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WD 2004/ 057209 PCT/ US2003/ 041679 Attorney Docket No.

B99- 031 PCT POWNER TRANSM SSI ON BELT AND METHOD
WEBAOKERAWND 5 The invention relates to power PCT/US2003/041679

transm ssion belts including V-belts, multi-v- ribbed

belts and toot hed power transm ssi g&@top%l tﬁock@Pﬂo”@é@OMPCT

particularly to such belts conprising A

| ongi t udi nalRGWER: ERANS KIS SIOQN BEUFBNMBMET)H@D si ng one

or nore cords, at |east one of which being forned of

a carbon fiber yarn, and to a toothed belt for

provi di ng piston- to-vaIB//@CKGRﬂUNmi zation in

aut tive inter conbusti on e, An 0. a .

ot W0 P delago PRECLAARn BPtk PekaBe \gbSts! muttiv-
ritsedEdeRt tant ﬂoétﬁé@bb@@r trdridrisSisrabé s ahd mdre particOlaay fstbuch

conbustjon engine_in which the canshaft is driven by a

beltssomadising 3 longisidipally extendinodenslis member caneprisiianeiia §r more

cdt88 tht [ust bAE 8Mvhich BBRk 18N RESMESboR Hibéra)aen, aHa]Y atBY¥thed
be 'subjected to extremes in tenperature ‘and i n | oadi ng

belt for PEViding pistonsp-valye sxpehsANiZason inuiRMefiveriptertal combustion
%%HH@ a%étHB{l \‘B’reredlfc@r‘%trhg%ngglap QibPatioRl Ak éé‘ﬁ*s‘ﬁahqw\’rﬁlatlon

'us cured el astoner ortions and a relative
tord gankeiwdlinantirtagial eombusiios endiekiimivhightthe cpmishalt is drtyad by a
toﬁ 38 of}g conponent of the belt, and the extrenes in
| ng'and tenperature to whi ch they may be routinely
put ,Pavdritginsohésgionedeadts arelooratiohlytusedftd emnémitipbywer antetween

t d t .
DR S B BB S e 0 SR Dol aum
nmmﬂmp%mg@rﬂBmttu?ﬁﬁ:w;s ;:mgbly?lw dtiu Vc\:'ttdrla,ecam;irlsjir@ttdtn relafively

t oot elts e ro . Whi ¢ :
opgRadi et st o PoRtens B TirtaPY NRh merlus fangie
me/bePESRHiIn@ thedrinefiyidadVargiigaioeebnenesfahe Balt, aewtth@@ﬁtremes

dynam c | oadi ng, extrene tenperatures

in deadiRmand terapesaiurele whish tewsnavee sndingly pﬂE@ 'F'B? dgeieRd

derbll?@/r flé)ﬁtﬂht?rand Eorlsi@enBR iRt telufred bF BALHEH tRE chbMBonent parts.
tensi | menber are insufficiently heat resistant,

operGng partaular @patenv@}spcqaieghrnpwrapmv@uwﬁt exghisively with
th@'ﬁ@ﬁiéﬂbh%f § % ik B¢ *Q%WMH@\ é&ﬁgﬁftes a permanent
f e mber e

ectively bond t e tensi _
d@‘qmma:t@ncnfrﬂge belt, @nd@ay ocuraasi gstls ohextenged epasalin, extreme

SR IGBoR, ERrie OISR, uh@Bber ihpornb ibetonk 6

cctmimndmongrocﬁdheforegmgadn pantig:ultae ifdneé ma‘terialsjstercamd_lng the tensile

il Srd i GRURR B ot Trtigy hiEhbBeratlie can

sd @mbfittie Qmjwrgalﬁﬁéleﬁhalth%y’lnd {mhberr effamirl?;pbotl@tlwt‘ehgleaaember
t [ V.

ot sE gy et Bkl Brding e ydfo in AL R [ ufaol gif herce

rarmman@rowmea@etrﬁamm%marw of thE BER Jea@sgo Jmprgbélsﬁ)oth-
cord, To date ho

ver, adhesion of the fjber
9reqQYs NRTartRy. dansle Filure ansbytinatehEesaistroppcai Eﬁof the fensile
cotd- 16- 03. doc WO 2004/ 057209 PCT/ US2003/ 041679

The introduction of carbon fiber as a reinforcement material in rubber
composite articles has presented the possibility of improved performance for some
applications due to its relatively high modulus compared to conventional fibers, e.g.,

glass cord. To date however, adhesion of the fibers to the surrounding elastomer
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conponent for extended operating lifetinmes and rel ated

probl ens have not been adequately resolved. United
wek@ues72iat ent Number 5, 807, 194 di scl oses t he PEBUS{003/041679

carbon fiber as the tensile cord in a toothed power
cd;mammntﬂmeaterueu topetisgritetimesrandgetassriohigms: ke vieaod been

5 L@gﬁ ﬁvﬁgg b IL&“;H ﬁq%%g ﬁg’t‘%‘? L\@ﬁﬁ) F‘)'e8§Jt7 rﬂédrﬂ&'gﬁ%ge% the use of

calbbpavibef ay thettsnsnem:orq)mratobmedvpd/\lyr trahéraisbiehtbelt construction

pisaeBa Uerat oL PommRiR MRS SGeripe ffat bttty foer

cSdrHavthgtdéord edebtrﬁ@:&t whigh ml@we&fr |tsTrfb%rmﬂSﬁcﬁb\|rvﬁh|ﬁ akalbeEit
of the urethane materi al its

| |
oOPH S P TR IR HF Gire BIOKEI Ui oD IS ahe prpthane
bk AR eIt diRiINg RS BBIt-ChERIGredsEsWT hd1EAstANE nature of the

interstices thereof. The disclosure is 10 inapplicable

Ureshansenateraliselh, icoriis i PERSTIPRAA GG Hoh-ARWERE Hrethane
AP Qﬁrthéjf‘érbon ROEY PRritd e |ﬁte%t|§e§‘§vfﬂ?&9€ﬂ§é 8Rclosure is

acrylonitri but adi ene rubber ,
Irpopma!ble_omczymventp belbeanstructiors)involdeg hettcasiable dastomerbelt
: e
obB S ST Job 0 BRI B4 0
pplacitiomplene rpbiodrl (EBR™)i npacting their 15 durability.

o TRERELANE BPSALE AP e ot ib b L BT ioR i bihes
exaapiifieddly aultmnotnteaér@m drb fdceehwitt arti@tavgeoblehms lmpactmg their
Ay Bibart e oBPat5 £OREE R ch A Sh s Pl BanBShfhub Fibration
td @eldnbinefsyblaen, bBEEAs birysultl tiipibatamce Rt exits bétween the

the i n|t|on of each of the cylinders, tha
rolAe- APOFeRIREASY NN Pali Bnd ecRgNler 03O alao of the shafts

that QF@%bQ@sult%? theFep@file Ecﬁhlﬁis@idnﬁlﬁpulé’éé ﬁlb‘e tﬁ@ighw’oﬂ oPach of
timng belts. Particularly in the case sncronous

ioeeBSRrS et e AR BTGRP INE GANE RGBT e gtyvibration

hh&bbd %{Aﬁa ﬁf‘%ﬁg&%%ur@@ﬁlnﬂﬁé bEXS mhicfuuae@ iR et ReRf

e I nes erein‘there is very little clearance between
rengiugdelinused tordive & alralieofePmpraents @nAEr eintertasence-type

e&@@?ﬁﬁ;ﬁﬁ@{ﬁ%@%&%ﬁ%@ g i ORin AEIFESenciuc LRMEREs Hetween

trter\aaimwzhrszs;bishonbbilmecxrmfpﬂ timingdredt daslcausd eeere andedsihf engine

dcured el astonmer conposition, and a tensile nmenber

3'5‘@'8?1 sing a cord conprising at |east one yarn forned

of a carbon fi ber SUbtheRY&F THEIINYEDEIION body. The

o) fib odi nt h .
o ofte birdst R aR RO A B B R o et Bfpprining ¢ bet
bbh@fdrr&@%@f Qf:rifdgmﬁsmgr g@PR&?&mﬂi ,and fa@éi@snl%ja rhfnﬁét%dm;ﬁ%g a
and i ncl udes a cor n me .
PR A SRR P Kgadoreed G4 carben Thek Bbediedin the bet
bédyRﬁihe)caPéb‘?ﬁﬂ)%‘i laBEbraimgab an tenfbodRaeHt s tlﬁaﬂh@@dt@ﬁ |§ @haractenzed
result in bel tmgrowth of not nore than 0.1 % a

00C
by ertepsilggootlissindhel Bange A romepheiaiasealpsiGPady mtwut 350 GPa

ﬁ@ﬂdﬂe% a OF§ ﬁégﬂrﬁlﬂwt?&m%@(btf Berésmg%ﬁﬁﬁlﬁeh)@den@smbber latex
or manufacturing a power 2 B99-031/B99-03

splgtign ERFL”) possesmdgytelastic modulus selected to result in belt growth of
not more than 0.1% at 100°C after 48-hours under High Temperature Belt Growth

Analysis. According to another embodiment, a method for manufacturing a power

2
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WD 2004/ 057209 PCT/ US2003/ 041679 transm ssion belt
possessing i nproved belt growth resistance is

w@emniosieog conprising the steps of sel ecting PEEUS2003/041679
el astic nmodulus of a cord treatnment for application

trdri3ntiSfory BéINpeyReésing mﬁo%d n@lt gro_w‘th tdststéideds providen, ng
the tensile cord such t W t hin H_ {"?:‘ﬁg?
camRsifingBastepsef selepting tee lus %@8006@ &8 or
a;{pﬂ@é’ﬁbtn t8 tﬂe Qarﬁ ahdforofie @P%Hre 5f @s ﬁbé’@?d\h‘h@ thétter?é?l@ cofd8uch
't 1s wth he range of froma 8 ?ﬁm
thabb@tWIg"rthbe rao@e effrrra pbaYt 1- 9501[9( tcsal@oqé 51% 1Po WIRS(RM” (about
? 01 0° td Qo ¥ @X 19tNmIPQt(§O bnaﬁ’d ftVé'\Tvﬁ}ﬁﬁ tr%‘"'r’%ﬂ@é IGS‘Pi‘ifmeefbout 5.0

present inyention, a hed bg for_drivin
xzc@%pra@foutrsﬁxaw slynestom? \fébquﬁ@é}hép oo e-0on! € )aat
qoscpr ovi ded, conprising a belt 1o as described above.
n-yet a further enbodiment of the present invention a
met Hod fuﬁhqlrembodederitmf ther maemtngvetﬂhen anipothed heltdpadiindng a

oo R TS e e Tl B3 BoRR ABHESH B SBDIRD o e

ad BescribeB BBbve.i s driven by a toothed belt, conprising

the ste f sel ect ten

1 5P e LB ke W SR BBl Sy o
reduéinf Warﬁgtmrwbrﬁlidiﬁéf d ehstiafsin asldtierdioaant asgsesnatnéd ¢rhekshaft in

i nvention wl | appar ent ar"}é"@f rewevmng E{
an ?@@MV%H@@%‘M%@F%@WH% ein fitaramshattdy griven bya,
toBfHeli pelt, é&ﬁﬁ*né&@ﬂh@@te;ﬁ@@énéaﬁn%lae\the RALld mehibet bf thawsyt a

in cross- section, show n elt in_accordance with

cafl fermesinfad laaskene yasn |Cﬁm@ﬁ§me@ GAPeN BRET 20 enbedded
cor dy@BPeBRés & Jikfan't_'égtés o thSindeStfdhal bk @pparent after

representatlon ate configuration utilized to
rthwzﬁerﬁgz@sanda:@@@aptl%\s thereoph WheERR: | nventi on; and

FI G i
FIC. i) 93 AR G SRRTE0NR el AR Fiose.
sdatioh hﬁmm&g)ebelt Maqdmaiq@pegwetman grabediingnt ofdae inwepliQremith an

gto FIG 1 a belt 10 of the
erﬁﬁgﬁc{a gj\lﬂge?)ﬁgge”?m of a toothed power transm ssion
bel tFlGS 23stmwnhgaaterrabrqsenf§nen béh test Gonfiguiratmbasutidizétdy
12 fo itable cured_elastoner

C*&fﬁﬁsgﬁ ?rb%sp%tgfnthsar?se[nég}vgn A8 med of the body and

S paqad; 3haa tscﬁém@tldfhebtﬁ%eﬁtat@h ef 4 estbred rwl\/gme testeconfiguration
posi te, back sgﬂ_{ace 17 of the belt

U‘BB??’é‘hﬁh?r?Ct@B%ee? r\ﬁr?ﬁp%f:t\%w W‘é§‘?”§frﬁ’ﬁf“'?'&brl c 16 as

shown and as known peTANED BESCRIPFImMSed al ong
peri pheral surfaces of the belt teeth nd/o al

the BefarpnaioatiC. d i balk ) gFingivention nghe for Praiosthesl power
tréﬁssrﬂlgglbh ?@LYS SHIMRr dén’é}éll‘ynﬂhéﬁélfrﬂ’d) feiRfes kéiedddyb13201’<§rmed of any

surface rics and use$S therefor are illustrated in
sitablmenred ekastones comppsitionavitiopelt esth thinraad of e Rgdyand

sp%ctela dranii SloitcR PS5 3AE tdeth BRERPY SPPSRE AR urface 17 of the belt

are optionally covered with a wear-resistant fabric 16 as shown and as known in the
art, disposed along peripheral surfaces of the belt teeth, and/or along the peripheral
surface of the belt back surface 17, respectively. Non-limiting examples of belt back
surface fabrics and uses therefor are illustrated in German Patent No.

DE10029470C2, the contents of which with respect to same is hereby incorporated
3
B99-03 1/B99-031CIP-PCT.12-16-03.doc



15

20

25

30

B99-03 1 /B99-03 | CI P-PCT. 12-16-03.doc WO
2004/ 057209 PCT/ US2003/ 041679 by reference. In this
w0 bdouws2ed ed enbodi nent a tensile nmenber 18 of PCT/US2003/041679
helically spiraled cord is enbedded in the belt body
bylréferéttre it dhis itadtiated émbodimebed tertsid ynephizsti@nafhelically spiraled
npos; t bI e and/ or conventi onal
cof ﬁ%‘?ﬁdﬁp&?;}’bﬁ“%@% Yeifpl oyed, i ncl udi ng bot h
c ﬁSt FedH Lftmzaudmn@Fn&b@ﬁ&td@kﬁl&t@haswﬁmﬁ.olam dniﬁbslfable and/or
t her pop astlc el astoner s a el ast oner s,
CoKEHOPBRISHEIGT HRETAY BS BEPRIPABCR AbEdT c4aaps and fon-
ca%fa‘bieeélﬁstBH‘Fe@éjbﬁﬂ‘leb W@ﬁfopla@h&@ﬁsﬁoms?‘s kad @dredastable elastomers,
chl or osul f onat ed eth | ene

H“é%RcﬁRoa@Wart”'ﬁ oulatighe-abend NéBBe?ty(e”BF@L)tad‘ﬁ%& tHoRer
Sucﬁ%nkﬁlat@wlﬁwﬁﬁmp%eryeﬁiym @A@émn) 8 @ﬁnb;maﬁn

as et hyl ene propyl ene ter

butadignerbbpr bﬁw Jenaturad pabereNR” g@nq eﬁgptqnp alpfra ¢jefin elastomers

R R SO G ot

‘BRit)abt 2 combinatien afsartyrtwokm,flmorb@cﬂwQeﬂomomgemanbenﬁ@lally be
e eII ts i n accordance with the subject invention,
8¥9hanes ur et hane/ ureas and ureas are nentioned as
non- As oadtablg efastoméssuittte faasedasl the belhbodyrelastomeneof the
ast 0. 5 eria e
ool aecarddens in B sooeb iy ke TeiEe . TeuiANEl el ureas
ark ©SBHtIORED 8 n@nmmmﬁg dxafiphes. 561 casthisie blasEﬂﬁerextammloely is cast of

the materi al rm have th properties as S
a Ui Beit matstiaplleY. e cir e B A (sReEF ol e CpigliCs
reghired & algdweBrarismiddidr 5816 FBr 8kardble, th@fmatﬁrlé/l’n?@ have the
bl i catl on No. 96/02584 lgFeb 1.

propertion a8 Atsclogad incanycefdher ebhﬁé?oéﬂ@ﬂc%% aﬁ%qtm?} s%Pat. No,

54 i@,bﬁﬁwgaﬁérkérﬁéﬁal %an&hﬁlﬁ@%bn@éﬂohw @BR2584 (Feb. 1. 1996) to
accel erators SCOI‘Ch retard ers, stabili zers,

Weretgbxi dants, antiozonants and plasticizers may be

uti | {;gﬁfedtipna%&ﬁgy Offbeor BRIESTATfq ARRS LkFB,

itse OWET transm ssion
aqmatbrsglascelenatmﬁmmr@ retamd@ﬁt stobitizerg, antiokidpets, arotrozomnts and

o BlIPRR inas BE it cfin Ronl AGGHRAE e, LIMEREE Oy HE AdI form

thalppaebtransmissien belt tody partivhdeh amounts comventionally blh)\etsbyed for

o ot S S 000 o P AR 2. A B

in RS et iaft @dblymay alss belih ¢ formiofie \-bélewaan tnudti- v-nbbed belt, may

o TEDURRIES SRNGFAHR S TBS TP hiaugs, 4 ndgfier 6 wWhth wouid be
reB’éh'I)I égppVeéléféBQfg el dkfledlirethedeReh MR Examldle‘é of Baiver tNassmission
00, 180; 4, 330,287; and 4, 33

bqﬁ)‘%dﬁﬁlpé@g deothyed efoy8chrgnoysy RfiseY it g ’B%‘F‘IV "%tregsbeﬂs are
dlgélééialdQﬁ ‘éﬂs' BatUNSs. 3PS, 96&03 2003860@33@987 Bnd 423 528reand

" Further nef hods for form ng t'oot hed belts
Examplmaftm@tmm fos peodyeisg rsu%aelt%ﬁr@wcf%pﬁ g Pat. dlos.

3 5’?@ e8% ﬁs d772§ @8 @F’%oé@??{%nhér r%é@m@é%rtf&mu to%%he%tbelts in

ura, the contents each with
partigdarcire desaiibed irethidellowingU e Patants: ﬂcﬁS}?pﬁﬁZatp &@spy3,250,653 to

Ggigf S D584 3076586 RAGRIL, he'BhHERRSST AES WR F&afd BXQMR! Rsthods

is hereby incorporated by reference. These patent references are merely examples of

4
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4 B99-03 1 /B99-031 CI P-PCT. 12-16-03.doc WO
2004/ 057209 PCT/ US2003/ 041679 various types of power
wWa zeamwesm2esi on belts and state-of-the-art for neRGDOS2003/041679
techni ques thereof. The el astomer conposition for
Ul | I
vqrﬁg% b@%& PPEe\ArI% té%gnpsesli trﬁé)eﬂg%ng g{atté 8{1%%’%% ft%%b@hatlegﬁ ues
thergoh conventional naterials as rreta 5 aram ds

o1 aoLe B Gibter CRbESHGor RRHE Bine ! bR mipfEiRed Btionany

intloge f@érsgs |I§T®e|| F(r’ﬂtﬁvrf inkieg artnailizibg sfichoednveatia@dl eaterials as meta-
nomn in. the rt wher e S|ble

ul as i s
g Birar B, Grkeste PR P tRr By SaH Pase. 2§ Wall 36 2
caMibih At dmi¥ Bfo 6naBREst tRS fordyoirfte The fibefmay 5d fsHiBted or

fiber. The fibers may have a | en th in the range of
Pylpestreg irovell known ig t%é’[ﬁt"'hf@ RAPSIbIN Weﬂpﬁb%waﬂ i incgease

th@ﬁ s &R 56a Vﬂrﬁﬁbyﬁﬂaﬁgg eRbpRAdlr RRIHERS M bCa b3 Feef?B%? The fibers
their adhesion to the elastonmer. Suitable [evels of

may bave a agihnig therapgeiof frommbogtd-1 ite abeut 10ypa. and mey optionally
bt%flﬂéjéfeéﬁE b\/ﬂﬁ eve'ﬁ%ﬁes&é R&Atmd EYB‘EB %syé t&%ﬁ%ﬂﬁg% @Pﬁh@@% dsfbl'ﬁ'ner

an up to a
Sw‘taba:lezelagf fcheeiopadmgpw wntroﬂnemytlda@rémﬂ ofyoel biody elagtomer, fiber
' f : i '
B A6 6 B ARk BUBIIH @egll 0% by g o
cured atasiomer comﬁoﬁituﬁw may ab@mmg@dpﬂnth;e pJactfcecnmrmlmeserﬁ 9
to ab mabzut 1 to,aboyt

BT Aley 8! b st e %%eésdmavssv%beian%%‘é{ for about

0.61% abnal20yhberfrermasbut 0.9:0 abouttEX.0 plary er freh dbbeat bl dbout 5
Whi | e not necessary, the grooves 20 reduce belt weight
Pind may enhance belt flexibility in sonme applications

or URGRIra®§of fRafsvetdePomdradt: §ov@920 aidyl dptibasllyybe formed in an
wherein a castable material 1s used to formthe belt

oygrdpyernidhe belk ddhiteiat Regassebr thai9ePvehel retire belt weighd and
maP¥nRsRie et fkifty inSRpid MAtatidBRE URHENCcEHRIN circumstances,

trapezoidal, curvilinear, or curvilinear truncated.

pasicutariyeshersin & gastable material isouseddnipras thedialthodyn U, s,
Pat Tﬁ\p§pa%86é§tgol%foﬁﬁe%f th??odgg%k@a?ée g%es%’&

9 to Westho pti onaF vvear
sacesmajtsaape Badiy as:tra;&zaidgb@s:edmaar oneunilingsr tunrgfatech&xamples

L L R R e e R
Cathdy et al. am;ﬂ;ﬁBBéBEdeVemmwtructl ons in part| cular, for
d th
ent oft I GEEREe g3 pt Bbnb 6 dipged A &Y of the beits
baskisuefate dNahd theperipheral saKadeeofehp bely esbth far@rordotiveg tooth sheer

cri nped nyl on, ut e, amd,, 30 .
stfanolatt I comapie el PHrstLENb s barteafar e slLpingragasessiveness
of TRy bEIE teRPIWAYE Bntetihg desdves df a tsbﬂ)cf(é‘tbéhfsﬁmbleb& €dHve®ibnal

a bias so that the strands forman angle with the

ma?ef'éb'f‘ﬁbﬁe@f“p"?)fe&’v@lc'ugfngt"rﬁ@p@él"tV'O“Tﬁ@ e G asamisk

paHBLtIeahd Biskr ?Fé@fs ' MHFe%érQBné H@rbf fFbrid mQPBé( @Rplyeal If desired
weave consi s ft threads at an¥
thgéafiricanayahgcut orba blas o) t at the strands form an angle with the direction of

travel of the belt. The fabric may be of any desired configuration such as a
conventional weave consisting of warp and weft threads at any desired angle, or

may consist of pick cords, or of a knitted or braided configuration or the like.

5
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may consi st of pick cords, or of a knitted or braided
configuration or the like. 5 B99-031 /B99-031
WELH4PETR09 12- 16- 03. doc WO 2004/ 057209 PCT/US2003/041679
PCT/ US2003/ 041679 In this ill ustrat ed enbodi nent the
t ens.! 1 e PP ' :
spi flglt@a ag?%t%g ?rhﬂo% r‘h%ﬁ tﬂ;@ erns rr%gfr}% q8 nib%?ggﬁ%#5¥ord is
hetically-dpiralet derdsadie aidth dhibe l:[ediruml spamemkmdé bynstderfgshion. The

embodi nent.s_ of nve occu ahau
cofdn i e Sinbp e e el Refichuny b ABRH 7R,
ablou9s pbreuiht siGhé belflaitith, Y refeesll from abiout 8@ tdathdut 92 percent
w dt h. T&e cord conpri 'Si ng the tensil e nmenber
of R W a plurality of twisted and/or bundled yarns

at | paséor® ’é@m@flsnﬂ@ |tl¢é‘te¢|§ﬁ€3ﬁ1bmr Bonipfisesd pmadnlqp@f tivisees
of any suita In the present context angd

arldmrau'gﬁlsatyafrm % '%ﬁ% eNne & which cRRPisesa yan gfarboryfiper of any
su.tébnbwin tha"fPedtirt bbARS A RFRIADIEAR! dsdGs LA IhE Rtbrg “Aber’

mat erial having a small 1o cross-sectional di amet er,

and “flament’_arg yHizegrpterchaaaeatiy ta designate ameaterial havingadiaal!
créésr%gbrtnal%la‘#ﬁ@tmete ; 4 DYLmISAG LA rg\fh Bl ngatﬁ‘ﬂ‘lt one gundred

exceedi ngl r even 1 ndefi engt h

tinogks nta dtamemr bth@emmllw r@w@gamtemﬁe@nglwgﬁeatm ever ingefinite
Ien d Wﬁc#i‘dr“&%ﬁg bag Bga Fno%ﬂg?é&n 3}%'? is F nllzed
sc osuré esi eas two, b

hentit land ttegaglibut ¢this drsbtoaurfa tbeiesrgaateat learsé twdn dws eauiereliy with

fi t hat | /
re§RHdp cp kb inS: P e At Fhorb bt flate Il dfiop twisted
arfdwrmtwerg/ts@mnh dleld to?et?er lowcbntllffhmstsire{mld tg dordt a lcemp;)r;]ent of a
r u osur o designate,the
cof-JaGae B 1O E U EedPitgBo RN R t> (ot Bl e Boduct of
oriesorlfﬁ'éfﬂé/:}am% thBEmay be tRREAMISE RnbW irdthed@t, @nd )Mfelﬂétvﬁf & more
nor eover be | aid and/or_ bund|l ed a

m
yarg %ﬁe&ﬂnm@v@ﬁgty My MeregKey) g g1 dﬁ]%rwnﬂk?@@d(%wsteff together.
ut i | EZARpI9R dafbdrods RE lutifA:tioh .rafheem@td;bmh e‘?iﬁbddhﬁent of the

20 present “invention are described for_ exanp
presesyt dventioroaredagciedigr examplg.in aorepentioned Lc! ﬁePatent No.
5 §(§’7mi @A{‘ttﬁ'e E’ént&\%“otﬁ hidht Rith B8 td muétralt\hitcéﬁ;dn"fﬁ)e?@f gen

configurations and desi gnations at may
Cdoéglunatwnsmw designadiops tat mey befutitirerbini the prartiee Of pabodiments
[\ 0 r n

Ofrl%e érr%g’%%te eé;ﬁbh Ate Ir?({)o‘?pdrgﬁﬁ ﬁég%@r gq?#%?ér?dg CEVoon fiber is
gemrdjlgmmadertgy c&mbd)mﬂng fanbther ﬁhz&rhsuals ap@bW&CMdftﬁnletﬂher wherein in

tniedoriePegTopess e BRrielE TP B ARET RS Yorme

fofnagdieémfoneror omare @arbmrfmecsambp forfihdiance mawe 4 oass pet lam’clength

ave a r uni of. from abo t 66 t
of JpBLeo 58 tebie 2 65T FRarh® TIBBTARY corma o RURBEr oo
inditidUxli cAvsdn fberHper JdrREdfSrope BboLr1opo &b ab6W@D4ab0 Ul’hel&ﬁﬁon
to_about 24000. The rg{gr bon fjber, for use in

fibge o5 g8 LRSS dancerithihe SEssent IRYBRIANRPSsBRs s legsile modulus in
thé gé}ijg' & RIEHOLE S0GRY I étswt 350 @F&f pFéf@rrébB,bﬂuﬁon‘é Qb&&?a oo GPa

out 350 GPa; preferab from about

toab@ut 30806Parand mAst Rrsterably @gféqra@pyumﬁq GBf’ht%BB‘aW 217§@Pa as
de@ﬁhﬁ&s@ﬁa@& ﬁéée (#A A D96 &R pﬁo@)din@erﬁg ePIHEAESent

I'n enbodi nents o resent
invention wherein the cross-sectional diameter of the |nd|v1dual carbon fibers is in the

range of from about 4 to about 7 uym, the filament count of the cord utilized in the
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i nvention wherein the cross-sectional dianmeter of the

i ndi vi dual carbon fibers is in the range of from
W@bwun37204 0 about 7 pm the filanment count of PE¢EUSIINGI041679

utilized in the 6 B99-031 /B99-031 Cl P-PCT.

12-16- 03, / r
PopPLFRTLS o eRl ey B L 508 AOTR doetadan s fpufere
embAdints the cfom‘ § hlament obhardinmntesfrodneaboat 8,080 fto blbowetrit5,000. As
. count m e fromabout 9,000, 10 ahqout 15 000. As 1is
s Wl oot At SREb S Yo aRpkigre (Rl Btietgndmdbphoc
chdrBglefzé PPy R Ukber O Ab@sicontarkd thyreirhethias e byDﬂemer or

fibers contalnedthe einra thlg,n by d

deqila P BRTERCRUITE G NUTLSES 1 HE e SRoeie Usfid 1 Bepdle thec

nuber Htsc%‘?bérpfﬁ@é‘m@%élhem@él g r3ef caﬁ@érbﬁﬂérfylahe e KT i@ an
in a carbon fiber yarn, "K" Is an

abé@bﬁ@éﬁﬂ dasignagien s 4000 fbers and Hiso'3f pggggates é‘rﬂ]“'t'ﬂ'@r "Bhus
w34 %%'rl?ﬂﬁa‘?ﬁ idenitied & %n‘nedf 306? YiBers c?f'ﬁlarﬁélﬂ?cf\ﬂoﬁé@(/é‘r with regard

es a yarn 3000 bers or [ ament s.
to dxmdemmnckmurh in@gaKeb” casbasoiiagr ﬁ@ﬁ%fﬁtﬁmmﬁlég thppSaindicates that

five §g ygr ?\ﬁ@ dd %%#orco%%tg e bd??&?éﬂoﬁeth&ht% tgés form cord having

arns are"tw ste
a fmmmt\mset dfuBA0Sd Irt exgle@mmentsmftﬂrrm mveotian, g @Brhgm/ flbﬁg’ cogd

comﬁo%qr%? zFri}/ ot rt%atoé)fgrog( gﬁg}% uutggleﬁgp 8fvg‘ﬁ° Qbﬁhc%ftloﬁ r]ﬁcludlng but not

er cor
Imﬁédr’lﬂj glam Glg BDBK%HIQK ELBN—&;MF@S)‘@K-%@ aked. appl | cati on
| nc 1IN ut not
rRTERS yaPian ol SRDAN TRES ST T B AT
susjaétbmbrfnbh%f@rr@uetaabmlé esmbheecially by Barhy ahder théeeféfences

| by
TORRHAMABI s APBran0ctoB8 Y CHORTCAC AZB0h T 358 Sisanc
mal&m3fs 5 A4y SAabbABrridriyEhraldel BP mﬁo@E) Chamiiesls @os ﬂis@ntly

al so available fornerly through BP Anpco_ Cheni ca

thrgughs Bxterycarber Gibgrs Iy atdenthsgafersses I -63Q30 GK&@PNTh@d T-
3 T1- 650/ 35 6K 309NT and T- 650/ 35 12K 309NT.
5503°e;
er rmnufacturers typically coat fibers with a

si ziFfgr manutactlgerﬁeiyalcaw eeatibers with @ aigingi whichgengrallgerves
to f ?\g%tlr}%cidrm tﬁe rqggﬁ’(ﬁ% ﬂtcy rH§ aﬁ&‘ oY}ﬂH'?)ﬁtcgééédg)ls
anaAmdtQ/facmtaté wemag dfﬂmfd:ferrsand\wmnscf@\nmed the@énonewﬂl(' sprd I n

oIS oo L T N SRE RSBl
is egrpatidte with hleerd/meatmeatdpmiedfto tmmmnsarﬁcdmr @B5ments for

. incorporation of treated cord into

INGoFRME gftt §§gq:qrd uﬁﬂ& Wrgrgpsrgﬁgwalt%ﬂ ?rp]%@a%éor example

thudPBe wallir- 030NRIMt-bassEEpeyEoutdal UhnoughouTl‘nm@pI@SGmtd|$d$l®sure,
present disclosure the ter

theienBt sizing) dnesed toydengiena penera w@)bﬁb’m i iqRP"ag }%? Maz{h%ﬂ%?f yarn

fllaYﬁérﬁ‘ at 5 '|év%ﬂ8fr\¢orﬁ”ab§ut| 032' @ 20, RyotRighoLd. Baged éh t%eQ/%lght of
based on the wei ght of the drie

thes@f\{qd @aﬂ@atqdafaﬁﬁ oF filameatri gt the dried yarp er flameant %WH'CB the
smﬂdﬁ[ﬁet%ﬁ r'\EéL)P B4 G ok & 13 furtidh B9 hE%@nJﬁ%@@ d@@&hﬂe@d in

ctl 'on as herel nabove describ
accdn dacdanget Witthan embodinmentof te nrﬁ%efmré/@éh@n an RFL

coh%\SSi%njw,Cf%’., a%nelgil:t&mer latex composition further comprising a resorcinol-
formaldehyde reaction product, is applied as a cord treatment to at least a portion of

the yarn and/or one or more of its carbon filaments. Throughout the present
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conposition, i.e., an elastomer |atex conposition

further conprising a resorcinol- forml dehyde reaction
w@emdos209 i s applied as a cord treatnent to atPCBEHS1005041679

portion of the yarn and/or one or nore of its carbon

thig REE %S Bénote aBRFASlappB8dtd3am
disqPEe M Featherk 18 Bpg s dindte o PRI
anmyausﬁmrmmmmmamos Mgt éclydea siging) and lgegted at least on
a pgrg?ﬁ /aénb arcﬁq’fa}ﬁ)yrgmﬁ%ﬁ’é r?ac@aén%lrvlnﬁhn @Pl@béteéjpérﬂo@of one
or more! mtdaestm;es Ifczrmeg)beam@ﬂ sushtfi gmts Iaédyﬁ"tﬁﬁ) Qaf ap%ﬂf @ fasredt
arn- and/ or

w3 HE R R Flsing BT BheP irhBRGANG: Ll BLAIAH of
sudh&idr@%a&dthﬁ idnareirgsapptield yaswc(rs))armfana/oc yam fianemtdt g level

h nd| d/ h

areaigiiiatag Do o cong gamarsn e G feABd Bl Pear e
yar pg e RFD&bRASKtasNS v sutalsie tiatydals maydieoemplayed. The
filanment at a | evel

espiciar e et reder e e AP So ST Rag B eits rom

ab&ﬁ Q&B'aﬁ)@ﬁfﬂ@% b?%@ﬂ'dhﬁbésﬁs VBHhethb ddtex fl‘a&ndvﬁeﬁrqslem}ngllfrom
resorci nol - formal dehyde resin fraction i.n_th Eon

ab@ﬁlﬁﬁttp@ﬁobtr%ﬁ"/er%@f%iab'bﬁhﬁﬁ"e?‘hr@”?' HemaldenyadaEn 3a
repfitts A0 el n?@ve@rh}'d shs, all ke i fradtien réprasdrt®from

representing from abou to about 98%_ Preferably
70 tmes%emscnrmmmmm mm@ems@‘.the pregent ‘Bhe“t'toémaésbéﬁf’s

foupg ?@}aﬁo}/ Por e Q/Qr}'ou\@‘?ﬂ?ﬁ@ntg ngeﬁ'rﬁon i t4 BE ihavediated

I'on T epresent to 95% This Eﬁgportlon
sufficieatty terrbduhembﬂasnom anherqakmgetherQOf\wénlﬂrﬁwn nggigfficient

fle%npnﬁn?netfzgs%éy rf% mrﬁ)a eth\éWs‘ﬁHﬁfaEhlcg SoethtidnR&oRrdERRRally

I Cl ent t O reduce
em@lb?/é& iapd, aitil rdyaeditd sp@cmb@nm‘d;mwlrts oéthednyandionisggforth herein,

t . flexi ity _nece
B L
resOPBhSIfEEnAdshydeirbéin beg wtelx émplﬂyed lof the mobopiavehachieved
the i nvention_ set escr

nowavarhi PeRBeR fouBeIBITE ATAREe RIS DieSar T vantgE Tiidhs spics
levbl 6Gthé @B/ RdatmeROSHtitdAl shoaksy lﬁ*@bglﬁieo medinmaiatatheldadt e>pomt
| oyed or the pick-up |evel ach

whegEan E6chFF SakEon s IBRATIE SRLRRLrgEdte fpament prackss.
| NV e |9{éx*c6ﬁ¥poh&% n$ e FésL sbIBNEN midly tehst aﬁ?rsdltétﬂé@tpm?nt

sol uti on shoul rougét to and mai nt ai he

incfusiing HNBRe N&R oam@xviﬁ@d NBR; @afbp@ﬂ%freﬁi“%%wwiﬁv”%\”?/?tyrene
bu?a ?eWeerug{)JéH 14 th'@%'&ﬁﬂ)?ﬁﬁkdﬁﬂﬂ%@ﬁs SBﬁ‘%hb?ésQﬂfonated

onen L solution may ¥!I sui tabl e
powmyleneu (reSMY);, a@;\YIeINBRlPhNBﬂEf rt:talpe@J@at@m%rds @R ethylene

o R L Ve D ARG bR ePne) o

a csﬂnrhmmml df@angteol opmio;eed)frtyb éareg¢in@Sma) prearteyu empteodiment, the

Iatm; E%nglhgt@natﬁé'%?éﬁﬁ%a)rﬂ% Suc%ﬂﬁffn gt Bélllj?(gﬁ]mor to up to equal

anﬁ&@b@?@p@rﬂ@@é WTWélght E&Ribe ofmtheraelwaxbenarpemnn@ﬁdnag]y

cRAR DO TarSRebonBor PP R LERyfene ipha olef
elddtBRet MBE be UhfzaTBINdIY6F Md@n’(ﬂlrmmbnto@ anp tvt/cmoem\o&l thateof to
anounts or proportions by weight or nore of

impfoyetiowmdempsiglise PEHRIMANCA gropetties of the resultant betlt Slich as low

temperature flexibility.
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et hyl ene al pha-ol efin-type el astonmers such as EPDM or
EPM Et hyl ene al pha olefin elastoner may be utilized

W@ R0vgly7207 i n conbination of any two or nore tPET/E81003/041679
i nprove | ow tenperature performance propert| es of the

il e S

corﬂﬁwmémﬁgpﬁl@ﬂ/ tUﬁ@QQmMﬂfﬁmn td epadat taad’aan pertian tolf thenyarn

suffescnoiny & e BHTDEC! e ERYCEL iR B Bunfeef

fibére #sdredf. Posmbodimehtst éfehe/aresentsuvérauoe aaculd Wetatmnéht:ptck -up level

s achiaop e rendg ef Comiabeuts 5% h SBRGL feHELTahY ofom about

%Otb%%m 25%Y8Rd ke preféraBly of ﬁaﬁwrmmut Pisok tdiibdue 2ats, dry wiight,
achieved in the range of from about 5.5%to about 30%

baggden hedingl WP'QPF%fﬁhﬁﬁeﬁﬁeateﬁ%of% about 25% and nore

pr efie bR RMboamdrt @ftrRGEEent i¥ntiéh, ZarilwiddPe d [IMt\AM\ﬁéd))fHarbon
based on the final weight of the so treated cord,

fiberryamrboayaereunsie eareprisingsatieast epe certom, fibee r&ﬁlpwdsmto an
m&bg@aﬂon%%éﬁt‘ﬁgﬂanﬁ% chcgr%ggé PY th&%h | Igrgie P ier

rrsing at er Is Into an
yarings drigd;dlye sainoer Viasn bundies arerthergaftercwisrted mrdapproprlate

colf GBI S hTELP0BH Rk AR e ol e A i
m@mpxtnopallyahﬂude: en bdditiosd!| |oaercbairoftdmnt|abiet cou:cm Iadhesmer applied to

tnebeshar Iy ot DRI caror@i BRI ERLAS gy ™

comudintiatdier eoita:bladfemaoves aeirformdabbwe It kree sresémtopntet sk

cord, are incor in the,bel t re util
thrsops s Ao BReB A tEm ‘ol B Tinliedt lp Siadbg's mtdt
apAIRAMS thd Burtdi dTlaasRdibue ﬂBﬁg@ﬁeréWdesMh@QMWmterétﬁUeS formed
di scl osure the term"overcoat" is utilized t

betwesndndividual Yiaseandier fibgppiheeapfiasnerdly & ?fl%l\@é ingthe gange of
froﬁﬂi%ut Byt toNoud $B R Weight Dadbd8n \thd fhdl Wit oS tHeCRtreated

formed between iIndiVvidual yarns and/or fibers
cordhwhisffungjiens tafaciitaie aghesioreef the t'ieﬁ@dr%@ the sufrpgpging belt
1 %to about 10% dry wei ght, based on the final
wel ght of the so treated 20 cord, which functions to
f acilh arandinitingemnbediarent ofdhe peeseatingentipn; i eameying out the cord
tregt%J gléﬁzg nfﬂekk%{%tregm{e% sHiBwel rl]? ﬁeﬁQFb’té Within! the yams, and to
resent rnvention, 1n carrying out
wuthimethe mtelrstw:esefatrrred\beis\zteepmdmumlcﬁbeld; af teayaroatand ©f the fibers

all owed to penetrate w thi t.he arn it hj.
heiesNeRs 89 85 REESer Bb vtk o1 10T as & Podsibip dhédifo
thdsbeat Yy ¢6te @ ¢heofarh heftelr ebﬁltcenﬁsot the msed vemmeamoame yarn
over as nan arre ts o t he as OSSI
andIRE BB PLGorS HolsRrs. iy sl Sretfida & wBRelré amount of
corRiRpddt@ahi §16k-0p of REL eGPt dof® Alayyetbut @ mdste\exaessanwrﬂmoyed in
one or nore of its fibers. An swtable met hod t

thenpiRrtife,f thereseBliRYERSion. BAng PRediment hyvever. fhe a@atr-%gL
prdcBsé BBs& el dFBYe RAtBHNoleSNEl0deHRE 8EHADEHYMASAQNE Htddl

the practice of the present invention. In one
duenghthei impragnatiar $tep, ot ereningaaarken yarns by spreading out filaments of

which they are composed, so that each fiber presents an increased area over which
the impregnation step can take place. This opening or spreading of the yarns may be

formed by any suitable operation.
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30 process described above furthernore includes the

step, perfornmed at the latest during the inpregnation
W@ e@p/ 031209 openi ng car bon yarns by spreadi ng oupPCT/US2003/041679

filaments of which they are conposed, so that each

fib ' i .
| DSRRERN o bARRCR o BB e Oy sl
fousarteatdiyrgladting ke glastismodyiub ef thedrfrtecbridytreatyestithtoailgh ¢he

operation. 9 B99-031 /B99-031 CIP-PCT. .12-16-03. doc
ey U 58,4 878 96 TRER VRS NTARER OPIDIESH £ ahe Paical Bower
trafsfaRdion®elt cohsthlttion te§ielt a balvtat itegd’ﬂbitsi rtﬁdbalsd peemanent belt
I N e e

surprisingly found that b | e astic )
gr%aemea\fr%r%/%ﬁ#@ f&%ure%iﬁ%_ﬁ?mpg%wg@%'%émwth Analysis
pefBimhddtatooen, £ fupher éschiBégbeidivi abl es, it may be

optim zed for the particular power transm ssion belt

condMaduiys sstedtionwf teiRBL peiditreatinentdR Reeereanée wile ea

enfBRE MR BF the&ubjeet Bivembich rﬁ§¥ BEaSHEGEH A 4 RUMBEr HAMAYS, including
under Hi gh Tenperature Belt G owth Analysis perforned

by adjustitaihezpord prackesing eerdiiansdneleding,theviempenatusioaehicly fhe

f. i ith
ool g o dERer L ERIRG oy A5OSRl i plegnoted o
duangtheliesatméntyrgeessi (heteaften ghe pyocedpingtdonditions’),csiding

. I i I nel udi t At u
BB  of 08  E be d BIRE A atment
solpéon fud impreghetiaoindhé cadbniibérs; manipgtadingdhe/arn - dur i ng

th reat nent. process_(herea r. the "pracessin
forr BTV e HeSoreind g Pal 456 BER, mehifiatBia i ool
forfria:ldeﬁhydéi téfzim:h_semmbbnahb &CﬂhetRFth, hediRgla m]tcnfog atrfoaiat ofent
sol ution for inpregnation. in,t arbon fipers;
aqeRHSiTRErFRR of FRnven Bohal ARLKAD! fo e spaReg selufigh o
seleBtifd 8 |ty pETSH tRe! IREHL gt Eardeadding 8 ®locked isoc’ganate to the
formal dehyde resin:latex weight ratio in the RFL,
RF&ddi ng a minor amobunt of an aqueous di spersion of

conyaps Al suAHdin #RAE it Scddi@arfe@Nth ér?@r‘hglszﬁﬁnent of the

solution, selecting a latex type for the .
presentinvertiondhat kydapnrigulating telalesticaaedduaelehe RRlheompmsition
i : :
ushd g0 CRFR SRR RGBT ASRRRRNGR I LAt o
thensurbjent inventien toran eptinar deveb dudignificaint reductrem in belt growth

e fEaPE oyt Sy ey CheLMBE RSB o Bintint BefREhen
bels ghjvethtari optandm dRFLE elastic mpdilasiexistsver a carbsh dibef having a
duct i i,n belt lLts. It i
rerfie Sty 25 & EtRAEtIRA. it iaBadid o BrBRuAT b7 Ay
paﬂ'@_[llai&ﬂ%f@ty, ithe btes%hw\?c_ﬁliéava@ Itqm_tah rwntFd_ct:cﬂ'H an_%lta'tmemmthdl tigs
ex|sts 1Tof a carbo I ber hav) nsi ul us, .
ORI st fox B Rec) SowRTHET S isHon PR e GOIS WG iite i
a AN peRAaidrE BeRGrdita Vale fbit theBcdisegetdn.y bel i eved
that an optinmumcord treatnent elastic nodul us exists,

f or Margoveypiéhas bpeiiaund taadig ¥eater cprd Rropesming eendiiads. fe.,
at @?F@M@f% BRvhidd t8mpb iR BB @BBARE heR6d to hRHtRe cord is

ue for that construction. o
exposed after application of the RFL solution, can be manipulated with significant

impact on the cord’s final moisture content, its stiffness and the resultant belt’s ability
to resist belt growth as illustrated in the examples and accompanying descriptions

thereof provided below. It is presently believed for example with regard to an
10
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Mor eover, it has been found that the treated cord

processing conditions, i.e., 30 at |east one of the
web@vaiew t enperat ure and exposure period to WGTHS2008041679

cord is exposed after application of the RFL

sol uti.on n _be mani pul at.ed Wi th _si. ni j i
oxgRsiThdSDae e Af Ao BPL BUPS I fof o ¥ REE TP hppRIRE Sharor
cord @/p‘eﬂﬂhaf Wﬁﬁ ﬂ'@ﬁtealt)éﬂdéore sabsitualy (i.et @osesno@bssb@d;)tmonsture

gromh as illustrated in t exa an cco i ng
A FPBE POHSCORIRNCBIPASH B R HBPORIOT S SPiEBaHb §
exeebdity ARidhae rexsmEalvathik thid dor@BURKIE thagipradent BRORGE $rom fully or

/ B99-031 CI P-PCT. 12-16-03.doc WD 2004/ 057238
hapegensoe B LovEIiBg®r berdipg i ther tengiiercordhlts YaNs, dPetsENth at
mie?stfc@@ ﬂﬁé"ﬁnftelrn |§ b@llé’\%ﬂ tHidetrS TR tid RPL'3RHESIVeness f

type, that treated cord' s residual - gl e.
lnwo@wngab@tgrgwm@ﬁlaﬁﬂogm the belb§iaanersalyewith segard to an exposure

ril |

e ABEERGIE'd: neribd R s O RdH for SPRRRBIeL AT rfRilontangor gora
tybej,ribib @emdnhm\mmndeheawmw moiatdineldoptest agd/or degradation of the
R ERAERE 156 REERYFR S0 e B8 BhB ol B IdABicf igh BofiPitmess
rebeit, eh&elby mcrdaas:ngcrhe éffextive IetasmEmaduMsfoéme REhess freatment to

artJhroy el byl o W Rl ERE 6 B aledemBliinec asppetse
prbBIEerr%decb%t is too high for a parti cuI ar RFL

conposition and/ or cord it 1s believed that an
undesi rably | ow noi st ure"ﬁ%ﬁ‘?@ﬂ' and/ or degradati on of

the 1Qiluatss ttﬁ@éﬁ‘é&@o%et &5k lnveAfgI) SdthenbEIBcwErR famsked,
correspondi ng cord stiffness results, thereb

A D g (e last Wit SrvEIE st (ST B P FRSHRET
%P@ﬂs RERUSRIHE, A cofbrisitieRinsaiphiMi |Hgﬁ}|da¢HN|BRabeIV\5kbd?)h

ttl eness an Its aforenenti one associ at ed
pastions antsa tarsle sordifpimest efdwpsarhonfiberyains|aash haviegiatensile

m?&tﬁl@gghﬁf GbH aH a%§$>'é¥ ufig}éngnfﬂ 6?@96“9)@%5@9 fiRghdrt d&ﬁﬁteof about

eac top width and 97 teet
6q0D, 824labte fpir doyayefdapeasodérntge tragemerel GRAYRA- &4@1 HB 6K

Qe e PR RRRILEY ¥ PRIl Alent K Siia Bl AR

prﬁﬁd&@gam‘rimltloam ingluding einging tempmdtwreuandjbr @Egﬁ)sﬂﬁapermd ) of the

B SGeSahiBET uBliatie RS 05 By B SRl ooen
oftthe fdubwd@rwahmpTémuwrﬂﬂé}anme%plé@&t fgitie inoEdtle 2 a common

differed r ul ar RFL cord
cBes HBR: e B Noh fin el e R desgrings n
T&BIY kst &Ry e, lé\’tﬁeraé’!ﬁdéﬁcn@écpé&bkfeeorwmﬂﬁér rﬁf)dlﬁé@ as B&tlforth
cord treatnent applied to the tensile cord, st

inflgiblen2, (RerpaBpcreRoTissl @S thi EREIER BFLQOETPOSItoB Y

exanpl es and conparative epgyphes set forth in Tabl e 2
a conmmon 25 carboxyl at ed HNBR- based hi gh tenperature
resistant RFL sol ut KdtNBRSKTL Gewrppsitiomrabl e 1 was

€1 d3s above or
ROy STther S PR, 20OV O T et

Dionizgd WatRfe " X- HNBR RFIS composition") . i

Ammonia (20.5%, aqueous) 4 0.96

Resorcinol, formaldehyde resin 10 2.39
(75.0%, aqueous)’
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Table 1 X-HNBR RFL Conposition Material Parts by

Wei ght Wei ght Percent (wet basis) Deionized water 88
wQ@20038572090ni a (20. 5% aqueous) 4 0.96 Resor cP@DUS2003/041679

f or mal dehyde resin 10 2.39 (75.0% aqueous)' 11

Carg%}lﬂ 0PN S 03T G RgPCT —12-16-03dog €3 2004/ 057208
| ?U§2003/ 041679 Car boxyl ated HNBR ljatex 286 68. 35
(40% 40)%)s 0l i ds) 2 For rmal dehyde 3.2 0.77 (|37. 0% sol uti on)

1 PENACOLI TE Resin R-2170 by Indspec Chemical 2

Forfdidenyde B DY N ppory Zgon. To form the X-GiBR RFLC
37ﬁogsscrlbed in Tablg 1, the aqueous ammni a was 5 added

W vat er and dtirred until bl ending was conpl et e.

TheRENAGRLITE ResinrRe2 1@ by hdareelhgetepde resin was added to
2heZETRA-H yrMieedn 8ehut i on and was mi xed until the
resin was conpletely dissolved. The resulting resin

M XEYEmIR RMUNER REL fscrtth ﬁgﬂuevw ke aeeédug%ynoma was
aqueous anmonia to a final pH o '|'east
addesitorthe wiaterand stiered uhidblentiiewas completaarTherythat ed HNBR

res%)ﬁcﬁr}%f/foarn'% dghﬁgg féjsrlwt % ghg%g{o\r}gg @é\é\@aﬂgg g?lkg&g 811@%«33 mixed
untu\nthd"lrestn was cgmplatetly dibsolvess Uhea{essulting nesinanixtueis was)agilisted as
ure was then

1. ..The .o X
reaft iith B oRe oot R e i b 8t o5 Bas resin
miﬂgﬁ@?ﬁéﬁhﬁn deé? fothe @e Fboxpiatea HNBRdat@xfalndahlxm-hnﬁil bferding

wa EoPEiR. PR eoM: e CUTAOER A Weneddetkiote salbfion i Stiring
and th@ r@§tﬁl§3tn|t %él@f@rSwﬁ@FmiéUWéll he Taikiuee Was tieh agddNBRaREAst two

utilized the particul ar exarrpl es and conparative
howg 75l B Pé'b@f tf‘%lsP'Ht"P'hW?ﬁ@F’é’S@ ASRLERRANY WUl aawegus gpmonia

to aY‘ﬁﬁaEﬁﬁ &Y.0. (F"tﬁth%%élﬁg Ry BEShYureiwaR Ao ‘blnbﬁjfb utlllzatlon as
ML M1 11 waX di spersion by Heveatex, 6.50%

theipprehreatmanght (27 2 parts by weight) of a 41 %
aqu T .
SOUSEASPE SO O VTR RO Atk
therpanticul k@YANDN sZi dpravalivesaxadipies sedifortpin. Tabieeg @Isphn@@ded
iy : , ; )
SR L YBRE o 8 BTABLLBYEaRt 5y
dispersivarty Hemeatex, 6r50% by wetiweigpt (A7rapans beweigpt)®f adt 186

aqti)ezs)%%g%?q 9&%{9%}, %ﬁg/@%b% IEg/trg]at {;vg\eggf ﬁf‘g p%)rgs %)2 gle%m)i oq)gnda%'%xidant
available under the name, AQUANOX 29 by Goodyear Chemical Co.. These three
constituents, i.e., wax, urea and antioxidant, are not required in the RFL solutions in
accordance with the present invention, but may optionally be employed as process
aids and/or, in the case of the antioxidant, to modify a property not relating to the
scope of the present invention.

For each of Examples 4 and 6 and Comparative Example 5, the respective
amount of carbon black shown in Table 2 was added to the X-HNBR RFL with
mixing after the composition was aged for sixteen hours at this step. Where indicated
in Table 2, the carbon black type utilized in the following illustration was a 35% solids
dispersion available from J.C. Gadd Co. under the reference, BLACK SHIELD No. 4.

In the practice of the present invention however, when carbon black is used to

12
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scope of the present invention. 25 For each of
Exanpl es 4 and 6 and Conparative Exanple 5, the

wo spesive anount of carbon bl ack shown in Tedt/esS@03/041679
was added to the X-HNBR RFL with m xing after the

mq%?]ag%cwia%oa%ﬂ%f@o?u? eoq{JgeD{?Fﬁééﬁlﬁﬁrg %g%ﬂvgrlit otnngr Etﬁtgﬁ’le

reibfording Ewbelmay h@eﬁmldyem arg it hiay@tarnaﬂqrporavmsmahtsswtlon at any

cof a8 iApLIOBe PELAER Gt B o IR MR s aléh ce

of TrhQer@FiRthe iolastdimcadiudGuEte IX-HNBRIREBICBAPObItiaNK | S

used to 12 B99-031 /B99-0 P-P 6- 03.
MR YRGS @95F HEBMRNTS mébe@s'ﬁ%iqfe‘«%ed fﬁ?%é h Wh%afeg'ﬁgf’f the
reiﬂ&?twaé’bﬁrﬁﬁ?éenrtﬁls?ﬁrﬁﬁ%}ébﬂe@ﬂo D@fﬁé{mﬁﬂﬂé@ﬁﬁmﬁﬂﬂnag&s Each of X-

HNRR Riit ciopaositions in aaaélog g?ehh@|°8ﬁ5t§tle’étﬁ3ﬁe¥f9&'?\)% Arblg1, indluded
2"/5?)‘? Wegdi tWé?bgsF §oﬁﬁ@@oﬁ%§ﬂh8n &1 te antMxidbnt BEs@ el bbeve.

atex. To determne the elastic nodulus for the
X- HiBRuUBFoUtdberptasent dadosire islusinaithesanpended ¢lalpsnha term

elb@tlct IWB SL te?‘s %@7@5 't(g’Srq RFﬂ cBﬁﬁJo@UBg é)Ir 'ggmt tg@dgyﬁ’nhgﬁgzdgﬁpésh%n is

resp neg were su
uswamamodalthamewsys rrmduEJacas abtained Hmomance withdbe piosadure

I T L

distihgtiiskatsie froaxind adstid eamnuldse;d sadwempa'ﬁﬁ@u@htwtnai fwn upon,

o5 L O 8 I PRSP SR e o

latéR BPOHet 5OUTcos maQ! |dn¢>trs&sa§ﬁafnéllyamvpnsnlfﬂm tie processsedsteps,
denote that el astic nodul us Lﬁl\s o#ab i ned | accor.dance
quius, e tBe,C

reshitin & drRereAsSEEHEPve Saziciay OB‘PO?' gn. L WErelf ed

exEQé’[P@%'f tHeOFedtad b t8 REdsBNkiteémb¥ratlire g6k srbRhged Ebné‘dsl Bay
di stingui shable fromthe elastic nmodul us of such

regiip slepeadation af thesompesition.grariguiasly, for these comrasiiptshi n
en‘id@yu’&%b@sfﬁéét(f@§ @aht IQtetxeé‘? hg/§BRA, Wherein any

resi al water rom 5 | at ex or ot her sources may
i f Meithesulrea ant thel way< disnersian diat wene uHlizegrin eash Phige cold

tre%fnﬁ@r?‘ts warseLﬁM%éd mr{h@o& d gﬁ;%@@oﬁg o WHidtPelgbRSthb8ulus ¥a|ues

r ereln exposure O
weré ebtaireat indhis @nalysle Ehxis owxlificatioreispot aeLﬂV@dft@nmpact the

reg%t%agglgg oﬁ%hlgggf {:ﬁ%?/rgﬁe%ﬁ?% EQF!. grg)%%ﬂlgﬁé Iﬂ{bag r%lFap,Qhe same

elastgrhoylatex vl/a:nmdeeian epels ca;steame ﬂoahalﬁehysdegto reSfrtidBRyeight ratio
. [ r urea,nor the wax dis t re utilized
in % RECRoBpSS g wrtn Rl serg R Al HTheREA%: 't he
reﬂ?hn@%’ﬂﬁbt §Idégﬁié3reﬁlgrwmﬁht¢@tufd)faﬁé lsﬁluﬂblﬁhlgas invedahesase 13.17.
were obhtained in this a si s, This nodi ation.is
not THeIMies were wepﬁr&gittv CF @éﬁﬁstsamp'%F%JLﬁcf Pl yessels
coftaitiRg tHeaeBS&dtive @FR%OHQ@H@Q@'O‘MM& eddh ipstahées dlfin sample
same - el astoner | atex was used in_each case;

hayipgrathikRg et b0% BYDARS MSESURIGAE- 7 il lepgtr. Eﬁ‘?ﬁ%awﬁictw'“g
stGRTBPBILEARS MR HIBRAGN. Cifoshion b deifbdd1ihdalidret ©

resorcino or mal dehyde resin V\Blgt rati o of the
empidyad iofermiag therespediive &&d spiutions for this analysis. While the test

specimens were dried for this analysis at an exposure temperature of only 50°C in
contrast to the higher temperatures to which the RFL compositions were exposed

when utilized as a cord treatment as indicated in Table 2, it is believed that the test

13
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The filnms were prepared by dipping a glass sanple
collector plate into vessels containing the respective
WORBl048®1204 | ons, to obtain in each instance a fPETUS2003/041679

sanple having a thickness of 0.05 mm and measuri ng

22 7. mmin length. The manufacturing, . 30,.steps for .
saPISIEFRY 98 S RasRe R e ahpoet (48 Rrsd TRS B Paaliee whie
rel3iRWENIYE temperatupyare reqlirgdorigiyt dresubstapaltyi g tRERFL

solutions for this ?nal sis. Wiile the test spem nens
compplien yakinfles raIavehmaFy s ancEorapler SBUgHacof  freated cord
relbRBRELRTtEAPeriturasaye Eél@irb@ to fuliRsiichtcdnigeitiohg itthe

tenperatures to which the RFL conposjtions were .
relgtiysdysermall, fabandinen-comglexdorn eprepenteinibrisagyple slice.

' nd*rglgs[ Ads LRSS tat tHe effettifebiasiiEmobinas rérg%str%g&rtedlﬁerein
B99- 031 /%99- 31 CP-PCT. 12-16-03.doc WO 2004/ 057209
forraayeURP0 0ampasitirotess sarpples Wonldde-sukstardialhe pensistent with the

_ . e .
P LE PR bRyl or T Srie RGNy Wb o
coalpsdtmenisah fthe chnstrubtiorRiltootbedrpowet fransmission helisas reflected

n 1808 2. BRvoefToReYSs BRF rE MR SR DL Ngths i Anb opie

terhpératurel ayd eMpdsute ppoed )tforcmgivem trehted sord bt seledtgd tmal |

| at..and non- | ex f.ormrepresented by the ,
subs By A % L P R KA St b e FFENTh core
stifthaxst A< fumbethoted raboge and epsuribed imfarbendethitbelohese RFL
conmposition test sanples t.anti.al

con8N&t¥hieshapparaiys se&?%%%\%l’ gr%%ﬁﬂ% gé?('ﬂiaﬂptsghxfw' tgppion-

terfRPRSHE WaBenloyfddtto BnaR zé HddUred RFLSestidampied] Exsstic modulus
cord treatnents in the construction of toothed Powel.

wasrdaiiminasl 9k Perarsa@ess afarararayre (oePT Fap) oyt -
ab?[lPdengQ&‘g%VfSF tehibrath RErcBERGS Bken Bt 207 ahd @0 $00°C are set

I'ncl'udi ng drying tenperature and exposure period) for
forth pelownindeetiegelevantdhegdingsén akled- to substantially

dry #JF%aaE)bf ﬁ%gﬁ,ﬂ iilﬂjéfr‘QteW!ir# ?QME o GRUk HNER IREL8lone, or as

excessi vel cor St I_ ness,. as ur t her not ed
madifiadein acdordesce whtle dable F torindlede annaaipropsetians, of sarteablack

o e AR 8 bpl SR kB el

yatrh@escribed aBbhle aefllowsaripladsst sm sinivisteddaluwas wamersed into a

etermned in a swee a_tenper e -
tafk RIABBaS SRROPH AR ANET 6ot BT Plekapodiies heR
RELEEHGoAL WHlel22@GhetBsd halyde uked 20 Epplp theatortiGfEtraeet to de cord
~forth bel ow under the rel ev nin healfli ?gi in Taql e ? ts of
in peforganaR Wi PRSUBISE Eveniiofs bf RasE sy SxasmpieR giaments o
the\camBRfiBELy thORere Sredd dumty Mrdipr&shaltion 3tpatotiadresse the

wth Table 2 to_include m.nor gr portions_of carbon
area atxpogd@f thefipere apathysjRpsasrs NSAMAY OégﬁLiCQ ueatment

apggédjth(al:effé.tW?Epk@dhb@vé&%ﬁﬁ@aﬁé &ﬁfassiﬁ?rﬂﬁ’e 258 Er Q8 two pins
ollows. In a un

ove as f fi'rst step, wi sted yarn was

eachmegasutng fineman diegisterodiiehwareRpraried figrbpne anreher by 34
PR vels e RORe RATCAEAREh At pacs RV BniiCba o the path
of thex yhris, dbatrzeated i theeyats thie z@dmcaammmm filaments thereof
to%ﬁ%&ﬁ%ﬁ% !gg é? % bQ@Upyfrﬁést%Pﬁﬁqinb Iolf Héﬁté&td/iﬁ?th%w&%ion on the
yarn while in the RFL composition-containing dip tank was controlled to 40 to 50

grams. The yarn was thereafter passed through a steel die having a 0.81mm

14
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the carbon fiber yarns were spread during this
i npregnation step to increase the area of exposure of
w0 bmw4hsher s and thus increase the anmount of RRRCTUSI03/041679
treat ment appl ied thereto. This spreadi ng was by
nmeans of pass rns around two.pins _.eac
iR uphg A TRTna fato Bpu cxets Balieu R o aghance
chd Gead Pendlyatidh. e Ham Wéuithmrpas@domm@adwbrovtehe B¥dh
treatnent and pl aced per cular to the Eath of th

moasyied 3trﬁ%tﬁr8dnéea19éfa and tF%QW%F"ﬁ@ qQf the YR iR ?%P’b‘ﬁ%%

se2BAds. hﬁ\efé\)e?é'%rﬁv‘éntt@ﬁb&%fturetvﬂthﬁﬂh@aiﬁst@Ubn WAsAASLEC. The
occupy nost the |ine of contact with the

avesaEs @Yﬁrdﬁnlpﬁéatur)@awﬂ“mel ecppd pyRn mapprowma%ly 231.5°C,
263706?%& 36’2‘5‘@%%%% iflitRe rank paRsy. GORd MWtlittEndifg 4Pbe
gr ans e yarn was thereafter passed through a
lingitesicto auy paintipulan gheorp oBpragticel 4 is beleveg thatBgpoging the treated
P
codq;{j ks ﬁral@aélge&:f’oﬂ ‘rst\@%\?a %ﬁ{e% ﬁ%grieoﬁ[{e #D%%l%;é/ f éﬁgrg
sdaoedtetmatedatetﬂipémtlﬁnﬁaméﬁcwnredptoswsapﬁmds lpao:eondanmwjth the

Th t h d
KT ST Relbl B0 PR b e SO MRy BB o
elmnatnngsmtzimtual\mmm ofireSiduakesatedfomThe laecpartjen of e RFL
t t hi fi t 145. Th
oaieR: 808 i%b rup At ieasts bartit PrRSedRnobtomnafigtyde
pcﬁfﬂtﬁhti ﬁf(th_?_ﬂgft. dor@sokiti, to rédck V\ﬁltﬁaal"éiasﬁé)aoﬁﬁnaﬁ thmldte.‘»@ﬁcﬁﬁbn of
in the Table e no

bel
thpd?Fd.ngpr%qqo&ﬁeng?V}ltﬂp\%B@r%;oBporlsirlgf@{ etggrebgtprq)rgowéq ggh Han of the

Cdrb%am-q%ﬂ@&ﬁ@ treated cord to both a relatively
lower first elevated tenperature and a relatively

hi ghd¥hilestesygne wera eagiavefePrcasetiedieales sarifeppurposes of
th@’%&gﬁiﬂ[)e% REFIrPdIb0 BYRRA dj@é‘ FRdN hﬁdér%o&@heﬁ%ﬁé’@é &serations
shown bel ow provi des one efficient neans for dryin
caudbe eeenmplisaed in @ inglereparatipnsviieh aayifutheimeimtakegrace in a
[ : r I p f
snﬁ@é o%fi‘lor )Qﬁl?'%a{%']}jt aﬁﬁ‘ggﬁlgsé JZm}e%FLa@[:{( Ugsl éjath%%‘r?rt\clf‘fgnrlt; og ?ord
trdsdtmenteapnlledrh@bF Wwishimdihel gdrpdeporpemeigence df theeoried yarns from the

SISO S T b BB 2 B
bawdhﬂfﬁry(ﬁhdl wéigletl df the Mneﬁyrdrirmemrmcladh tsiebwasfetehmined
t nt
fob Ry ol BRATEELdRer 155 R T oY RispSuiniPind S Egse of o
teh1@0 eiatep lepgtteRirm atek dfbrb&de@%entfapﬁl‘rmﬁbd apd presedising, and
under st ood t hat. t hes eratl

OXROSHIRSN fithe kgated aggarq?@%geq)%rln ow%\/\ﬁ agrﬂo%n?re for 16 hours.

furt pppRRRRrdelEe fRInRER drpmg ovéh, ﬁﬂé @tufmé%@ oPEaplé sm@@ Rbated
appar at us. e RFL I ck anmount of cord

yatbb a6 SETRSTINSLDI TN of ST aArvhS Suliass Taen ands believed

th%m(e%ﬁﬁ@ssoéf tﬁé‘é%é‘tgé‘k&% rléi%z”télﬁtoftﬁ@ BdshemodBrRRM tiy &dtdi N
each case descri 2 was between 20. 45 and

treatmeys. Foasach ofrthe :cyaﬂeﬁiry@rns\/séutm]typ@futlhze@ Iyéfalﬁ illugisaipn and
aﬁ%lﬁt%tﬁ 4cco rc})ﬁ{gct]léltng nh&f{@# ntebQLHEd e%ﬂi) rﬁé’ééﬂ?lﬁ %mts

ot her ustrations uring t
wae egiptoyied do gieklea aflative measu(el of) C%B@ﬁndsenﬁewlyawhe@f\taéwes

wER ShibihERLTE PR ih §8ble®)) and processing, and
Moisture content of the thus-treated and processed cord, i.e., residual water

contributed primarily by the latex portion of the RFL composition, was furthermore
15
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25 exposure of the treated and processed yarn to a
105C at nosphere for 16 hours. Upon energence fromthe

waleopungrzoven, the stiffness of sanple single ceex/es2003/041679

yarns was determ ned by neans of a Taber V-5 Stiffness

actiiner B meepuiidq uiiohbEher & ML DL ReR bl Brutefone
prbé@tam;@tn aft@rrexpasire tierebito @506 aymbepheﬁré forts houps, and the

dint stra and 30 anal yzed
regglgcfpgﬁﬁ@nqrg W%Y'geciﬁ‘#ﬂ‘%" Trgt(ﬂ Qunt er bal ance of ten (10)
measEsi duthWXahrible M6E cafiphr@liadetample eiwd ¢f thethasitited yarns
measure of cord stiffness, Results, vv?ere val ues

weysttheh bristed teosthergmdsttansiontiiizing a' Mg i I MATWIting dnac
ab&%bﬁé‘f@mﬁ\ﬁ@rﬁﬁ%eﬂr@o prp gegt@aﬂ 8@%%{5 berfmetef. elf’dedrHééhme was

water contri buted rlrrarllg the latex portion of
sat lab 3¢FsLbrakerpod p 6088 pagkagerletefhiansignavasiusedpdbe gard

2
cqo R B IR ey oo e P T a0 R 12,00 P gams
twistechtagethgr i@ formea eerdsecti on of the treated and
pr ocﬁﬁ%@cgrc%?{ Qo%ghﬁﬁ%g)%e élft{ t&)%pr%% thf\%Vg e from Henkel

at nosphere urt er nmor
urmeomejmcﬂerbete)@HlEMG&hI%1Q whigh vemdihoeghitp B %aadlids in xylene,

1 ¢ )
Wi BR el o St s e et S ab iR FoBb Jre, Coras
ardEhedbrolndiag bed cﬁﬂeﬁtiélleim megn?els I'Iécbd:!@ s, rtb%mcomwas

W S

Co. at, a rate of
’Wé@)”dﬁldeé? t%’ﬁ’f%’rb?fﬁlég AN g ?fgd' ek %d\&ﬁ%'{a"aw tre”
afb%%rﬂ@né@%eétﬁﬁﬂreaﬁh@n@ ahd thepOfisbdl tirbagh Basven figaduring 8
e., two 6000 filament TORAYCA- T400 HB 40

i BN o 0GRk HSF BLA 0P i 30 BISES PEGMIGH e IR Sayie, the cord

WQQEP;Fds%HQS ties8 AYnROdte S5 a ecoMRStirhé. qﬂ’lcbauéllév%bbﬁhfsrdmmoat on
under the reference CHEMOSI L 2410, which was

thﬁﬁ@agﬁﬁ carg wasdegssthan §% byidryweight of thgytreatad wakpl i ed t o
eachr@fh e E}g aﬁ QkdSided U@ %‘r%ﬁtch of ﬁ@@é‘n%@&ﬁd@&ﬂpé@ﬁve

cords e surrou I Ng b t constituent menbers.
exponles s@ fortinin Tatile Ravere butt andsanalyzad @sdolipvee and the results

%tﬁ@éqg&aﬁélv%uglg’qelt@%ﬂ EA‘EH&gQ hoU S orf"'tets?é% r{ﬁQ\'ﬂﬂ@d n[*on(‘ﬁetermlne

orenenti ored second treat me
perasamedt beit leagth gmwtbvvasrrepelaedmbm@ i8 Tabm 2 reschof therieglls, was

by A 82 B g M AT B4 8 B0z g shown

theachathatic d’éplctibm;bvowpedi avEIG. &t therSpubNeg B2 @atd pmlﬂey 40 each
treate ord slessthan 5% b r i ght of At .

pissEate’S SpiekSaoBen i@ Besiad wit Hiebdistl aBp skkipitgh

Pmt&;‘/ I FeHReeSePPUs SrOORRR GRAdVEE fordReshitg e shestsdlt tﬁeem; bt 49.525
Table 2 were built and analyzed as follo and t

Pitchs Brtieys HhOgivvRsg Pt I Pnd‘iOOTtH‘EFQ?d puligys e2C é‘?eaﬂ-’”%\%gom n

didRidtst. &Y fe%%fon \A?uﬂkfm W88l plairPakteieasias 709ﬁﬁﬂﬁ@%ﬁ‘ﬁeter The
bel t lenth as reported above in Table 2

test anmaﬁyacpes%é of tarcaaw@w eBaining the Eestrig @A avitin wglcafthe
tetperattd HYS hdif-at 4080°Blhrodfhoubthe BRITAL bdiks #BREperited on the

rig in a counterclockwise direction under no load, at 6200 RPM applied at the driver
pulley 32, and an installation tension applied at pulley 42 of 200 N, and belt length
increases (i.e., belt growth) were measured for a single belt after twenty four hours

on the test and then again after forty eight hours on the test as a percentage

16
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the schematic depiction provided in FIG 3. Driver

pul l ey 32 and pulley 40 each 25 possessed 19 sprocket
meshing with the belt teeth,
36 possessed 20 sprocket grooves for

WQ L@INER
pi tch.

0of or
Pul | ey

at arPCr/62%903/041679

incessise fipmihtehbeltfseorigihal lengéh at thetend ob e5@bpenmd. Ebr purposes of

aﬁc&l Hﬁ@a?ﬁ }hé glsg@s%pihhs test \glprg)fe er?P (r)r%qgg %tg

BmeGre\yttha/l@ss pl ai n and neasured 70 mmin di aneter.

The
the tes

test apparatus consis

t rig and W|th|nv\,h

f a chanber
he 30 tenperature was

cont ai ni ng

r}%eddﬁérg chee%%eratu re

“hel d at| boP4ativehr DErgIPLI tIEeantolest. Bhepbel {|Exaneks Example 6
oper xgipplathe lrig in a counterclockwise direction
GBHRE Mo 10X, at 6200 RPM aPplief at*Y he [dri §8r 4.0
N@PIdtogLy 32, and anp installlation tepsion applied at
ﬁ@ﬁey 42 of 200{ N, and belt length increases (i.e.
ek.vetgriowt h) were nmeasured for a sSingle belt after
1Sty foyr, Reurs .an the t {c%?anal ttbe{aa agai qu@te 1.0x10°
RAD Ity it |ght ours on the tes A percent '
55@%9@’31899 031 ¢ P-PCT. 12- 16-03.dbc WO 2(04/ 05720b
7USZ2003/ 041679 T Ncregse from[he befrt s origimaf
Mgdﬁggt at 2R engd a@fxigach pamidd. | Fonsxplr posesidt | arshx10’
105 hout this disclosuije, this test will be referred
Lsi)tn}&rrﬁq tlhe "H gh Tenperature Belt! G owth Analysis"
PERBCd Colidr at | ve BRanpl e '$iExahpl ¥#°8 Exanp® 4 1458
Exanpl § 5 Exanple 6 Exanple 1 Arrount of Q. O 0.0 0]0
Aﬁ/:éLraéé%O%e'n 4 . 5Car oh n=y ac "Ahlnhl C I—II\II_JI\ RFI15 267.0
Cosmposiftion "W.Psh wet Elastic I\/bdu?us of 5.2;){10' '
5203;?@107 5.7x10" [1.0x108 8.2x108 1| 0x108 RFL film at
nes/cn? FElastic Mdulus of 2.2x107 2.2x10'
ggge.nn@me' 3. 3207 1. 6%4%08 3. 58BB7 RFLI5BKI miat 1200C | d 24%
(%Med) CM2
Cord Stiffness 56.4 58.0 736 824 86.0
(average)
(10 unit
counter-
balance)
Belt growth 0.121 0.071 0.104 0.055 0.098 0.093
?ﬁk;-r 24 hours 0.093 0.093 0.082 0.104 0.087 0.082
Belt growth 0.132 0.071 0.098 0.044 0.131 0.087
?;tf;r 48 hours 0.115 0.093 0.109 0.082 0.093 0.099

The effects of varying the second stage drying temperature of the cord during
the cord treatment process while holding the exposure period at that temperature
constant for the same cord treatment RFL solution may be seen in the results for
Comparative Example 1 and for Examples 2 and 3 reported in Table 2. These results
indicate that at a second zone oven temperature of about 267°C as described above,
both 24-hour and 48-hour belt length increases as measured from the belt’s original
length are less than 0.1% (Example 2), while at both lower (Comparative Example 1)
and higher (Example 3) second zone oven temperatures, belt length increases
greater than 0.1% occur in one or more instances at both 24-hour and 48-hour
readings. Thus, it can be seen that the elevated temperature to which the cord is
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{ Y ofid re rns
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MU Robos) Ceher ¢ 1 Gt it e pohls iyt o
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and RFL co i.tion durlng cord treatne S|ng
PO RRARENH Y THeL) 3 BB DR TS5t RS CBST eI ol g
fUrABITEETE Ghre PP BERSvedi that &@BsdMRIPRIGA téMpératte aAdRX efpSsure
an optinmumtenperature range for a given exposure
period may also affect a higher degree of cure of at least a portion of the latex
component of the RFL sufficient to thus increase the effective elastic modulus of the
RFL composition within and surrounding the treated cord compared to that reported
for the dried film sample, to a similarly unsatisfactory level, as reflected in its
reported belt growth result. Exposure to excessive or prolonged elevated
temperature may moreover degrade the RFL, particularly for those compositions
incorporating rubber latex with relatively low heat resistance. In either case, an
unacceptable level of permanent belt length increase occurs.
This phenomenon is moreover apparent in the results reported for Examples
4 and 6, which differ only in the temperature to which the treated cord was exposed.
While both belts exhibited excellent belt growth resistance, the Example 6 belt,
containing only 2.4% residual moisture and concomitantly increased cord stiffness
than that reported for Example 4 exhibited slightly poorer belt growth resistance than
Example 4. Thus, it is believed that an excessively high cord stiffness and
concomitantly low residual moisture content may hamper or preclude proper cord

treatment coverage, but as illustrated above a relatively stiff cord actually results in
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For determining elastic modulus, neither the wax dispersion, the antioxidant,
nor urea as utilized in the RFL Composition cord treatment for the belt specimens

described in Table 3 were utilized in the RFL compositions test samples from which
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modulus cord treatment exhibited similarly low belt growth. It is presently believed
that this is due to the low residual moisture and concomitantly higher cord stiffness
as reported for Example 7 in comparison to the slightly higher corresponding values
obtained for Example 2. Thus, while the elastic modulus value reported for an RFL

compositions Is a factor in determining resistance to belt growth, the moisture
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despite what would appear to be relatively high moisture content. It is believed that

this more massive cord structure may accommodate greater residual moisture
content without adverse impact on belt growth resistance compared to the less
massive T400 cord.

Comparing the elastic modulus results reported in Table 3 for both XHNBR-
VP/SBR RFL Compositions to those obtained for the XHNBR RFL Composition in
Table 2, one sees that the substitution of 50% by weight of the carboxylated HNBR
latex with a VP/SBR latex in otherwise substantially similar compositions similarly
has the effect of increasing the elastic modulus of the resultant composition, but not
to the extent exhibited by the substitution for the XHNBR in its entirety with HNBR.
Again however and despite the higher elastic modulus of the cord treatment in
relation to, e.g., that reported for Example 2 above in Table 2, the sample belts for
Example 10 exhibited excellent resistance to belt growth after 100 hours on test.
This is believed again to be attributable to the relatively low residual moisture content
and concomitantly higher cord stiffness value reported for this example.

In relation to the application of the RFL Composition to the cord’s yarns and/or
its filaments, it has thus been found that the elimination of as great amount of water
as possible is beneficial with regard to decreasing the belt’s tendency to grow with
prolonged use. Generally, it is thus preferred that upon completion of the treated
cord processing steps, a residual moisture content as determined in accordance with
the procedure utilized herein and described above, be less than about 50% by
weight. In a further embodiment of the present invention, the residual moisture
content is less than about 30% by weight, and in yet a further embodiment, is in the
range of from about 1 to about 25% by weight.
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Cord 74.2 16.8 13.1 --- 6.3 9.8 Stiffness Belt growth

at 0.082 0.082 0.057 0.087 0.055 0.037 100 hours
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Conposition, results reported in

buinggRinRmot tqiamsi@gr 96 W'Q'%Glbdéh% S@*Pﬁé’éUtPﬁéOTSth%HN%R |"b\’45
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caimostfbéwgtyfa@ obrc,cmlcamaﬂmﬁ fier Iryp@rwulopIMed/@etuF]é ﬁﬂﬁsa r\:wtlaf:n the
orted for i n _conpar to t sl i ght
SSRGS Biesea BTG ol HeE P ARCHEN BrghiyPe odiable
frdUEorayMicl@let e thel rreddrit |lﬂ§ﬁéﬂdﬂﬁ1ééﬁik@ﬁ/l§&ﬁﬁ@\h&@dﬂ pBQﬁvealfésults
RFL conpositions is a factor in determni

inaccpedanie ithdhe sykieginianton+fre ﬁfo?rgma%skﬂbmq's@@rtd@qld readily

Fﬁ@@ra@egthbt §thés iﬂg arﬁ@ulér@ﬁ%nglgfosswe%% %ﬁ@%ent count than
CT/ US2003/ 041679 content and rel ated cord stiffness

therfiben stilzed de frediaragoing illuptigépnseardionly agnale warnds pgneficially
eﬁg!ogt}ég?ryo?@ @Jhsﬁ@rcgfd%ﬁ@élfs%pléﬁ‘%if@ %ﬁgg)gg??%&gince the yarn

hence 1 ncreasin
itgedfris dargepibanthat eswlayieddn the lﬁi@tvra@alssadh@eptirawerﬂxpgsw h.

T T T e
dmmgaﬂhplylaedtreamtehepnoebw stepd wouﬂrln&elnm@sdiﬁ@eambm cbﬁmleeset forth
B o BleCr R EA Bl TR LROR D BREL blo? BEAS
inpopoestBigrsych eofze Sathl h&)dﬁi@dtnmg whuld Be wastigethire theaskill of the

o EHHE O e b e e L @Reir ko ard ar

refieb@bie/@! ¥ the 88€dnd 2P ViR téfTbera RIPORI thaRe tedidpabimens
excel | ent bel t@gJowt h val ues are obtained 1o despite

loyingol 109 ahle,3380¥Q| ati vel y hi gh noisture
content It is believed fpatatiohhiis nore nmassive cord

structure may accommodate greater residual noisture
To further illustrate the effects of tensile cord modulus on the permanent belt

length changes with constant RFL cured elastic modulus, four toothed belts as
described above under lllustration I in relation to Tables 1 and 2, were formed. In
each case, HNBR belt body portions were utilized, and RFL cord treatment

according to the description for Example 4 of Table 1 was utilized as the cord
29
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content wi thout adverse inpact on belt growth

resi stance conpared to the | ess nassive T400 cord.
w@eovpasizng t he el astic nodul us results report eBCT/NS2003/041679
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R ol o B 28 o
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or, 1% i ;
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COG@WO% Y YP"iescribed in Table 1 with an EPDM | atex 5
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nodul us of. the resultant _con&ggiti on.,t but r%gai n néut
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belt growh values are obtained in these EPDM based

anghhaiipP@scord trgatnant PoRgRseingGt diifdelasticrmegiulp pe proyided herein

furt R RBROEHibiNGvdr aNEXcel 8t erfoFRat dERitbpé BB 8 ALMAG DRt limited

| onger exposure periods exhibits anDn% the | owest belt
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. . gl . ;

g LSS Ak ST B a0 o ARG AR Rl

enfployeddn toathedbeltsoatended for high load application, e.g., aramid and glass

fiber.
For example, carbon fiber reinforced toothed power transmission belts

constructed in accordance with an embodiment of the invention and furthermore in
30
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growt h resistance. Wiile the specific exanples
provided in Illustration | above utilize a single

w@ 2000057209 ber type, any ot her carbon fiber typrCTUS1003/041679
i kewi se be utilized within the 15 scope of the
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lo co
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described above in relation to lllustration | were constructed, each having
substantially identical fiber-loaded HNBR belt body portions but differing in their
respective tensile members. The average modulus of the cured fiber-loaded HNBR

body portions at 100% elongation was 12.5MPa (the average result being that of the
31
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relation to the Exanpl es and Conparative Exanpl es of

Tables 2 and 3. To determ ne belt Iength increases,
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lo the High Tenperature Belt Growth Anal ysis descri bed
above. Illustration IV It has been found that timng
whedot®srenstructed in accordance with one or POI/ES2003/041679
enbodi nents of the present invention provide
significant inprovemeni in one or nore specific
performance areas when uFLleed to drive a canshaft in
an imternal 15 cénbustion englne and pafticularly ih
autonptive internal conbustipn engines. |n
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meant byaike term” angul ar vi| bration" in:the present
context is khat rfotational vIbratlon of the canshaft,
i.e., vibratyon of the shaftiabout it's 20 '\
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substantially the same dianmeter as that of Belt 3,
i.e., 7 mcroneters, but in this case to fornmed of U
w@b@gmsamd having a 22 tex x 3 x 18 construct i BET/US2003/041679
having a tensile nodulus of 92GPa. A proprietary
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e it RS R ont B TrhaPa e R BT, T

ef f eGhusfbytprevidiebta durakie clowdpiowth tinhing bah casypeising af curétnon-

e ATE Blebirhdt SR B PArloR o GhUIEGm B Bt 31 o

caruprizing aMeastuneryaat formed os tarbon Gbgri inaccedahc®vitBaht 3

erﬁﬁgqinﬁ%ﬁ})? tﬁtg :p\r/%ﬁ%g ifwtgaﬁt@[\%g g ﬁégtﬁécg t%dprgylg é@?’ rgdlfcnl\gl t?\g%rlbratlon
ofS bafEHdfCalrbticre Ry £ 6kttt iR ahlitterndl c6RBSstRIn eMYirff wiRerein the
C%%ﬁqﬁﬁ'four toofhed gnshaft 52, a ni net een-toot hed

i3 dryerbly ihetosthed bettent y-t wo toothed crankshaf t

56, Alﬁhd)Lﬂthhe%Bes%ﬁd|n@e@tﬁ)‘herfﬁs}befe%e%bﬂlBéd‘iﬁto%‘iallc*bﬁﬂﬁtp?ﬁpose
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thakis nbtermcjfmlly distl®8edpereifne normal operati ng speed for
the particular 25 engine utilized in the test was in
the range of 2700-3000 rpm wth critical speed in
the range of from 4000 to 4500 rpm For the test, the
engine was run fromidle to its maxi num speed of
approxi mately 5000 rpm and the angul ar vibration of
the canshaft in relation to the crankshaft was
recorded for those engine orders of vibration
relevant to the firing inpulses - in the case of the
particular four-cylinder 30 test engine utilized in
the subject test, in the second and fourth orders. The
results 32 1399-031/B99-03 1 CIP-PCT. 12-16-03. doc
WO 2004/ 057209 PCT/ US2003/ 041679 Table 4 [err]
Canshaft driven by Belt 3 Canshaft driven by
Conparative Belt 4 are provided in Table 4, wherein
the vertical axis denotes peak vibration of the
canshaft in degrees, and the horizontal axis denotes
crankshaft rotations per mnute. In Table 4, the two
curves indicating the relatively higher vibration
|l evels 5 pertain to the second firing order results
for the Belt 3 and Conparative Belt 4 tests, and the
two curves indicating the relatively | ower peak
vi bration curves pertain to the fourth firing order
results for the Belt 3 and Conparative Belt 4 tests.
One of ordinary skill in the relevant art woul d
readi |y appreciate the
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desirability of both decreasing the |evel of angul ar
vibration of the canshaft in to relation to the

wae@e@akshedt, and of shifting the peak rel ati vePemnysioas/041679

vibration |level to a point either above or bel ow the

Wheat isedlaimgdrisit i ng speed of the engine as well as any

maj or critical speed thereof, i.e., any speed at which
resonance occurs. One nay observe fromthe results
s HovkpioceFafor eedudiighe iangolanypibratiso of b cafshphimtdiaten to a

Belt 4 Be r d h a dra

Coasetishblth 8F beet RGN BhEPe ARreS in SriHEI diven by

carredmbtheldrbelteioatprsmgtaacdrbe ekioMerRittbod poktltn HrRGPRAsIe
33 B99-03 | |B99-031

f' r Irp%:lzgr fgrn_aL%d eé ﬁslggalllwlg%%ygg%dded therein; a cord
PCT IttaBaeY &ﬁi&%ﬂmn&foﬁﬁm@fng%@aét@méEﬂ%% cEUéltmg”l%t Péﬁ%l' a portion

as a.shift in relative angular vibration for the

f ourdf gai0; qqr%ganerca@fa%%gydﬂm Hyet BRI PrRefaFEICORMGRRRthe steps of:
operat i Ngefedd or EEl'd%orcpé{t IB58oheiyaeh @orﬁb’rr SRy §’cah§?>W fiber;
grovvthtlmng el rising a cured non- castab

el aft onernosmqratmj'y sg ¢drd frealimend co@ngsitien ﬁﬁmﬁlm'-

for sing at |east one yarn forned
of ﬁ&bégﬁe@d%gégﬁt%n chiﬂ(}{ ance wth an enbodi nent of

t he Qr eséelecting/batdlantic modvisridaidscqrd treatieehticomposition at a
red § l,af i 2
cra Eéhﬁgrfa{t&g r?Ygﬁ (?Ht Qé‘wntﬁB tfe n;gﬂg?%gﬁ%gn&f%g X %‘7 c?ﬁe@/cm
t he to ebowta® x 108 dgndsian’, Bpd tha teroperatue b‘éﬂ ®0°Cﬁdotﬂaaowghn the

t ne "Bl tom BHERS BR, BBy anTIBpoLER D fheWihabiom "
unde. st oadplyuhgtsamcrhd trebmdnticsmposiadry td e doRito forh parsated

and that wvariations can be made therein by one
ski 1P in the art without departing fromthe spirit

or %cope.r@brddr@nn@rmé eriehtddBeRdint®8n OXTRRSd @SstoiefBYmBSsition
li mtfﬂd % t he cI a| nms. The invention disclosed herein

may @ 955826 ced in the absence of any

el enent c@ thbsasﬁértnb 6 foril & tobtrlicesdiosed herein. 34
B99- 031 /B99-031 CI P-PCT. 12-16-03.doc WD 2004/ 057209

peT/T L’Jsmsé@i 6lptm Wudkercomariaingee piep of selgcingthedensile
for mRANE and E&d%%'nﬁ'fi heViaRgébt f?&n%oa} FERNHdut BBo GPa.

relation to a cranksha in“an I nternal combustion
efgilihe Pigeassioh cleite 1durleraomprisingrthe steplsy selecting hettersile

beI tm&{&ﬂ]%rdfftﬁé"go;% tSLt‘)'éG?IQtI'Fé %ﬁé? BPfr%nheszBuH)&y toDacbrotu 9‘? GPa.

e nenber fo Spir a
cér d he wheckse df Claan di wheramdlme duret! redesstoreert beimmiysldrﬂmn

0 e ing at |least a
po:rt%o}éqﬁhg% 35%%§%r62?&%'h§'1%grﬁ%cﬁgﬁr%mr zed in that said
process hydrpgersaeed abylopitelp butddiers. elastbeet;i ng for said
cord t @%{I oner%arn conprising a carbon fiber; 10

i ncor BoY ?rﬁﬂrq 'said cord treatnment conposition a

r esor a. natrylonitrile butadiene rubber;
d. styrene-butadiene rubber,
e. alkylated chlorosulfonated polyethylene;
f. epichlorohydrin,
g. butadiene rubber,
h

. polyisoprene; and
35
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formal dehyde reaction product; c. selecting the
el astic nodulus of said cord treatnent conposition at

wa@2oouespey at ure of 20C to be within the range pET/U8I03/041679

about 1.0 x 107 dynes/cn2 to about 5.0 x 108
dynes/ En@thylene aiphaolefnplastanere of 100C to be within

e r u s/l ¢
i T ETBR MG DAPRT S e
t roeammeeﬂ fromrgbogt (D Bdo aboutt20epartsrpbr handire@drweightrf @latbmer of
C%gr . incorporating the treated cord into an
¥t ed el ast omer conposition to forman assenbly;
arﬁd Bk process ofrofpithiewhsreenddiy efastohr tateabflsdi@ ebfeeatment

be rocess 0 1 further conprising the
step °6?p0§-grﬁogd$?ﬂﬁa?tr9é‘et5§?%ﬁ"?(Qm'ﬁndul us of the cord to

be in tahaym@gﬁat@ﬁ at:wmaté%utad@ﬁb fubbabRdx; 300 GPa.
3. The,  process of aim1 further conprising the step

of sel Bc@FAPHtHle Q%?@?'P%r%émaﬁ% of the cord to be in
the r aeg%aﬂfox?léfé@ Kﬁ}*&%{}en&é@ dcPyIahpiE b@tzéleﬁ?fi‘ubbe?-%téx

The process of clai'm I wherein the cured el astoner

bel t b8dyamexylpted acedeamitrilebgtadiene agbber tatex el ast oner
sel ectgdy n’yPWndﬁte/ﬁVr@P@%ﬁfb@ﬁé?\% AGber@Rki ri | e but adi ene

el ast omer &)ad oroprene; c. acrylonitrile
but adi Bneatosye V"BG)PW'dIBQ/yWE&li@ mca@m%n@beubw e.

al kyl a e@w@&g&g&gﬁgﬂ%agla@& yet hyl ene; f.

epi chl di'ene rubber, h.
pol yi sbppblnmsuﬁmmteﬁ polzothyede nlxtB%Jaﬂéﬁ, a0dP- PCT.

12-16- 03, 0 09, PCT/ US2003/ 041679 i .

et hyl ehe® a%%&%‘@%@?ﬁo ¥ 5. The process of
cValeeét)rod:EsslelG)l@m ﬂfwihast@ﬁﬁrﬂsuhgéfhb simﬂyf Wofsln@r’sald treated
furthe I ses from about a

per cl%c?]t(?r \)éqodh§Ubeqe'g]t%g %qter % %ﬂ@f Se'dew“srﬁ%atment

pr ode tsssdharchieounsbhewsight Saded ol s6d @aRht bB$AX trebted cord, to
sai gecord treat osition is at | east one

sel e21e8 pf‘r“‘t?ﬁ?‘a‘gge‘ﬂ%% nated acrylonitrile butadiene

r bb@ie drééeds;of OhaimeC Wb &did b@nd?&ﬂrﬁ@ﬁrﬁﬂ%e‘sléb@?ﬁperature and
| at ex; c¢. carboxyl ated hydrogenated acrylonitril

but & Xpasyrewsard tgsaid tempera ure and said water content is brought to
less than about 30% by weight.

9. The process of Claim 7 wherein said water content is brought to a level in the
range of from about 1% to about 25% by weight.

10.The process of Claim 1 wherein said cord treatment is applied to said carbon
fiber to achieve a cord treatment pick-up level on said carbon fiber in the
range of from about 5.5% to about 30% based on the final dry fabric weight.

11.The process of Claim 1 further comprising the step of applying an overcoat
comprising a rubber-textile adhesive to said treated cord.

12.The process of Claim 1 further comprising the steps of selecting said carbon
fiber yarn to have a filament count in the range of from about 1000 to about
24000, and selecting said cord to possess a filament count in the range of
from about 5000 to about 24000.
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10 d. carboxylated acrylonitrile butadi ene rubber
| atex e. vinyl pyridine/styrene butadi ene rubber

wo adoaxs7202 car boxyl ated vi nyl pyri di ne/ st yr enePCT/US2003/041679
but adi ene rubber |l atex; g. styrene butadi ene rubber
| dBeXhe procebs off Olaim fl avtadreid spiol tystt fastharmemiprisbe b fhgdeecver
and 15 i. _ethylepne alpha olefjin rubber |atex. 7. The
ot o e oR g i et St P R svisp &g gibelt Wothed
expasairfage.said treated cord to a condition sufficient
to bring the water content of said cord treatnent to
| ess than about 50% by wei ght based on said wei ght of
said treated cord, to forma processed treated cord.
20 8. The process of Caim7 wherein said condition
conprises a tenperature and an exposure period to
said tenperature and said water content is brought to
| ess than about 30% by weight. 9. The process of Caim
7 wherein said water content is brought to a level in
the range of fromabout 1 %to about 25% by wei ght.
25 10. The process of CGaiml wherein said cord
treatnment is applied to said carbon fiber to achieve
a cord treatnent pick-up |level on said carbon fiber in
the range of from about 5.5%to about 30% based on
the final dry fabric weight. 11. The process of Caim
1 further conprising the step of applying an overcoat
conprising a rubber-textile adhesive to said treated
cord. 30 12. The process of Caim1 further conprising
the steps of selecting said carbon fiber yarn to have
a filament count in the range of from about 1000 to
about 24000; and selecting said cord to possess a
filament count in the range of from about 5000 to
about 24000. 36 B99-03 | /B99-031
Cl P- PCT. 12- 16- 03. doc WD 2004/ 057209 PCT/ US2003/ 041679
13. The process of Claim1l wherein said belt further
conprises a fabric cover elenent disposed al ong at
| east one of a belt back surface and a belt toothed
surface. 37 B99-031/B99-031CI P- PCT. 12- 16- 03. doc
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