DEVULCANI ZED RUBBER AND METHODS FI ELD OF THE | NVENTI ON
[ 0001] The present disclosure relates generally to

wWe R 3I18¢ ons and processes for the devul cani zgdt/082007/008858
rubber. BACKGROUND OF THE | NVENTI ON [ 0002] The
recycling of used or discarded tires and ot her rubber
products, which are al nost always cured or vul cani zed,
by devul cani zati on has proven to be an extrenely

chal | engi ng l buted to
Che tact tpREVHLERNTRS O BBERARI METBidRS o' £
the rubber or elastoner with sulfur. The resultant
cross-|inked rubbgERD OFFHEENVENTION noset, thus
preventing it frombeing nelted or refornmed into other

[00D1 0dUCEh® Prédedt dibElbsmP rélates Gerppdlinircongiositivhabhsd pfodeBay for the
An increasingly dire need exists to recover the used
devylcagization EMOPFT es and ot her rubber products in

uncur ed, or devul canized, form..The _f uel s,
e.g., petrol el %WB&% A dB, §T£§i éNI

f eedst ocks for rmnuf acturing variou i nd .
(000§1; nAeceITbB80 RiRS G UEB TerHE e GuEp S predhsirhich are
ahrﬁ)gyil%?s £@Ed BE Q6lesmhiBEl, B elrilodii PAIon HAg pidetitd be bl leR@Emely

A variety of devil cani zation processes have

egmg pebere T prakiesy &an by attakytad i 16 (oAt VylfAT etion cross-
hnlt%ﬁ) ¥rﬂérs‘i‘1’1 fraLg6d Jr'e[a%ﬁm?erﬂcv!vxﬁi Qfur 'HRDR5UIRMP B46SE-Finked rubber or

I'sing cured, or vulcanized, rubber or elastoner.
ela§lfhmer scberarosct, thyisipeevepting drase beingerelsd or seiormedhinse gther

pro\éﬂu%tglﬁée Et%n% g]téptpce#\ol BRyfagiure new tires and other

pro arge-scal e devul cani zation

[ooﬁégc es&n Meadf zmlg iﬁlré ﬁéjedoe%stél\fotxjapé{{ﬁever ﬁl@} BRBar8td LiRS and

ber a’f e ess, no
othdﬁmbbe:qrrbdMss mumpueske esdem@caprz@defwrmoTbe fasoesisicad 4 petroleum,

bl
natflrgilgas? :Hx%tcogb élﬁlt%g és ‘iﬂa {;pg{% r terrltlaglf ?aﬁr?%(l:n h\éa%lolﬁl\g/ é‘ﬂ}%@ 8??)6ﬁtﬂ&c

rubBat £nd dastnaes Thephie aspanrsgyeutas fansbdudhg anditransporting
operate; noreover, every process is exceedingly
“atﬂ'l'aﬂf‘f Gt to scale up and control, and/or cunbersone

recover. an r f t he hi d
oo RS A 5 e B e e St o
recRimtriSber @dn® vented Qﬁ&@ﬂﬁded fiJes @pé betler Ahbat pﬂﬂucts comprising
curlqgfcgy vh?cgalezkérélgg%?%r%&s c{n%?rs'géqe 58 red PibaL l:zpngbe Co-Gured or co-

vulcanized with virgin rubber to manufacture new tires and other rubber products if a

large-scale devulcanization process can be carried out without degradation of the rubber
at a relatively low cost. Nevertheless, no devulcanization process has proven to be
commercially viable on a large scale heretofore. This is due to the fact that every
devulcanization process invented to date is excessively expensive to construct and
operate; moreover, every process is exceedingly difficult to scale up and control, and/or
cumbersome to recover and purify the high-quality devulcanized rubber with minimum
degradation because of one or more of the following reasons: (1) operating at an
inordinately elevated pressure; (2) operating at a very high temperature; (3) being

subjected to extremely large shear forces; (4) needing to use expensive vessels and
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subj ected to extrenely | arge shear forces; (4) needing
to use expensive vessel s andnechani cal devices, e.g.,

wexdsugass and hi gh-speed rollers; (5) requiripgr/t92007/0088ss
supply a special formof energy, e.g., ultrasonic and
m crowave radiation; (6) being subjected to a m xture,
or conposition, of two or nore reagents, catalysts
and/ or pronoters, which are frequently hi ghly toxic;

el 5 R b e Bl
speéial fbrﬁﬁf&:lﬂb%y;)é gq amdsommand m;@ictdmw uradiatben; (66) hseeng subjeded to a

rubber crunb, ical or well-kn d ti
iSSP P DELNG b TSR BPES GF SR A0 TR o eich are

frei3Bt1 P hidhy Bx4; (V)1eg€iridg @HJL@ESMI&I lSh@ﬁﬁxleQS'en fdrepartial
outlined in the fO||OMAn 0005% No

devaylcapiabersotrused Bibber or flagiemes apd SRR e lg.0f devulcanizing the

surfald Bf’fecfa%@&i nftRs LR, ;[‘}Pﬁtaﬁbrn\lv@lg-kﬂ&lwﬁ IdeGHileAtiSatiohPrécesses

process app Ies a cont | ed dose of m crowave ener ay.
inverited it daseralloafsviie sufifer from one/pp mereiohibesee majpr defigigncies, are

per pound, which is sufficient to break
mn} %ﬁhé ﬁﬁ%ﬁ% carbon-sul fur and sul fur-sul fur

[ooaglpds Pyt p%tnmf h] 12& %f Sggg,?ssfj?@om&s abahhﬁueemuﬁ&scumd

bon-'car bon bon
elastomet ma;nmgmodnr@@msh'ﬁhls eoereshapnlich g capgplul%isdose Of microwave

ene?@%r 8erb @ a4 i&g%ﬁ‘i‘ ?%’e&a@e%n a:ﬁﬁol]"f? Wil hours per

W Arvon- §4 sul urs ur an
podnﬁi dfﬁi:‘dhh@ dufﬁ‘chﬁt maknrbﬂmxﬂ:atabnmlljowlrh d&bpm-salfvmrxdaamilmedulfur bonds

oSSR P S B BT By 0 L2000
d
oo 575 BRL NSt b b Sk b,

ultﬂaﬁ&ﬂ@ Eﬂﬂa‘mbt? aPRuRRased eldi®nietlob ﬁinae&obresk ﬂﬁcfdarbon sulfur sulfur-

t here enabling it to be re rocessed a resha in

sulGar gBshribACSToA 108 RafgmGRROn P By %W‘&ﬁ%‘?ﬁf‘j REaPED | hrovkh te

appﬁﬁém oflerRiPRVOSRE ult{a@&gz hmlifadeSa the Iﬁ(ﬁeseﬁc@@ﬁpr&ﬁ;ﬁre and heat
di scl oses a process for devul cani zing cured rubber

optifegllyfitis repeireshthatipedy i 6 ¢ ¥y lcaRBR Flasges PERDDEF. cap by broken
doWi? rﬁfﬁ.telr]ﬁ%fftug%cew |k ERIbBEL Bechidd Rofti thBreBy SRAVIRIRit &1L

forma reaction m xture:
reptm‘assedgntl meshepeskiniagnansex similarite thas i thireyieusly uneurgd gypber or
da% Jei th mxing to a tenperature sufficient to cause
e alkall nmetal to react with sulfur in the rubber

[00\517'1 éai)& ng 6()%)1 S%is@tcﬁbg‘é PbcEderot Qémﬂéa%ﬁiiﬁﬁcmtl @bber by

herna cracking of the rubber occurs, thereby
desummmm The grachss qomiisses stepsoefh( Daoatacting rubbier vipseriptte crumb

w1tb A%o ven?gn& &a}dk&ﬁ rrlctc'al RS FJrﬁ{ ?Qa@tlérpm%ﬂ{er ?i) ﬂegﬁng the reaction

mixture in the absence of oxygen and with mixing to a temperature sufficient to cause the
alkali metal to react with sulfur in the rubber vulcanizate; and (3) maintaining the
temperature below which thermal cracking of the rubber occurs, thereby devulcanizing
the rubber vulcanizate. The said patent indicates that it is preferable to control the

temperature below about 300 °C, or where thermal cracking of the rubber is initiated.
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tenperature bel ow about 300 0C, or where thernal
cracking of the rubber is initiated.[0008] U S Pat.

wenosh7ANL, 926 di scl oses a process for devul capigug®o7/008858
cured rubber into devul cani zed rubber that can be

reconpounded and recured into useful rubber products,
and for recovering the devul cani zed rubber fromthe
cured rubber. The said process conprises the steps of:

1) t he rubber t t t hi
oodel PEESUPR NS 1 S35t e SRSl ald Gt
mtoQIe%ﬁchﬁiQe@Fub%r {HaB&dn BRUEmBodhded A6 rédasainto ﬁ&ful&ubber
in 2-butanol to devul canize the c r ed rlag

prodwés aad @rdaemze@ag thpbamleagizsd seRhes 1 b ciFed %lsa‘d
pro&e#g @ﬁrng&QQﬁe stopd b (Piedlir@HeZared MBB&Tto %rtgmﬁcﬁﬁira thﬂﬁh the

devul cani zed r'ubber”in the 2-butanol; (2)
rangeewﬁnhonglim%C soabeit 300 BE under aipressucanf atdeast abput3.4 KJBT Pascals

g B R P AR Al e er o

roﬂmtbahudtﬁretdf golzd b\uttsa rabbek,Gotd devdearazead mbbér dnelsassthttm of the

about n ratin VU
devbl5BBEPd TSR HB® 3-iHnARR) a0t seh T T S8R canized
rubBerd&iin aﬁé?so%h&@lkais@sb& dndagesdid dovuttanized amm r(g) téing the
surface of reclained rubber. crunb into surf

solipAT bl eratianizer SRS 11 HSiRePuERel 1B o FAPTRRTS f oghiban about

IOOf‘Q% AR RPN thdul @nirell RebHeR EnTihe 2-hiRadqr mance
ber ‘products. The said process conprises the steps

(0089 (%) sheat NBQ?]T_J,@@ 26¢ 915@109@5% t’é@&@ forCddviiftah i the surfacc of

tenperature Wt he ran? about 150 C to abo
reclaiiied)@bherksnmy iptosuisiaeedeiu %@tmqeéagqlalmfémlb@er&r%“h G‘Bﬂt is suitable

for %% %oﬁnélﬁg ag?] ?Jcﬁkn Bt @é&ﬁﬁﬂﬁﬁc@tﬁubgepﬁ%éﬁ‘&g TH said process

canlz e sur ace o he rubber crunb thereby
conpprtsdu thenagcpa of1 (1) hyatifg thh ecoaimed cebbge oxunttaiel ¥ emperature within

he e e TBet 4BRR o ftbIP3 00" ENFiadr DLAR of ISPk B x 10°

rubber cr as a par slze Wt
Pasbﬂﬁgﬂ ohtmdiauhe pRServeif ZtI;mtahxbm d&@lcapide;thasutfice)of the rubber

crogbtrep BiRCERDE - HHTARBS SHUBROIc Gl 2pa feet el Rk crumb o
the @ Btk&hol GPhétemthe mlmearrmssnmtdhamwraﬂasm‘eomthm the range of
devulcan|2|ng cured, or cross-linked,

sboph PSSk ARRPUGFO FIFBBGIndy) FRarLPE GUE B et fivicartzed reclaimed

rubS&Gh bt e BBLiapbo smal | particle form (2)
confining the particles of elastonmer under high force,

[Oﬂilﬁlt I N @RSSPAENOEE 1 H d@f r(]i@s(:lot’:uélsfa piokess and@ppathtus rf@ﬂ?é\dultgmzmg
ultrasonic energy to e parti n|n con
cured cEPTBE I BT F A OB REOFRRY 16 Stops oF ()
sub\?\lﬂnfll'ng LR &th s palti RO Ry |cﬁbnﬁf’1m’ghﬁc péihﬁlea'o&) BRstomer under
they are advanC|ng§ﬁkF energy froma source is
1

high dprcecasdnl agtrewaexspider on rand{@) Hppartiag YHEpsamIcenprey do the
parllpl%s Hn?eﬁhl{ﬁg RonfiRQftoS 3 eRB ddWRilcanization. Energy is fed to the confined

particles transversely of the axis along which they are advancing, and energy from a
source is reflected off a portion of the apparatus and back into the treatment Zone so as to
achieve maximum energy utilization. In particular instances, reflection of energy is

achieved by providing opposed, powered ultrasonic horns that resonate in phase with
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achi eve maxi mum energy utilization. In particular

i nstances, reflection of energy is achieved by
weERRH 15 opposed, powered ultrasonic horns tF@t/us2007/008858

resonate in phase witheach other. In another

enbodi nment, oppositely directed, resonantly tuned hons

are used, with less than all such horns bei ng powered

and the remai nder being passive or unpower ed
each QUe? Jp SHLD SR S R OT P AP A pirg B used
witRflesb @Hansall REBMOH bemg;ktaseeedmd tesanaintiedsdingy p:ilslsm&r

i nt erposed_ between the two ggmer sources, . ln the othe

teBatelip

unpopferqd 1eRecting:horas Whase rsaenant BequsnRy isupes ¢ powered
horh hﬁ\ton%fapbﬁ%uﬁc tHe\tfRirS 8F Rofnd résehate Ve phdve !bg'fﬁﬁohuﬂldﬁ&y lines
maxi m zes refl ection of ener% 11] U. S. Pat.
mtemoseé batrezense tappwesouEcehrlpdha gt 5h8>rme§hﬂ mpsspf the passive
horRli€ Fﬁceh@vn‘mﬂ{h‘ﬁbofsﬁg¥ ldl:(‘f‘f’)emo%ﬁ &b @it iRePHabEHinfBthatSEXimizes
as’ vul cani zed cru er, has select chem cal bonds
reﬂbctuimcvfdmyrgyl otreatment with thernmophillic
m croorgani sns sel ected fromnaturally occurrln%
[001LEp| atléS. Batr Nee, 479548 disclosed 4 procegsrandgesultingsproduct in which a
i otr
vulcéz}rﬁ%ﬁsie SPﬁ}g&gth?T’Eart‘té’Qgﬁﬁ %yﬂage[ng%ec{lrgrgﬁ?ﬂ@é}%&%&%e%&@&ieﬁqcal bonds
brokex by biutieamsent Adthathemsophil)ic nsicperganiat sedecteshicom nafally

si zes, of the tr ate ru r ubber. e i
oopiftio s Agrees RpGons pHEiarHBaE TR ALy e BRI rubber
ren€érs @ﬁm&aﬁec&crlfﬁﬁﬂfk&bbﬁahbmhamhm fforpsse de aew amlsber formulations. As a
composi tiqn for l.cani_zi ng cured rub t hat .
resHi [RERT IRadeTRE S P et FERPRESG o B vsed innew
rubBasSsixgrekOr | ater re- vulcanization. The sai d process
conprises the steps of: (1) shredding and crushing
[0o¥3pd rylsbent. No2p,54¢528 idixglozed éifnebhmm/cﬁérﬁfcashﬁoeekéedd

and crushed rubber ddi ng a. nodi f
cora o B S o (e A0 BT DA ctptes and
renﬁér@ sﬁffﬁ'ﬂ' ;?"Qs@@tf&elﬁfér toulcibRioh. Thébaill Prddesy coihpisdes 'tlhﬁsteps of:
ticles. The nodifying conposition is a mixture o

(1) @h@démg@@ﬁww ussdrgbier: (@) femrvank meta) gleset from she dand
cru@M AEPIChTd ) addi fa%otﬁﬁ%ﬁg ¥8Empésifi&i & th@’ﬁaﬂﬁ:iles%f shredded

organi c acid that bBuilds new bonds between
waste cubhieo hrscueiused basweemtveg rallsrsihatcdipthergrpghthe particles. The

modlr}'h mg cﬁ)g{pogl?%}l iPh E&Mg&hée?f f@?or e&ﬂﬁp ‘ha@gelé&l\few breaks the sulfur

eac e pr ot on donor
boralstaad heslers thelshlfaopaskizesanntiat oxrdndaraor'gamle apigrtbatgunlds new

t prevents slidin e b
box}cgﬁ Sgesen LoD EetcuL g%rqgtreépes hea tgﬁﬁ gr? g&@tﬁé&g@?ﬁ tpg%ﬁents re-
attaBinenodf subfulr errdicali G/ﬁh&]aclibtﬁer Wbre thie prodors ena@ aRtaches itself to the

sulglrsgnldoas Sctl%n%rgggt that pfrg\;en{ses 1d?n|gn<])fqge %vli!llstfelil'lrlbbeli1 rb%gveeln ‘tife rollers.

The particles are subjected to at least ten sets of rollers.

[0013] U.S. Pat. No. 6,590,042 discloses a process for reclaiming sulfur-cured, i.e.,
vulcanized, rubber, by the steps of: (1) combining finely ground scrap vulcanized rubber
within a specialized, twin-screw extruder capable of providing strong shearing and just-

on-time mixing; (2) adding a reclaiming agent to the extruder; and (3) masticating the
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vul cani zed, rubber, by the steps of: (1) conbining

finely ground scrap vul cani zed rubber within a
wob®siadibged, tw n-screw extruder capabl e of ppEWUSI00D008858

strong shearing and juston- tinme mxing; (2) adding a

reclaimng agent to the extruder; and (3) nasticating

t herubber scrap and reclaimng agent within the

extruder until the rubber scrap is devul cani zed. The

sai d patent .al so di scloses..a uni que 0Siiio f.
rublyes PPl gelERte S5gE b ek e unt RORbberMrapis
devﬁl@gﬁiﬁ&ﬂ. MheGaiRItdd alsoalivtdses aunique coBPEsitidh/BirecMifijng agent,

.and TMIM acti vat or zi nc_oxi de, and st ear| | d, d
whigh prefarablygnelpdgsy Fﬁ@ﬁ%’ﬂ&g COmEONRAS ACeIersIars, i@%%&&ﬁ?’ MBT,
and "THPRE; abBvatbist ARt 8xfderanRisRdHE abid; Ahdhing kataf fitnpheds and

roducts w thout adding a_ binder, or. for con‘%knl n%
sulfuy. {Thefreclaimed mbler g wﬁgém@% preslugedtigly rade, rubber products
it L felp ] Y WK Hesh n{tBeAdImpouids Bproduce high-

w“%ou? Qg&ggf Hilg(gctrd&;fglf %{?ggiﬁg{gpr ocess t hat prrgﬂ\,ﬁ deg abro Hee T
specrbidatianaubbenprddwats.cani zat i on of cured el astoner, and

especi al | y vul cani zed rubber. The said nodifier
[00t4int ailh§. Batf Nps6,83he0] distlosesrspraness thaymrendsss »pdibiss &F

devé%]amﬁirgigt%anggf %E?(% %ﬁﬁofn%f %hie cpjllg’?g.lrl]%ﬁgzﬁairﬁb&?.t T sAd fhodifier

er coftains a s em ca .
conglitizsd first ehasicpr substanee, wfhich s slixpiostd towands qnhandfthe §ermation of an

chem cal substance.. The said [ '
R R PP BTt oo
of did¥otiation 00tk firkt hermfad] subdtance, Ditlsadd rosiicterd awatnsa functional

process for devul cani zi comm nut ed scrap rubber of
8*0\*%%‘1““5%3&&?”%%‘1 S§EFP %ﬂfnebri dges on which are

br oken_an cli r revulcanization.  The.sajid .
(0043l e%gcgﬁpaypség &F’S ég glsg SCS ?rofisf%rr (geé’tu }cﬁalezf%éommmmed
scrdpRBBér ETrabbir@Sarudess R sulfuhBridgdsarwisitli aethrokerodnd deeivated for

granul e surface; and (2) m xing the t{gat ed rg{%beﬁ 1
revejeaiization. Whe Kaid PARRPS? eIAPTSEs {tssteRsy Gful A dieaHne HerpRpsr granules
to sWRANADhiE] YrfRthe OREHE srahllY sh@sbes hid @) niRihglthe treateb etbber

granules, 1n a heating and cool ing m xer conbjnat i,orli
grafles withlsedevylcaniapiéen formulatiendesiige segeharicalbnand chemically

redgﬁwugﬂs {h%q'uglgtﬁ f?ﬁﬁﬁ%ﬁ irl £héating TRa rcagmgmgter L6mibink®8n Ofhe

equent cool ed inmediately. devul cani zati on
rubbemgraunics arl the dpwrlethizafionifermyatiorargdigatied 4n p sempeature of 105-

§ ' | 681k Ak dA RjeDBlicRg AR otnpifin@ s bepared
AT R SO 0 A O A Lo b
by shéxing dendevatdaoizaconpodnd withn valcsm zageonmandjanding Bgents so as o

coat i the swel l.ed rubber. gr '
ol Py A B MG 0 THL UL ol can e
prepared bgicoating thesivelled subhgegisulebimiiyery baxgdntixing yxicgazation

radi cal donors, and.scavengers. c :
agents sucg as acce?erators, aglva ors, augﬁlary agents, binding agents, oxygen radical

donors, and scavengers.

[0016] U.S. Pat. 6,992,116 discloses a process whose invention is based upon the
unexpected discovery that the surface of reclaimed rubber crumb particles can be
devulcanized by heating the crumb particles to a temperature of at least about 150 °C

under a pressure of at least about 3.4 x 10°® Pascals (34.0 atm) in the presence of 2-
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[0016] U.S. Pat. 6,992,1 16 discloses a process whose
i nvention is based upon the unexpected di scovery that

wo tessitace of reclai nmed rubber crunb parti clESr/c00P®ssss
devul cani zed by heating the crunb particles to a
tenperature of at |east about 150 OC under a pressure
of at | east about 3.4 x 106 Pascals (34.0 atn) in the
presence of 2- Page S of30butano| It is further based

butalég)\(ljﬂf isgﬁpgcgr} %ééjn { LS %g)\(/;gerg %to rﬁrgg?tns%l]; g\?r?’acte delvulcamzed
rubSérZzeuiib phitizlds hﬁvfn@ﬁgﬁirﬁéle ake lﬁlth'iﬂ ﬁlermﬁg'e dsﬁnt@homs @@sh to about

UM A T R T

as tREVRbsdsaRB PTWSE tr&ﬁknﬂ@ixbﬁ bel_ﬁT ThisRted? inoF®Eecifically discloses a
spécifically discloses a process for devulcan|2|ng t he

proesss ferlevalcanigngsherser facgiof spclapeEubRer b e gurface
devﬁﬁmlzgﬁwcmea el ¥ #BbR rsuﬁ&ﬁi@?oﬂr@éﬁmﬂ)&m%ﬂigt A1 curing

reconmpoundi ng and recuring into high perfornmance
intor hiph perfomuuae ndobernmdyaisdﬂm m@e@ceﬁmmx@gs theestaps ©fs(1)

heat j the r [ r °
g L
abodPf0d Undtera ;ﬁe:&ﬁﬂﬁ@ﬂﬂt ¢eaef abwlut B dast0SHasculs B440 xtni)(iﬁ the

Pascals (34.0 atm _in the presegggﬁof 2- but

preseage PEZbRiact wedeylcpnize thersuriage SHOREF GRY ﬂlé‘f‘é)a’ypmducmg a

shurl?y 8 Hﬁ'sﬂﬁa&: &évﬁi(fa}hz‘éﬁ réé""ﬁm%bl rhised cAeYs! c@BRa8danol, wherein the
recl ained rubber crunb in the 2-butanol, wherein t he

reclpiodchiubber qruisbéias 8 pariislhaige withiy thr sangef 280y 347 Heghrg about
20 fh@8GHGnd 23%*8?%% %ﬁ} Bt QevRiROMized PedBatd rabbkr (CAlmb from the 2-

separati surface devul cani zed recl ai med rubber
hﬂmﬂﬂnb fron1the 2- butanol. SUMVARY OF | NVENTI ON [ 0017]

An aspect of the present invention provides a nethod

of devul cani zi ng SIBYMARNOF INVENIIOMNN of

vul cani zed rubber is contacted with a turpentine
[0017]qui d\ri aspactrafdlee Prementiintentien prpvidesabsethed obfewtcanizing rubber
whearle%ﬁazl ! orpgxtl gk ?rg%gci nfBBEL @bﬁtgctge with PRRSine fiqhf¥in a reaction

entine |l i's any ‘one or nore
mndtux@undﬁ abelneebfeah ﬁlkahmdn:d group consi sting of: natural
turpentine, synthetic turpentine, pine oil, a-pinene,
[00B8]pi neameprchng ar zm aspott, oflthe mvpntieg the tgrpeatiopnHquid is any one or

moye géﬂ“ﬁgs sche&g (Sf i? qﬁ ﬁl‘Ole %%Qstlﬂml%df{g nglnea'i] g)rge&tﬁ{epgﬁ'ﬁhetlc

turptitisé| piiﬁﬂ'lgﬁd,&x-pﬁem mapmeﬂm; dr-tenﬂn&n»k,l B:#e:,rpmeol 3-carene, anethole,
3, 7-dj I-I g oct adi ene, .i sobor acetat%
dipp R Pam R eng TRENs N Tpal BiRpREcsgiPien

ani$a3@dpQaE) Qobmaﬁe hedrppdroride, 3,7-dimethyl-1,6-octadiene, isobornyl acetate,

terpin hydrate, ocimene, 2-pinanol, dihydromyrcenol, isoborneol, a-terpineol,

terpin
€, p-tymene,

alloocimene, alloocimene alcohols, geraniol, 2-methoxy-2,6-dimethyl-7,8-epoxyoctane,
camphor, p-menthan-8-ol, a-terpinyl acetate, citral, citronellol, 7-
methoxydihydrocitronellal, 10-camphorsulphonic acid, p-menthene, p-menthan-8-yl
acetate, citronellal,7-hydroxydihydrocitronellal, menthol, menthone, polymers thereof, -

and mixtures thereof.
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al | ooci mrene, all ooci nene al cohol s, geraniol,
2- met hoxy- 2, 6-di net hyl - 7, 8- epoxyoct ane, canphor,

wo ZoogRmiban- 8-ol , a-terpinyl acetate, citral, pcT/US2007/008858
citronellol, 7- nethoxydi hydrocitronellal,
10- canphor sul phoni ¢ aci d, p-nenthene, /?-nmenthan-8-yl
acetate, citronellal, 7-hydroxydi hydrocitronell al,
ment hol , nent hone, polyners thereof, and nixtures

[Ooiﬁﬂ\e/;ﬁ fc8 %Orllg% e{A ﬁf::egr dign a%geq? g[]’fealel{'(gn&{gn ythg tme ll%ul& 1S any

oneldr #diré $iqGis Seleerdd fifonitlichgogy euiisting oF,stanirgl tﬂf’pennﬁe wiyathetic
turpentine, synthetic turpentine ine oil, a-p

turpgnNG, PHE, Oty o we?rpﬁ . Repineney rrtsrfppl?%&f -terpyBeQlRe!l wrfetﬁsr&f’f and

mix@igs Herdor €s thereof. [0020] According to an aspect of
the 1 nvention, the vul cani zed rubber may be provi ded

[001:6] anw S bifeng !&a&n dspEdtldritiRd BoeMRIM Bfetvuldanied ribbed @ity Hee
uid. The Tubber may be prOV|ded as chunks, one or

prowdp@rparwe%e they fapilifetrs contant Withemisrrenting liguice (Bhgfhber may be
prox(/}lde&) LlSe &ﬁﬁ)kg fon%rl)r n(%r@gg&gg r (Biockg Ufﬁl‘ e)Ednrlﬁe IBEE ﬁé&%ﬁs or pieces

conprise an i évice or article such as an
of anrmltmnolnlercaf toicksireeThe Adber thay gomprise Pt wftagt ﬂeﬂcagp@élple such

os o ifafink ) St Bocbrdfa i RRIHRE dLpPSE hl S b AGE vBRanized

ccor 0 a preferre
rubbérfie piovidedtdse vulvanideidanbber lcelmlmbbecordmgrtb atymefesrnd aspect of the

aver a rticle ze offron1a out 0
inv gy e UarsrTD Bt B et gRORszs G gk S Flfmeters
to a8but JtemiliMetrs.on, the turpentine liquid further

conprises a solvent. According to a preferred aspect

[0021] t hexdcBrig toddh aspb& ofthe/@REntich, 8l tegleatiné hqmmtfhleher
group conS|st|ng | ower allphatlc g}cohols 19“5[ :
compriesha solVaRtd ARCRIdIPR L # Rrsferrd aspeet 6f Hisrig veryioy, the solventis

seldafef frdrh @k SRS %Bmsﬁ]thfg &Qb%@ﬂih;ﬂhﬁn& SicSE&l@ doﬁv’éﬂ&ﬂkﬁm and
group consisting of ethanol, propanol but a

mixteres tieeeofa Mcmdmgﬁoevsprpﬁaeé@ﬁpecr ghesqlveptds ?f'd?%d framdhe group
con?ﬁﬁxgg bt Qharddi e%ﬂogéﬁﬁﬁ U @ihol [HEptdne PREF mBRGkel BRrdodr penti ne

are co cted at a tenperature of from about

0C 1. @Rﬁ’ﬁg tolap: aro?ftﬁ‘éﬁa%ﬂ‘t o %&H%d'tﬁem entine liquid
%ntactgd by~ t he %%;pentlne l%u at a era{% 1

of
are comtactedaba ESQErativsr fpﬂf@ﬁb‘?lakiloyc t@ ployt d@%"eﬁ? Pgeferably, the rubber

s FRIL ARG S el s TR Mg O
prefetatirahé mbbat iscontacted hyubp errpentihetlinaid atrafemperadurk jof ifsg than

10 ge contacted at a pressure of from about 4 x 104
qD scal to about 4 x 105 Pascal .

[0023] According to a further aspect of the invention, the rubber and the turpentine
liquid are contacted at a pressure of from about 4 x 10* Pascal to about 4 x 10° Pascal.
According to an aspect, the method is executed at a pressure of from about 0.4

atmosphere to about 4 atmospheres.

[0024] According to an aspect of the invention, the method further comprises
providing a reactor vessel within which the vulcanized rubber is contacted with the

turpentine liquid. According to an aspect, agitation means are provided whereby the
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According to an aspect, the nethod is executed at a
pressure of from about 0.4 atnosphere to about 4

wa@bimeapiiss es. [0024] According to an aspect of p¢11€52007/008858
i nvention, the nmethod further conprises providing a
reactor vessel within which the vul cani zed rubber is
contacted with the turpentine liquid. According to an
aspect agi tation means are provi ded whereby

R R RS AL ab BB VAP o aypee are mines
anda@ithgtded. [0025] According to an aspect t he vul cani zed
rubber and turpentine liquid are incubated in a

[oodsy di ngchaditig ﬁ:ﬂarﬁ@sp&&t thé Ohlaﬁhﬁzéd‘lﬁibbeﬁ artﬁiﬁtuqfentiﬁm liquid.are
According to a further asgect t he d

incUsA L R0 i SOuHHP BrOIRE HipitBe PLAAFt QPCeording @ further

aspEé{bll% ldepfee Iof vaRBASHonNNs cBntriged by heNérghieof tlﬁl@lt!i’e ABBEOHS in
erature of the m xture of rubber and

consamt p@ﬁhtnﬁﬁ aurpeninediquidygméyr the torrarayra of thp matyecef ruphe and
tu ve“ lﬁ@!}héﬁd rubber is contacted with a heterogeneous
conprising a turpentine liquid and water.
[0059}0271A&8ﬁﬁg§ §BeANRSRRGhizell BobeH lCbhcRal HbReT
'S contacte turpentlne iquid in the presence
hetgrbgeneons Bgefd Cprmmsmseil wmeating Hawidiand Waterup consi sti ng
of thermal energy in excess of about 2500C, pressure
[0027 exdesording 1 ait sppsgththeasicanized swihes istantagied by the turpentine
hqm!i Er{ ﬁl%g)gést%ﬂgepgfr ?yen[e%g?ﬁ%%gég} n%ﬁtt%@%r%ﬁg gro)gégﬁmg of thermal
ene@vml exaedsdiabout 258 @) g«s£sur651nmx@vsscbéd atmospheres, Rucnowayé energy,
rubber and turpentine ui_d ing to an
e ene P BT s ot G SRR "D, T
[ooggﬂlsf Igfrg:ﬁo 1%$tog§nr nrlg'fl §XI 3gan?9at1to¥1%may§?ls rQ¥#ded to the mixture
of rabbdrund magestide liquid.bi t ors, TBBS, ZMBT, I\/BT TMIM and
m xtures thereof. [0030] According to an aspect, a
{0029 T MYpdtotding 6 & sxpegathemadt®nimixbure édsupplenieateddncthe addition
m xture. [0031]. Sti.ll other as| nd advant ages 0
of 4 SAMEREYSHIECIeH iHE AR FOTS BB PRRAN P TR, S
sulfurPsdical khhibRérs] TBBBEZMBT,MBM, veTHO bhditiixigredebaedfed
description, wherein it is shown and descri bed

[00B0ET erARdrdinp ai@pts:, & thérmephilic enitiodigansini)y iiclidedvitythe

of illustration of the best node contenpl ated of
reagigy Pixfefeout the invention. As will be
[0031] Still other aspects and advantages of the present invention will become readily

apparent by those skilled in the art from the following detailed description, wherein it is
shown and described preferred embodiments of the invention, simply by way of
illustration of the best mode contemplated of carrying out the invention. As will be
realized the invention is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, without departing from
the invention. Accordingly, the description is to be regarded as illustrative in nature and

not as restrictive.

Page 8 of 30



realized the invention is capable of other and
different enbodinents, and its several details are

we aasltAaszef nodifications in various obvious respesinsd7/0088ss
wi t hout departing fromthe invention. Accordingly, the
description is to be regarded as illustrative in
nature and not as restrictive. DETAI LED DESCRI PTI ON OF
A PREFERRED EMBODI MENT [ 0032] Non-limting,

S BB (PR T oA

R L N T
in a%Zordm@vﬁﬁﬁle(ﬁQ%ﬁ) invefiorn@¥ diseidsedl Uamlnms Encyclopedia of
turpentlne nthetic turpenti prn | e
IndiStERHbramioty, Sty Gt o 3 g, Pagk b5 (2003),
and®8} fRhRie rﬁhﬁ&lﬁhﬁféﬁhﬁ@ -syRiME R turferBing] ﬁﬁ@)nl &-DIRABEB-pinene, a-

resins, nopol, pinane, canphene, />-cy
terpingod off- mg@l; Spmnﬁawtw%mp%@ (aénergharl .8-diene), terpene resins,

mpﬁh gﬁ?ﬁmé' camcéneﬂeteﬁeg&e&e ahfsﬁiaegya@yz%%net@drap%m& 3,7-

ate, pi nano dromyr cénol
dlmeﬁubdn&eotladleae,tleomwwetam teppinihydrate, ogimense Lrpsngnol,

dlhﬁér%ﬁg'?l %51 er %prll %?f a4 ?eﬁplgeoelb%l)l(o)?gg{leanﬁéall%oac%ﬁnazr alcohols, geraniol, 2-

meﬂm@ﬂt@dﬂne&hﬂLZ,S&pbmfccﬁml campitoat /e meothanel-ol, a-terpinyl acetate,

citr%%t ! oneh%]r kﬁ%ﬂ%ﬁ} Y %?%IEX lprerle,nlioLcoa?rgAhoPul chamd gy rqenthene
p- n&ﬁ'nﬂia%t&yl &detdte) Q&k&ﬁllaV?hydfoﬂy&mVﬂWmtlalopfehﬂmll menthone

nment h éhone gg¥ rs thereof, and m xtures

polymersd ?reo{re% §]‘x'i“ﬁesp‘ 8tred embodi nents of the
i.nventi on, anlza n. r eagent hoi ce

100351 er g REsSPTe RSP erly IRt ImEntay mererRas e o Reesns of

. chd¥e @'oﬂ?ex‘ﬂiﬂeol tnlaﬁlrlalaﬁﬁrp&’ﬁ[&esﬁfthéﬂél ﬁh‘f)&ftﬁ:_ef o1hint Bil, the last three
a- Terpi neol. 'The nost preferred devul cani zati on i

of whighent ri¢tsinax-TeepipeaieBbhe mpgtaraferned dewulpanizasionggageankis o

Tetq% evul cani zati on of cured (vul cani zed) rubber or
BI"8toner is to be carried out at a tenperature within

[00%?@ f rgf %ce})rgtferr%? %gt tﬂe e%l 912@981&'5 éllﬁgd %lcaﬁ%dﬂ?ﬁ;btehgr

erre evu canlza era ures-are wt
elaitamgﬁlsﬂf) bakenticd @D at 4 mnqkemﬂnreMaﬂﬂﬁZtheTﬂaagcpoﬁm &0 d@dembout
whi ch t he devulcanlzatlon is to be carried ou

il
ot i e S tpg fonge of about
609COR Gt gég) § fErSSlﬁ‘e %nggsv('ﬁlegihct&vﬁﬁngtzaﬁforpls)io 1Q%arried out

ascal s s/in2 It general | y nost
wilptypiatly b withic a:rerlymgmof abipat ﬁﬁoc&si’aaqrﬂiefo 4 afm e58§rlbs/in’) to

a I
o B 9 By o
thegirooess wiikr lalpsédsa)whikh is withiorthetdnge pf abant Bdlix ot Pascals (0 8 atm
or 2 Ibs/in®) to about 2.0 x 10 Pascals (2.0 atm or 30 Ibs/in?). It is normally preferred for

the cured, or vulcanized, rubber or elastomer being devulcanized to be immersed in one
or more of the said devulcanized reagents in the form of a bed of particles or pieces of
cured rubber or elastomer whose sizes are within the range of about 0.074 mm (200
mesh) to about 50 mm in a vessel (reactor) that contains one or more of the said

devulcanization reagents; it is most preferred that the sizes of crumb particles or pieces of
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the cured, or vul canized, rubber or elastoner being

devul cani zed to be immersed in one or nore of the said
waoleoghgass zed reagents in the formof a bed ofpct/us2007/0088ss

particles or pieces of cured rubber or elastonmer whose

sizes are within the range of about 0.074 mm (200

mesh) to about 50 mmin a vessel (reactor) that

contains one or nore of the said devul cani zati on

nt S f
curﬁfl i ggdi)rfubb?r e iasg?'[n,%rbge&’rv Eanl %Ig gf gﬂ’&"o@eﬁ”o@’["% mesh)
to aBb@SIOOMERT. I0ie n‘ormiﬂlﬂﬁpﬁefwrddahg&hﬂbechbbmmm ;%t?clasm)t(;ﬁeces of cured
Mgﬁ&s@&gbggg}gaﬁgﬁ ﬁe@gggteg ?':g@ng%%%tfg][de {crgxgngat'ior}] reagent or

rea%erVé waht #&fh of litpﬁ’& fhrOliglethd 5e@ BEEruA® pedtities 66lbPYoiling the reagent
assi ng the devul canlzatlon reagent or reagents in the

or reagentsoflt isingeferred rhas thprduraromeifieynicapiation by yitgireaboyt 1 minute
to agéut% Jﬁhﬂ%ﬁb & P ﬁ?&ﬁd%lcgﬁlzémgﬂ&sor eldstdriers Sgﬁffal’lﬁ dr fu:ﬂly

fati on of devul cani zati on be w thin about
devricauized;ttbe abtent of3iFvricanization candecffested(pyitantinilingdhe

devafégg%atl&{ c éﬁt?(%lﬁ”ﬁfch'ﬁ t{l‘ﬂ%ﬁ%hl@evu d%reggﬁk'é ¥nd duratlog of

gvulcani ze canlzatlon can
devefcheizhtich inyd/coatjustingithetyphaetitive howuntand eomcentration of an

. t h
ind Lé]l.gl{l | o %@1@3@[}'%%%{1@&6 <t:vulc g&gigg ':vggst%r{fgacttﬁrg.d
d
[00 uI Ié[ﬁ]%rg%s( € %ct?n S0 c%r%ng r(%)t rleggvngraggi%béggé gdnf%\g?e! dagf for

curéd @addadized) ﬁ%glls(}r émmorﬂaslias eieére chimed tehe2-bavanaglatNeovertheless, it
A reagent val | a e U ese S r cured . .

s weatn e lrenmati o RSty HeckSa g Bl albydgyloanize
cur&f(\%i&mz%ap{ubbéleamwwhm thillarigé-selk badisowTetdialy iavented

| arge quantity of 2-butanol is needed to comercia
devylopnization process wdighAtieRRss wdajuce thpeaugred é{ﬂ&g%%‘]e?r L%‘ﬁml is

desgllﬂt?eci RIS, a8 6o 259251 16A Th 866 iHVedtibMMBE Kl ction in the requirement
evul cani zati on process whi ch attengmf to reduce the

of 2-betanelexf S8fpanmotss haz b@er@ ashieved by sypplemapsng 2rbutanof with an
addit %rﬁ[l P&Ferﬁ OalBort d1:|:x§1 e, gnctmaﬁ)tdﬂl\ﬁ Rhd %carh?ﬁnd’nqgﬁ'lﬁgﬂaﬁﬂe within

equr r enent ut anol % or nore has
the bmg& e abbevisd°Gyto suqan@m ey aaarbs,wgcrm atygashabayt 3.4 x 10°

nal, reagent, carbon di oxi de, and nai ntai ni ng
Pw?%é(%ﬁﬁegﬂ}zation tenperature wi thin the range of

ou Ct about
ooBEE Ty BRI Ry BBl gl e
fantiBedfdevtlichgatisreegdntd, cumptisiang natiralrad{aptsghthytic Terpineols,
P B LSS i bbb e R b e
inofldBhfk P estivein®vakanialify dured Qﬂilbiﬂﬁﬁed) ouliteer bt aigstomer. These
Ter pi neol s, Plnenes and/or their

reageids #fien gf"élny i flawiip JRX 6Ly, gBd ﬂ?letéYﬁ?% ?/r}?épm%ed compared to all
othbVitl AN d4RT0ani 24868 FeaBbntS) iAsll @i 2-buthesiend/or their polymers, and

various solutions or mixtures of these reagents with other compounds. It has been found
that any of the said devulcanization reagents penetrétes or diffuses into the particles or
pieces of cured (vulcanized) rubber or elastomer at an appreciable rate, thus causing the

particles or pieces to swell and remain swelled appreciably and permanently even under
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reagents are "green," i.e., lowin toxicity, and
relatively inexpensive, conpared to all other known
waolesleaps zati on reagents, including 2-butanol parngsmn7oossss
their polyners, and various solutions or mxtures of
these reagents with other conpounds. It has been found
that any of the said devul canization reagents
penetrates or diffuses into the particl es or pi eces of
ured, (vul cani zed) rubber .or el as
the Gpiit SBnGRP &2 AT orip RAL PRI Pepdle. gpon,rpg reauired
by the r&eat invemtbns PREthinigywl the devadgineatiab by cared (devulcamzed) rubber
egqsr manent |y even underthe far_ mlder condition g
or Fﬂi%?fh@r"i"ts ché‘ﬁb’é‘il thatp @1esR @t erégrgaii tire Y’HBH'ZFﬁsg%b"“t 0'mm x
N 0
lo‘a’evﬁﬁz%%. Eg I on o@cﬁﬁ%égg%ggédd ilFngB bbetrd ‘g?lgﬁ)lt was
heatdas bbs®R 70 ° angamdebgerpreduteh af slagmlyeless thﬁn #i04 cat@f dthscals (1.0
tire with sizes of about 30_nmx 10 nmm “aﬁt60
stmyorig st GoraoBtt ROVE in - BUPINCAl OB5 Oh B W dricprere
VWF;% n %ﬁﬁ%ﬂﬁ&ﬁm@cﬁ a paste-
de {%z@rﬁfé gémflﬁgﬂ#% %igﬁn%}gldgagg{glﬁs&?i 0 atm or g
likel thss{smm:h 1efyiin edagent o4 Tharpineol ifer abont? wepkotheregfier. oWhten analyzed
new d| SCO ani zat i
by gy bebrr R R Bt PAREE0L SR BT A BRESRReld i roduct were
foup@ & 6d 0 k8 WW&SSAlthmHo@f:tmemldnedtgbmm}oﬁe apcﬂ resolts Egllectively
abouE@Z weeks t ereaf

. ter.
IndEAGARHBRIEF S SaPPRRTSed B QYO o REVBY 3t ped o

vulé‘éi‘ﬁ‘ie@nW% @gseﬁtﬁlﬂl}m@dwihzﬂé@ Ec&alﬂ)ﬂundarﬁ be f‘&dﬂy @atimht¥d oAl |
above- ment i oned rva

extispp oA o7 RS £ Bbrep KA BHBEE rObe L PaF AT of any

ﬁm%ésﬁije trbr iBstaddl], e NYBBerqhavt dflistylicaLipdssiingerifiRg whbse dlmensmns are
vul cani zed, was essentially devul canzied totally

abowhR6bmm tmwidth, abent ¢RA BM WrOUé%tdrl%fB%tPra%%aWaf“%ﬂﬁv él?;%mef
dlat%]E:tep ah! Tbl ld%vﬁ’lﬁ:arﬁ%@ﬁ 1646¢ b&x"ﬁgll? 8¢ ):vern%ﬁ?l& ifit 1§§t@§3‘d% one or

nite size, for Instance, the rubber part of
moteyqfi tbabalfb glsgdngmattomrreagemdgetm deationdastingraborboRa Wi‘é@to 6
we%gfndlt raté he%r?;?egatltupe%) “gggﬂc%r?%EES érégll 2 am%lécé ﬁleratPQ gﬁ:ssure of
aboR@ il &l IQ? mscd-ls/ﬁm ato e 14,8 ilBs/iinf). Moredver,athder tHe same poessure but

more of the said devul canizatjon reagents for.
at acupAATPISHY MR FTRETAER - CorfEOHELI0 10 1B pffclgs Sf reclaimed

cur@@%ﬂ@a%?zeﬁ?ﬂﬁ%é@frld&%s@&h&“&%ﬂ@ﬁ@éﬁ rafR n@%ﬁoﬂxzﬂ)OQﬁes’iﬂ@ 15 mm)
under the pressure of about 01 x 105 Pasctg

to ahopt H} mesh mm:)/wm)essenmibewcan&ﬁé &otally withip,b
In ﬂ%te ﬁﬁlﬂeﬁalwsf Ak s%dmﬁﬁ %taﬁlcYeshﬂf@hreﬂﬁ%ﬁﬂ&éﬂ)&ub@e&educed from

crunmb particles of reclained cure
aboy U104 ebent)0. %Hlbervahmﬁldéﬁela clqse & the ‘Y%g%t‘raz"@?&eél’?gﬁlﬁg“ the

rub@? stla&% %12;10 ygﬁahez(sg lﬁl Ezgep anow Hlébmlagsé?c%li‘e(( QBMatYiﬁi fubber,

out 92 minutes.

tota w t hi n about
carhmmwaels and mofgaoic fill¢re. Aleths |un9ur9ﬁ of ﬁe‘/\%%ﬁnelzeérstmb it is about 0.90.

Mo@eaorvtelr,cil %% ls%fthg k'ng\gn QB;%%}HM ﬁgﬁsﬁéétb*%%m%%%&%‘% s%tﬂgﬂlc rubber. It

is worth pointing out that 150 °C is the lowest temperature ever reported by the recent
comparative invention (U. S. Pat. No. 6,992,116) requiring the pressure of at least about
3.4 x 10% Pascals (34.0 atm). It is a known fact that a temperature exceeding about 300 °C

will induce depolymerization, thus yielding devulcanized rubber of a low molecular

Page 11 of 30



about 1.05 to about 0.90. The value of 1.05 is close
to the wei ght-average density of the rubber part of a
wo y@soal13passenger car tire, which conprises cerEUSHBR0SSSS
natural rubber, carbon black and inorganic fillers. At
t he uncured or devul canized state, it is about 0.90.
Moreover, it is also the known approxi mate densities
of sone types of synthetic rubber It is vvorth
oi Nt i out th 150, 0C i s the.l.owe e
wei b/tefc B’SBHP%&% v IguSly, iy tk&eWbl 9] ?1%18 PV ?I on (U

deviicam2htioN@agéntd 98»/1%/ di&lose@ Gl tHel d’mgrehhmvpiitaﬁswﬂbylefd the
| east about 3.4 x 106 Pasﬁal S 0. at

dovialsaied BADCT PREECRV DR FISER SA o AL SDBTAT UG R BB this will

alloW for 1t' t8 Mﬁ‘taﬂ?@?ﬂléﬂ%ly High 'nﬂﬂecdlﬁbkﬁelghteﬁ-ﬁjéﬂ&g any of the
devul cani zed rubber of a | ow nol ecul arwej ght, i

devilsanigation tepgertnof issinyentiondqsimar brsaky spiiasulfus Hgnd%ﬂw‘/
cartin-Sulfor BEMAY SR fRn! éﬁfbornet?ag@d'ﬂ BorlWMr¥e dedabaiod, katidiRed
current invention wiil yield the devul cani zed rubber,
rubpersse rv¢ardinghsenused|in yhepraimgi tipgs afiappbications agvas gie qriganal or
virdiVRASL: this will allowfor it to maintain a
g r“ Vel y high nol ecul ar weight. Hence, any of the

vuI ti I
loogﬂeaks sufl%r SL}; %ﬂﬂ@g ginéénagl A ré% ggln 83’ uﬁehgr@ oglrt%{sé
mvcratdnecux'eh Gvulcar 2ol ndﬂnebonelbsmmsr cartiee drywidaoiail xath a simple
teclpy%\éesw mﬁﬁ%’? p%egtéaﬁ@gccosrvs\g}seg hy Q/se e(lréﬁ%t.eoq ) Hmiérggla§@sjmltrasonic
wavedpitdlysth 0P a3 hdBilond] ir¢dgzht) guchims aﬂtalt xhetaden/cﬂrbcandmatdneon

reagents and processes of this invention, cured
[0088]U] Cahczabject inbbafonanhoel spedifically diaclodrs acfenlllllyczfldlemddanlzation
with a si.nple technjque wt
reag]e[nés*1 11&}@@8 p@%lré{]‘ g)gr §yrttpeé5: %pgfoﬁrflgpg?%@g?cntmes containing
TerpinebBSPitkfes MidAS théinpdllyetss afd vadowdibnidgenals sroaagms or
such as al kali netal or carpon_ dioxide. ‘II; 0038]1“ G‘Hf
hetergaeneseps RIS Q% AhsHH cemBpMdsHY I, PIheT cRTaReUss THE FUpiFsty

mvaind;hea\tw R FREIRAIY 8RB gfongrloﬂ Qird&lsslaélfdﬂcﬂbuBMémg cured
hetic Ter p1 neol S, Pi nenes ur penti nes cont ai ni {:

synt
(vutlcempﬁ)e@bber Pickstamaerin@ By @ﬁ@il?%@dy rertially deypleaniz
LA IS s Bﬁéﬁ}%lﬁforﬁ@ttﬁitQQ@WHﬁz dTibelig R8orpounded and

Y hese conpounds with other conpounds. The subj ect
recumdemtpmnﬁxhr@xbenmoéu@tp@eﬁhfandaaf the wid depdeanizatign geagepts- The

salcg {n%g? c°'ox£ rrlsedc%Y)Hb% ?thz{éﬁg thlE&dd gﬁ%ﬂ:&ﬁﬂ:ﬁ; efbbef BPB8Stomer to

I nto canl z partially
a tedﬂietdtm&rwlﬂelﬂ 1m1thmrthcamgel of sbhau i °Cetd abobh20 UY and under a

e BB B BRSELE YRR SRTBAY P 0 s

(1098dtth)devul cani zati on reagents. The said processes
conprise cooling or heating the cured (vul cani zed)
EXAMPEES)r el astonmer to

EXAMPLE 1.

[0039] In this example, a-Terpineol was the devulcanization reagent for a rectangular
piece of the cured (vulcanized) passenger tire. A typical passenger tire nominally
contains about 35 wt.% of styrene butadiene rubber (SBR) and about 18 wt.% of natural
rubber (NR); the remainder includes carbon black, fillers and sulfur. The size of the said
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a tenperature which is within the range of about 5 0C
to about 250 OC and under a pressure rangi ng at | east

waoRegh73izP1l x 104 Pascals (0.1 arn) to about Ilp®duedHédssss
Pascal s (10.0 atn). EXAMPLES. EXAMPLE 1. [0039] In

this exanpl e, a-Terpineol was the devul cani zation
reagent for a rectangul ar piece of the cured
(vul cani zed) passenger tire. A typi cal passenger tire

nom nal | ns about. 35 : ne bytadi e
rectRR L PipEPCL PR s WES S8t SRRV K20 T Ay RFgeL the
ple&rWelgﬁlHE'aBQ&r 38 graind a8 abautaoo dparas kf thEIdle{/@leszi’thn reagent were

The size of the sajdrectangu piece of c

chawés@ﬁg*eqonfqlw ofABoUR TER diRSeDd 740 TRl in Ylumis: é‘F
dcvﬁ?gm%t‘?&? \}Wﬂtﬂm (%Q &Rt 38s S4FREE oBNfdr QQ&M246Q1Qmﬂfe§r£Sthe

he devul cani za i on reagent were charged into a ¢
tempgnanae eéabatft 7A56LandSdentlierpressureclightly frss sigw 11 x0” Pascals

(l.OC al ﬂl}s/xf@"%' G n {lgé“r\dgpmgﬂl?z{lﬂéd &%lﬁ&é?gﬁ&gﬁ:@%e Y&he

es at ature
altitutde ab thetlodddionGvlisnel thmtzbsulchimeamematmns I(i:)gimlrr}etﬂtsa geere

b 28l R U bR e o

expt@mehitandl Becbhd@eahblt be pluﬂm@tb)dmn‘dhen‘eﬂ:byhegmfymg that the breaking
devul cani zati on operations ’Gﬁge“ nt s) were

of thepersisita gul Oiﬁ“ K:ioSies B8P F6% of t he

devul cani zati on reagent at the end of experinment and
EXAMBLE 4-car abl e by pulling by hand, thereby si gn| fying

oo 15 B Lo R S L b o

rec@X IR ﬁeé&oﬁﬁﬁ&ﬂ(ﬁu@dahiﬁedﬁﬁd’s&m{g& titerd iy Rapized Waexbeyt30 mm x
that the size of _a rectan uI ar %I ece of ,cu

10 gy |ALAhe owagt hepiess s shing @oorh 1% srams SucS0E d0p ggameyef the said

devm@aﬁlzl@omagéﬁt wWdi€ cRatE&E®Into b BEntRINGE 6f A¥Juf B8 A & @ldkmelét and
grans and out 400 granms of the said devul cani zati on

abone b twlen@hahgéwlwaaoe GRETaliPR FexprrimEBlvasgamfd out at

the %r@tﬁ% &t ab%ﬂFl?@béLéBd%ﬁgerrﬂle B&sé’lﬁ'le WEBlightAess than 1.01 x 10°
cani zati on operation eriment) was carried out

Paseals (he atmmpé#é?tlbs/m bforaboutt2490n@l@tﬁan¥}’h9nd@& irt the container

essy of S| | $
gt gith B "ok Flpols 27 oF b SRob e TRRGES ifrabaste
hkelolici:as]tcsh aorover, ﬂﬁrtotﬁbgﬂﬁh@bntﬁntsfoftﬂhﬂemamgemanalyzabblatm 25
. or t he f or Iy ' .
‘“d?%%‘g?ml\?ﬁf‘éfd %Zlfbor?Wéy o?ea foou, ﬁ{‘b nt S m81 ? te%ﬁggt%% éleeakmg
of VELE crRBAliMkeRh thy pRide of cured (vulcamzed) passenger tire was essentially

complete: The sulfur contents of cured passenger tire are nominally about 1.24 wt.%.
EXAMPLE 3.

[0041] In this example, as Examples 1 and 2, a-Terpineol was the devulcanization
reagent; however, the cured (vulcanized) passenger tire was in the form of crumb
particles. As indicated in Examples 1 and 2, the passenger tire nominally contained about
35 wt.% of styrene butadiene rubber (SBR) and about 18 wt.% of natural rubber (NR);
the remainder included carbon black, fillers and sulfur. The sizes of crumb particles

ranged from about 100 mesh (0.15 mm) to about 10 mesh (2 mm). At the outset, about 5
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I ndependent certified |aboratory to be about 0.03
wt.% This indicated that the breaking of sulfur

wet@8s73d1Bks in the piece of cured (vul cani zedpcT/us2007/008858
passenger tire was essentially conplete: The sul fur
contents of cured passenger tire are nom nally about
1.24 wt.% EXAMPLE 3. [0041] In this exanple, as
Exanples 1 and 2, a-Terpineol was the devul cani zati on

r eagent ;. however a asse
srafs PR cTHstb PAOEIS 2P P AR DU L G2 TR b St
chakgedExf B estStube aNabolt 16 hem iR dReigarant iabeutisi mai 1hyength These
cont ai ned_abouyt Sg %h é}of sty ene but ggl ene rtucp
crumggRticdrifoRRete g ahthediogpmypfit b thet S FoTRrgT deppiganization

op&mls REk§Jerinfdatsy $RY caridadsut b ek, tethpbratiires @f%oaulé ws 65, 96 and
he sizes of crunb particles ran?ed frqm about

150765 Bl podarshppjesture R lghtherrebin {91 a0 Fascandl Garaer 147
lbs/?rgz ‘ghg d %oPée&éWs1Bﬁﬁﬁ {eFnE 1 ﬁf%qa@tpgégnel§ bed ﬁ@i%htozft any

evu am zat reagent were charged into a test
timt ieeroéntand Whe dbginal bad ki ghvenas compdtedpodrecordedah cagh

hese cr urrb
ten}ggfa?-g& g}; % cfcg r{su% a{é& %tltgg Fl tlg]’g i reg'l Ssldcfzzﬂalogg 60 120 and
24(D1ﬁhﬁ{1ﬂésl WEE: {aper, mﬂst $)08wad 1538 raspei:twaly at 16 a'éout 1.0, 1.09,

nper at ur es of ab 6 45 50 0
12D AR O presels 8O G rba 1ot T fmar g dsppBirely, o
65 asmalabodtlt. 86,3t 60, Al681shd/1 .64 SédpRedvely, HR 9693\9'1'1%&91c e)hﬁdsnon
expansion in ‘terms of the ratio between bed hejg

ratigp gt the fige inereaipath ofabqut hd 2ol $.ginda %@atq%afegﬁ?b%s} &, 188,
2.1%%582;2%25%?&3&@? LOeshort 196¢e hhdt SRS RLAIER: expBSsion ratio is

on ratios at the 4 tine increments of about
init80ly lﬁb)yddﬁ’.tﬁtiamd 240 m nutes were: about 1.0, 1.05,
1.08 and 1.38, respectively, at 16C, about 1.0, 1.09,
[0032P0 ahithé tetdperawmsadaboet 1, 4516480 96K the degrge of | 35,
de\lil'l(‘giglz?iﬁg% %vag' g%tlrﬁgtgg ?r%‘iﬁ e é%%-cgﬁl I@s%gd r@l@lﬁoxﬁnwet@eéﬁ’he bed

resp |ve
ex;iae@ioﬁ xqranaidodens iy bbsurad (‘nﬁeamzedh ruhbcr being dsvuéamzssifrom the

, 12, 18 Les. were wenl
memergergg cérpgg ng?ti tg%?;flme yciEmEnts quﬁ%f)ut ﬁﬁ a6t0’ %%gan&&)gmmutcs
as eakidiRY @htliceX The degeed Gl donverSionwdreadtoyt @, by 24 and 87 percent,
definition. [0042] At the({9 nper at \L¢g 35 of ab w%oc_ bout
respestively, ainkp °66 2beut & Rd. RFILE BF T WIENLHYF e abou
69,851 birahedod bémm% Predp&stivalyl hsdwed; aBbatgopns) Pmpand 100 percent,

bef ween t he xpansion rati o and density of cured
respmtllh/eb'n atz%fd’)c mbl@@ Cb@ﬁ ey of CORVPISIRR WeigipsRmated at the 4 time
NEs Asé ¥R bﬁ&f@a&fﬁé}tﬁl fwere about
%%WESS %rcr)lmrﬁt%utgs eés],ls as n%ntl oned e9'were abou

54,e83; P# end 9?percgegr@esctwrelstonver sion were: about 0, 15,
24 and 87 percent,
[0043] The results 1mp1y that the degree or extent of devulcanization of cured

(vulcanized) rubber or elastomer with devulcanization reagent a-Terpineol can be readily
varied by manipulating the temperature and duration of devulcanization operation. All the
partially or fully devulcanized crumb particles of cured passenger tire remained expanded
even at least two days after the treatment, hardly with any change in the expansion ratio.

This observation indicated that the expansion of crumb particles was not due to simply
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respectively, at 16 0C, about 0, 23, 46 and 89 percent
(%, respectively, at 450C, about 69, 94, 97 and 100

waaeesizd %, respectively, at 650C, about 69, pEHusBdr/00ssss
and 100 percent, respectively, at 960C. At 150 0C, the
degrees of conversion were estimated at the 4 tine
i ncrements of about 5, 12, 18, and 24 m nutes, as also
nmentioned earlier; they were about 54, 83, 94 and 99
percent, respectively. [0043] The results inply th .

the physicaé gwe'émg’rcaeg&iém%spereféﬁmpe 32 5?&5%\%@ gg?r%at ajalt erpineol

into{th& LAY gﬁ'm:leg;uiﬂtb%er%orﬁ% AdyOWEE iMded ddONIGhHiBEY. e oBRervation
reagent a- Terpineol can be readily varied by )

wasnfarthgndsatritaiped bethedagdhatithe devalenirgtign repgersr's color, which was
_devl cani zat | ' l aRtPSdddR Hdr¥ss of

on 1ea\\§13(| tggﬂ&%égrg#ﬁ%%éar%?}{(:lrceagngf&dgﬁr ed %gségﬁtghg?e%i réer Ss_o

treafrRéntitings] thbighekettie earaperaturd, dsgreatenthdagte oficokor chinge. This was

reatnent, . hardly with a han [.nethe.ex S| :
suryEl o S Opeal I o8 AT AR R e R Rt
partifles; thtdizeaid mahes ofperasohaghified with itine astdhearyhygsé¢adal through
.swel | i ng-caused by the penetration of devul cani zation
mIcFQSSARIGOLSETYRY YI®heol into the crunb particles; in other
words. they were indeed devul cani zed. The observati on
E%Pﬁgr‘*‘her ascertained by the fact that the

devul cani zati on reagent's. cql or, ich.was orjiginally. .
100445, a1 5 5 SHrepRle BT otieel AR oD b B BRe forming
a hdthddnbHB R s Ble ddvaRbARAfior tedBent! Mae RuGAL ulchsized)

tenperature, the greater the rate of _col or change.

passeinger tjvgswhic!hr\ymvggp@lly ge‘flﬁgaqigeguyvﬁ@ inythe fgan egpw particles, as
in %gﬁ'fe 2ndy fugé %&5% Jbroﬁps SO&fc?&me;p_aﬁrcmbma%bh@i $grams of the

Sl ze an er o ores magnified with time as
devalcenizhtjorr agaiteahompgangs solotios copipeisipigaeeminem and 1-butanol,

MPLE. 4. [0 In.this exanpl.e m xt.u -
werk chirggt B SR A HAPRH T (ot BLtamery B KR g5 gom i tength
Thel6 BREFAIS]Ies Bdmiddanbed/a shd tratoteufiiheaest natel o sereagént .
The cured (vul cani zed) .passenger . tir, i ch S
devilyanieaion gBSTEATICHI AT QL6 TP S o e i pessure of
slighay idss e 1.6 x110° BXRAR!(2.03tmAr 14hEIbe 3 eWith eleaiaid 5
grans of crunb particles and about 15 gra

of the |
developnization TagersSIUUYRIY, VAEYIRG H GRRGTIEALRR ft/Fls s adout 20, 40, 60,
80 &R0 \Wt:igﬂt Berd &t RivD 98 o £ 3 Whtahro? (b red@ival dHElly Catidh@ 8BOSED, 40, 20 and

into a st tube of about 16 mmin di anet e and about
0 wt.250fim Tempineolytail untlee the presguts Pabetcl @5 x19r Ragrals (hdptm. or
.h ttom of . i .
1.l P R g S8 ke o A Bycem o e
anyGirad thcredan ahH eheporégisairbed dikight wgh tdmplted and hepordedo The bed-

exp:tligsslor? xaast’ﬁ)%lafc'tth nggr%rgrglen é'o at|>ot1)1‘%/2b,n4(?, )6b, % Lpd iﬂ?m%ﬁltgs were:
about 1.36, 1.40, 1.42, 1.42 and 1.42, respectively, at 20 wt.%; about 1.31, 1.37, 1.39,
1.39 and 1.39, respectively, at 40 wt.%,; about 1.20, 1.24, 1.24, 1.24 and 1.24,
respectively, at 60 wt.%; about 1.15,1.17,1.17, 1.17 and 1.17, respectively, at 80 wt.%;
and about 1.16, 1.16, 1.16, 1.16 and 1.16, respectively, at 100 wt.%, which signify pure
1-butanol. Note that the bed-height expansion ratio is initially 1 by definition.
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devul cani zati on reagent (solution) by varying its

concentration | evel s as about 20, 40, 60, 80 and 100
woogiziper cent (wt. % of 1-butanol (or equi vap@ntis007/008858

about 80, 60, 40, 20 and O wt. % of a-Terpineol), al

under the pressure of about 1.01 x 10s Pascals (1.0

atm or 14.7 Ibs/in 2) . The degree of bed expansion

in ternms of the ratio between bed height at any tinme
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(%)1 rdspectvely, at\bﬂ? wtf’/hélfhetshghblaeml dxpagiion ekgsavesh wihen thq epnicentration

itiall 4,0 f
of By Sicrts A RERORAT i o BRI ARAREN Pl hogur
phys&JaMWﬂnﬁg bpcired {mﬂcamﬂ:ael) lébeekplaned by theaienotrfamm of an organic

|zed ber bein

sl oF fKeiPovsly PralectRONES Sle SRR EbE and heyane,

T R o i By e

readi®y 8 addtinZAdit6 difYeeér. degiresividThe Oaid dgﬁulczﬁﬂzatamd'e&gbnt
percent (%, respectivel at 20 g@ @6 bo t 76, af
horgqgengoxis chgx COMPIISIE}- 'l%g;gmeqléxgs cl? yby wéztry%t rqygent s
con@%zﬁﬁﬂ%d%atﬁﬁ of@]%vul@%n%fbn@?pepﬁfoﬁemhe p&fially or nearly fully
respectively, % The slight bed expansion
devobeaioed ¢ruri eamme oé ew@é ﬁwlamzmi) @Pssfngﬁittﬁﬁ smainedexpagded
cve i agt eyt Y PR Wl ol AR Ab O Lypusanct was
lesy thbh @about3duecyd (byeqmealmnetheactdmmtrﬂfnoamf@r @anpumeol was greater
SO t of | ative u
tha ARSI s R SRR AR SR 6] SRR PR St Tnis ghsgrvation

indidagdks thdi€hEenpadsiol of enitzeahicles blas hondueathb asnpnyane phiysldada
readi ly devul cani zed to_diff, rent degrees W t

Wl EIcRsos by S DORETERPT SEDE 110 G HE R BCre Ry e fpe crumb

parfi IR ih DY wirds! ey waelinddrd divindimpel. frhb)bb.\z’e'lt{'a/tid’i@visl‘lﬁxrther
reagent s concentration and durati on of

ascerained by thedecighatdpe Agyleanization repgept’ gpq)lgr Jyhichwas gngmally
ax%sB!uleXt YRVAhE fiteasitl g PatiihdéPahué Weth t8€ pfdpir&d of devulcanization.

vul cani zed passenger tire remained ex anded even at
This eeastattritalitate the isapng Rbthercaghandack ang fillgsy fram thg gores of

cru ep jpation of 1-butanol was |ess than about 80 wt.%
?ﬁ% eqU|vaIentIy, the concentration of a-Terpineol was

[00ngat efhetljgé\.ﬂtaﬂpgé’cﬁ sBEw Wiat X8 10Met QML sAd BONI16R7%i8n reagent
nge 1 n the expansi on ratlo Thi s observati on

contains less than about 60 wt.% of 1-butanol, the higher the concentration of 1-butanol,
the slower the rate of devulcanization and possibly the lower the maximum attainable
degree or extent of devulcanization. Nevertheless, this is not necessarily disadvantageous

especially when only the surface or partial devulcanization is to be achieved. The
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i ndi cates that the expansion of crunb particles was

not due to sinply the physical swelling caused by the
wegghiatd on of the said devul cani zati on reagertT/us¥07/008858

the crunmb particles; in other words, they were indeed

devul cani zed. The observation was further ascertai ned

by the fact that the devul cani zation reagent's col or,

whi ch was originally transparent, becane i ncreasi ng

dark and opaque with the progress devul cani zati o
additnsofylbutanelp ¥ smimeo] yolleease e rﬁ%ﬂ‘@*ﬁmt phe geewsn of

devFEc%ﬁ&ff?&ﬂthfrbﬁéh é récfu‘éﬂbﬁ n?th@ Q48 %f gEvilEdHtRAT bhHah8Sthe

e resultant data show that as |long as the
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ower the rate of devul cani zation and
devplrasizbtign.t he | ower the nmaxi num att ai nabl e degree or
extent of devul cani zati on. Nevertheless, this is not
EXAMPBEESS.i | y di sadvant ageous especially when only the
surface or partial devul canization is to be achieved.
[0038jeadditis emngfle is timilanwl Example Fehgyewsola hwuogeneasesoluton of a-

regul ation of the d ee of devul caniza t hro
B o L Bt
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cost devul cani zat i on reaqg alter the
@HP%

evephplly davulpsmiprs waé én gre Tora of et lgtia8in Esagelfs 3qed 4 A
sen%% of gc\tu‘%ﬁnkiaheﬁ Spda PJ!SC@% ga‘ﬂlécpgut a%%@t’)\ﬂ:t’lé & alﬁ@m the

IS example IS , OV\BVGI‘
prefrunogEsiebtly l@seltlmn bAl 5fl OaPaSPelsFiﬂ{Qe@ﬂn aarid- 7p}rb9/p%tﬁ0‘71th the said

deV_lLlIP Sétn{ez% reagaﬂctgﬁgﬁgrg) va%ﬁk'lgtds %Bn&fnn‘ﬁ{loﬂ- ?Jv@isrbg %i:)o , 30 and

ation reagent. The cur
40 (Weéighe pﬂk:éx&(ﬁvt Po)sfgingyemol (drequwh]eotly,vmue&(b r?lOLmldI@({) wt. % of a-

e a0 85 5 o O EEUT PRLLLEL £ 18ty

time Rr&hbREndMRS ofgihhl R Kw%ht Jas 2bRIpLtednd Cecvnded) MY bed-
the pressure of slightl ess than 1.0

exFESIoh s ASGH el S BTPRES of Ayt oG 40g nd $B0 mARGES Were:

abddY WsC RBLZRbo QRd i @2YRBDedtivLlyUhd Z0W/t. By a¥@itYI.OW 1 t7§ 1.26 and 1.34,
concentration |evel s as abouf 20, 30 and 40 wei

resprativekyt a3 wogo; end pbasdr, 103y 143 and dtient ffsyect%gu {t gheput 40
wt. 90 and 60 wt.% of a- Terpineol). The degree of bed
'eXpansion internms of the ratio between bed hei ght at

[0022 ’ﬂ% dc%%!er e o&néﬁgﬁjiz&tnﬁ Whd GtindtedRmiRs Bhlesttished

The bedexpansion ratios at the
rclatidnshne bietvereartbabed efpaabion ratizpandgiensitpof ared §odcanizeg) aibber

bei%@ﬁg\}ulcanized from the measurements carried out at the 4 time increments of about
20, 60, 100 and 800 minutes, as mentioned earlier. The degree of devulcanization was
about 24, 62, 72 and 94 percent (%), respectively, at 20 wt.%; about 26, 46, 66 and 81
percent (%), respectively, at 30 wt.%; and about 6, 21, 37 and 42 percents (%),
respectively, at 40 wt.%. The relatively slight bed expansion observed, when the
concentrationA of propanol exceeded about 40%, can be largely attributed to the well-

known physical swelling of cured (vulcanized) rubber.
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about 1.08, 1.24, 1.29 and 1.42, respectively, at 20

wt.% about 1.09, 1.17, 1.26 and 1.34, respectively,
woko0s07Mee %0 and about 1.02, 1.07, 1.13 and 1.dS&EUS2007/008858

respectively, at about 40 wt.% [0049] The degree of

devul cani zati on was estinmated fromthe pre-established

rel ati onshi p between the bed expansion ratio and

density of cured (vul cani zed) rubber being
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EXAMPLFofral degree of freedomto optimze the
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prebsugé ufigliphitly léssehatel.01 g Patdabsr(1Ceatgeort 14 hlbtshe )fvatthefsaid

d @%ﬁ%n ce>rr11 ggﬁlé%?ﬁg‘lélﬁéglﬁ}%ys VALyng dts 6F copcinQanoll Iler\]réslsl a@a%aut 20, 30 and
40 WefphP b@d&amlwt 36y ofdshb-popahe (devqmcﬂamtz)atabmn 80 Q,camid. 60 wt.% of
o- T-If-:rllglngglg e’Idhe(lyc:%[egc?)gxllszlgrg zan%ggts t%n gletEm}: mcremms oP abou‘? 20, 60, 100 and
800 minutes were: about 1.04, 1.15, 1.17 and 1.17, respectively, at 20 wt.%; about 1.06,
1.16, 1.16 and 1.16, respectively, at 30 wt.%; and about 1.06, 1.18, 1.18 and 1.18,

respectively, at 40 wt.%.

[0052] The extent of devulcanization was again estimated from the pre-established
relationship between the bed expansion ratio and density of cured (vulcanized) rubber
being devulcanized from the measurements carried out at the 4 time increments of about

20, 60, 100 and 800 minutes, as mentioned earlier. The degree of devulcanization was
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eventual Iy devul cani zed, was in the formof crunb
particles, as in Exanples 4 and 5. A series of

waolesleaps zati on operations was carried out atp@bosiooddssss
OC and under the pressure of slightly less than 1.01 x
105 Pascals (1.0 armor 14.7 Ibs/in2) with the said
devul cani zati on reagent (solution) by varying its
concentration | evels as about 20, 30 and 40 wei ght

BE 185 s By e BRI 26O ¢ o o

perEeéHt (%9, réépectieeld, iti30ewi. ¢ aedrebius 18§48 B8and 28, peﬁﬁmt ((74)))
and 800 nutt es were: about 1.04, 1.15, 1.17 and 1.17,
respeeliyely WA Y%t 20 wt. % about 1. 06, 1 16, 1.16 and

1,16, S tiv at 30 % and 1.
(008315 A1 vesepent Sk gy 1 phen She GRS gEzproppltin e
dev@XdafiitatiOh redgynt \GAHebRErOIbOURZ0 AE 8% ancesttdmmt)ed %Immrzttb ef

pre-established rel ati onship between the anSJ on

dewéﬁapb’-aa%mefé%mvlwnb%ﬁwbé%?%%?rz%ﬁmrogﬂﬁﬁ Fatgn

ex Yé& &Paﬁ'vé qitfié 95912“?)%5 MRRRW; AR L Bstai ol lySFbrR tie @énd d¥ahe data
tinme 1.nc enen of- about 20, 60, 100 and 800

obtnmndlulegzcaraslcsréﬁndéned earlier. The degree of
devul cani zati on wasabout 12, 42, 46 and 46 percent

EXAMPLFeEpectively, at 20 wt.% about 18, 44, 44 and 44
percent (%, respectivel at 30 wt.% and about 18,

[0058] 48This dxmlpeer gemlar (o) gxamn,ig Bee bpmegsneoaﬁ solgtigp of/g-Terpineol

The re t ant data t
and feptant, fraieedh G HofDefsaus sfafth hEEHTRBRol 9 iso-propanol, was the
de\{lﬁ@ﬂﬁfz\floﬂ\@éfhggﬂt \Mlﬁeéhe’sbﬂ'klévﬂeawatﬁﬁlaﬁﬂrambﬁm tvad Gami'ed%n at about
e rate o evul ca on a bl
65 Sl b peebre b bl B BT LRGSRl Fa

lbsflﬁa) itk Yie{'ﬁlkﬁrllfatﬁrrbé’%e‘np(k&utlgh) By dhfyif i%s concentration levels as
substantially fromthe trend he data obtalnedln

abamy 3Ap} andd(hyveight pENWEY® of [hggtggT (ormqglv@pgﬁlm aboug 80, 70 and
60 g)_t.??egf‘& 'lte 1%&??&3 ﬁed @xm%ger?@&l*’aﬁ tﬁ'@h widedfcRinents of about 20,

rpi neo eptane, 1 nstead of a honobgeneous
60,SI@0uind @O0 afiinates eveps: abolit hhﬂ 1.28 12 80painio? 8, respsctivady, at 10 wt.%;

de canizatjon.reagent § | capiz
QTR R BB e A B D R 1B ana 125,
respERivBIyE 8630 @t.9F; afidl abbuitlly1d, @SB, 1 24rand . 1024, xeshO&tiviehg @a kS wt.%.
(1.0 atmor 14.7 |bs/in2) with the devul cani zation

[005SpgeThe( ?gémtog ﬂe\)lalb@mmroyx iweg estimatedfosmn theanmcustabbslslds
as oyt , 40 wei ght t
. el e aRE BT P TR SO SO0 S B i ebber

belﬂg Aehptaeald) fromhke heasuexpans canied atit sichat tinheindreimemts of about
ncr enent % of .about 20,

20, 60, 100 and 800 mmutes as mentioned earlier. The degree of devulcanization was:

about 46, 71, 71 and 71 percent (%), respectively, at 10 wt.%; about 24, 60, 72 and 72

percent (%), respectively, at 20 wt.%; about 37, 48, 64 and 64 percent (%), respectively,

at 30 wt.%; and about 42, 48, 62 and 62 percent (%), respectively, at 40 wt.%.

[0056] The resultant data also show that as long as the said devulcanization reagent

contains less than about 40 wt.%, of heptane, the higher the concentration of heptane, the
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60, 100 and 800 m nutes were: about 1.17, 1.28, 1.28
and 1.28, respectively, at 10 w.% about 1.08, 1.23,

wd- 2008089166 1. 29, respectively, at 20 wt.% aboupciiuddor/0088ss
1.19, 1.25 and 1.25, respectively, at 30 wt.% and
about 1.15, 1.18, 1.24 and 1.24, respectively, at 40
wt. % [0055] The extent of devul canization was
estimated fromthe pre-established relationship

. between the be Xpansion ratio d densi.ty of. cur.
stigfiy oty Dikrp e P DAL G 5 Dr s PROUEBE) the lower
the FRRSHOBRAIRbIAddgttbrettendbf ddvalchnization.i ncrement s of
about 20, 60, 100 and 800 m nutes, as nentioned
[00SA' | | &he chhfpatiedt 6FthedadaN wis aximpit iveith thase ofibainpldH4 and 5
71, 7 1 and 7 1 percent (%, respectively, at.10 w.%
agajipidicates thajshe effecisef tho lﬂfg%ﬁ‘t‘mf%‘,n ﬂilfeé%v Gan{zapgn reggent on
the 28le Whd Heor@b et lieilcanfAtioR 4b@iiedGd te e£ANble @26 somewhat
respectively, at 30 wt.% and about 42, 48, 62 and 62
quagitatiyelyrsigekar torka selstangially diffsrentarugptiivelydegy thpge in Examples 4
and‘Sesultant data al so show that as |long as the said
evul cani zati on reagent contains |ess than about 40
< hept ane, the higher the concentration of
Exﬁ@gfggﬁ'theslightly sl ower the rate of
vul capl zat i Qo ; idéHti BahipYe §iA8RrshRPSTP that a
w”?ﬁ% Ig@ﬁ%égﬁgﬁﬁgﬁﬁﬁgﬁﬁg?%g%ﬂgble éﬁ%ree ogﬁegient 0
homiegenkaansiohatdnosf, o-Teqsido] Thd2 dutanat,iinsieadodt k-hetaniel; served as the
tﬂ%ﬁ.exanple~mﬁth those of Exanples 4 and 5 again
devuleanatQR reagett. { he ef fects of the inert constituent in

e deyvul canj zati on agent on rate d g
00585 .| At vyl REth i ior M mORR 18 e mos
effétuat dballtatirationirsadeats ih Qolae of shelysatteany, iead. ) thaddftheedeintsegment

quantitatively fromthose.in Exapples 4 a 5. VPLE
(0084 Py sRte1s65 evESEBRons i e f Pisaner 2af SrapeEsTafng some
ancildr{ r@\eht aA8PGCdatRyEERE rédliitedFoNR IO GEHIBID S effottireness.

of a-Terpineol and 2-butanol, instead of 1-butanol,

[0086] Ve rihe bliged aboilt Gagthma bl Oinitesdtctes ahdaddt 15 grams of the said
éﬁgﬁ{ently, 2- but anol has been regarded as one gf &9%
devimiggnizatien Fregenth2 hawegenass selufipy SORTISING fnl 7Rineghand 2-butanol,

we{eﬁc%g%hgﬁog[ %%ﬁ?é%f d038t ?ﬁm frSdiafrefbr and BBSutA95 InM8A length.

Nevert hel ess, severe conditions in
These crsmiy papickes fomeedsnbled asrthebettam of Biedess duke- o serigsaty

reagent.s. and/..or . ' icto
devyaiERliSh PRera s GROEIRIGLS iGabfelgeapabdl 65 C g under the
preBsugié afalightlydessnharphot kdi0d Baswalh (Alfcann ordl 4gF FostinOf Thehleed-

sai.d devul cani zati on reagen a 0 ' .
exP@Bﬂ'B? Ir'cg’qs{ g’it &ﬁﬁéﬁﬂcﬁ%%f:mg%a og ?l%od.;(t laiﬁgii)(’g;%, gé ar?é) Il% l’n%mutes were:
about 1.24, 1.29, 1.34 , 1.34 and 1.34, respectively, at 20 wt.%; about 1.24, 1.29, 1.33,

1.33 and 1.33, respectively, at 40 wt.%; and about 1.12, 1.23, 1.23, 1.23 and 1.23,

respectively, at 60 wt. The corresponding degrees of devulcanization were: about 62, 72,
81, 81 and 81 percent (%), respectively, at 20 wt.%; about 62, 72, 79, 79 and 79 percent
(%), respectively, at 40 wt.%; and about 46, 92, 94, 94 and 94 percent (%), respectively,
at 60 wt.%. The slight bed expansion observed, when the concentration of 2-butanol

exceeded about 60 wt.%, can be largely attributed to the well-known physical swelling of

Page 20 of 30



were charged into a test tube of about 16 mMmin

di aneter and about 125 mmin |ength. These crunb
weasosiordigs formed a bed at the bottom of the test/us0B008858

A series of devul canization operations (experinents)

was carried out at about 65 OC and under the pressure

of slightly less than 1.01 x 105 Pascals (1.0 atm or

14.7 Ibs/in 2). The bedexpansi on ratios at the 5 tinme

curﬁ\gf‘@ﬁnent 3? %bggo & %eggggﬁ‘aflsog Pr2 214 %éa%é(g]so Ventof a relatively

smileaRBsulevety, at 20 W . % about 1. 24, 1 29, 1.33, 1.33
and 1.33, respectively, at 40 w.% and about 1.12,

(006123, Thelsdmphriddn afthe Testids of asipecimple with thbseS6r Evtamp'lfhé
correspondi ng de ees f devul CE%QI zatt}lon wer e:

threyigh hgsp@iallygmj_h ge ef x%plge%fn es the, ggg%t{ve{)gqswq' tléci solution

corggnépﬁ\fé %{?-T&Pf?x%l £ 2- E@tan%gangégatgﬂ gtllJeZ &i\%ﬁflﬁ%ﬂﬁ%ﬁs{ﬁ%ﬁ gel?lneol

ancgnrbpanolefw d(e%lpamesg eured\rebler apg sigilanat 3y given eqricgifration.

ansi on erved, .wh r
Moﬁc‘bvﬁf éﬁ% Fxtg&t oefgacz%ngg éﬁ fheégpev\'{lv%egé) gf;& glteerﬁhé(ﬂq? %Evulcamze
curdd Mbﬂemsed:ry foughBy thelshmé ahan dilnyesli weizh 1-bwvedniol n?gbmﬁmalr pedpanol,
(vul cani zed) rubber induced by the penetration of an
‘sotﬂf@%"fﬂ"b aad\heRfARe.of a rel atively small nol ecul e size.
061] The conmpari son of the results of this exanple
Bse of Exanple 4 through 7, especially with

those of Exa ndi ef fecti yeness of
(0063] ¢ 1 Bhis EXHPRIE Y iy aE RLF Rt 4 Swaoe B ARGTT S ek,
mcﬁfdlﬁg‘ﬁle%ﬁhﬂﬁ D&t clel P Eliekd fYuldanigdd) irtlistelr daﬂﬂczﬂmﬁtdl artel unique
for devul canj zing cured rubber are sim|]ar at a

n
feagirg f#s gl e cPRIIGNS SRy GRIN thedevaigaprptien rsagattorasihancl,

whidh i gﬁe 8f {b%%és‘t’ eSB N Urgaid SSIPEMS BV ailaBled & @ddVuI@nization
cure is very roughly the sane when dil uted

opmmcmsj(emqrmts) veerg) Q?Iiﬁ'iﬂled qsrabp%rﬁﬂ °C P%“’b‘#“é g pressuge af

t 5 £
Sh%x& ]g%le[ham?@_ﬁ) gh | n gq erlr%'-rg!tnsla asp ct%) ?eé}‘lﬂ]cdcaf fﬂr?gcgéffeas ©
addihg ethlanmibvqndd hav;é b@ncsimdwtedhtésa:mf @amng@uy of gtiise polvents used in

dev n un| ye fe r. af e
Ex%ﬂ%tﬁc%ﬂ “&?1 séF\?en Utl n ’trhr(ép 051 ’ﬁﬁ)i)%}é o) %}gea%@?t Bmanm The
reseélithmdidatedhatdhwas indleed tife dabe whmtth@mrrmmrmcgmﬁ etthanol in the

Ivents avai canization operations. .

depRsarinR TP R rE pe 0N O e RSE By ihization
anélhﬁﬂ@ Fged fdnDiboilt 20 Peicend (%)Satfabanit 20. AinutesldGhddeaddanization

(1 at.m or 147Ibs/|ngﬁil L&gmnelf %teieffect
(tr%ffmar&al iRy te@Re0 RS ( otel miRYtes ofithe ARgdganigation
(u&@qb,nguaﬁy of other solvents used in

EXAMPLE 10.

[0063] In this example, the devulcanization reagent was a heterogeneous mixture of
a-Terpineol and water, instead of a homogeneous solution of a-Terpineol and an organic
solvent. The cured (vulcanized) passenger tire, which was eventually devulcanized, was
in the form of crumb particles, as in Examples 4 through 9. A series of devulcanization

operations (experiments) was carried out at about 96 °C and under the pressure of
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Exanple 4 through 8, i.e., 1-butanol, propanol,
i so-propanol, heptane and 2-butanol. The results
wo ndomisd that it was indeed the case; when tRer/us2007/0088ss
concentration of ethanol in the devul cani zation
reagent was | ess than about 70 w.% the degrees of
devul cani zati on attainable ranged from about 20

percent (%9 at about 20 minutes of the devul canization
(treatnent) tine to

R b 10 e B o g o iz
reaé&éﬁ\?{ﬁﬁkﬁlré%y VA93] itd Weibhi Sackiead ] @e niiReure as about 20, 30 and 40

. cani zati on reagent was a heterogeneous m xture of
welgbtlmr@hhém%anﬂwm T, equiSl sy &0“&8&0?93%%%% ofa-

S.0 [ f _a- i . e
recipl P Snf 881 038Rt AppPPR g BLNBSh veThE any
timeiterdnet hiyd devoriginalibed dheightiwas pomputed andrresprdedyfhe bed-

articles, as in Exanpl 4. th '
cxoBie G 288 4RI Gl S 0O 0 A 20 R B wgre: s
1.39Ut461 4600idt 1. 96 rOspeativkl yiral 20 witlie; ghoes $.08e1.49s1.49hnd ¥.49,

l ess than 1.01x10, Pascal 0] m 4,7 j
resmie TP RS 203V Suaa ok |4 EhGREE Al nicfptS gt abou o
wt. %2 et riebpo it gdidgrées ¥ de Al Sanii Zatioh evete xdbone6 27 5aBdabd 75

20, 30 and 40 wei 8(ht percent (wt. % of ter t({3r .
pereegti(%hIresPEEt Vel s 4o vado; aapuh 7@@7%«#9%7%"—{989 76), respectively,

30556 dboul BE, FEG6SRA 96 pBREnEXIPRASHEStiviely, AW 9%,
at thet raiﬁﬁio ogtmen bed hei ght gt any Pi rrieei[yrlcrerrent and

[Ooﬁﬂe OFiLg i BqhtaReght ShEHUA HASWERY Wkl Fehctiehs bfl @dter Tinehe
dexpansion ratios at the 4 tine increnments of about

devRBaniZBOrEFAgeRt. BOICH WAHARSIGRBICOUDNTTURE, BisTe hetygen Foop 20
wt.‘%nailg]a‘bélgt A%I_d %% Ghd 18 ¥ dRlicaRizWio anPRe Whaximdh atthirftBle degree
. an .49, ‘resp I at

respectively, 30 wt. % and. about
or ektédd of devAifganizatipn gmbiibited rlatruslyplitleivpgiptjonsa Thigghiffered o
0, : . .
sub%tﬁlly;%gnaﬁg% E%g"g gp%gﬂggogﬁ%gg%g%%agﬁ% /§ 414 33h48 Sfhnilar to that
of H@8RRe 6] Walvyrthelbss2thevinitidg ratgs ofide Bcanigationgeegrded in this example

percent (9 respectivel at 3 0 t .6
werpghichegretiat et (RPe e oo ERUBSY 1 T G Alfearbipred o e
effdcOSRligdroas frRehddied bgit@ion chwedgédiand whenb piticlesibyfubbles of
b fractions of water in the devul cani zati on reagent,
°lg£8$2'§’ﬁt°\¥vas g het er ogeneous m xture, were between about

wt . % and about 40 wt.% the rate of devul canization
EXAMPLE lraxi mum at t ai nabl e degree or extent of

devul cani zat i an.exhi. bi l.ati.vel y | . .
(00651} o g EmilF & S e <CESTHE S Py P4 et pding s, cqumbd
parfiéle$ BEciad 8vi0binddas dubber Exangineed4 Tardnbjuerfeatsienyvasthat the
to that of Exanple 6. Nevertheless, the 'ni.tiall rates.
devaicagizatipr Eafieenl Warnatwabf wegnting ippead alopsrgineol; the'formmer is

widely available. The devulcanization operation (experiment) was carried out only at the
one temperature level of about 96 °C instead of the 5 temperature levels. As in Example
3, the pressure was maintained at slightly less than, 1.01 x 10° Pascals (1.0 atm or 14.7
Ibs/in?). The degree of bed expansion in terms of the ratio between bed height at any
time increment and the original bed height was computed and recorded. The bed-

expansion ratios at the 4 time increments of about 20, 40, 60 and 80 minutes were about
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were nmuch greater that those recorded in Exanple 6.
The results can be attributed to the effects of

wOo @816 mechani cal agitation of the reagent poguSiodfitussss
particles by bubbles of boiling water. EXAMPLE 11.
[0065] This exanple is simlar to Exanple 3 in many
aspects, including the crunb particles of cured
(vul cani zed) rubber devul cani zed. The uni que feature

oo T AP B PR R R ofleson vas b

54, 86090 B9 Bptrabitd%) iespeteivellycani zat i on operation
(experinent) was carried out only at the one

[005@”}38 rHeWothpadivél ofthe ad3althntQfatDwith misdse dtbno Example3 indicates that
qurature levels. As in Exanple 3, the g?essure s
nanpml WEPCRlGRE %&nt:gmngm ]Tﬁrgué%oé 1 %hﬁ sllg_httylle§(s fretipe thag s Terpineol

for cg:vﬁfcghf%tlcl# of cdrpd;l/'dbﬂgx) It is\WErtl ROfiSEHAL adRVealed in Example 4

expansion 1n terns of the ratio between bed hei ght at
thraagi 10j the dffectieerest om&emaemjrals ghmdﬂvut;@dlzmorg rragortsubstantially

and recor ded Xpansi on ratios a
excheu s Gl 0D CHI ESEGRS BT 00 St B s TLRE o
TerpRle61.about 1. 29, 1.56, 1.60 and 1. 62, respectively; the
correspondi ng degree of conversion was about 54, 86,

EXAMeng .1 percent (%, respectively. [0066] The
conmpari son of the resultant data with those from

(006K I FhiSexdnsile & ﬁﬁulhh@tE){hﬁiplé all. Tue paijuk featarentaaithatribe
a- Terpineol is only ghtly l.ess effective. F bl d
devalcm%tl%magﬂ&rwacsrfém@l@% Hugendag ol ts alsh wifeh pridlpble, instea

of da%rhﬁf%@ﬁﬁh@ Oof\v§ dedllédni ASioh %‘ﬁ@ﬁh@ﬁ‘s {RpEPkABRs Ewére carried out at
hrough 10, the effectiveness of a- Terglneol as the

the a@o teroperhize lepls of A 96208 ISANG ah Yoth terpRararugsathe pressure
remfaiNed%t Igﬁ%hti gs?ﬂgﬁ 1"@1 ){: ibsq{agcahpgl & U bt PG ]9§/1nn3 XY fgree of

cont al ni er pi neo [ 0067]
bedeex@amm nstesmsrpf the ratio Botwieph bedl_helghwé any) ithwenﬁr@mem and the
the devul cani t G
origf i e San Compi @ an @bt R R 4aRL BRI, HbE-expansion
ratio@htithald tithe perdmems offakouti2q, uloc éﬁn aad 80 aringpevatd arut 1.46, 1.48,

B

aboub s ,m“se F84ha 78 Qﬂweﬁe«%mesgbumw \THe®2d-ekparisicn AlioxatltBb 6 time
Pascals (1.0 atmor 14.7

TR EAPOP2 b Lt A s OATR ABA o0y Sa 95 2.03

andafWB %&B‘ah%l& e4rRBbuIye derHedotte Sisdndifptddaeded I c¥@eersion were
onput ed and recorded at each tenperature. The

abo[ygﬂé,eéap AAs8590 and 90 percent (%), respectively.

[0068] The comparison of the resultant data with those from Example 3 in which a-
Terpineol was the reagent indicates that synthetic Turpentine, rich in a-Terpineol, is
slightly less effective than a-Terpineol as the devulcanization reagent at about 96 °C, but
they are nearly equally effective at about 150 °C. Moreover, the comparison of the data
from this and preceding examples implies that synthetic Turpentine is slightly less

effective than natural Turpentine as the devulcanziation reagent at about 96 °C. It is,
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ratios at the 4 tine increnments of about 20, 40, 60

and 80 m nutes were about 1.46, 1.48, 1.48 and 1. 48,
wo empecisyel y, at about 96 O0C. The correspondi pgr/gdeaneevssss

of conversion was about 75, 78, 78 and 78 percent (%,

respectively. The bed-expansion ratios at the 6 tine

i ncrements of about 2, 5, 8, 11, 14 and 24 m nutes

were about 1.35, 1.60, 1.75, 1.95, 2.03 and 2.03,

respectivel t abou 150 QC. The, cor.r espqndi °
hovgagrouatlpRotia et SHeH! REPETaBbIErhoo 9E atabous 150 56, and thus,
the dpErafiBn BEHIASHE bé UntirdiRERAEE tHe hfbrerhéHifohbd ph&sure.

conmpari son of the resultant data with those from
EXRMPPEE1E | n which a- Terpineol was the reagent

i ndicates that synthetic Turpentine, rich in
[0039 ' € Rh I8 lexarhples tHe@rlih phﬂﬁ:ﬁes@ffﬁ&f‘eﬂl(\fﬂchﬁlaéﬂ) rubber were

er pi neol as the devul cani zati gn rea nt S %]g ’_518 Th

devpisanizad by meuraly BarRentineyand gyatbete Lpmegtine ey sisisp passflel. The
dedfcantBfi6R Xgératl&h BexpEARRAY) SRR c@irickbat Gt ftﬂél@}rip@f&ur@ nébel of

precedi ng eS|rrpI|esthat synt he |%tﬁsur pentine

abaus 6§ 1° Cghtdlt:ytﬂeex&ﬁsefef@@llgh%y lessithan athlr)aﬂO gela(] fatyger 14.7
lbs}u??h lggéienzf' b%:dhe(?(ﬁorgs?&g ‘?{}hx—r?st Pu : a g%twggen bdd helght at any time

urpenti ne
incfdndnt eﬁu Hreidriginal ded zhbxgtht wi$ Corom) tech anld telaqsiedt ke bed-expansion

51 B3 R ko O R S5 bl wer g 128,157

1.58%a8M(53, rdspéctbelyytfoamniraC Tepentines ancbab((ulllllﬁarhﬁﬂedi)% and 1.43,
rubber were &gvuh_cani zed JP% nat ur al Turgentl ne 2 on Were

respertiv Rl 19 SYRBSHA TP FRENENG e TRS CUTRROMN R Y &IPSt ot

abdiswl @@rm@ ahdl 900 PBRERE (AN rdspadtReiyidttnatupaISTpEntirRg andihbout 70,
only at e tenperature |evel of abTQut 65 OC under the

88 Ml?ﬁd’%?e“é(ngﬁﬁl&?cpﬁg fopsynthetig TurPaiiepascal s (1.0

atmor 14.7 |l bs/in 2) The degree bed e ans
(0078} s Bre qamparisen 8 Hergaiinh aWé‘Pg}B?SCaffmﬁ :'Feg] indicates tha

the'reg%gf?ﬁnggs %@ ’Itepﬁn%l' Al ThRRNRS i syhaetie qrﬂ?]b’éxﬁﬁle Ab¢he

bed- expansion ratios at ‘the 4 tine
devulcanézatinh sgaft inheanly (26 sam@at #OubbH° G0 ni nutes were
about 1.28, 1.37, 1.51 and 1.54, respectively, for
EXoeMPLE 14.ur pent i ne; and about 1.28, 1.38, 1.43 and
1.43, respectively, for synthetic Turpentine. The
[007a] r eslnchidiengmgiteg be@@yofheug ﬁvmestlm]amb@éfmevl seovedge the

paselils lbiettes f :
dewtrs@?aﬁx&zf.?lpﬂ ggergﬁgo cg tﬁ¢8§1‘% art?c}g% 5 é?{giu?‘cra? z)ed) iso
peref® ﬁﬁibbt WRb3e, sitesrrasgadt fagh i6ao TO mpeshi i'I]he de{rﬂ@é’rﬂ}zatﬁmeoperat:on
conparison of .the resultant data r
(cxBRARAT P A AL BB B s GPPRbrD gh R gp " The pressure
wad mb@ithinBe at shglhﬂzllés@hhémr .DERtI0E Pasdatk (Sl},mithebn I‘A 7 Ibs/in? ) The
Tur pent i ne as the devul cani za})l on age(m1 ﬁ near | 1¥n
degygerpf bed expansiop in tsems of the ratio between bed height at any time increment
and the original bed height was computed and recorded. The bed-expansion ratios at the
4 time increments of about 20, 40, 60 and 80 minutes were about 1.23, 1.32, 1.45 and
1.49, respectively, for synthetic Turpentine, and about 1.33, 1.42, 1.49 and 1.49,

respectively, for a-Terpineol. The corresponding degrees of conversion were about 44,
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EXAVMPLE 14. [0071] In this exanple, both synthetic

Tur penti ne and a- Ter pi neol served as the
waolenwshzags zat i on agents to devul cani ze the crup®r/US2007/008858

particles of cured (vul canized) isoperene rubber whose

sizes ranged from6 to 10 nesh. The devul cani zati on

operation (experinent) was carried out only at the one

tenperature of about 96 OC. The pressure was

mai ntai ned at slightly |less than 1,01 x 105 Pascal s
58, 74 2pd 29 mfpntl%hrfrseévn\'ﬁbz)for syRthetie JugRenbine,wd about 59, 71, 79

and%&%?@én??%% %D%Eﬁ@el?f ?ﬁggrgﬁﬂegl bet ween bed hei ght at

o nt an riginal bed hei ght was

npu G0

(00 AP I BE cBADALEHOLARE vy d s BER AR AgadRgoRss Bt Bdcti

Turparf tineatichiin 4-T28pindol 3R, on1y gnfghmhydess emptwce&xpaat Texpixy:ol for the
or s nthetic Turpentin 1.42

deviRamizhiger oF el BPTTBy TP SPSTRY AOBF Syt artnd®

temg@xrahﬁé BORBI96CEY 'BIRScoMpaEiRoN 6f tHeGBsulIof tieib exdmplé Wifh those of
4 and 79 percent (%, respectivel for synthetic

Examplp devasts thatrpredisatpesme iyless gme tpghﬁ gg\z}g?ﬁm%a%an with a-
[{PR% T [
e BSRREL L3 gl Shgd oA S8, 10R R Thpugrmap See
Exagypledetlirougiut haie effiestivenesh of n-Terpepl asbe devwcamidagion reagent
sli ly less effective than |
subSrayii bghesSBibgt pny ofigs v egn GerBich R eb gk Gmitpres
confilinihB@-Eéipineokt age at the tenperature of about 96 OC
The conparison of the results of this exanple wth
ExXhAPEECfs. Exanpl e 3 reveal s that cured iso-perene is
| ess anenabl e to the devul cani zation with a- Ter pi neol
[0oy 320 cﬂ-ﬂﬁﬁg eRsnple Sikh s%tﬁ@tlcr TerpehtineIBd oTergifeoMédvbd as the
noting that as revealed in Exanples 4 through 10, th
deveichnizaiioeagents tofdexultanise fesirumb periclesaf erecsrivalsaniged) SBR
rubb&GAPEILE s%\ﬂ?ﬁ%@h IRl ¥ 1 $X6 ﬁf%gﬁ ﬁ'ﬂ@ﬁe\gflczﬁ‘l%tleﬁ REration
reagents h are the solutions or mxtures
(expemhenthwag carricd |opt mimat thexonwreraparaturg glatept 96 £&. The pressure
exa bo Tur [
waER e e B B B gt 35 5 Re £1P s LE AR ZIB0LD). The
degi'é’tﬁoﬂlfedrﬂilpaﬂiidﬂ ml teﬁnmf thel kaid t(etwbaabndzlaadght $Bahy tiln encrement

whose si ed from®6 .
and 05 oA ot PO RPN Sder T e Tho B BpPPrigh s ot te
4 1ifRl iMcréinehR&fABEuL2DINE, reéu arfdeeolo&maimuxex%b&ﬁ 1 ame 54, 1.54 and
’ ressure wa mai ntal ne at s t th 1.
158 gesneatvelyctor svasbea T Gpemincy apgabqut 2160, el iBapadt &b,
resﬁk%gvgl))('f’ﬁﬁ‘%! PBrpirtol. eTH@c&f‘esbBﬁdlﬁQHbé}e@ﬁéﬁ/&ﬁﬂerbﬁﬂ vtk gbbut 75,

any tine 1 ncrenent
85, 85 and 85 percent (%), respectively, for synthetic Turpentine, and about 90, 93, 93

and 93 percent (%), respectively, for a-Terpineol.

[0074] The comparison of the two sets of resultant data indicates that synthetic
Turpentine, rich in a-Terpineol, is only slightly less effective than a-Terpineol for the
devulcanization of cured SBR rubber at the temperature of about 96 °C. The comparison

of the results of this example with those of Example 3 reveals that cured SBR is almost
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and the original bed height was conputed and recorded.

The bed-expansion ratios at the 4 tinme increnents of
webomen7A8s 40, 60 and 80 m nutes were about 1.H61/U82007%008858

1.54 and 1.54, respectively, for synthetic Turpentine,

and about 1.60, 1.64, 1.64 and 1.64, respectively, for

a- Terpi neol. The correspondi ng degrees of conversion

were about 75, 85, 85 and 85 percent (%,
cans DSt B L BB 7S AR PR, o
sp@- Terpineol . [0074] The conparlson of the two sets of

resultant data indicates that synthetic Turpentine,

[OG‘H]C h inwar, th‘e‘%&bf@ ‘BE ap{;&c@[’édyby&hbﬁﬂ"ﬁldlwed ifSBe 8t hacing\tke benefit
han a- Ter pi neol he devul cani zati on of cured SBR

of tlms disstosnre t wethtsemw@nmr eapsblef@itordipg gempesitions and methods
(0] | h

s GUER) Bk M SRS Oy 0L bl o

forransﬁﬂwbheemmntshewdmdldcmb&dtls torbeviiakén @presepﬂmmfeag

red sen ri ¢ t
emfodif S AT Shodi kot il cbdheeE iy ek Hile fblcalh pid every
prodeyinggtephae viamiddbe bbribus t spetsarilobed o thhart hlahmg the benefit of

i GO B 300 B S PRSP 5 e et

modifeAtisHA Rhandes iafid [ RcHAingglahs §mtﬁdahaﬁ ahdh erafmngs at to be
the invention shown and descri bed

reggred upan Yustrativerrbgr B3P AJPHERTYE SOO5F | > Meeast s dnBidssi hat the

appefdLdCIARBER BRNUrRY tBBAQUaDalRRRA VRHNBMBERINLRr OCesSi ng
step as woul d be obvious to a person skilled in the

art having the benefit of this disclosure. It is
intended that the following clains be interpreted to
enbrace all such nodifications and changes and,
accordingly, the specification and drawi ngs are to be
regarded in an illustrative rather than a restrictive
sense. Moreover, it is intended that the appended
claims be construed to include alternative

enbodi ments. CLAIMS 1. A nethod of devul cani zi ng rubber
conprising contacting a vul cani zed rubber with a
turpentine liquid in a reaction mxture in an absence
of an alkali nmetal. 2. The nethod of Claim1l, wherein
said turpentine liquid is selected fromthe group
consi sting of: natural turpentine, synthetic
turpentine, pine oil, a-pinene, b-pinene, a-
terpineol, b-terpineol, 3-carene, anethole, dipentene
(p-nment ha-1, 8-di ene), terpene resins, nopol, pinane,
canphene, / ?- cynene, ani sal dehyde, 2-pi nane
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hydr oper oxi de, 3, 7-di nmethyl -1, 6-octadi ene, isobornyl

acetate, terpin hydrate, ocinene, 2-pinanol,
wolbdvgarasyr cenol , i soborneol, a-tef ineol, allporusmO®R0ssss

al I ooci mene al cohol s, geraniol,

2- met hoxy- 2, 6-di net hyl -7, 8- epoxyoct ane, canphor,

j 9-nment han-8-o0l, a-tef inyl acetate, citral,

citronellol, 7-methoxydi hydrocitronellal,

-10- canphor sul phoni ¢ acid, [3- hene, p -

nment han- 8-yl acetate, C>L£ﬁﬂg

ci tronel | al - hydr oxydi hydroci tronel | al, nent hol,

nment hone, polyners thereof, and m xtures thereof. 3.

he thod.of .Claim1l rein sai.d turpentine liquid

12°  Brnefiaof pentiamidns BEFChupdyfa SR o tuvber
t ur pe#thian@rpeasiné lighiddn b wéqeaivh nivtur@ime alistncesofianradkedi metal.
b- pi nene, a-tef ineol, b-tef ineol, polyners thereof,
and Th&hi¢tes dffa@ofll, wherelbhidmrirfadine liq@idais seltcted from the
wherei n said vul cani zed rubber is provided in a form
of aBrOURESPSIFNE PInt act vul cani zed rubber article,
vul cani zed ff'ubber, chunk, vul canj zed. ruhber . bl ocllé, .
vul caniT2Eya} YEEHESYRIREtG HRHRINS e 0F SHpBP I ECIE PSR A
pl ur al itk¥iol, [P-tekpinéol! HeaRaé, andthold)AipHatdne dp-aenthaai B+diene),
4, wherein said vul canized rubber is in rubber_c g‘{m .
form BSTPYRRIGHSHBRPALIPITGNS ﬁ%?hqnﬁeﬁ’-émeg%iaawﬂ%ﬁ ¢, 2-pinane
crumb J1C1 B-oeta@ifen@] isbb Sy PRRtkke, QerPiftt
T DR e BB IR AR il,’igr?g%a?r relish et hod g6
C ai m thydp#erasimeng 2cpinarol dibydremyresapll isogemsal o-terpineol,
conpr i . SOlV L i d ol 03 . {6 -7.8-
o enti Belrdiel BipoRerd shiel ebBIGh2 Refpotfiole Uty 7.8
sai d scipesyectane, sahphirepnignghan: $rel, gr-supnylaestats, icitggl,sitronellol,
| ower i phati g..al.c I and: m
tner eot MBIy itduR AR rRyal PERarhSAERon M hifine,
sol ventmeémhaeBed aedtates citrohdélial Griodpoxyditsidssditmgnedfal, menthol,

et hanol , opano) , but.anol., heptane, .and .m Xt ures

t her eofme’%‘."%rﬁéyﬂ%e{ﬁ rest aﬁgdﬁ%%g,eé S n sai d

Liquid inmuscible with the turpentine.liqguid.further
Soriorhe oo o CiSint 1, Bhtreitatt B BE Hahes Yokl Hm the

sai dgwp&onsistikoof, na@ral Wdperiiie, swithait tafpettiat,pide oil, a-pinene,

wherein said rubber and.said turpenfine.liqui.d ar
cont HdvRea-teping @f'ﬁfﬂi?"é’l’cﬁotl?"?l téTfS?ﬁ’ aﬂ‘gﬁﬁx?ﬁesgﬁfﬁ?f‘

]4.800%143 method of Claim 1, wherein said vulcanized rubber is provided in a form of
at least one intact vulcanized rubber article, vulcanized rubber chunk,
vulcanized rubber block, vulpanized rubber crumb, vulcanized rubber piece, or a

plurality or mixture thereof.

5.  The method of Claim 4, wherein said vulcanized rubber is in rubber crumb

form.

6. The method of Claim 5, wherein said rubber crumb has an average particle size

of from about 0.074 millimeters to about 50 millimeters.

7.  The method of Claim 1, wherein said turpentine liquid further comprises a

solvent or a liquid immiscible with the turpentine liquid.
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13. The nmethod of Caim1l, wherein said rubber and
said turpentine liquid are contacted at a pressure of

wo ssgnahisgut 4 x 104 Pascal to about 4 x 105 Paserlis2004008858
The nmethod of Caim1l, further conprising: providing a
reactor vessel within which reactor vessel said
vul cani zed rubber is contacted with said turpentine
liquid;, providing a neans for agitating said

vul capi zed rub .and said tu ntine liquid in, said
Beactldp Ml ‘Pff) Clairn TayPeistn saie Solveptoy e fglg? ot

t ur pephdidtfng drasw e alibhatid BIRoRGIS, NeWePdlkihed] andlmixtuiel fieseof.
conpri sing i ncubating said vul cani zed rubber with said

tgur paRE iehdd SECHith B, ¥hBRiflidid sé1aedt is dflectddfronBrthb gebupf
Clai m 14, wherein said vul cani zed rubber is cont %Ct eg

wi t h cergistingafsghanph eronagol. §uapel, hepfans, 38d Grixpyrepthergot.

i nduce a pre-detern ned degree of devul cani z,a&t]i on. 17..
TRe isemaihest oflairmBs Wheres i ligriddmmisgle wih the turpentine

cont g | WE Rapi ne liquid at a tenperature
o | SEb A RueSRrbrisff BB 12 T e Method of O aim 1

er gi i i 3 &Atd?¥s Bailide t Ur penti ne
unﬁggé‘?&gg%éfn%g%tgaf’geﬁﬁ L Qarchls Balife U DO0C. 16,

The FREAGLET ofERDI L whbtdid B8 rosyEP ki §id ripentindiligliddre

energy input selected fromthe group consisting of
t her wahtacted atyy teinrpesatyeesef fofm ab’é‘EthQEG@@l?mﬁrl@Q%(gf e in
excess of about 4 x 105 Pascals (4 atm, mcrowave .
dier (e methodiebGlaimdnwihgiein srid mehbies and s4id frpendinediquid are

and rpb%l(tta(u,{eggt é HPJS?&E of ?rg{n ﬂbeut A5t WS’&Q%I {d ok 18( 10° Pascal.

wher €'nsal ergy I nput 1s provid efore said

davubGRthald Perain, nbi TEhbAdna! C alm 18, wherein

sai d ‘energy 1 nput 1Is’provi r said

devul can hﬁ%’lélg a éggctormgswim@(g which@eadti Jessd1WbidiRicanized

conprising providrng a devul cani zati on catalyst to

sai d rrebberiip pontactedivethgaid tupestinelligwidi act i ng. 23. The

met hod of Claim1, further conprising providing to, _
sai d r eaprovadingiaxneane fonagitating sdid velsanized rulpenand said turpentine

compoynd,;s6l 665 dofok OM:ENgng" 0uP consisting of carbon

agitating said rubber and said turpentine liquid.

15. The method of Claim 1, further comprising incubating said vulcanized rubber

with said turpentine liquid in a holding tank.

16. The method of Claim 14, wherein said vulcanized rubber is contacted with said
turpentine liquid for a period of time to induce a pre-determined degree of

devulcanization.

17. The method of Claim 1, wherein said rubber is contacted by said turpentine
liquid at a temperature of less than about 180°C.

18. The method of Claim 1, wherein said rubber is contacted by said turpentine
liquid at a temperature of less than about 100°C.
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di oxi de, metal oxides, sulfur-radical inhibitors,

TBBS, ZMBT, MBT, TMIM and m xtures thereof. 24. The
woesoBogsie§ Cl aim 1, further conprising providi pgr/@s2007/008858

t hermophilic mcroorganismto said reaction mxture

during said contacting.

19.

20.

21.

22.

23.

24.

The method of Claim 1, further comprising providing an energy input selected
from the group consisting of thermal energy in excess of about 250°C, pressure
in excess of about 4 x 10’ Pascals (4 atm), microwave energy, ultrasonic energy,

mechanical shear-forces, and mixtures thereof.

The method of Claim 18, wherein said energy input is provided before said

devulcanization.

The method of Claim 18, wherein said energy input is provided after said

devulcanization.

The method of Claim 1, further comprising providing a devulcanization catalyst

to said reaction mixture during said contacting.

The method of Claim 1, further comprising providing to said reaction mixture
during said contacting a compound selected from the group consisting of carbon
dioxide, metal oxides, sulfur-radical inhibitors, TBBS, ZMBT, MBT, TMTM,

and mixtures thereof.

The method of Claim 1, further comprising providing a thermophilic

microorganism to said reaction mixture during said contacting.
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