22zzzcCB) 10%ChC& ()
~10%ChC& () - $) '21@}W@}e{xt)mmo-dlspggmvmmg)samplg_go,@ﬁ@ggeer} toggsult again in a
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_10%ChCE ()-$;cq @) _10%hC& ()-9$)
5 and MW established by the corresponding contol samples nos. 177 to 192. In Fig. 23
the max tan 6 at 60°C is shown graphically to be better, i.e., lower. for invention samples
nos. 24 to 28 and invention samples nos. 29 to 32 than for corresponding control samples
nos. 444 to 450.
The superior crack growth results discussed jabove for elastomer composites of
10 the present invention not only demonstrates advantageous fatigue properties. but also
indicates advantageous fracture prop-erties, such ds 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 applicatiqns, various preferred embodiments
20 of the invention are particularly well-suited for use as: tire tread, especially in tread for

radial and bias truck tires, off-the-road (“OTR") tites, 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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characteristics achieved by various preferred embodiments of the invention can provide

improved fatigue life, durability and other advantages

Figs. 26 - 29 are graphical representations of ca
(DBPA) and surface area (CTAB). corresponding ge
morphology region 261 in Fig. 26 includes carbon blac|
OTR tire tread applications. Arrow 262 indicates the ¢
be advantageously extended in accordz;nce with the
characteristics such as cut-and-chip resistance, crack gr
are understood to improve generally in the direction of

in the past, to offsetting degradation of these and oth

for such product applications.

rbon black morphology, structure

nerally to Fig. 8. Carbon black

ks currently in commercial use for

lirection in which region 261 can

present invention. Performance

pwth resistance and tear resistance
trend arrow 262 subject, however,

ler characteristics due to reduced

molecular weight of the natural rubber and/or poorer macro-dispersion resulting from the

use of such higher surface area, lower structure carbon
the present invention can employ such lower structure
indicated by trend arrow 262 to achieve significantly ij

view of their excellent macro-dispersion and MW,,.

blacks. Elastomer composites of

J higher surface area carbon black

mproved OTR trend materials, in

Similarly, carbon black morphology region 271 in Fig. 27 includes carbon blacks

currently in commercial use for truck and bus (T/B) ti1re tread applications. Arrow 272

indicates the direction in which region 271 can be advax]ltageously extended in accordance

with the present invention. Performance characteristics, such as wear resistance, are

understood to improve generally in the direction of m:de arrow 272 subject, however, in
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5 improved T/B tread materials, in view of their excellex

Similarly, carbon black morphology regions 28
blacks currently in commercial use for tread base an
respectively. Trend arrows 282 and 284 indicate the d
283, respectively, can be advantageously extended

10 invenuon. Performance characteristics such as he;
resistance are understood to improve for tread base in
subject. however, in the past. to offsetting degradation
due to reduced molecular weight of the rubber and/or p
from use of such higher surface area. fower struc

15 performance characteristics such as rolling resistance a

tread in the direction of trend arrow 284 subject, ho

degradation of these and other characteristics due to 1

rubber and/or poorer macro-dispersion resuiting from
lower structure carbon blacks. Elastomer composites of]|

20 higher surface area, lower structure carbon blacks ind

achieve improved tread base and PC tread, respectively,

dispersion and the optional preservation of high mol

composites.
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life are understood to improve for sidewall in the diréction 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 blgcks. 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 ca:bo'n 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 elastorr’ner composites.

Additional Examples: Preferred Embodiment and Control Samples Comi:rising
Other Fillers

Additional samples of elastomer composites inlaccordance with certain preferred

embodiments of the present invention. and corresponding control samples, were prepared.
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Sample no. 33 employed 45 phr
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various product applications are shown in Table 37,
10 invention comprising natural rubber and a blend of ¢
should be understood that the use of silica filler in the

would typically replace a like amount of the carbon bi

k.
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5 of the filler to achieve good coagulation of the e}

82

tomer 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

10 size of 19 nanometers.
All of the invention samples, i.e., additional inVention sampies nos. 33 - 38, were

prepared in accordance with the procedures and appzu'ltus 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 orlconcentrate employed in samples

15 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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<X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$dD: ¢
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10% & ()-$X) 10% & ()-$& I7<?dD;c <X) 10% & ()-$X) 10% & ()-$X)

10% & ()-$X) 10%: Farid 3% dA%e1 Sirlples 530486 Brelpdnk it 26ASYERAG iindention

samples nos. 33 and 34. Similarly. control samples nos

samples nos. 35-38.
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10% & ()-$X) 10% & ()-$X) 10% & ()-$:c <X) 10% & ()-$X)
10% & ()- $bh|o%}g9§1 £X) 10% & ()-$X) 10% & (Sf_$X) 10% & ()-$X)
10% & ()-$X) 10 “?S’ ${hH c <X) 10% & ()-$X) 10% & () - $X) PCT/USI82027
10% & ()-$X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$gk+; cX) 10% & ()-$X)
10% & ()-$X) 10% & ()-$:c <X) 10% & ()-$X) 10% & ()-$h,:c:c <X)
10% & ()-$X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$X) 10% & ()-$hH: c:c
<) 10% & ()-$X) 1hihs & ()-$X) 10% & ()-$X) 10%_& ()-$0 10% & ()-$X)
10% & ()-%$9G ; X) () :b)() ‘Vo_&cgf X)
10% & ()-$X) 10% & ()] B A S
10% & ()-$X) 10% & ()] — H S it 7,*;70—
10% & ()-$X) 10° ! 0% B - %00 Thop | £ TG e D
10% _& () - $NSYZej - ' — ' :
10% & ()-$X) 109 ) sopt u{h, ; ¥ <X) 100 & ()18X) 1098& () - $X)
10% & ()-$X) 10% ()t $X), 10% &) - $hH ; }3*() 10% & (325X
10% & ()-$X) 10% MP))L 8% 100 &8))-5x) 1l & §F 5% Do & ()-Sg) )
10% & ()-$X) 10° )t $ 210% &) -$;C <R t0%a ()-SR6 10% & blgl$ #;
<X) 10% & ()-$X) 5-4$X) 1A% & () - $hoal 0%et () - S0 10% & GelShH
<X) 10% & ()- $) ,g_ (355X 1%&& () - $30 5ol 0%ee’ () - b 10% & 6pal$X)
10% & ()-$ oG ;) yapz | 456 287 64 298 2.13
M3D3 | 457 435 415 465 350 4.05
M3D4 | 458 449 323 |465 379 7.22
Table 40 Sol Molscuiar Weight and Undispersed Area of invention Sampies
invention Sample No. CB/Losding/Oll Mw,, (K} D (%)
33 — CRX 2000/44/0 380 0.18
34 CRX2000/580 | 448 0.10
35 N220/Hilsil 233/43/10/5 | 500 0.14
35 N234/Hilsil 233/40/10/0 490 0.36
37 N234/Hilsil 233/30/20/0 3gg 023
— 3g STERLING 6740/Hilsil 233/30/200 354 0.39
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10% & ()-$xz~gG ,moal(L% 423 () - $X¥8510% 222 - d 9% 7 <325
10% & ()-$X) 10% & ()[-_$hN234Hilsix333/30/20/0 NG 6740/Hiisil 233/30/20/0

RSS1 RSS1
Code Sample Mw oy D (4) Sample Mw o, D (%)

No. (K . No. LY

M2 908 909

M3 580 590
M2D1 483 394 . -4.37 491 430 a7
M2D2 484 507 5.66 #92 488 4.39
M2D3 485 526 4.7 - 493 517 8.37
M2D4 486 §68 5.94 #94 883 466
M3D1 487 377 8.39 495 375 3.5
M3D2 488 363 449 496 380 273
M3D3 489 376 £.07 497 419 272
M3D4 490 432 5.26 498 448 329
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The elastomer masterbatch production apparatus was substantially identical to the

10 apparatus described above with reference to Figs. 1

slurry nozzle tip (see reference No. 167 in Fig. 7) wa

;3 and 7 of the drawings.

The

5 .018 inch diameter with a land

(see reference No. 168 in Fig. 7) having an axial leﬁgth of 0.2 inch. The coagulum

zone (see No. 53 in Fig. 3) included a first po

approximately .985 inch axial length (be_ing partly withi

15 the extender sealed thereto); a second portion of .266

Iﬂn of .188 inch diameter and

the mix-head and party within

inch diameter and 1.6 inch axial

length; a third portion of .376 inch diameter and 2.256 axial length: and a fourth

portion of .532 inch diameter and 3.190 inch axial length.

In addition, there are

axially short, faired interconnections between the aforesaid portions. Preparation of

the masterbatch is described in further detail immedi

20

25

Carbon Black Slurry Preparation. Bags of
deionized water in a carbon black slurry tank
agitator broke the pellets into fragments and
15.1 wt. % carbon black. The crude slurry v

grinder. During operation, this slurry was

ately below.

carbon black were mixed with
equipped with an agitator. The
a crude slurry was formed with
vas recirculated using a pipeline

continually pumped by an air

diaphragm pump to a colloid mill for initial dispersion. The slurry was then

fed by a progressing cavity pump to a homogexlu'zer, specifically, Microfluidizer

Blen_ds-C!P
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31 Z10% & ()-10| 10! $3T ‘& AA410! s10% & ()- /3 10% & ()- 3 y1l0% & () -
3 10% & () 1098 &M¥cFe dm%faftmﬁ a(ljug%evfﬁ[“f%a%qlve displaarneny gump. SHrry .

10% & () - th%&' )- 3 yl0% & ()- 1096 & ()- 3 3s1098 & ()-/|[:A410! 3
s109% & () - 5 3 s10% & é9w rge Wag gunigored wuB aMipgamotipn® @assmm wetey.- The carbon
109 & ()-/?[|[:A410! 3 f#s10% & ()- 3 ,'10%W & ()- 3 ,%0% & ()- 3 ,f#
109 & ()- 3, 9! 10% Badk slurdy was %0 aae(n)ie:[onnmz[:: & éssurB ofRBAYRED fsig and

the ourtput pressure was set at 7500 psig to an accumulator set at about 1200
psig output pressure, such that the slurry was introduced as a jet into the

mixing zone at a flow rate of about 3.6 lb/nqn and at a velocity of about 500

10 ft/sec.

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

drum. Antioxidant emuision was added tp the latex prior to charging.

Antioxidants were added consisting of 0.3 phr tris nonyl phenyl phosphite

(TNPP) and 0.4 phr Santoplex?® 134 (alkyl-aryl p-phenylene diamine mixture).

15 Each of the antioxidants was prepared as a 40 wt.% emulsion using 4 parts
potassium oleate per 100 parts antioxidant algng with potassium hydroxide to

adjust the emulsion to a pH of approximately 10. A peristaltic pump was used

to move the latex from the feed tank to the mixing zone of the coagulum

reactor. The latex flow rate was 3.2 to 3.3|lbs/min and about 4.8 feet per

20 second, and was metered with 2 Endress + Hauser (Greenwood, Indiana, USA)
mass flow meter. The desired carbon black lpading of a 71 phr was obtained

by maintaining proper ratio of the latex feed rate to the carbon black siurry feed

rate.
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3 F@ 10%VK" M& () - 10°cosuiptpdogy

3) 10% & ()-
10% %' & ()- 3 5910%%"
T @6 10% & ()-Te<|[:

3 9$910% %" & ()-> 3 Y 10%%"&'()

kO3 §o.( JThé carb
3 SlO%%" &'

k) 1\3%9&%%5 W Bt &

" 10996 & (

@LOWVK MRS () - @3 GISORK' M ()-> 3 . 109K M& () -

1090VK" M& () - | [: bu4l

109K V& ()-> 3 109" Mg () -
10MK" MLOMK" MLOMK" M 3 F@ 3109%VK" M&' () -

31

10

15

20

33 F ,s10%K"M& ()- RF

3 - 109K" M& () -

80% water. The wet crumb was dewatered to
a dewatering extruder (The French Oil Mill

diameter). In the extruder, the wet crumb was

from the crumb and through a slotted barrel of

01
&'.

3T10% %" & (- I
it e, p

gg'_ytﬁjo/é% 0 St'ge

0% & () -
()- 3F
3 3° 10%%'&
3 10% %' & ()-

Pk Wury nd laMx were

%

F10%,%: '

%51[6)& agd &mx(x}ure

109% 96" & ()-1°

3 F

3 y#109%K" M8 ()- 3

' ST0%K" & () -
3" #1000K" M&! () - $3BFGHI | [ NA4L

3 yS: 109K M ()-> 3 7" 1090K" M& () - m
| 44109%VK" M&. () - Dewatering. The wet crumb discharged from the coagulum reactor was about

lpbout 11 to 13% moisture with
Machinery Company; 3% in.
compressed and warer squeezed

the extruder.

Drving & Cooling. The dewatered crumb dropped into a second extruder

where it was again compressed and heated.

expulsion of the crumb through the dieplate

temperature was approximately 280°F to 310°F

3.0t04.0 wt.%.

seconds) to about 100°F by a forced air vibs

crumb was completely dried to less than 0.5

oven (Aeroglide, Raleigh, North Carolina) at a

Dry Mixing Step In the following examples
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Water was flashed off upon
of the extruder. Product exit

and moisture content was about

The hot, dry crumb was rapidly cooled (approximately 20

ating conveyor. Partially wet
Wwt.% in a forced air convector

temperature of 200°F - 240°F.

both of the two “dry mixing”

steps of the dry/dry method used below for comparison and control purposes, and the
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Flo%c-ﬁﬁsﬁs(io)’m 10>>

rQ)13 3

| obU41
g‘ifb wat: Spsnggldﬁ)ﬂw &f (C?agil){lgn ejifed] Bopcopsum ) -
3 &1210% %' & ()-g|[: bWl 3 3 Y 310%K" M () -



Y LI 109%K" M () -1 UdE| [: NA4L 10 1098"& ()- 3 Y 110%8": & ()- Y

3S110% 8" & () - 1109 8" [& ()- 3 &$@0%8": & |()- 3

GLO0% 8" - & ()E)os P:];K’Jg?iﬂollo 3 3yl0%8": & ()- 3 03100 8": & () U807
y-1098"& ()-> 3 | s' 10%8": & ()- ,#10%8"& ()- 3 Y 10% 8": & ()- ?W[: NA41 10
3 gl0% 8": & ()+dg I@GQ&(@ Step &f the weBdr$ rdii6dSf ke frksent ﬁvérhilaﬁ%egé' ¢abridd outdn » ;
10%8": & ()- 3 7s10% 87: & () - vm[ NA41 10 3 1010% 8" & ()73 -10% 8" & (-
3) 10%8": & _ 3 Y@10% 8" &()

P 1006 & (§)ﬁ5§°llﬁ%§‘%§ ST ()- 3 2101&& 0)- 10: 8% 10: 8" 10: 8"

3 =10% 8" : & 3 % 8 3f 10% 2103 Pl 109 13
o100 e ()1 1 20)RaRE %mff;(fz"r‘%@%\&?eg elhfes g g&%\b&&ﬁwwg#%f&)

T PPALOV 109 (L) 10% ()2 v 2\ 3098 () ) 1ocy (Lo Y300 () - 30107 S e
A nP4410y‘F‘1tl§’$&"’@§‘c‘b9‘° Y Fefersido the gro @niking: saeon \Thgogrm ) - - .
/01234

nR4410' V. ZY\ 100/&Ia§t}ca5¢cllml(rybl}qr1refm t0) the vrrziuyt\ qlbtm “(prugal YObRE! Masticagol 9

;= @i ) \V10%&' () -y\109%&' ()-' V. Zy\109&' () -y\109%& ()-y\10%& ()-y\10%' ()-@
ABC D E F G condition” set forth below. The term NR refers to natural rubber. The term CB refers
rvey\ 1 Z\y\109%&' ()-y\ 109 ()-yy\109% ()-y' V. Zy\|109%&' ()-y\10%& ()-G H 1 J
KMP R to carbon black. In all cases, carbon biack is N234 carbon black. The full formulations
NN. y\ 109&' () -y\109&' ()-y\10%&' ()-'V.Zy\10%& ()-y\[109& ()-y\10% ()-R S T U
v for the wet and dry mixing steps is provided in the formulation table immediately
below.
10 It can be seen from the foregoing exa.mpies that excellent properties are achieved

in the elastomer composite blends of the present invention.
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NN. s; S/ 10%& ()-nms; S/ 10%& ()-m

Z10%& () -y\ 10% V. Zy\ 109 () - y\ 10%& () -
S/ 10%& () - ns: s%é%“&“"() m? ;" (Qs; S/ 10%& ()-ns;
SFH10%& () - bB.s: S/ 1s: S/ 10%& () -ns; S/ 10%
S/ 10%¢& () - ms; S/ 10%&! ()-ms; S/ 10%& ()-m !+, -.uY4,
SI10%& ()-m) 2" ;
S/ 1s; S/ 10%& () - ns; S/ 10%&
S/ 1098 ()- rrP[dnopun— S;

S/ 10%& () - ms; S/ 10%& () -

"(Q's; S 10%& () ms; S/ 16%nélagop- T
2" (O Ss; S/ 10%¢&

uY=.s; S/ 1s;

S/ 109%& () - “BTUS9820279
& ()-m? ;" (Q Ss;

s; S/ 1s; S/ 109%&' () - ns;

S/ 10%& ()-m / 012<PbB. s;
15 S/ 109%-& () - 1s;

, )
S/10%& ()-m? ;" (Q Ss; S 0%>& ()- D%& () -nuY=.s; S/ 1s
S/ 10%& ()-ns; S/ 10%& () - (A& C (- ns;
S/ 10%& ()-nbB. s; S/ 1s: wn & fide R 2 b/ 10%& () - ns;
S/ 10%& ()-ms; S/ 109%& () - fe] A. s S/ keiedl B8 () - m; S/ 10%&d) -m 2" ;" (Q s;
S/ 109%& () -ms; S/ 109%& () - i .S; ; D& (4 - s
S/ 10%& () - r’r)’7 "(Q/s; S/ JaRexrt - 8L/ 10%-& () - 5; S/ 1 )-ny1 A s; S/ 1s;
S/ 10%& ()-ms; S/ 10%& () - [GmeOxtg Q BeBPL0%& () - ms; S/ 10 - T8
S/ 10%& ()-m'/b B s; S/ 1s; SiStegeAgd ) (Hysrens/S9e &' () - ln')’> ' 8- 5/ 1008 ()-ms;
S/ 10%& ()-ns; S/ 10%& () - k; "?-'fsl‘ik S/ 10%>& ()- 10968 ()-m 2"
"(Q's; S/ 10%& ()-ns; S/ 10942 ; 1s
S/ 109%& () -ns; S/ 109%& () - BeR g = 0 ) -
S/ 10%& ()-m kuvwyy] A s; S/ 1s; S/ 10%& () - ns; 5/100@&'() m)'> (Q/s
S/ 109%& () - ms; S/ 109%& () - ns; S/ 10%& ()-nyz{|}bB.s: S/ 1s; S/ 10%& () - ms;
SI10%& ()-m 2 :"(Q/s; 8/10%& ()-ms; S/ 109%& ()-ns; S/ 10%& ()-my] A s: S/ 1s:
S/ 10%& () - ms,S/lO%>& ()-m? ;" (Qs; S/ 10%& ()-ns| S/10%>& ()-ns;
S/ 10%& ()-mgF.s:S/1 "k> 10%& ()-Ps; S/ 109%& ()-m? ;" (Q/s; S/ 10%& () - ns;
S/ 10%& ()-ns; S/ 10%& ()-mB vU4 s10%9& ()- Y S10%9& ()- F
3109%€9& ()-10>10>10> f>\ &10%& ()-( f>10%& ()- MP|[:vU4  Y109Re92& ()-m

Y10% e9-& ()-m | 10%9& ()- YS10%9& ()- x S#10Y9
XSH1099€9%&' ()- %|[:-410e9 710%9& () -
FOd0%9& ()- ! 10%9& ()-( 10%9& ()--%&hL410e9
710%410%& () -y410%& ()-y410%& ()- Y10%& ()-
<@.cCL410e9

y410%&' () -y410%& () -y410%& () - (y410%& ()-y410
; CL410e9 y410%& ()-y410%& ()-y410%& ()-&G 7
U#WN/A+04y410%& ()-ns_?L410e9

710%A\ 6A&

De9%E () -
()- )10%9& ()-

&10%& () - ML0e910e9&- 2;

%& ()-y410%& ()-LUvXen{[

y410%& () -y410%& ()-y410%& ()-y410%& ()-y410%& ()-y410%& ()-{[;

?2L410e9 y410%8&' ()-y410%& ()-y410%& () -

7 U#/+04y410%8&' () - dHL410e9

yy410%8& () -y410%& ()-y410%& ()-y410%& ()-y410%& ()-y410%& ()-W

HL410e9 y410%& ()-G 7 U#%/+04y410%& ()-y410%

' ()-y410%& ()-_CL410e9

yy410%& () -y410%& ()-y410%& ()-y410%& ()-y410%& ()-y410%& () - W

CL410e9 y410%& ()-&G 7 UHW/A+04y410%&' () - y4100

YY4109%-& () - y4109%6& () - y410%& () -y410%&' ()-y410

CL410e9 y410%& ()-&3 7 UHO/+04y410%& () - y410%

1467 _CL410e9

yy410%& () - y4109%& () - y410%& () -y410%& ()-y410

CL410e9 y410%& ()- &G 7

UB9/+04y410%& () - y4109%& () - y410%& ()-EHTY G

yY410%8& () - y410%& () -y410%& () - y410%& () - y410

CL410e9 y410%& ()-&G 7 UHW/+04y410%& () - y410%

YY4109%-& () - y410%6& () - y410%& () -y410%& ()-y410

CL410e9 y410%& ()- &G 7

U#9/+04y410%-& () - y4109%& () - y410%& () - pT8410e9y

>& () - y410%& () -y410%& ()-y410%& () -y410%& ()

ya410%& ()-G 7

UBO/+04y 410968 () - y410%& () -1 POyy410%& () - y4100

)-y410%& () - y4109%& ()-y410%& ()-

I ()_y4100/(>&' ()_ 131

U#0A/+04* +5kKOyy410y410y410%-&’ () - y410%8" () - y4100
- 0 ! - =" 0 ! - 0 ! -

(7) Y4109 ()-567: =2| \ <KOyyy410%-& () - y410958 ()

U#9%/+04?CHLVMRVC QOyyy410%-& () - y410%& () - y410%-&

410%& ()-VI\" c{[; COyy410%-& ()-y410%& ()-y4109
U#%/+04y410%-& () - cehj nsw_?0yy410%-& () - y410%-& (
10%& ()-y410%& () -w}<?0yH 7

U#9/+04y410%& () - y410%& () - y410%& () - y410%&' (
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& ()-y410%8& () -

%& ()-y410%8& () - 79?CDEW

1410e9

%& ()-y410%& ()-" bhl mw
& ()-y410%& ()-nq_CL410e9
%& ()-y410%& () -

410%& () -y410%& ()-y410%
- dDSy410%& () - y410%& () -

5& ()-y4109%& () -y410%& (
0%& ()-y410%& ()-y410%&

& ()-y410%& () -7y410%&
%ﬂ(yg?& ()-y410%& () ->F
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) -y410%& () -y410%& ()-y4
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NALOYAL' () - NALOYAL ()- NALOYAL ()- NALOYAL k) - ;c8( gM: NALOY%A& () -
NQOYAL () - ; gﬁ@%‘y@&' ()- -NAO%AL ()- NAOYAEL ()- olFN@sodsed® () -
NAN@LO%HA&' () - & ()- NAO%HA& ()- NNALO%HAL ()- NALOYAL () -
NALOY%A&' () - v\B: NALOYGN@LO%AL () - NALOYAL () - | NGALO%HAL () - NALO%HAL () -
NALOYAL' ()- ;c8( !"%RuV<: NGLN@LOYAL () - NAOY%HA& ()- ; c§( @%OWM&' O)-
NALO%HA&' () - NALOYEAEK:. () p & + -1 : WAL - 9 () -
NGLOYA&' () - N@OW%"?’%’-”’%@({%’?&%%?&&' %”? %@ﬁ ()-
238<@EFgH. : NALO%HA&' () - NALO%HA& ()- NALOYHAL ()1 NALOYAL ()- NALOYAL () -
) ; C8( FINSTY] gWfixhlOMosedl&' () - NGALO%AL () - ;c8(-N@LOUAL ()- - NAQLOYAL () -
N@QLOYHAL () - hafmikdt hafirdGBlE iaste)hainiF] BOGHK:ch (al- OBYEcH Svds) loaddQL A& () -
NALO%AL () - NChMEBES: dapber M@ Crb&atios of haitat Irblib Qe ribber W@LOEH & () -
NALOY%AL' () - NAhHHASD t030; NGLOYEASL () - ; c8(gM : NALOYHA&' () - NALOYAL () -
; C8(NAQLOYAL' () -BIbKIHAPEA fabbar mabGb R SWHighr all] chebbCBIAOKaAE O el @RBEAfh () -
NALOYAL' () - NChdUBeke fubber NEOYEe Sof (RhruralNEIb O ed Guriadiene WEBHY &aé8 8020 and
| MB: NGLOYAEL' () -7018@L0%AL' () - NALOYAL () - NALOWAL ()- NAOYEHAL () -
; C8( gM : N@LO Y34 & 1nd- nabkiGl OHE&Smdsrbaick, 3 MEED SEAE df karbbiBIRKGAS daded, with
NALO%AEL' () - | K DNEHIFEAEstérpatdt Qi) deddiR's§ phr ek Jvas N@QAY&E&oil )The
N@LO%AL () - NClQfiobindiral ribBGGdhididnk rubbérWerd MOIDIIRIY, 6040 BOIEAL () -
NQLOYAE () - MO IEH Gkl TNl QetGich ) in whicB (50 phe M| ebiEl QU dad(all-oiNERO VA& () -
, CB(N@LOYEAL' () - 10N, WA 8taliikne IUERAUEH S0 (rhich 50 phr of carbon black was loaded. The
$(, - 15: ] K NGLO%z4sos 0F nNEHh QY8850 bktadiene rubber were 80/20,|70/30, 60730 and 50/50;
5. Blend CEC masterbatch, in which all carbon black was|loadsd, with butadiene rubber
and oil. The ratios of natural rubber to butadiena rubben were 50/10, 80720 and 70/30;
6. Blend CEC masterbatch, in which all carbon black and oil were loaded, with
butadiene rubber. The ragos of panural rubber to buradiens rubber were 80/20 and
70/30; ) )
7. Blend CEC masterbatch, in which 50 phr of carbon black was loaded, with butadiene
mesterbatch, in which 50 phr of carbon black was lpaded, and oil. The ratios of
nawral rubber to butadiene rubber were 80/20, 70/30, 60/40 and 50/50;
8. Blend CEC masterbatch, in which 50 phr of carbon hlack and all oil were loaded,
with butadiene masterbatch, in which 50 phr of carbor black was loaded. The ratios
of narural rubber to butadiene rubber were 80/20, 70/30, 60/40 and 50/50.

Mixing Procedures i

A three stage Banbury mix was used for dry mix blends and two stage Banbury mix for
CEC blends. Nawral rubber was masticated before first e mix for dry mix blends.
Butadicne rubber was used withour mastication. ;

Natural rubber mastication condition: ,

I

Fill factor: 0.75 ;

Rotor spe=d: 100 rpm :

Banbury Temperature: 30°C l

Total batch energy: 950 Watt-Hours
Banbury mixing procedures: f
Mixing method 1: E
Stage 1: i

Fill factor: varied

Rotor spesd: 70 rpm

Banbury temperanire: 30°C

Blends-CIP -
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N@LOYA& () - N@LOUAL ()- NALO%AL ()- NEALOYAL \() N@LOYHAL ()- :;

< Qi H(:f109%& ()- GLO& ()-  PF 1098& ()-M yl0%& ()- NGLp&45dSshdzr

; C8( eE: f 1008@ WA LA () - 1000@& ()-f 1090& ()-' #1 f 10%8& () - f 10%6& ()

hL, f 1098& () - f 0% ()" # f 10900& ()- 1 10%A& ()-f1008& ()-' #! 9 BCF
eGH 1098& ()-' #! f 1098& () -f 1090& () - f 1098& () - EflOW&' O)-F> hil
eE+f 10084 () -f 10994 () Thik0%WR' (Ppdrama& ()-' #! - 10%& () -f 10984 () -

xkn=f 10996 | GLOYV ME () - 1096.0%4dd%asteated DB () - | f851098& () - f 10984 () -
PIITED. = 1090 ME () - 309 V& (3dd 40f0RRERE! () - 10%\/r|v&() 1094V ME: () -
" $S100M VB () - @LOYM MDY ) - | | | ddalyh defdBining TBYM VK. () - 109 M& () - ; CE qB
109Vt VB! () -~ 1098 V&' ()'39 1090V MR rénjsinig €B | #! $1) | *1 kO, = 109 M&! () -
1090 M& () - )

1098V V& () -

1098V V& () - .

10%\/r|v&'()-“; ‘ 10%/“\/&(‘)486 10%¢r|v&1<o) alle! 1 h! k! o! p! cG
1000 V& () -° 1090 ¥ (ge ) me%vtw&m- 10BRBME () - w%ww- ()-

1098 V& () - SGEMNE ()- plg'tiuly 'z%'hL 1090 VB () - 1098vt W& () -

109 M8 () - 10%vrRikkfactor: 1094 V& ()0 CE gB|!}!LI11TILO 1098 M ()
1090 M&' () - ; cE qERatowmefR’ () - 10%RRER () -° 10%/“\/&() “rrrrrri gk
1090 M&' () - 10%Vi Begbyry :empgranger VR ( B0°C 1096vr V& () 1090 V&' () -
1098vF M&' () - 109k V&' ( Timel 1111 | Opdpdrios0o%avr VB () - 1109 M&' () -~ 109 M&' () -
1090 M&' () - 109w M&' (P-"; cE q&dd!mmmﬂ@m cheynicals a0k VK, ()- "7, cE gB
1098 M8 ()-" 10%wr M8&' (300" 109%vrdmehp ) - 1111111 2 10%v M 10%v M8 ()
1094vr VB! () -~ 109k M&' ().-_Semaosd VK D'WP TeroRytrdBe)( ﬁ“fvylf@ﬂm ()-"trrrrrrrhH(
109 M&' () - 109%wvr M8 () - 1 ¢ess®Me]| () - 16% W& () 042
1-2 (stage 2) 118.2 . 0 48
13 (stage 2) 146.4 ; D 44
Stage 3: H
Fill factor: 0.65 !
Rotor spesd: 70 rpm
Banbury temperature: 30°C
Time Operarion '
¢” edd stage 2 compound and curau'vcs
300" . . dump
Samoie No Dump Temperature (°C) Eipargy input (KWH)
11 885 042
1-2 £9.8 { 0.43
1-3 103.9 : 0as
|
Mixing method 2:
Stage 1. \
Fill factor: 0.65 !
Rotor spesd: 70 rpm (S0rpm when tcmp reached 160°C)
Banbury temperature: 30°C
Time Operation !
o add masticated NR |
30" add 40phr of CB e
1’0" add Y2 remaining CB '!
1°30” add remaining CB
2'00” add oil [
9" to I3' dump according to power curve
Blends-CIP I
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10%wvr

ME ()-";CE gBI!!II11cG 109 M& ()- 109 M ()-;CE qB 1004 M ()-
109%vF M () -° 10%\/r V& ()-"1""""" 2 1090 M 109V M&' () - 109%VIpkR/usy8/30279
1000 V& () - FOORNRAN () -~ 100 VB () - 109 ME: () - ""'""l"&"("hH(
109%vk M () -° 0%\/r|v&() LOYM ME! () - 0%\/r|v&() 0%\/r|v&()

T QB("+"/"4"5" 1 ">"cG 10U MK VAV 6B M& () -
109V V& () - 1096v Ve '()-‘ 10%\/r|v&()
1098Vt M&' ()- 109 M§ S "t gt "hH(
1090 M () -~ 109 V&t Go-hi—H o VR ()
qBi "1 "p"u" v {Nege R};&;oww&' - 109 @/& 0O)-" "CE qB 10%\/r|v& () -
109%vF M& ()-" 109 AQGE: i o c SOV MR (- 1O%VE NE () - 1098 M& () -
109%vF V& ()-" 109 repeed 1 goat MB! ( 0}2 109G MB! () - """ """ "1 P4 109K M&: () -
109%vF V& ()-" 109 ;‘;‘Pﬁ’d%ré%& 3 10980 ME () . CE gB"""""""KCB
109 M&' () - 10%vr V&' ( cE q 1
1090 M () -~ """ " kO T 190av ve Y S “1’6%?‘%%“%%%‘&/& () 109%vF V& () -
109k V&' () - 10%v M& (Y 9 Py ~nnnnvnngng - 1008 M () -
109k V&' () - 10%VvF M | S;" g”"”"""’é”“" B Ve () -
1090 V& ()-""; cE qB 109 2> 09 MEL() - 10W i)-‘#####! # #gK
10%\/r|v&:()-:%o VR, xﬂfa i - i ()-
109%vF V&' () - VB! (Qgror SBELHSH HH#, H. HBEY L0 VB ()= 1O MR () -

Banbury temperature: 30°C -’
Time Operation ::
Q” add stage 2 compound and curetives
300" dump
Sample D Dump Temperature (*C) ﬁergy Input (KWH)
24 99 T 0.42
2-2 107 i 0.44
|
Mixing method 3: [
Stage I: =.
« NR masterbatch: i
Fill factor: 0.65 'i
Rotor speed: 70 rpm |
Banbury temperature: 30°C !,
Time Operation 'i
0" add masticatad NR .’
30 2dd 40phr of CB i
1°00” add remaining CB
900" dump
Sample No Dump Temperature (°C) Edemy Input (KWH)
3-1to 3-4 (stage 1) 142 '! 1.51
3-1 to 34 (stage 1) 143 | 148
3-1 to 34 (stage 1) 148 I 1.82
+ BR masterbatch: '!
Fill factor: 0.75 ’
Rotor speed: 85 rpm (60rpm when temp. reached 160°C)
Banbury temperatuze: 30°C
Time Operation I,
0’ add BR bale
30" add 30 phr carbon black \
Blends-CIP ‘
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10%vr VB () -
1098 M& () - ~; cE gB 10%vt M& () - 10%MI\/&() 10‘%“’!\/&() T O#= #> @E'Aﬁi gK
109w V&' () - 10"/@/’9%‘{“) 1094vr VB! () -~ 109w M& () - 109%wr M& ()Cﬁ‘ ity
1096k V&' () - 109w V& ()- " FHGHL#PHVH] #_#dD$ 1090 V&' () -~ 1098w M&' () -~
1096 M&' () -~ 109 V&' () - 109w WM& () - ; cE qB_ #b#1 #k# #Q#u#cG 1098 M& ()-
109 V&' ()-" " ; cE gB 100{&65.&/& () add]*ﬂmy&f&)b BRAYM V& () - ° uty##H#H###CC
10%vr V&' ( 10%M’|\/&() m& %; |10%\/H\/&() 109w V&' () -
1090 VB () - #######hH 1 \ 10%\/? M& ()-" 109%wvr M&' ()-~
109 M&' () - *; CE qB###4 o 1094vr VB () -~
1094 M&' () - 109Vt M& (TR 3d 1 = 00V V&' () -
1098 ME' () -~ 109V M&' (| Bt to 3L, 10)-" 14a86vF M& () T HagEEH#ENR, 109 M () -
1090 M8 () - 109t M8 ( b1 to SLORBEME] () - m%\/r M& ()i-°; cf83qB###H##H#H#CC
109 V&' () - M ()- 5, cE gB 109 M&' () -
1098k M& () -~ ##353 380 GOy M ( 10%¢d:Ad () -~ 10984 M () - 109V M& () -
1090 M& () -~ 109Vt hdlor(speed: 1090t M&' ()70 rﬁ.‘xﬁ$$$#$$$hH, 1090 M& () -
1090 VB () - 10%&3&5@@@&%&!\/& ()30 1098 ME& ()-;cE qB$$($ $1$2$7$ $CG
1094 V&' () -~ 109%wr M&' ( yvme, CE QB EMMrN&() O%MIV&() O%MIV&()
$?$CEESHELSPS_? 10%v Mo 0%Avk M ragd O tidrdvBardhhs and bROAEDSnd p © 1098V MK ()-
1090 M&' () - 109Vt V& (B*ooP$QER$a§};§ $$$ng\/@ 1094 MLO11010 | ; 109%&' () - |
, 8 109%&' () - Sampie No. Dump Temperature (*C) Energy input (KWH)
3.1 (stage 2) 115 036
3-2 (stage 2) 123 i 0.40
3-3 (atage 2) 120 i 0.40
3-4 (atage 2) 118 . 0.37
Stage 3. B
Fill factor: 0.65 . '
Rotor speed: 70 rpm ;
Banbury temperature: 30°C
Time Operarion
0" add stage 2 compound and cutatives
3'00” dump
Sample ID Dump Temperature (*C) Energy irput (KWH)
341 103 0.44
32 107 0.45
33 108 0.47
3-4 - 97 0.38
Mixing method 4:
Stage I:
* NR masterbatches
Fill factor: 0.65
Roator speed: 70 rpm
Banbury temperature: 30°C
Time Operation
0" add masticated NR
30" add 40phr of CB !
100" edd remaining CB
2'00" add oil
900" dump
Blends-CIP
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1000 V& ()-") 109 M& ()-"; CE gB. #/ L3#4#5#8#9#I LO 109%vr M&' () -




| [:

) -

3

109t M&' ()-"; cE qB$$$3%%4 [: @ 10% | Y!'10%sr"s& ()- | | 10%r"s& ()- |
10%r"s& ()- | | 10%r"s& ()- | yl0%r"s& ()- || F Z10%r"s& ford
10% | L$gl0%r "¥RIYI6600 | 910%sr"s& ()- | |  10%r"s& ()- | 010061 " 5& (
S#H10%sr"s& ()- | 10%r"s& ()-&0&l & &&&&|[: @10% | L10%sr"s& ()- |
10%r"s& ()- | s 10%r"s& ()- | Oo/csr"s&'()- Il 10%sr"s& ()- |
lymlO%r"s&' O)- &6) 1) p))*6*| [:@10% 1 2:10%r"s& ()- | 010%sr"s& ()- |
s'10%r"s& ()-F | s’ [0VS38pi4 No F_| Dumblianisenitire (C. . & ()-
B*g****** | [: @10% | YL GiIDA(ESgm Q) - | Y 8AL0VSr " $& ()48 #2110%sr"s& () -
/910%sr"s& ()- | L6- 18944 D[l 341886r"s& () -*H4(+)+1+, , ,vLe |
310% & ()- | " 10% &1L} ot (stege ) &' () - I3NSRs10s8s10sM8 | 810%&s&' () -2
810%&' () - Z, K—-‘BB.IWS‘IG{M (N Y 0%&'()-I |y 0%&'() | 110% & () -
&10% & ()- | f 1084 &ecpy- L 10% &) -. ../ "///][: v | |%10%&'()-|
$39110% & ()- | rﬁasme&i() ) 109&#@m§60mmwhqmn&uﬁb=4160 Qoo & ()-/
OP0qO00| [: vU4 | |Banhb®y@mpgratye: | '30%% & ()- | [LI%10% & ()- |
| S#310% & ()- | 9! MLOYTaee() - C]_OPQIG%"&' ()-M01; 1112 [:vU4 | 2109 & ()-
210%NF&' () - 0’ add BR bale
30" add 30 phr carbon black
100" add Y4 of rest of carbon black:
1'307 add remaining carbon black
7°00” dum
Sample No. Dump Temperature ("C} Energy input (KWH)
4-1t0 4-4 (stage 1) 159 1.38
41 to 4-4 (stage 1) 158 1.38
4.4 to 44 (stage 1) 187 1.33
Srage 2.
Fill factor: 070
Rotor spesd: 70 rpm
Banbury emperanure: 30°C i
Time Operation '
o add stage ! masterbatches an 1d1cmxcals
3'00" dump
Sample No Dump Temperature (*C) &nergy Inout (KWH)
4.1 (stage 2) 133 0.52
4-2 (stage 2) 133 0.56
4-3 (stage 2) 133 0.55
4-4 (stage 2) 132 0.53
Stage 3:
Fill factor: 0.65
Rotor spead: "70 rpm
Banbury temperature: 30°C
Time Operation l
0" add stage 2 compound and cm*;mvs
3'00” dump
Sample No Dump Tomeo_raturo (‘cmrgy input (KIA/H)
4-1 107 0.48
42 108 0.48
4 43 109 0.47
44 111 0.48
Blends-CIP
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| p 210% & ()- | 210%& ()- O 10%' & ()- | |+ 10% & ()-11111112. 2v4
Y 10% & ()- | X,flgg{'ﬁ&)() | GLO% & ()- | Y@ 10‘% & ()-10' 10" ROT/US98/20279
$3410% & ()-.2_22 §3V\B|[ vd 1y 10%& ()1 I T10% & ()-1 |
310% & ()-1 I 1 10% & ()- | Y S10% & ()- | Y 10% & ()-Wsf333333|[:vU4
y ,z10% & () - %%ﬁ?s()-l I f 10% & ()-1 1~ 110% & ()- | 110% & ()-
&$810%&'()-34f;ﬁ;|y§ I 10% & ()-1 I 10% & ()-1 | | 10% & ()
yG 10% & () - k¢ ‘fé& \310% % 44/ 5556H6| [:vU4d | | "10% & ()-
3 %0% & ()-1 | %%;") |1 &3(& "O)- 1 310% & () - |
y#10% & () - H666278 )%Zlﬁr.rg loBB%PL B 10BB! %+ " 109BB&' () - +
109 W& () -1 |1 -1 3 )10%&'() 38n8888wa: | [: L>0
10B - 110%' & ()- | "Ib%e fa?”g“ °’£n>1 %@@e f& ( F "10%}!z& ()-
"10% G'f& ()- 6@ " 10%3 & ( g% Wi 10 10 10') 109%& () -
) 10%" & ()-1 )" 10%" &T)- Qi W‘&‘ Q-
| 10%" & ()->>>?<@ AWA| [,L>0 10 I5f! “&‘% 10% & ()-G |  FSA0%& () -
2FSnPd 0% L& () - | $le%é—§§”;D)e~o Dump ot iy threly 0 10!'3
5-1 (stage 1) 104.2 ; 1.78
£-2 {stage 1) 107.1 'i 1.1
5-3 {stage 1) 103.9 j 1.79
Stage 2: T
Fill factor: 0.65 [
Rator spezd: 70 rpm
Banbury temperature: 30°C |
Time Operation - !
0” add stage 1 compound and c%.ntivcs
3°00" dump |
Sampile No Dump Temperawre ("C) |Energy Input (KWH)
5-1 78.7 0.46
52 81.0 0.48
53 83.3 ; 0.46
i
Mixing methed 6: [
Stage I:
Fill facror: 0.75 |
Rotor speed: 70 rpm !.
Benbury temperature: 30°C
Time Operation i
0" add CEC masterbatch ’;
4’ add BR bale :
7 add powders :
9 dump
Sample No Dump Temperawre (- C*%y Input (KWH)
B-1 (stage 1) 114.8 i 1.67
8-2 (stage 1) 115.6 : 1.72
Stage 2- T{
Fill factor: 0.65
Rotor speed: 70 rpm
Banbury temperature: 30°C
Time Operation
0" add stage 1 compound and curatives
3°C0” dump |

Blends-CIP
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1109% & () - ‘I

L610%& ()-T!0<3 L610% :J :& ()-T 1 . WLO%R ()- YAO%& ()-

VOA0%& () - 8E: @@@ﬁ—@BEBEEEHEqP/ | 3410% & ()- | s’ 10% & () - POT/UBERZORIY() - " |
1096 & ()- 10"" 10"" '10""!$3 L610% "& ()- THETEVEXEZEi EF|[: qP/ | |

10% & ()- | $S10% & ()- | “10% & ()- | 910% & f 10% & ()- |

GLO% & () - FF"GGGQHH|—q-I§E ' =S & ()- |

11006 & ()- | S10% & Fr—roste ¥t £ Earpady P 10% & ()- |

Ys':10% & ()- | + 10@&'()&2| ) 109 & (pra! s' S109 &o@)- |

YOd0% & ()-1J-INIyJIJTT™ qH ! | T I0%&()- T yII0W& ()- | F 410% & () -

| 1 10%&'(}‘, é Jd96 & ( + 10% & ()-JJJJJJJoKeLvua |

" 10%! s& () g"”.i’ﬁ%&() 8I . mlO%r"s& ()-10"10"10" | 710% & ()-

h710% & () - CE VIINEINE, 151)N5N| obW I075210(V & ()-10sr"sl10sr"s10sr"sl |

P710%sr"s& ()-L 7 e ()-L " HeUe& ()-8 !

;" 1098 & () - 85NCNVY u,. | 3ge¢ \

Z10K10% & ()-' - B3O%R &'() K109 &'() | & _

10% ° &'()-\N{NNNNNNNEN+4 3KK1090pc 8(V &'() K109 _* & ()-' 3KK10% ' &

() - KL0% _" & () - NNNNNSINNNN24K1 : % _ & ()-KL0% _ “& () - 3KK10% _’ &
' ()-KL10% _ & ()-KL0% & & ()-N '. % & §<100/‘ T& ()-7' 3K&K10% _ & (

) - K10% _ & ()-K10% _*& ()-' 3K CeEZ24K10% rKlOfV T& () - K10% “& ()-K1

0% &'() ' 3K) K10% _ & — o O hEik10% “& () -K10%
&'() ' 3KK10% _" & (} o7 Ty SROREE O-Or () O-00eGH4K10% _°

& ()-' 3KK10% _ & () - K10%, )-K10% _18/5() - ' 3KK10%4¢9; & () { 00000000 | +4' 3KRK

10% & ()-K10% _ &'j) Ki nN& ()-' 3K1dB0% _" & () - Ku9% _ & () - OO0O000CoN- 4

P, 810%& ()-M O 7-4 (stmget) 105.7 | 124

, 810%Cj C&' () - MK10% _ & () -
PvT3 M 109&' (S)age®: " 10%9&' () -
$S109&' () - P- QQWRSSBY¥4Giok: vT3 M

W 10%& ()-( R 10%tgr)spad&T TTT UU| [ : VI03padM S

10% ()- S10%& (Banbudfh

Gripafisard; ) - (
L "10%& ()-L 910% ()fime 910%&0pdraionSL  10%& () - (

3KKI0% _ & () - KL0% _ & () - K10% _" & () - O0000P* P8P

109& () -

109% ()-  Z10%& ()-10)1010(
“o1aRe8' ()- e 10%&'!()- C109& ()- \°
109 ()- 3 z10%& ()-

3090%& () - UB\WWWWI[:vT3 M

0" add stage 1 compound and curafives
3°00” durnp
Sampla No Dump Temperaturs (*C) Energy Inout (KWH)
7-1 83.6 | 0.48
7-2 83.0 | 048
7-3 83.6 | 046
7-4 83.4 046
Mixing method §: \r
Stage 1: i
Fill factor: 0.75 5
Rotor speed: 70 rpm |
Banbury temperature: 30°C :
Time Operation ‘
0" add CEC masterbatch !
2 add BR masterbatch |
5 add powders =|
T dump
Blends-CIP
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SL 109 ()- WK XRX-XXXyX7vT3 L, 10% & ()- L,

"10%ld& () - L! Lwolddfeeos () - L!
3109 ()- & 109%& ()- /f109%& ()-
10@&s10%&' ()-'s@s10%& ()- @s10%& ()- @s10%& () -

10

& ()- L, 109& ()- L

(L " 1098 () - LXXOOOXXXX]  RES 1020103562627 ) -
@ 109%& () - XXY YYYYeERES

Z109%& () - Y" YAY$Y( YBYOY: Yel +8' s@s10%& () - @s10%&| () - @s10%& () -' s@s10%& ()
- @s10%& () - : Y@SYTYUY] Yieameerd B DomEierpe e "()-' s@s109%& (
) - @s109& () - @s10% () - AYEERYTYYYYNM QRHOVE () @s TR () ' S@s10%&' () - @
S10%&' () - @s10%& ()-' qYY¥eYeageD. @hs10%40%& () - 1098 ()+2H0%& () - 10%& () - 10%&

()-109% () - YY2222$222} % () 38910% () - LOO() - 1Q%& () -' 32Z7Z8ZF
ZUzZ\ 7] Z° ZeG, 10%& ) - ' b .DQA&'J(ffLAZgAIZZZZZH:,lO%
9310% & ()- 9PABIR (4) | 9100& ()- 191098 ()- 9109%& ()-

9910% & ()-zz["' [ ([ BPEp4E 10% 93 e10%& ()- elO%& ()-'d el0% & ()-

el0% & ()- e1l0% & 7‘° B[ P[ R X[ [e’@ﬂm% 93 el0% & ()- el0% & ()-
el0% & ()- el0% & TEARTOAFRE: () - q[w[|[}[ [fH el0% & ()-'

e10% & () - elo%&() iRs & () é"f &() t[i/ [[[\|[:- e10% 9310% & () -
310% ()- ROLO%E! ()- RIT09&: () - 9@1@ esmt)m\ \ 6\ J\ K\ O\ aE- €10% 93

5 H E‘)“‘W

Qel0%w & ()-'c Qeld%w g

o#f g10% & () OT\N2\ : Qi L3, ' YL () -
QelOWw& ()-'c QelO%&() by e10°df&() Pi |\ﬂ\s\ A\ y\ 4§hM $9&10%&'()-z
Qel0% & ()-'c QelOo%& ()-, el & () elO%%()“\\\\ 1z]11[:, 99&
93&10%& ()- 93&10% ()- 381096 & ()- |9&f,§ & ()-2 (-2

9&10% & ()-z]1111111" ' MLO%r&m&’ () -
99Z10%r&n& () -10r 10r 10r 9&910% & () - LAMAPAAAAI\ av49 9 x10%&R&' () -
Xx1098&' ()- d109%&R& ()-9 i10%#& ()- 10%& ()- b1l0% & ()-MM | T949
X109&& ()- x109&& ()- x109%&& ()- x10%8& ()- x10%&& ()- _ |\ @49

x3f 10%&& ()-F 3f10%&& ()-F @@ 10%& ()-% | 10%;
10%& () - tX@9 xe3fl1l0%& ()-F 3f10%&k& ()
f10%&k& ()-F e "~ """ # 8 kS749 3f109%&& ()-F e3f1
e3f 10%&&' ()-F 3f10%&k& ()-F 8 >CMNQb sW49
e3f 109%&& ()-F 3f10%&R& ()-F e3f 109%&&' () -
3f109%&& ()-F e3f 109%&& ()-F 3f 109%&& () - F e
E&F10%y& () & 109&' ()-3f10%&& ()-F e3f 10%&& () -
\GaLaaaaaa| D. 4 E& 10%&Y &1090&9& ()-Y &1090&9&
?2@10YsH#s& ()- & 10% ()- & 10%Y & ()- aaaaaaaaf H,
&1090&9& ()-Y &10M&I& ()-Y &L0M&I& ()-"' AY &10%9
8&1090&9Y &1090&9& ()-Y &109W&9& ()-Y &109W&I& () -
&1090&9& ()-Y &10Y&I& ()- bbbb!b"b#b%i M 4Y &109
&1090&9& ()-Y

\\\\\\\

\X\ AN

& ()- m 109&& () -

-F e3f 10%&& ()-F

0%&& ()-F 3f109%&R& ()-F
3f10%&&' () -F 3f 109%&k& () -
TXX@9 e3f 109&& () -
pO 4 E&* 10%&y& () -

F 3f 109%&& () -

()- @BLOW&IE () -

4Y &1090&9& () -

&9& () -aaaabb b_?,4Y

Y &1090&9&' ()-Y

P&I& ()-Y &LOMW&I& ()-YY

Blends-CIP
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8&1090&89&' ()-' AY &1090&9&' ()-Y &109&9&' () - Yb&b' J;( b) b* b6bbbA>Y &10%

N QLOYRE ()- pf 19;)@@',%%02 GLOY%&&' ()-109&9109&9109&9Y PCT/US98/2027%
8&1099&9& () -' Abb bbbDbs W>Y QLOYRSE () - QLOYR& ()- QLOY%R& ()- QLOYR& () -
QLOYRS& () - bbccc! ¢c"c#ckS8>Y QLOYRSE ()-& QLOYR&' ()- QLOYR&' ()- QLOYR&E () -
QLOY&&' () -#c,cQeeccdUd|[:8>Y / @OWSVE ()- 4 @QAUR {& ()-%s3 10MR & ()-
|s3 109! & ()- -s3 10%:t& ()- s3 10%& ()-UdtddddTeee|[; 8>Y %OMR & () -
10%R & ()- % 0s10%R & ()- 0s10% & (

2s10%R y& () - efd ) - &~094.09R & () - Y0UR
& ()-~%O0WR & ()2 edeqes LYLOIRI| & () - YOUR & () -
~0d0UR & () - ecefp&pe @ RESH @) - YA 0UR & () - ~eee
eef
ff pX<>YOLOUR & | L9400/ & ()-f!f"f)f2f3f"
of >f SW>YIL0UR & -~%409R & ()->F2f @ O
fyf{f|f}fjl</ 10k E IR &) -
S8 109R & () - %4 (%4 %-g SERE S ()- Q
10%" & ()- =LF1{Z¢ : | 3228
Z10%" & ()- 10R ¢ gJ i & ()-110%" & ()-(L10%
'& ()-L10%" & ()@ ai L L10%e' & ()-L10%' & ()-L10%
e' & ()-L10%' & hgg "()-L10%' & ()-L10%' & ()
- 9999999 hpQ. / Rie & £ = EEEE e, e ale e e
|, G10% & ()- TL1(E 5§ & RE(FEaEERBEER . /
<L$m0% & ()-€L$ R (0 = E)nl QRAI& & ()-
1098&' () - Shhi &i 9§ I3 @/ < wihx10%& ()} hk10% &|()- hy10% & ()- Y
10% & () - 2y§_0, AW\ {iﬁirjjgi.;i{LLj 1* Py ll0od &1()=1hx100% & ()-
hx10% & ()-' VENX3 e & &le shxd0dte O e S kMLl s idsid e, hx10% & ()-
hx109% & () - ﬁmi%&%?é%@ﬁ%ggg S‘g-g&%gé wgiggig e
hx109% & ()-' we &8 & 11" “hxT0% & ()= ‘hxTov &y T W
hx10% & ()-iigi il jnR4" W h(lO%i}i)- h%10% &' (1- thx10% & ()]-'w hx10% & () -
hx1096 & () -] | Bigh: 4 il a0y > Q2 I I0MEN A2 36 () - W
hx10% & ()- hE108638 () T~ BK169% &1 7P & 2B B pPEF Axqom & () -t w
hx10% & () - h§10946-& ik} 096-8 A —hx309- &+ fri-i-H V] { | eE4 hx10%
hx10% & ()- h§10% & ()- DxID% & (F-g 9 Nx10% & () - hx10%& ()-{j|jjjjijinL,
hx109% & ()- hg10% & () - |5vsh& 1086 4EQ@3 hx109q &5() 4 Bx10BE ()-"Wijjiii]eG
hx10% & ()-' wghx10% & (}= Six 8036 &8 @ § I‘xlo%&gé W hx®8 & ()-jjjjjiik
kvUs hx1S109%E & () 15800k 565 @ S0z DEx!|& ) 14 20'(5 = B810% & ()-M
| *°S810% & () EM|kkKER k|k=E @5\755'&‘.3 g |555Es |23
hx1S100%! & () 3S10MER (JEBH A 5@ £S10R EEREF |BE%
RSlO%(!&'()-B{OJEIk _%\/@@j §%c |E5 [E8§3s 282
hx1RS10%! & (- $ROYR' & (3 S «!&'zg-sigmi"ﬁ. kqR{dEk{kkkkpX<5
hxlSlO%d&'()ER‘BEOO&!&W\Z-U DR &2 (3 ZRIFIX [ RdT - 04K &= ()|- kkkkkkKkKI L. 5" | (
1109 & () - (7] 1894EE (JE €fF B0 |BF E e8| B g5 B 1cgoe§'()-kkkkkk||u*(‘|
109%! & ()- (| 109! &5(3 - (& 2B 5 1[€8108889F (SR8 & ()- (7| 10%! &
(O-111#(1)1*13IlhMB3= 1088 82 1888 |Z= 5882|828
& ()-(|10w%! & () -'{5 & 5 !g;'%-%—( %10 23 )g-i‘;.i:' @!5%(%-'|3|E|2||||||\<
+13 101}10%&'()-1}§og/o§{3§ 7 é@%s@ggg %’u'éﬁz‘i%?sa
i E FEdgEiiznziiinil,
S8 ciz S o T 2lsSs dESIZO 2 =
o
2
§§- ~N © - L @ o ®
*3 |
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@ ()-3 nl

rs. s=sXsgs|
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" ()883" N10MGEE () - 31 r
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55 &7 10%«&( ~ SPRLOYKE () - 087 LOV&l

(\ qsi ISM qquqge &__]_G%j_&_(_
Y - 320% & D) - 10K10K1§%/(10%<'
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-F ], 109 M& ()-5W!'Y, F ],10%\/8\/&'()-F 10%\/(|V&F() F
tt XSWeP Y, F ], 109M WE' () - R
Pﬁog]uggwx/&() F ], 1%)%«(%()-uquw[udafi ﬁwézlz 'Y, F
] 109 M& ()-F ], 109 M& ()-F ]|, 1098 M& (
, 109V W& () - Juyuzu{uuuunMyXSF ] 1090 VB! () F

F
F
Euﬁiﬂﬁﬁg%w)"ﬂ”‘f 100 (‘3""?1 ]5W1:£Jt%:/(|f/&() 5W!' Y, F

10%\/( VB! Y
Wel!
agmik Al sy ‘@W- -
TTRETV XV WDV VRY ~Y530 | oM M& ()-F
- Fe4 ],|1@%V(JMV&1Y) -IF 24 , 10%a42ME
- D85V 82y iy Ve y X525 1 | 1090¢ M ) - F
- F°: ] ,]1GAM N&:g) 5\Wes ! ] F‘?j] 1 Mt y X5F
_ 1ine 5 £434) L () -
PALRR (L E52 | LGMANEE ) SUEL Y FU 00V ME: () - F

B vgévvv V‘;—.:) MX‘B@T Y, g‘: 514

&6 2.5 13 25 488

57 2.5 13 23 468

68 2.8 14 27 502

89 28 14 25 472

63 2.8 14 24 487

68 2.7 14 24 459

g5 2.9 17 28 452

84 28 16 27 452

84 2.8 16 25 432

B8 2.5 14 27 505

85 2.9 15 28 482

) 3.0 17 29 472 -

a8 3.0 17 28 459

67 2.9 16 25 429

67 3.0 18 23 307

&7 2.8 15 28 480

87 28 18 27 478

66 2.8 14 25 465

€5 2.8 15 23 400
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M& ()-F ],109M M& ()-F ],109M M& ()-F ]I, 109M WM& () -F
M8 () - vvirodwestor wdDyX5Wel ' Y, F 1, 1090 M& () - F ], 109AduBgop26279
M& ()-F ],109M M& ()-F 1,209 M&' () -
ME' () - I wXwYwZwwwwrivi y X5F ] 10%/(!\/&() F ],109M M& ()-F
M& ()-F 1,109 M& ()-5W!" Y, F 10%\/(N&() WM M-y X5 F
M ()-F 1, 164G V&F&Lmﬁ\mp.ké.ﬁn AYBerfy)of RRER Bﬁﬁd%\/( IV& ()-F
VB! ()-vwwwwxx ) yX5We! 1, 10%3( () - FJ L1099 M&' () -F
M&' ( JSdmpidNel W@mr@wmm] LT »-mmmM' muaw. Y, F
M& ()-F_ 1.1 \eByrblliofeycie |1 () - F 1. 1008 NE
V&, ()-F1-1],1D%\/(I\/&4(3¥ 7XFx klxk‘%hxtx*rMyXS,F : e ()-F
Mg ()- F 1 10%\/(|v&~ ], A& ()-5W! By 147
VB! (Y=t fonm-baag , : el v, F
M& (1-F 5 13%\/( N&'z( -F 1, ) - XXXXgXX_) y)KSV‘q, NS :
M& ()51 , = i f&"\:ﬂie?
VB (- XXX XX (dDyXS\A(zb Y, F ()-F 8o 0.181

33 0.153

34 223 100 0.158

41 4.47 85 0.188

4.2 4.04 86 0173

43 3.82 113 0.175

d4-4 3.73 50 0.174

51 4.03 114 0.178

5-2 372 113 0.156

5-3 1.99 98B 0.152

6-1 1.64 101 0.188

62 0.51 107 0.185

7-1 4.59 nr 0.178

7-2 4.30 132 o.1ee

7-3 4.81 144 0.131

7-4 3.43 146 0.132

31 5.08 112 0.186

5-2 4.80 134 0.181

83 519 140 0.165

84 4.43 138 0.140

Abrasion Rating = (weight loss of reference sampie/weight loss of sampla) x 100
{(reference sample was sample no. 2:1)
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XXVWWMWyXSF ], 109 M&' ()-F ],].io%/(l\/&'()-F PCT/US98/20279

H
o
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- 1090 5W!'Y,F ], 100 M& ()-F

: 2y6y<yEyKyOyPy ) yX5We!l' Y, F ], LOWM NE: () - F 10%\/(|v& ()-F
], mlmcl(d)mﬁf QIMWBM)MW W'
,10%\/( ‘()-F 1,109 M& () - , 109 W& () - F

)

) -

) -

) -

)-F

)-F ]
)-F.. 1,104 () yyyyyyynMyX5F ] 1 %MN&() F 1, 109 M& () -F
) gy o) ™
)

)

)

)

)

)

)

%() YYYYYYYy_) yX5We! 'Y, F
3%@%{& S e

5F ] 1098 VB! () F ,10%/(!\/& () F
-F 1,109 ()-F , 109V W& () - 5W:' Y zzzzzzan 5F
_wwp,{(y%{%() F ] 109 M8 () - 5We ! ], 109V V& () - F

2ge ury ‘mix was used for dry mix ‘compound and two stage Banbury mix
for CEC/RSS! blends, RSS! natural rubber was masticated before first stage mix for dry

mix compound arid CEC/RSS]1 blends.

RSS! mastication condition:

Fill factor: 0.75
Rotor speed: 100 rpm
Banbury Temperature: 30+C
Total batch energy: 950 Wart-Hours
Banbury mixing procedures:
Dry:
Stage 1.
Fill factor: 0.65
Rotor speed: 70 rpm
Banbury temperarure: 30°C
Time Operation
0" add masticated RSS1
30" add 30 phr of CB
1"00" edd ¥ remaining CB
1'30" add remaining CB
10° dump according to power curye
Sampla Code.} Mixing tme Dump temp. (*C) Energy input (KWH)
Dry (ctage 1) 10' 130 1.7
Stage 2:
Fill factor: 0.70
Rotor speed: 70 rpm
Banbury temperarure: 30°C
Time Operation
o" add stage 1 masterbateh, oil and all chemicals except
curatives
300" dump
Sample Code | Dump Temperature (*C) Energy Input (KWH)
Dry (stage 2) 124 0.42
Stage 3:
Blends-CIP -
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10 of the first fluid and the second fluid within the mixing

to substantially completely coagulate the elastomer late

coagulum reactor;

discharging a substantially continuous flow of ¢

coagulum reactor; and

form a mixture with the elastomer
mopqr st uvwxyz

eingeffecyvezo gogeuinteghe elastamer late*oar@tL@ mixing

zone being sufficiently energetic

x with the particulate filler in the

lastomer composite from the

15 dry mixing the elastomer composite with additional elastomer to form elastomer

composite blend.

2. The method of producing elastomer composite blend in accordance with claim !

further characterized in that:

20 the elastomer latex and the additional elastomer

from natural rubber. chlorinated natural rubber, homop

1,3-butadiene. styrene, isoprene. isobutylene, 2,3-dime

each is independently selected
olymer, copolymer terpolymers of

thyl-1,3-butadiene, acrylonitrile,

ethylene, and propylene, the oil extended derivatives of any of them, and mixtures of any

of them: and

25 the particulate filler is selected from carbon black. fumed silica, precipitated

silica. coated carbon blacks, chemically functionalized

carbon black. and mixtures of any of them.
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carbon blacks, silicon-treated
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The method of producing elastomer composite blend in accordance with claims 1

or 2 further characterized in that additional particulate fFller is added during the dry

mixing of the elastomer composite with additional elastomer.

4. The method of producing elastomer composite B
further characterized in that the additional particulate fi

elastomer prior to the dry mixing of the elastomer comp

5.

claim 1 10 4, further characterized by feeding additive t¢

The method of producing elastomer composite B

reactor, selected from antiozonants. antioxidants, plastig
flame retardants. extender oils. lubricants. and mixtures
6. The method of producing elastomer composite b

claims 1 to 5 further characterized in that;

lend in accordance with claim 3
ler 1s mixed with the additional

osite with additional elastomer.

lend in accordance with any of
the mixing zone of the coagulum
1zers. processing aids, resins.

of anv of them.

lend in accordance with any of

the elastomer latex and the additional elastomer is each independently selected

from natural rubber latex, SBR rubber latex and butadie
the additional elastomer is present in an amount

of total elastomer in the elastomer composite blend: and

the elastomer composite blend has 30 to 85 phr ¢

7.
claims 1 to 5, further characterized in that the coagulum
coagulum zone extending with progressively increasing

mixing zone to a discharge end.

8.

elastomer, characterized in that the elastomer composite

Blends-CIP
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ne rubber latex;

equal 10 50% to 90% by weight

arbon black.

The method of producing elastomer composite blend in accordance with any of

reactor defines an elongate

cross-sectional area from the

Elastomer composite blend comprising particulate filler finely dispersed in

blend 1s Farmed b‘j a nethod
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comprising the steps of:

PCT/US98/20279

feeding a continuous flow of first fluid comprising elastomer latex to a mixing

zone of a coagulum reactor;

feeding a continuous flow of second fluid comfrising particulate filler under

pressure to the mixing zone of the coagulum reactor t

form a mixture with the elastomer

latex. the mixing of the first fluid and the second fluid| within the mixing zone being

sufficiently energetic to substantially completely coag|ulate the elastomer latex in the

coagulum reactor;

discharging a substantially continuous flow of elastomer composite from the

coagulum reactor; and

dry mixing the elastomer composite with additional elastomer to form elastomer

composite blend.

9. The elastomer composite blend of claim 8 further characterized by macro-

dispersion D(%o) of the particulate filler being less than 0.2% undispersed area in a first

elastomer phase of the elastomer composite blend. saiw:i first elastomer phase comprising

essentially only elastomer from the elastomer latex.

10. Vulcanizate comprising elastomer composite in accordance with ciaim 8 or 9.

characterized by having a crack growth rate no more than 1.20 cm/million cycles.

measured in accordance with ASTM D3629-94,

11. An elastomer composite blend comprising at lgast 30 phr particulate filler

dispersed in a multi-phase elastomer, the particulate filler being selected from carbon

black. silicon coated carbon black. silicon treated carbon black. fumed silica, precipitated

silica or a mixture of any of them, and each phase of tLe multi-phase elastomer being

independently selected from natural rubber. a chlorina'ted derivative of natural rubber.

homopolymer. copolymer or terpolymer of butadiene.|styrene. isoprene. isobutylene, 3.5~

Blends-CIP
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mixture of any of them

wherein macro-dispersion D(%) of the particulate filler jn the elastomer composite blend

is less than 0.2% undispersed area.

12. A method of producing elastomer composite blend, ¢
feeding a continuous flow of first fluid
mixing zone of a coagulum reactor;

feeding a continuous flow of second fl

omprising:

comprising elastomer latex to a

uid comprising particulate filler

under pressure to the mixing zone of the coagululfn

the elastomer latex, the particulate filler being effe

latex and the feeding of the second fluid against

zone being sufficiently energetic to substant

elastomer latex with the particulate filler in the ca

reactor to form a mixture with
ctive to coagulate the elastomer
the first fluid within the mixing
lally completely coagulate the

agulum reactor;

discharging a substantially continuous flow of elastomer composite from

the coagulum reactor; and
dry mixing the elastomer composite wi

elastomer composite blend.

(3. The method of producing elastomer composite ble

wherein the elastomer latex comprises elastomer

chlorinated natural rubber, homopolymer, copolymer

styrene, isoprene, isobutylene, 2,3-dimethyl-1,3-butadi

propylene, the oil extended derivatives of any of them,

th additional elastomer to form

nd in accordance with claim 1
selected from natural rubber,
terpolymers of 1,3-butadiene,

¢ne, acrylonitrile, ethylene, and

arid mixtures of any of them.

i4 . The method of producing elastomer composite blend in accordance with claim 1

wherein the elastomer latex comprises elastomer selecteé from natural rubber, BR, SBR,

and mixtures of any of them.

IS. The method of producing elastomer composite blend in accordance with claim 1

wherein the additional latex is natural rubber, chlorinated natural rubber, homopolymer,

Blends-CIP
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copolymer or terpolymer of 1,3-butadiene, styrene, isoprene,

vwxyz/{]|

} ~

isobutylene, 2,3-dimethyl-

| .
1,3-butadiene, acrylonitrile, ethylene, and propylene, the oil extended derivative of any of

them, or a mixture of any of them.

i 6. The method of producing elastomer composite blend in

accordance with claim 1

wherein the additional latex is natural rubber, BR, SBR or a mixture of any of them.

17. The method of producing elastomer composite blend in
wherein the elastomer latex comprises a first elastomer, and

the same as the first elastomer.

8. The method of producing elastomer composite blend in

accordance with claim 1

the additional elastomer is

accordance with claim 1

wherein the elastomer, latex comprises a first elastomer, and the additional elastomer

comprises a second elastomer different from the first elastomer.

[9. The method of producing elastomer composite blend in|

wherein the particulate filler is selected from carbon black,

accordance with claim 1

fumed silica, precipitated

silica, coated carbon blacks, chemically functionalized carbon blacks, silicon-treated

carbon black, and mixtures of any of them.

wherein the particulate filler is carbon black.
2} . A method of producing elastomer composite blend, comp
feeding a continuous flow of first fluid comp

mixing zone of a coagulum reactor;
feeding a continuous flow of second fluid ¢

filler under pressure to the mixing zone of the coagulu
with the elastomer latex, the particulate filler being

elastomer latex and the mixing of the first fluid and

153

20. The method of producing elastomer composite blend in accordance with claim 1

rising:

rising elastomer latex to a

ymprising silica particulate
m reactor to form a mixture
effective to coagulate the

the second fluid within the

77 MAR 2002



I"#$YR ()*+,-./06Ti mes New RomanAri al Courier New'h Root EntryWrdDocument”
I"H#B9& ()*+,-./0123456789: ;
<=>7?@\BCDEFGHI JKLMNOPQRSTUWKYZ[\ | * _" abcdef ghi j kIl jmopqr st uvwxyz4 b}m,@m
I"#S9R () *+,-./0123456789: ; £
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] "_" abcdef ghi j kl )mopqr st uvwxyz{| } ~
I"H#B9& ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|} ~
" #S9R ()*+,-./0123456789: ;

=>7? MNOP N i ~
|< ;$%B %E%iiig{izgaggggg_sgf ci\((e%[];]enagt?tlljccgesfu ?tla tﬂlﬂ/ngopmcglgtte yvt\:%%ﬁl%le} the

<=>7?@\BCDEFG : BN ENY : i4 tuvwxyz{|}~
AR ()5 +%_a%%%§§%@ﬂédlataﬁﬂpxcﬂ%gbddglﬁhﬂﬁ'?é%@lfo?,

<=>? @A\BCDEFGHI JKL Mﬁﬁﬁ@ﬁ“g’td\/@%YﬁbkﬂHy_é(atheﬁgﬂkadqmamomsrt cvmpostte | ffom
" #$9&' () *+, -./0123456789: ;
<=>7 @\BCDEFGHe FREEMRIPARESION I Z[ \ |~ abcdef ghi j kI rmopgr st uvwxyz{ |} ~

V" HEUR () *+, -. 1 0133ARBT89 e ¢ ite with additional elastomer to form
<=>7 G\BCDEFGHI JKL@/%O%%&%%U\/?N?Y?RT%_QOQB%O% ghi] KI rmopqr st uvwxyz{ | } ~

I #SUR' () * +, eladtOh2B4EBFGMe blend.
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl imopqgr st uvwxyz{| } ~
I"#$9R ()*+,-./0123456789: ;

<=>? G\BDERE L EHIMNPERILNEK Y dtdher_cahssiek ahbdk ifmessasicevutl 2fdihr 1

wherein the elastomer composite blend has 30 to 85 phr of the particulate filler.

23. The method of producing elastomer composite blend in accordance with claim 1
wherein additional particulate filler is added during the dry mixing of the elastomer

composite with additional elastomer.

2%. The method of producing elastomer composite blend in accordance with claim 12
wherein the additional particulate filler is the same as the particulate filler of the second

fluid.

2S.. The method of producing elastomer composite blend in accordance with claim 12
wherein the additional particulate filler is carbon black, fumed silica, precipitated silica,
coated carbon blacks, chemically functionalized carbon blacks, silicon-treated carbon

black, and any mixture of them.

26 . The method of producing elastomer composite blend ir] accordance with claim 11

wherein the additional particulate filler is carbon black.

27. The method of producing elastomer composite blend i} accordance with claim 11

wherein the additional particulate filler is silica.
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23. The method of producing elastomer composite blend in accordance with claim 12
wherein the particulate filler the elastomer composite blend has the particulate filler of 30
to 85 phr.

24, A method of producing elastomer composite blend, comprising:

feeding a continuous flow of first fluid comprising elastomer latex to a
.. I
mixing zone of a coagulum reactor; i

feeding a continuous flow of second fluid comprising particulate filler

under pressure to the mixing zone of the coagulum reactor to form a mixture with

the elastomer latex, the particulate filler being effective to coagulate the elastomer
latex and the mixing of the first fluid and the second ﬁuid within the mixing zone
being sufficiently energetic to substantially completLly coagulate the elastomer
latex with the particulate filler in the coagulum reactor;

feeding additive to the mixing zone of the coa%ulum reactor;

discharging a substantially continuous flow olf elastomer composite from
the coagulum reactor; and |

dry mixing the elastomer composite with a$ditional elastomer to form

. |
elastomer composite blend.

30. The method of producing elastomer composite blend in accordance with claim 18
wherein the additive is selected from antiozonants, antioxidTnts, plasticizers, processing

aids, resins, flame retardants, extender oils, lubricants, and mixtures of any of them.
31. The method of producing elastomer composite blend in accordance with claim 1

further comprising adding additive during dry mixing of t]'}e elastomer composite with

additional elastomer.
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32. The method of producing elastomer composite blend in

accordance with claim 20

wherein the additive is selected from antiozonants, antioxidants, plasticizers, processing

aids, resins, flame retardants, extender oils, lubricants, and mix
33, The method of producing elastomer composite blend in
wherein the weight ratio in the elastomer composite blend of

composite blend from the elastomer latex to the additional elas

3¢, The method of producing elastomer composite blend in

tures of any of them.
accordance with claim 1
elastomer in the elastomer

tomer is from 95:5 to 5:95.

accordance with claim 1

wherein the elastomer latex is natural rubber latex and the additional elastomer is

butadiene rubber, and butadiene rubber is from 10% to 50% by weight of total elastomer

in the elastomer composite blend.

3%. The method of producing elastomer composite blend ixil; accordance with claim 1

wherein the elastomer latex is natural rubber latex and the a
and SBR is from 50% to 90% by weight of total elastomer
blend.

3€. The method of producing elastomer composite blend i
wherein the elastomer latex is natural rubber latex and the ad

rubber.

37. The method of producing elastomer composite blend i

ditional elastomer is SBR,

fn the elastomer composite

n accordance with claim 1

ditional elastomer is natural

n accordance with claim 1

wherein the elastomer latex is butadiene rubber latex and the additional elastomer is SBR,

and SBR is from 10% to 90% by weight of total elastomer
blend.

33. The method of producing elastomer composite blend
wherein the elastomer latex is butadiene rubber latex and

butadiene rubber.
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39, The method of producing elastomer composite blend i

wherein the elastomer latex is butadiene rubber latex and

natural rubber, and natural rubber is from 10% to 50% by wei

elastomer composite blend.

40, The method of producing elastomer composite blend i

n accordance with claim 1

ght of total elastomer in the

1

the additional elastomer is

accordance with claim 1

wherein the elastomer latex is SBR latex and the additional elastomer is butadiene rubber,

and butadiene rubber is from 10% to 90% by weight of total elastomer in the elastomer

composite blend.

{i. The method of producing elastomer composite blend 1

n accordance with claim 1

wherein the elastomer latex is latex SBR and the additional elastomer is SBR.

42. The method of producing elastomer composite blend i
wherein the elastomer latex is SBR and the additional elas
natural rubber is from 50% to 90% by weight of total

composite blend.

43 . The method in accordance with any of claims 23 to

composite blend has 30 to 85 phr carbon black.

44 . The method of producing elastomer composite blend 1

n accordance with claim 1

mer is natural rubber, and

t
%lastomer in the elastomer

31 wherein the elastomer

n accordance with claim 1

wherein the coagulum reactor defines an elongate coagulurln zone extending from the

mixing zone to a discharge end.

%5.  Elastomer composite blend comprising particulate

elastomer, formed by a method comprising the steps of:

A) establishing a continuous, semi-confined fl¢

and particulate filler under pressure in a coagulum 1
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coagulum zone extending with progressively increasing cross-sectional area from
an entry end to a discharge end, by simultaneously
(i) feeding elastomer latex fluid continuously to a mixing zone at

the entry end of the coagulum reactor, and

(ii) entraining the elastomer latex fluid into particulate filler fluid

by feeding the particulate filler fluid as a continuous jet into the mixing

ZOne, 5

B) discharging from the discharge end of the coagulum reactor a
substantially constant flow of elastomer masterbatch|globules concurrently with
feeding of the fluid streams in accordance with steps A(i) and A(ii), wherein
macro-dispersion (D %) of the particulate filler in the elastomer masterbatch is
less than 0.2% undispersed area; and

C) dry mixing the elastomer composite with additional elastomer to form

elastomer composite blend.

4¢. Elastomer composite blend formed by:
feeding a continuous flow of first fluid com&)rising elastomer latex to a

mixing zone of a coagulum reactor;
feeding a continuous flow of second fluid comprising particulate filler

under pressure to the mixing zone of the coagulum reactor to form a mixture with

the elastomer latex, the particulate filler being effective to coagulate the elastomer

latex, the particulate filler being effective to coagulate the elastomer latex and the
mixing of the first fluid and the second fluid within the mixing zone being
sufficiently energetic to substantially completely Cfagulate the elastomer latex
with the particulate filler in the coagulum reactor;

discharging a substantially continuous flow of elastomer composite from
the coagulum reactor wherein macro-dispersion (D %%) of the particulate filler in

the elastomer composite is less than 0.2% undispersed area; and
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dry mixing the elastomer composite with additional elastomer to form

elastomer composite blend.

47. The elastomer composite blend of claim 34 or 35 wherein macro-dispersion D(%) of
the particulate filler in a first elastomer phase of the ¢lastomer composite blend
comprising essentially elastomer from the elastomer latex is|less than 0.2% undispersed

area.

4. The elastomer composite blend of claim 34 or 35 wherein macro-dispersion D(%) of
the particulate filler throughout the elastomer composite blend is less than 0.2%

undispersed area.

44. The elastomer composite blend of claim 35 wherein the particulate filler is carbon
black, silicon coated carbon black, silicon treated carbon black, fumed silica, precipitated

silica or a mixture of any of them.

50. The elastomer composite blend of claim 35 wherein the elastomer of the elastomer

latex is selected from natural rubber, a chlorinated deriTative of natural rubber, a
homopolymer, copolymer or terpolymer of butadiene, styrene, isoprene, isobutylene, 3,3-
dimethyl-1,3-butadiene, acrylonitrile, ethylene propylene, axr oil extended derivative of
any of them and a mixture of any of them. !

5|, An elastomer composite blend comprising at least 30 phr particulate filler dispersed
in a multi-phase elastomer, the particulate filler being selecte!d from carbon black, silicon
coated carbon black, silicon treated carbon black, fumed siflica, precipitated silica or a
mixture of any of them, and each phase of the multiphase eldstomer being independently
selected from natural rubber, a chlorinated derivative of natural rubber, homopolymer,
copolymer or terpolymer of butadiene, styrene, isoprene, isobutylene, 3,3-dialkyl-1,3-
butadiene where the alkyl group is C1 to C3 alkyl, acrylonit}n’le, ethylene and propylene,

an oil extended derivative of any of them and a mixture of any of them wherein macro-
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dispersion D(%) of the particulate filler in the elastomer composite blend is less than

0.2% undispersed area.

52. Vulcanizate comprising the vulcanization product of eldstomer composite blend in

accordance with any of claims 34, 35 or 40.
£3. Tire tread comprising vulcanizate in accordance with claim 41.

54. Tire sub-tread comprising vulcanizate in accordance with claim 41.

SS., Wire-skim for a tire comprising vulcanizate in accordance with claim 41.

S¢. Tire sidewall comprising vulcanizate in accordance with claim 41.

$7. Cushijon gum for a re-tread tire, comprising vulcanizate in accordance with claim 41.

§8. A rubber component of an engine mount, comprising vulcanizate in accordance with

claim 41.
5. Tank track comprising vulcanizate in accordance with claim 41.
6¢ . Mining belt, comprising vulcanizate in accordance with ciaim 41.

€. A rubber component of a hydro-mount comprising vul¢anizate in accordance with

claim 41.
62.. A bridge bearing comprising vulcanizate in accordance with claim 41.

€3, A seismic isolator comprising vulcanizate in accordance with claim 41.
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64, Vulcanizate in accordance with any of claims 41 having a|crack growth rate no more

than 1.20 cm/million cycles, measured in accordance with ASTM D3629-94.

(5. A method of producing elastomer composite blend, comprising:

feeding a continuous flow of first fluid comprising elagtomer latex to a mixing

Zone;

feeding a continuous flow of second fluid comprising particulate filler under

pressure to the mixing zone to form a mixture with the elastomer latex, the feeding of the

second fluid against the first fluid within the mixing zone beirlg sufficiently energetic to

substantially completely coagulate the elastomer latex with th

> particulate filler;

discharging a substantially continuous flow of elastomer composite from the

coagulum reactor; and

dry mixing the elastomer composite with additional elastomer to form elastomer

composite blend.

6E. The method of producing elastomer composite blend in accordance with claim 54,

wherein the additional latex is dry mixed with the elastomer composite to form elastomer

composite blend.

¢7.  The method of producing elastomer composite blend in accordance with
claim 54, wherein the second fluid is an aqueous fluid having 10 to 30 wt% carbon black.
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