WD 2008/ 073136 PCT/ US2007/ 008858 DEVULCANI ZED RUBBER

AND METHODS FI ELD OF THE | NVENTI ON [0001] The present
wolbdglossd € rel ates generally to conpositions peus2007/008858

processes for the devul canization of rubber.

BACKGROUND OF THE | NVENTI ON [ 0002] The recycling of

used or discarded tires and other rubber products,

whi ch are al nost always cured or vul cani zed, by

chal | ongi naPBrour eI e ko BeR ARTMETHRS o ca 10

the fact that vul cani zation cross- |inks polyners in
the rubber or el agigmy O¥ THESINVENTION resul t ant
cross-linked rubber or elastoner is thernoset, thus
(0001 EVEMthetedeht disclobre rdl@esBericpal]yoto doadpositios alikl prootdses for the
products |ike thernoplastic polynmers or netals. [0003]
deWﬂﬁapﬁé?@%gfﬂﬁ@Qrdlre need eX|sts to recover the used

or discarded tires and_other
uncured, or de@ﬁ%?%nf%Fm E&Q‘?‘ﬁﬁffﬁg ae: 2
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sourceS for producing and transporting
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hnl{%i}/o(fﬂhgxg R tHRY d;ﬁﬂf)&d)rtepasfo%‘r‘é?\(ﬁfh Qlifur B REanY BREE-lihk&Mubber or

sed or scarded tires and ot her rubber products
elagompr isshergroset thed proventing 8 freinz beling mhisd or seforned ingerather

cqQV. cured or co- vul cani zed
progu%etiﬁlﬁe %enzlgglaé%‘p?&&m %ﬁs;bﬁ ﬁ%\tgltg ure new tires and ot her
er, prody

[00&#& codAl INEre m% Cyaélrrean?fdae&?s? t%fl‘ﬁ%(gveg glgq.ksggg%‘ Ia%%&ggu Elﬁ:é and
othéluimbeér pradiuas rrelhxmurade bydéwm\}vaoasti foNav@ht Fressid §eels, 1veg., petroleum,

ul ca |za i on,pr.oc roven. . to

nate) BreC ol Y 8 SR Y Pl YiionE RITTEIGE Llkhkic
rubbacdndt diastorawie They de\dldcCarrtgeddueres foropredscing ud treubpbging

date i s excessively expensive to construct and
"mBﬁ%FHFET nor eover, every process is exceedlngly

ifficult .to scal ontr ol

100031 1 oA yerice o SBuathofig paee v BerobyeEd R REVE or
recl2iR86beMioin Henisedl 6t didegaediites and bﬂﬁﬁuﬂ:fbeﬂfaroﬂnets @bmprising

nore of the fol|l owi ng reaso &1 0 ting at an
curpgh it FUiFAREEY, WPRSFAr gﬂ ﬂ‘i“’ere p @ 8{ FgPego-gured or co-
vulé&diYed iR vtr@fm%bﬁéﬂ% Qnanﬁ:@)cnﬂe h@@' tirsdiEsthetrubber products ifa

extrenely | arge shear forces; needlngdto us

larmwm%lc\aggggp% PEQSESS/S3H de fargfed:%lt withou egradatlon 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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WD 2008/ 073136 PCT/ US2007/ 008858 nechani cal devi ces,
e.g., extruders and high-speed rollers; (5) requiring

wo dosupaby a special formof energy, e.g., ulkcBBOMITO08SSS
and m crowave radiation; (6) being subjected to a

m xture, or conposition, of two or nore reagents,
catal ysts and/or pronoters, which are frequently
hi ghly toxic; (7) reqU|ring an unusually Iong time

artia ul cani zati o
megagebfenbRLg” ear i Y EReR e TEaliHRRES sftoty a
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surfEOUPReclalfibd niuRf @ﬁﬁﬂﬁ ﬂ?bicﬁﬁoﬁv@l@khb% ldeGuldafigatdn processes

m crowave energy of ween and 2450 MHz and
invérsedvsedate, lallofovhigly suffertfram one opmore phthgse, 8 Wi defigiencies, are

reak substantially all carbon-sulfur
outﬁn%imct S(%Hoé’ﬁpgur bonds but insufficient to break
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vul cani zed
et 56 5158/, o0 PR R 77 o e
pmﬁﬂ[ Pafchda smnehomlﬂealnsxﬂ)smuhmyl all earbeh-astfanand. sumlmwl@kr bonds
application of é; rtain nlc

b“‘éﬂ%ﬂfﬁ?‘ﬁﬂ%‘g ook baresi i ety S e F%‘ggﬂ% Rt

fio rte that cur
10088} ¢ ori St it No 5 SRAFES sk s brostts fas donfipaousty applies
uluﬁyhodi@gddsat% btlb fawldathcztee %Egstofrﬁw of uiter tdheeakrte c&ﬁfdn,—sulfur sulfur-
t here ena I N | (0] e [oces a esha
sulfyr Aol 1A Lo RO I B STV UCPSA CATAPEG | rough the
appﬁﬁé%’&{ ofdertaft] RSEIQBRLItrab SO ddhplinides Rothe pPNsen&e Sptedstfe and heat

di scl oses a process for devul cani zing cured rubber b%
optipwallyfitis reperreshthatiigedy i 6¢ ¥yleapizhgh Flasges PEPWDEF, can pe broken

dovgx‘iJ Qi)aﬁlteb{%oq tHQﬁ)E{)ce\éé‘ |tﬁ@ﬂib%@1t BecoftfRoft hERbH eﬁﬂlliﬁ?ﬂt to be

forma reaction mxture;
reptm‘assedgntl mesheperkini acmamwr simjlas tp ghat Mathprewaudy é‘flc‘éﬁ?? gehper or
da%ﬁgwpnth mxing to a tenperature sufficient to cause
alkali nmetal to react with sulfur in the rubber

[00%17'1 canj %ai’ g 6()?,)1 SH R RENA Pﬂ)cEﬁefor b&ANEmMikg Bured rubber by

OMImhIC erna cracking o he rubber occurs,
desutferigdtiond@he pwnsszqongmspmtepmﬁa €b) opntacting shber vijlganizate crumb

w1t§%l s%lx%r& grg&r %1{ %géﬁﬁﬂt F§ £ gﬁ%nut eg%%o@ﬁl?{tﬁfea?g%eﬁﬁn% ?{r%;r%&ﬂnon
mlﬂnmmmg alssentenef oxyjgleand withmiiking toc tepgratite ghffgient 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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WD 2008/ 073136 PCT/ US2007/008858 [0008] U.S. Pat. No.
5,891, 926 di scloses a process for devul cani zing cured

wo de@r313¢ nt o devul cani zed rubber that can be pcT/US2007/008858
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) heating the cured rubber to a tenperature

t 150 C to.abput. 300.C
100881, o Qe oS B L2 dlielyers mprivess? feblicanpine (g fober
intoAdeVhilchRized RibePelat E4h BieMubBpHLTR] bhe reu@Tintd el rubba

t he devul cani zed rubber to., produce a m xture
proétmta‘s @nd fprresovesiBithe drpifaRtrsH FeRber Ersgbrhegnapdamggrr ﬂ‘% prid

pro@Jss E&ﬁﬁngé?\fh% Sepd deh )rﬂélaﬁ %tﬂerburélﬁ'ugb&lﬁ) ANemperfaire within the

renovi hg the sol ution of e devul cani zed rubber from
rangehef abobit HSQE exlabrayb B °Erdeheprssiurel ofiebieast abputct x 10° Pascals

3 th I
a5 B =13 AR B SRR e o
pro@it@ui mixtere o@sol&ln cured rulstep asohit |dngulthezeﬂembbmdzaesi>lunon of the
r ubber U. S,  Pat

fr but ano 0009
develesBBEBIVEY e Sdu iy GLEOVE RSB pRR g eanized
rubBet fGih theddolid Red dBubBer dndhe ol aavﬁldaﬁrzed Bub’b‘e&c(e) cooling the
devul cani zed recl ai med rubber cr is su

b]
solytin ofEoRRONRHANAFE THRRPe 1 HEr3 AYSFSID SFORErBBFS SF rah gn sbout

(8] QuGting tHd\Eevaifdatlizeh @estRs froRINBR2LRENdINe St eps
uquﬂQ? ( ngtrﬁg t he recfa}ned rubbgr crunb to a

[ooggnper &. Mol §1880,269'QistRBES: Proc&R bkt debaftabiziny ﬂhe@uiface of

er a pressure of at l'east about 3.4 x 10
reclﬁas@hn@bémumlbanmsurf@w Aevulraaized geclgmed r3blpes sspmp 6hat is suitable

for gec\ég'ld)%ﬁmhﬁg ah{i' ?ecﬁﬁﬁg?ﬁtg h‘?éh % QforfidRBEfubbLEr [H@JQU&E‘ efRlMid process

he” surface devul cani zed
comrﬁdeaihwsdcps wiib@D hcatmwhp reclaimed Pulther srvwanb tohiemaicratulgavithin

TGP R AL L hes M b

out to a and
Pas&ﬂ@ mo afng) ihhBke pmém&faehmdxmﬂm dehlcaatdeahersut face i bleg rubber

cru romthe 2-butan
cmglbéggregb quﬂllugleg ngS (?E&g 4?&“53}3‘5?@{??1“?‘39 rubber crumb in
the QAR NWEErBEh the %c@ﬂme@ rutiied SAmhb hdsedpartitlasizenwithinothe range of

various kinds of rubper by the steps of
sboy5e iech HLATHERD FIFE L) SRArLRE NG Ppast apgylcanized reclaimed

mbgalﬁrhﬁbr}ﬁ,,ﬁheepg{l{ahgi es of elastomer under high
force, as in a screw extruder or the |like; and (3)

[oordpar tuy BIrs No26.aMb 508 ARced Hplodess apdapparhrs for devulcanizing
remai ni ng confined to effect dﬁvu}?$g §v}|on ?Q?¥

curpd, oF SEPSEAINKed SaSHMETRS vapays kinfee! uPhrRythe sieps e

subf’am&ng lpng MG 'sﬁrautptaﬁiel@f&ma@lzo%ﬁﬁﬁﬂl tROFarEiBRE OY efak@MeR under
source is reflected off a portion of the aﬁ par at us and

hlgb otice astip atsprew dadeeat the dike; anst (3 ipprring RitesenIfERETRY 1P the
?% W dhinkc ?ﬂﬁh&f‘to c'ffécpéé\;u'l&ﬁ'ﬂz@ﬁoﬁ 'ﬁk?éy:ﬁ%‘ed to the confined

ection of ener gy 1's achi eved by provi dlﬁgg
paroplpsgeuisvemmfeue akis alongniviich gepare 2dpangiag gnergy from a
sou? pe %?efﬂcgh 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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Page 3 of 30 WO 2008/073136 PCT/ US2007/ 008858 each
ot her. In another enbodi nent, oppositely directed,

wo ge90Bitd Y tuned horns are used, wth |ess tF@nusdob7/008858
such horns being powered and the remai nder being

passive or unpowered reflecting horns whose resonant
frequency is tuned to that of the powered horn. In
one apparatus the pairs of horns resonate in phase by

S R I A R
with 365 th4@ alhuch hosnsthbrfy seered and theatmaihdehiseing passiveloor n

to achieve. in- pha tuni ng that maxim ze efl ection d
unpgpveggiie Ctll’[MT OR€ Iepojjant que@c&ysgtugg%todtﬁ]gE?ﬁgg poyere

horHrﬁ’iCcﬁr%Sa ppRAnSsC el Jal 9 9 f 961%‘ Wsbnat8 iNBhase by reXdénAdeB§dines
solid partlcufate such as vul cani zed crunb rubber,

interpesed bersendhe iy ¢ BPWeioHEces-J shethey fosme theanastel the passive
hoth h@BﬁM}h'%MTHA} G RO TR 1S Kt af-fHafMunfigthd h¥ximizes

occurring 1solates derlved from hot sulfur springs.
refl¢tteorbofonesgyt nent of the crunb rubber renders the

treated crunb rubber nore suitable for use in new
[001 UpberU.SoPatuNat 59i8.553disglosesexpiiocess|and gesultingpfogyct in which a

vullﬁzgm\él%eldis %ﬁ’?ﬁ é)\?ftlcu ate, esE.lcﬁ Qse J?%@ie%ﬁ:dgﬁxg'm@%qp% seﬁ:@ﬁcﬂ%ﬁncal bonds
brokebll bwtfeathent Ivoﬁﬂshemommlha mlcmlotgalnmmllecpndcfc@rssmmdly

conposi tion f.or.dev an cur.
ool AP RE Fa BB BUGF L DRaRE TR e IR the crumb rubber
renBés She/@edred cﬂu&ttﬁxﬁ;bb&rﬂbh}ecsanatﬂalfmon;e il hew sabletr forpmdatsons. As a
conpri ses .t he steps, of 1) shr d cruyshin
reswlgéergm@seﬂgﬁmﬁ *&mm?gf(fh%&f%ﬁt“g E@’gmgﬁ%'rﬁagﬁ’ SR new
rubBBdmix@nreshed rubber; and (3) adding a nodifying

conposition as the particles of shredded waste rubber
[003BF POYISEHahBloNBSA 1508 disaldsey§rriebwetméam:hhﬁrcatpmésstahe

particles. The modi fyi.n osition is a mx
comBboATOr dBTHFanHRE Cuatey SRy T RS ot Bt alyeuied and
renBOB d51£AshsES R q&r fatel BeveIdhdistioRa$he ¥Ad prodEes édmprided lie steps of:
an organic acid that builds new bonds between

M m@@ma@émlrfgovseﬁ aether(@) QAR P5tal gipcefom shredded and
cruls}f%'l: Pé}r aﬁ(hf?) adl ﬁea%§dlf)g ig 8bthp&dHIBNhs Bk parididsrof shredded

s W th each ot her ore the proton donor
waste rehitee arei pasistd betweehtwo mlilers that fyrthercrpsh theipsricdgsedbe

modlr}a ng% gl\f)%gjhl%n% h ;0806 4 éﬁ% d@@:’f‘btnct e QQEcth}éw\&%kat A€ sulfur

articles ar to at l['east ten
bor&kstandméndem ﬂhersslfU{ mm]: dnstal émie aoorganis @pidghat builds new

bo%%% ose:raac g g%sﬁes o lfa{g?g Fés elglsrﬁ%}tﬁ)% %ﬂ fnglgﬁé%cﬁ'gtiuﬁ é)r&ents re-
atta‘chﬁehyogsrubﬁm da&Mamthwbdaoﬂmzxelmhfomhbeprotm tonar agtaches itself to the
sulg{z',r %ﬂﬁ’g‘”‘ trH:élgplaﬁ tghs C;]rrg\\éveln?s sthrdyndgegf & ev%?tleeru%er %re&yéeg'tﬂegrollers

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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on-time mxing; (2) adding a reclaimng agent to the
extruder; and (3) masticating the Page 4 of 30 WD

we 843136 PCT/ US2007/ 008858 rubber scrap aper/us2007/008858
reclaimng agent within the extruder until the rubber
scrap is devul canized. The said patent al so discl oses
a uni que conposition of reclaimng agent, which
preferably includes the follow ng conpounds:

accel er at,or
rubt §Erag g Seiing Bierf i € Sxpry@9 nliY B Bl RIRE >
devﬂkhﬁie(ﬂ IMthe sid ﬁdﬂﬁfnt aIEbeiasrc&ﬁsleﬁa nRidue lrtbimpbsmen sfitdciiiinégng agent,
ade, rubber

d
whighBrelrayonTidaes Be oG shBPAM. Bl pss | BENZBT. MBT,

and""‘ifllf@ﬁzliJ Q@ﬁvit@rspﬁ&lg %Qﬁlehﬂnﬂ RteafiP ﬁélldf hifcP£ih© BalfsWdfiFgtty acids and
tgro ucts. [001 %"?)" . S. Pat, No. 831,109 di sc| oses .a
sulfpr Jé@srgclmmd ryblsiie suitaklevion Pfqdélnmq&hlg -G ?}% LRIeAYGHS

GHERE AR O 6 fth BleblY riBELAFhFRMAS b high-
wnﬁﬁ?t &lﬁga lﬁ&%l(g?&%ont glﬁ%g@a flerst chem c%(ﬁﬁll BRiduce hig
spesifibgtianmbbenprpdrts.s di sposed towards on and the

formation of an organic cation and ani ne, and further
[0014int ailh§. BatsNodh83 bh@?rﬁ@alloswam ahai proyridesc wedifisy for

devBircgm %flg}'} &}r@é eltagfg Icih %Pl%l&%%ﬁ% ThiEsa3@hfddifier

al ns group constituting an
conamwpﬁm chémical sjlbmm wh[uﬂols Sispose! toPards auandghe farmsign of an

di.scl oses roce oL devul €
°rg§IBF g%ﬂ%%mia qagl&c arn e ergcrogﬁad sezggéc%h&] ghé}ﬁ rﬂ]% gcee%s %romoter
of did¥beiatiar ef thedicstchendca stbseatce dTiesaid pewmdteraavingeansy @ﬁmctlonal

The sai d. process conprises. the steps of. (1) treating
gropm, gonsify "é‘ra&ﬁfﬁtgrsp ‘°’tabds the rubber structure of

o, B, LS8 00 S e A e

scrd’ﬂEﬁBBl&' &&hbyer%ﬁulﬂ&eme%alﬁlybndm watwhich yreCh’rokehm:rdjtdu&ated for
ran
revwﬁ%n%wféb The R4 RaPESt SATOPII%S SR I HERGHE the Tubbel granules

@fﬂb@f‘stﬂfc?ur@ %ﬂk?edgrhl@ulé stFARe ﬁr’;’d (Q&@mﬁfng]tﬁé tredte@ rébber

sequent|ly cool ed | medi at el devul cani zat i on
gramdnpwuh@ des’uwa@gam@ufor@ylam% #?gmgﬁ'éecéé%?‘béﬁ‘ﬂdz‘é’te%% y

redl%t%ﬂpé] Metxgglyéflg‘;ﬁﬂﬂgsam Qﬂeaﬁ‘i’ﬂ% aQH RELISE ABERESMBhatidn! Phe

e rubber granul’es uniformy with them The
rubbengrhmaes anat the dewmm@ncfann@!ag@n pre hepied §op dgmpgrature of 105-

15¢° 3{?‘5&{] gul;sggllle?)\gﬁlcloggd 1&%%§ata§laﬂ%e@ﬁlchxﬂz&tﬁﬁﬁe{&n&%nd is prepared

m XI Ng vV i zat1on agents such as accel erators,
by ﬁmtmg &teodesmlmmzathapgodagemﬂs vulgamidatiag angdnnding eggngéﬁo as to

coaégggggll? dOng dm nd SC%}QQH&S &e%ilcglnzga{l& c rﬂéombnd cag also be

OSGS pr OCess OSG I nventi on

prep4red bl heatmg‘lene peellatindbscgrapulgs irhkwers foy admiXiagerulslanization

recl cru arti
agents suafl as acceVerators actlvrzll?orgJ auxxllcalr)g gge% 1 bpnedmg 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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devul cani zed by heating the crunb particles to a

tenperature of at |east about 150 C wunder a pressure
w®ioogbh73isAast about 3.4 x 106 Pascal s (34.0 at njcr/0sobBoossss

presence of 2 Page 5 of 30 _ WD 2008/ 073136

PCT/ US2007/ 008858 butanol. It is further based upon

t he unexpected di scovery that such surface

devul cani zed rubber crunmb particles having a particle

butz}pgi ﬁt aﬁ.‘lqh%r tf' g%%ﬁ% 3'9%8 g%e%]pegyeld d3 Slfr%‘e/%% %t s?xﬁﬁ ngllfgce (?egulcamzed

rubfichethbpatR]ds Habig Jpaetitle size withil theaangd dsfeab,ouhﬁﬁ."emeamtb about
power transm ssion_ belts. Thi

S t ent. nore
20 iggfanite PSR AP 884 rerreghBiodLEh PrIFOTRATE Eifer prfgucts: such
as tf-ré@ hosHsfaR8 PoRer frafdnfis<TBAl bEIKD ITRIs patentndrabgecifidallgatiscloses a
devul cani zed recl ai med rubber crunb that |s sui tabl e

progass foredewmlsaniatngfhe sudacesd neqlaigedirpbher GIHRP BYP FBREnCe

dev{l#ég}??% RICRMER %ubb-EE Erutdd @)apfs QGfRable ?&@édrﬁﬁ&m‘dh’% #ld8e8uring
heat1 ng the reclaimed rubber crunb to a

intct leigly pprafoxmmaexcmbhen ptddGCiSaﬁ@‘esm praisesstconguises the steps ot (1)

heaggg C %rug erscsrllleql% tﬁ t%?éergtgﬁ%: vé/?tgl?xut% ganiégﬁ)of :ngut 150 °C to

abod€300 !@ﬁhd@ at;ﬁessawcﬁm ¢eaef aHohe3 mudotxérpascamtmmmby the

producing a slurry of the surfa devul cani z
prejeaes af fbHtnabiodlevEicarge i 1RiEco O e APRHET CHiTED Hiepetpproducing a

shur$6f ﬂfe@ﬁgaéé@%%[caﬁfz@@e&ﬁﬁleﬁ el chlngb §i e 2\l\‘bdt5ﬂdl whérein the
range of about 325 mesh to about 20 nesh;

reclggm} larbbqtrgcrtlwé hag pfpadicleaige Withi te aafrgéafébﬁ%tcﬁzéuﬁﬁ%’rto about
20 r&nMn& {)thg tﬂémeé dev%‘}&él}{%& r&&Tai hNMENE N bR Frokm the 2-
as e e present 1nvention provides a nethod

Mﬂmﬁﬂdevulcan|2|ng rubber wherein a portion of

vul cani zed rubber is contacted with a turpentine

liquid in a react SSAMMARMOF INVENTIOnce of an

al kali metal. [0018] According to an aspect of the
[oomventAroaspectné thepyssentiimeentipy arayides agngthed ef gevuleasizing rubber
wh rcﬁuzl dsrtlgg be %1@?1}{&%@%‘)?19 s UbRUPte8 MR S H@\tlﬂg 1iq0fd raeaction

et n urpentine, pine ol a- pi nene,
mn{turepn aeabsenae bﬁarpalkehwlmet:{h - t er pi neol, 3-carene,

anet hol e, dipentene (p-nentha- 1, 8- dlene) ter pene
[001&]si nsAccnabing fo i aspRe, ofctbmplhemtmn phedymnténe liquid is any one or

ani sal de nane h
more nl %F&?%?ﬁ% iirorgq P&he 8Pn§o(§§hgsfal nting. Syntﬂelzertlpcl n
tur;l’b)‘ldhélt[ﬁme 6iC, d¥pinene, pmaﬂm ﬁl-t;erxﬂndei temymecdnaﬂcarene anethole,

i soboy neol i heol | ooci al | ooci nene
dipentent xgent&gr a%ﬁg?xe) terpéne resms nopol, pnriane camp ene, p-cymene,

anigaldBhlyde XY pidake Bydrepdtpkidé, ﬁ?emxmgm mmtadxammmbomyl acetate,
p- ment han-8-ol , _a: terﬁ g{ acetahﬁ clr ] 4 1
terpip fydrate. peimens. 2-pinanak JHPHRIRYEF Y oiid 9‘8?0 a-terpineol,

allob@inSSHEP AR oz ith SO Eh o3; iglraniol TERiSEIX§+ 2, §-difasth R M,88eppix yoctane,

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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acetate, citronellal, 7-hydroxydi hydrocitronellal,
nment hol , nent hone, polyners thereof, and m xtures

wo begaof136 Page 6 of 30 WD 2008/ 073136 PCT/ US20p71 /095880808858
[ 00191 According to a preferred aspect of the
invention, the turpentine liquid is any one or nore
liquids selected fromthe group consisting of, natura
turpentine, synthetic turpentine, pine oi |, a-pinene,

ne t er 0] neo e g
10014} e SRSSgiAE b Reliribe sl oE R Pomiv ReXPiTin g eny
oned¥ I&&ﬁg llgfndh @elettﬁﬁ Q'fdinh the, grbﬁ]ﬁcoﬂsis&ﬁg of,atturalingrenting, sbethetic
provi de

i.n any that facili ﬂ%es contact wit
turneav% pinerdl, |<rrrewFreF Breigene Errferpl%’@n SETPIRFRly PASTCERE efeof, and
mixeHEOESrec@nNe or nore pieces, or blocks, for exanple,
| arge fragnents or pieces of an autonnbile or truck

[0034]" € AERSrdinPREN APt CTRRY inS8ntth, tHRlARdantiRMirGSbedimay be

article such as an intact tire or sheet. According to
providpd bf ayrsize r@gp’@ethtms eandaqt it fuepenting dqyigh Cehe mbber may be

r Qi ¥ [ E,

rrolHR0EL AP iy 25,850 BRI e RS, Kiagras o pees
of amﬂutmnolnlemrbrdwkSIranThv ertdvgempmcom@hee a0 insacs Heyieo Ay artlcle such

about 0. 074 m |1, i:
as af‘dﬁtfitlmﬁ & S'heth Ac?glld%rgsto a F})chéprg?tafrgegt {Hr”] %Jéc ﬁl{i‘fégﬁ%ﬁ the vulcanized
rubbetip protvided dslaqrmlchnﬁzudtrhbber coonpr Asesrdaggo Ia\mcrﬁerred aspect of the

According to a erred aspect .of. th |nv
mvgxg}opeﬂ]p rag Cré:él]llgé ?‘@%{a’f ?vcg:m&erpé'méqjg alﬁe 8g ﬁ'grns 58 I’(5]74 mlﬁlmeters
to abBME30 millipleadrs.c al cohol s, | ower al kanes, and m xt ures
thereof. According to a preferred aspect, the sol vent

[002F] SelmebRiing toodh édpectgrf@mnvemm ﬁteltﬁ@eﬁfmehhmﬂd’hnher
propanol , butanol ; hepta and m x es there

comppyea SSbl(YEI&r cﬁqﬁ:QrC{IBg tga g a§pegt [9 erwgeﬂt}o&nametsHbvent 1s

selé'c%h’%m@l@ h cBHilﬁ dM6wki &liphdtic alcBhs1S) ﬂbﬁ'@f gdtads, and
erature o from about 10C to about

1
muanrer tbreéﬁﬂfy Aceorgling torfeprefareed @spresdhe ol b?“t‘ﬁ éequr%@ﬂ'ﬂ the group
con'srsg %Paﬁblt AL MtEn ) hepBe, iR xtS@EtheMyre

pre rubber s contacted by the turpentine

(002210 %&Brcﬁ'n g Wﬁs?ﬁé’tro? ¢ mlv&%?ont RRubB&QQad tﬂ@ﬂ@é’éhtme liquid

According to a her aspect of the invention,
are cogbeted analtenineraturepadiframn aboyti 1§0C do abaut d8AtGc P@éerablmthe rubber

$c 4 05
is cg&tga%# b§ tl%{:té%ﬁ gmn@ *i’lﬁgrda:ﬁ aggrrlrgéragﬂé ﬁtaiesé Qlaﬂkigg C Mbre
prefexabiyttbel naibealsp:roammdé)ycthe tlnpmtalsdmuubaw tame@ﬁrre 10 lgsg than
“xpﬁout 4 at nospheres. [00241 According to an aspect of

e invention, the nmethod further conprises

[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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providing a reactor vessel within which the vul cani zed

rubber is contacted with the turpentine |iquid.
waeHRhE1BEY t 0 an aspect, agitation nmeans are ppOVMUSRT7/008858

whereby the Page 7 of 30 WD 2008/ 073136

PCT/ US2007/ 008858 vul cani zed rubber and the

turpentine liquid contained within the reactor vessel

are m xed and agitated. [00251 According to an aspect

t he wvul n|z rubber. and tur id are .
ol B R e ge e el lied By 3k raBf upysc are minea
andtdgifatedf cont act. Accordi ng to a further aspect, the

degree of vul canization is controlled by the | ength of

[oots]ms tARofdIRPRY an &pedt th@ oulcasizeddubbert i ttxtp“eﬂfiﬂé ligeid are
qui d and/ or %qute turglfof the.m xtur t ubbe furth
mcmse i hRlding fank) sosit prq BRR BFITANED PHFHA Yo ﬁor&grrﬁet&a rther
aspbdieth¥ WegRBI0E 9dIchMRREIn is%oﬁ@@l‘lé%pﬁ)eﬂ‘le%ﬂéﬂh 8f time the rubber is in
het er ogéneous |iquid conprising a turpentine Ii

id
congast| Wikhithe turpguig lqn&mdéwrﬁge teanperatyesRidhe mixfyre o “rubber and
tu %Mlﬁ@ghﬁﬁd rubber is contacted by the turpentine
I'n the presence of an energy input selected
m t t cess
oS, B SR PR A0 A
heterogenenany qeidepyiprising| a mmestine liawidragd watgfehani cal
shear-forces, and m xtures thereof. [00281 According
[0029 an Pas;petng toparviaspadtc thei vilganized eultber yseontastqst by thgderpentine

hqu[xg b‘ggﬁ% géhyer §F an {nef%’jiggﬁt s%ﬂé%tédufﬁ&ﬁ hd o) }8 c9h'§1§{m of thermal

c¢cordi ng spect rea n mxture I's
enesgmpl eaesstof dbdmyt 25HEC gurdssuroin exgéssafdmmpospherese raerow@ve energy,

mth t t al
o R RS R, RIS Bl A RIS T L
{ .
0o, RIS Bk A AP 4 e i
ofﬁxbl&eralheamtpbmuindqummre [00311 Still other aspects and

advant ages of the present invention will becone
[ooegRdi | Accoadipgteeatt aspyct] theseacsionlrhiecure is tupplearentddr mnthe fddition

f ol | owm det |Ied descriptio in it
of ampRId elseigd dromg ehe, e st ‘Wﬁ% tdhoé‘lﬁkh\?éersﬁn Bydes,
sulfirFidiYal Rivhivayrs OTBBE! ZNEH T, aMBA) TMATIVE) anbﬁ‘ﬁ)ttufﬂa dEereof.
cont errpl ated of carryi ng out the invention. As will be

[0086p! i Zedotdigg taweiNpeana tifer@dphilliceniofoopgdniym dwidicluded in the
di fferent enbodi nents, and its several details are
fea‘é‘é?ﬁ‘a‘ﬂl"é“rﬁf modi f i catl ons in various obvious respect s,

W|tho artin (gn%theln%/l ntion. .Acc {1}1 readil
(0081 ’é‘r?t £ B5Reqts 2ahAgyaniagg P Hig PEE Ry IPYE 1*°5‘t“’ cegme readily
appafdnt b¢ t1J3e 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.
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not as restrictive. Page 8 of 30 WD 2008/ 073136

PCT/ US2007/ 008858 DETAI LED DESCRI PTI ON OF A PREFERRED
wEMBSIVIYEINT [ 0032] Non-limting, representati VECHKOIOMWI7/008858

turpentines which may be suitable for use in

accordance with the present invention are disclosed in

U I mann's Encycl opedia of Industrial Chem stry,

Si xth, Conpletely Revised Edition, Volume 37, page 565

§ ‘398@%’1}4@@% %@ﬁﬂ’fﬂﬁﬁt Eﬁﬁhﬁ‘f%&ﬁgﬁ Fﬁgﬂﬁﬁkfﬁ*‘:
. di
OR3P 8L RSB A SO TRE e B e
in a@?&?ﬂﬂx@e%redgl)t(l?gge)ﬁi‘e@f uglat#g@i stelysdtse@ ipUnanan’s Encyclopedia of

Indgﬁfgglg&éem’@@'ﬁlﬁ%ﬁ? lgteltyg%qvhsérﬁgfdo t%grg :j‘}rf‘jﬂ‘g‘f: 345902 98! 2003),
anddthby A raR RS turﬂe%ﬁh@ rs?ﬁﬂilmc ﬁnﬁeﬁftﬁb nsiat 0113&Jp€t&€1b ePhiene, a-

al I'ooci nene al cohol s, gerani ol

temm%cﬁcwnéddﬁr%f%ﬂ an; %Wdﬁéﬂe‘ﬁ%@oﬁmne) terpene resins,

L 8.pinde! 37-
CI t ronel fbrﬁp&h} r‘fgt xydaﬁisgﬁgﬁﬁr gnclellw&l‘3 HyBloperoxide,
dmﬂeﬂayddrﬁ}bmémhghmmsdcalcdateptqmntuyéwée ocimensn 2 paRALy |

dih{ rﬁ%rﬁftr?e’no Iﬁrneo 6& teg[rlggcqrﬂﬂﬁﬁ,hﬁé(&r QI%J JHQ@A Jll@!)hols geraniol, 2-

er eof m xtur
methogy-@0f- dmﬁcﬁﬂj&g] 8-Iepopy®taﬂe[ @ln;drdn,qdmﬂtas -6, uktgrpmyl acetate,

_inventi , -a devul canj z ent_,of
ol FGPg e B A Sl R B Bl grene
p- nﬁHntﬂHnQEyDzhdetaté ftetrémlhl Nh!‘y&mxydﬁ&lydmafonaﬂﬂ meothoil rmenthone
a- Ter pi ne The nmos ferred devul cani zati on
befeof

polymstsdgrep aﬁ “*Fé?‘ﬁ‘?%t [0034] It is preferred that
the d f d) r.ubb
OB 5th E  ESEE oe
. ch&é&qs rota’f'%lrﬁ:t)l et Tlpéntide, sR@kbtic Thi#Perftine J&epifi® 6], the last three

preferred devul cani zati on tenperatures are within the
of wlalng eraficlaipouTerg 0!t Thamestprefeoed drndcyrieaionreagang isro-
Te |cp t he devul cani zation is to be carried out wll
I-tpy"|c‘f|°cally be within the range of about 4.0 x 104

[OOSgE cal Tis (piet%rrg{l PRt rtheﬂle%lu Jgafl .239@ e@m%an‘lzeg? }‘ub%ggor

cal's m or ener al
elagib@beisrte de tarrizdrouy avatempehagunervoities $heunadg¢ oﬁalmueé 8 3€do about
which is within the range of about 8.0 x 104 Pascal s

18 1 glhgmpstgreTorpe dpvuioanT4ag on STTReTatuEss,ra pithisy b Fptge of about
60°(Cﬁto ab%hméﬂﬁcg Pné Pﬁ!sbtﬂ‘glmdéllwﬁlﬁh ﬂ@d@hicﬁnﬁﬁﬁ%ﬁfsr@ ®ec@ried out

or vul cani zed, rubber el ast oner belng
wxlue_mmadarbnmmm thebrengerabatoat 40k b(hePaseﬁlS (fb# atnp pr §9dbs/in’) to

abou?4q} dF(\g?a%?zng %f; 6 élgrﬁ o?%] t1t§s/1lnz) Ethg gé&&m)prno S&Qfén‘aﬁ to carry out
thevplnmes sideea pressumti which it withinthgeangt ofibbaitt 80) 914" Rascals (0.8 atm
or 5 ?bsgn ) 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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mesh) to about 50 nmin a vessel (reactor) that
contains one or nore of the said devul canization
wo eagemi1s¢ it is nost preferred that the sizespof/uSiodfitussss
particles or pieces of Page 9 of 30 WD 2008/ 073136
PCT/ US2007/ 008858 cured (vul cani zed) rubber or
el astonmer be within the range of about 0.297 mm (50
mesh) to about 10 mm is normally preferred that

ol SR L A LB g7 om0 e

to abﬁﬁlslfmlgrrt heis dﬁmhl@ameiatddanatrtaagmbf mmbr}m@ﬂm or places of cured
(vulshniggsBP by THie T B GRINe B pastiu e deypiep g Bation Tedfent or
rea%rn?g althé ?ort‘rhé‘lt hdlh@ tlﬂfb‘ﬁg'H the Be@bf S@wml patitleabt Bbbiding the reagent

hi n about M nute to about 60 m nutes. The cured

or reagentsarlt zsen‘yferraé aat thsy dusption ofdevulcanizatien bf pythyy aboyf | yninute
to ag§|¥t%(frﬂgﬂ%@sd ’Tﬂe%rﬁ((tvﬁfl;an&fzdﬂ%\ﬁﬂéﬁﬁ@la?sﬁ;dl%s paiall§ or fully

ecte y contr ng the ” devul cani zati on
devobanized;chs extsucof deyulcempation eandeaitecinddyseanerollnghe

devPH:rarqtzht?&f g%ndlt‘fl&\éu %ﬂtrﬁ's %@ﬁﬁ&&u%‘g{ﬂre?ﬂréj %15 Q€raidR of

fro concentration o
devulwim\zadmmhndjelvaﬁjmgzhﬂ fype, nelatiye amoiunt artdeconcentratlon of an

L

ese ys fo ur vul cani zed
[00 g‘s é[g‘r‘? gPsie #ﬁ&“ ‘Fegg{cﬁn 'l%uttmannréaf‘g‘2 a\%gra?)he éto h@?é&%‘rfor
curw{duldﬁﬂmbﬂ) I-d’mbbr o dlat@aerchmaeern ylanﬁedZtothﬁt 2rhotanols Nevertheless, it

isv‘?eeded t rc aﬂayigﬁéﬁPﬁ Sé%§§§ﬁ OBQQ %%&C nlzetilamze
curE(F?ﬁlﬁEalnYzeH)"MﬁJBEﬁ& el SR bCR iha ddrigeac4le BESISSA mtumlly invented
ts to reduce the required apount  of 2- bUtﬁﬂgt
utanol, is

devpilpantzation PIESs Whigh aempia to rrgjiceghetesuireg amopng

desg SIhIOrS. Pal NS GB920 116D Th ik iR chBEkithe P@lﬁl&norpfn the requirement
ut anol  of 50% or nore has been achi eved

of ZbywphelmfH0Pngr morhashsen ashieves Py spalemestias 2rl§5§é}¥twﬂh an
add?t%rg?pea Er?txlzzg‘ﬁ?rh %Ql ium Rhiding ke Vlﬂk&rﬁﬁétﬁttb&geramre within

eraturé w he range of “about 150C to about
the 3&%@ afnteut H0PCes sbme 30p°Qundaagiressbref 28 lepskabimg 3.4 x 10°

4.0 atm. [00361 The basis of the present
Pw*%§zﬁ{§8§§}s the totally unexpected discovery that a
of, dev Icanlza n
100380 or TR et HEBPSR HERE B AR GRL00 dBb ot o
fanfiBréfaievulegnizatiqai reagdnts, cOmpesiag nahaalandidreynthpod y‘mpurg:ols

.are inordinately effective | evul canj,zi n
Pinghch e SR HAPBRITIRE SFESRisTe P e a6t B e are
inordh& 61, ctfecti®e in deVdldafizinpX et Yvulaa’iﬂzd’d@ |r|&11ibev ef glastomer. These
I nexpensi ve, conpared to al

reagrI RIEa BFSERY | i IPWAR&NTISLY> 2Rd F‘ga‘ilYFéY SCHBPOSIS ComBRTE o all
othE WP WITERI FzatiBR tag¥@,| iRNGdEE 2bitend a0t/ orithditipelgmefs, and
these reagents with ot her conmpounds. It has been found
various solutions or mixtures of these reagents with other compounds. It has been found
that any of the said devulcanization reagents penetrates 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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that any of the said devul cani zati on reagents
penetrates or diffuses into the particles or pieces
w®boogMriAGk (vul cani zed) rubber or el astomer at per/US2007/008858
appreciable rate, thus causing the particles or
pieces to swell and remain swell ed appreciably and
permanent|ly even under Page 10 of 30 WD 2008/ 073136
PCT/ US2007/ 008858 the far m | der condltlons e.g.,
her| .t emperature and ess
the PrsgRadel Gondigofhe & ArBEP R PR BRRG W8 ges required
by tHle Yedeatinvarions ipethininy @dhé d@u(ﬂd:ahazmmﬂ of cured b&ervul@mlzed) rubber
el astonmer. It was observed that a pi.ece of disgard
or elgstameg; ftiasiopaerved thaha precgef mfp&rdeqerw%ﬁ&easgat 30 mm x

10 {4 &%«ﬁa%om@ GRS mgg&@ew ik 'g?,'ﬁaumg Slanthd, WRes u'vbas

at ed about und t he pressures of
heaﬁﬂdla@ abdut ﬂoessaddmmeﬁtt@bwssﬁ% oPskigalyslegsithan 148 m B0’ Pascals (1.0

14.8 | bs/i for about 4 hours ip ct-
st THbIORAT FOrAOut BoW in G LUP ISRl £5¢ P e HIB HiseOTGred

dcv'iln:gnﬁfi&?t?{g:tagéﬂ?y fiht %Pescﬂhﬁv&itﬁﬁe STHe'pAétet @ansemhéd Mitdta paste-

e nmass i n reagent ct-Terpineol for
hkeabwtwlﬁ-mleﬁklsretagemteaﬂiemmeww@mb@naﬂ yeekss thgreafiar. When analyzed

by % g y 'ﬂ'ﬁgﬁé !)% Ctio l aﬁxo rtgtfag Ll.ﬁgxr hgtbehfg q’é}ééﬂo&yét were
fouhdl Ikol béne oab]w(e magme ﬂmd rﬂhﬂ&mﬁabbmtmd ang seshits collectlvely
. .collectjve I.cate that. t i ec f
indG8ie bEithe bIobF SEHAG SR ey R i Seipugs Sp b Eied or
vulVaHi ZANas essem@mya;:‘e&amahﬁbh yotsley/ Ul camBé ﬁﬂdtlsab@thrhyted Iot‘

can be readily estimte d th
extigpolgigd;that apigee Qupastc wg P .(‘5@ fﬁ?ﬁ pekoeppr % pigF8f any

fini® si#¢) Yor ﬁlktﬁhéee thd raBberl Akt dﬂh&@ﬁi&ﬁgpasﬁéﬁgef tihb%o&ﬁdﬁmdhﬁlons are
at i cal passenger ti re, whose I Mensi ons are

abopt i Widdh rboutkRAR mebip guisridiameieRndRbone f ) "Hﬂaﬂ inner
diaﬁlaf%rtcaﬂ 1 Jévﬁlc&il L& easd| gﬁ‘x‘ﬁ%tlf br e@éﬂogﬂ’l deMyd §8Ridaeih one or
‘east partially or ev it is stored

mowi ¢fithosaid devulpanizatioh r@#&en%fpdﬂ@éiﬁmtm#%mgi abeut @é?g\éfﬁ?lsto 6
ration l.ast.i

weg b el e uee e 30 End PRS- B ol plfboure of

aboufd®n xt o Pfasalﬁssur@ami or bhBlibs/ib? )OMored\&B, ll?aiscaie$a(r1t plessure but
atmor 14.8 | bs/in2 ove d t

o e i S 50 4G PG g eaime

cur@® Mﬁca%%d FrubbBEfremUIERd Bigdstwith g&egaffang@glaabmem mw}q@ 15 mm)
é; ul cani zed ubber fromused tires with si.zes ran

to adgptit0 meeh ﬁze@ﬁ'l)(vwfi sssenjiallyt devalsantzed (otaRY ithn shaut \%’élﬂgnutes

In i%éts ﬁ{étdeﬁklltyofl@ﬁé lé!n@l%?t'#ﬁg %aﬁ@ié%ldf)éuYUdt(thaﬂEQd)truﬁQer reduced from

density of the said crunb
abqyall 10|5c$1) eb,ouﬁo ?,QJ Fféld velnglof 4l Szis §lose %B@rW?'é@cﬂy&aaaerd&ﬁwty of the

mb??@éﬁt# dr aoéBLc epc ire T\bﬁch %b ﬁrn@és clxr&ﬁSBR ﬁﬁtﬁ?a@ rubber,

nSI par t of a
carbgrpblach aphswegager ﬁums Atthe unwmeé nr d@\nmans@ﬁ s¢a§¢,ealssBR\1t 0.90.

MoA?a()tv%H:! 1s aVs%qge knowgrg &gj I Cl%eﬁg h d;?sgt?ea'MBH@q fdfl Bﬁtﬁ@txc rubber. It

ancured or ani ze
is ibrDpointing 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
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Moreover, it is also the known approxi mate densities
of sone types of synthetic rubber. It 1is worth
w@EeioshTngs out that 150 C is the | owest tenperapcr/eSBYBI08SSS
reported by the recent conparative invention (U S.
Pat. No. 6,992,116) requiring the pressure of at |east
about 3.4 x 106 Pascals (34.0 atm. It is a known
fact that a tenperature exceeding about 300 C w |l
duce, depol zat| devulc i zed
weighler 1997 B Os s ipdopiie S Shafe iy 2 e
devaRaBizAtTohlRagdits &R UIsHI 6428 &b the dmeﬂeghin.venucﬁx will pield the
uallé% Qobvi ously, under the mld conditions, . any, of his will
devil¢anize A RPER MISSETYIR SR LIGRANTGICERSEBEHEEef P rytpgr; this wi

alloWor §tb i@ 4 RllatWely high ehdleduld welghuIaitezad sfubder
preserving essentially original mcrostructure of

devulgapigation fepgentp pf thisinyeptiongyrimarily dreaks gpliprysulfur bonés and/or
carlgﬂ ﬁfl FoY Sb¥dduader RIS GH AL cafSd riiinds HAME Aevi@Bihifdd, téaimed

cani zation reagents of this invention prlnarlly
mbmrenaa sceutlingty babsednn Berrdoedyipysor! apphigasions 98 Wes thesigdnal or
virgi8 IB% t han carbon-carbon bonds. The devul cani zed,
% amed rubber can accordingly be used in the sane

on 52 OB 8 0 i e,

mvexﬁmgemmd gndcprizal sgdsr of elagtomer can/eendévolranizad exdth a simple
I t
tec 1&1%: \g&é?\.ﬁ.gfx%neet%bfgﬁh g& L})Ses%lsi{ fsefsﬁ(gea?go(gg),e%g%r‘&%{/é?gltrasomc

wavisOkatfliy&s ot ae addiaesa rsagento &Ms&)kalmnetabmbqn dioxide.
ultrasonic waves, catalysts or an additional reagent,
[0038ICh aheabbjett inveitiin rﬁbrecsped'aﬁnalw dix¢ldses a[i@ﬁﬁl&]of'ﬂheulcanization

subj e nvent| re s |cal SC o es a.fa
rea gty GRS PR GROoT SERBSHE P REr B WESrad Hipsntndfepthining
Ter?_ bféePinén%@'rﬂydiQ@élﬁpolMﬁﬁ asd vﬂ'ﬂlﬂtﬁﬂfﬁndgeﬁomhaldﬂs g
pi neol s, Pinenes and/or their polyners, i vaﬁgous
hetﬁ@%{j’@ﬁ%%"%‘ﬁﬂsﬂf thrse compoypdsayithe ea%&mm%ﬂar be ggbject

mv&xﬁﬁﬁlealmw&ﬂ%ﬁﬁdgi:lﬁ%s £E80P BFE&)Ct%SEB@fC&%JV@l@hlZIng cured
Invention al so nore specifically discloses a grou

(vulsenizedsabberr elpstameranioAnly deyiiganized, pagiay sewp! cwbe&eqr
su Ee-ﬁkﬁﬁkm t‘uBB& driéhdstorkts M GRd E A fRBle dTdeligilebdmpounded and

evu canlze sur face-devul cani zed rubber or
receried $into meeful nmbeapr@dqu abtheanyfofbes yeid deadennentign geagspts- The

salcg g&gésggs &P‘flg éésc%fomu Pﬂgﬁﬂmﬁ%@g}fﬁ vl drldzed) Yuttler bP@astomer to

N Zatl on r eagent sal d processes
a tefpEpatiRevitiob is wighiarthé eme nfjathdue SEOGF @hbput2 Yht( aediynder a

e S 15 T 0, SRR BLER Iy Y P

(10w /4a5Ure ranging at |east about 1.01 x 104 Pascal s
(0.1 atnm) to about 1.01 x 106 Pascals (10.0 atm.

EXAMPLES.
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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EXAMPLES. EXAMPLE 1. [00391 In this exanple,

a- Ter pi neol was the devul cani zation reagent for a
wdo aekangsy ar  piece of the cured (vul cani zed) RESESVFBEsSSS

tire. Atypical passenger tire nomnally contains

about 35 wt. % of styrene butadi ene rubber (SBR) and

about 18 w. % of natural rubber (NR); the remnainder

i ncl udes carbon bl ack, fillers and sul fur. The size of
recttm.yhe %%Wd HAde e sge::n(gg? g?véeﬁ?saq%%/ﬁ? é@ él%xg]x 2&”1% At the outset, the

pled%a:s&gmg fabbut 3B %:ﬂﬁls B8 4boA00Br¥m2 Bf MedeMilchdigatinit ﬁegcnt were
he “piece wei ghi ng about 38 _grans and ab OO gr

chawedtlwé A ROPA B LR NS MELReHImGEr 3 %Wawgguv‘?
dcvﬁﬁ?ﬁ@ht‘ﬂﬁ{ ofratfiA¢kp&ndat) vas SArAER bBY foR BQo@c@QO'Thm'uﬂ:s at the

devul cani zati on operation (experinent).
temmtura of alwt d0t°CG ord unisisu theppesspiernlightly dgss thaa 1.01 x 10° Pascals

LR85, B L G o

altithde 6f ﬂi@de:znib)l wlhidne ﬁlepiesak:ameamasopmatm i(ﬂmﬂ:ﬁiﬂmn&) Iwergre

xanpl due to the of th Ioc e
perforae T Einr 5B el SRS O ad feanRaRbA feAgERG: B cnd of
exp@ﬁﬁﬁ:{@f dRbecdhie t@irssle b kpﬁﬂfrig&fy laimduthe%%s(gmfw@ that the breaking

devul cani zati on reagent at experi ment and
of the.hepts 1p 84 rgSSb&}"q%JY 15 ‘?‘?@e%’;?ﬁﬁﬁﬂ@ppef%er eby si gni fying

that the breaking of the bonds in sulfur cross-Ilinks
EXQMPLEESHntj al | y conpl ete. EXAVPLE 2. [0040] This

[00 ﬁg?’p lt L S Sopl gpstelggelqt%g %Sldic%%l) &txgglg 2 lcciejzpl gmea)t(gh%%tize ofa
rect(aHgﬁlﬁlaﬁle@Qf) cRéS 6aNGaIzell) pRscpettiadivaidnized wababbut30 mm x

Al h
L0 heone. s Ao o oS ang a6t 10 RS or e ai
devch\AH] 7886H FALEMRRYdrE BBABEd WRG & coMBInSLBf AHYuO 58 nfrA i Aiaf®dter and
about 58" mMmin dianeter and about 25Q0 m _in

abovb?iﬂTEﬂ inrelumsy The dFeANiZ9HOB SRFTAHPD FXPEIHERY HiAHCmfdout at
the Q%érgtqhé)ygab%ht 78 B 4 ﬁrsﬁpﬁéxat‘lflgﬁes&fre %?Qﬂ&htl efs A4 1. 501 x 10°

Fessure o | ess than 01 x
PasPais (kD sitrf br 04a7t1h$/mz) fiot awomb@,o. mintes oWheh deft irpthe container

Wh
cofBBE TR 0 SR B 2 B8 59042 b R Hb
likel mamfwbmden tHeaotl p.ﬂﬁirceonle'ntse)f mwasmaSSI\)mxewekyzed bean

t ot sul f ntents of th o .
indtpaapR B LB LIp Pt o TR BT iSRRI e ipnd Breaking
of sMtfuberodflisikd imcthe pieed of bared (hﬂcabﬁmlk pagengd tise wasl essentially

cross:Jin
corplgEe Ripr Bt SR PP H T BTBaGR ogh 2 %
Exi\?\gﬁﬁi%ﬁ cured passenger tire are nominally about

[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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EXAMPLE 3. [0041] In this exanple, as Exanples 1 and
2, a-Terpineol was the devul cani zation reagent;
whoweNEI136 t he cured (vul cani zed) passenger tirgcies2001008858
the formof crunb particles. As indicated in Exanples
1 and 2, the passenger tire nom nally contai ned about
35 wt . % of styrene butadi ene rubber (SBR) and about 18
. % of nat Er a:c r ubber (NR) t he rerrai nder i ncl uded
| ac N s of cr
graglaro? Pee P gl ane b aisstrs obfe dERNIcRtEor iop S Wore
cha ggto]\/%egfggg7 gﬂab'fgﬁt 16Aﬁr;1tdi1 Gxaﬂtb}té?@hd abowmU2 StTminaig derigh. These
0 . US2007/ 0088
cray AR S ORI G4 P 18 GFATROIGhe AL oA FEAT S Fey B sation

op&ﬁﬁﬁe RExpeBiRntsy Rk @8HHddHue aftht 8%tmberatured ofadbout 16,615[165 96 and
di ameter and about 125 mmin | ength, These

15qo&?r, allgnder the pfﬁgaura o gkightty k%h%ﬂioém ¥ Rapeal (elsQ a‘tﬂb%” 7
1bs/%,2§e&h§ae g at t h;l@g bPRrm® B@ﬁ@%@&ﬁe&@w BEd Hagatsat any

tenperatures of about 16,
tim6 fncr@Gemtrand tllcS@xdgmall beduhredght was somputed and refordgd @tmaply

te"}pﬁ?%‘l‘rﬁz) e%ﬁ ]éééanjs905n ra?gigtl atﬁe H:mge ﬁEMntsloAf a%ou% ?0’t6i(1)’e120 and

ree o exp ansion inte
24Uﬁtnwem&memubem Ille)SthOSahdamﬁ rdspeiviehy; peh@&E; ahout 1.0, 1.09,

the original be S C nd recorded a
120364 | VersBseabea: 10 B ek Balel o Ao R ey, a
654¢; 'E%d'aBSﬁteln%‘tl%(Pfl MI @@,reﬁﬁctlﬂéf@ a0 0g°C 21k bﬂdﬂﬂtp%ﬁsnon

were: about 1.0, 08 and 1. 38, respectlvely,

ratigs @ the s ingregents Qfgibout15 3. &%dmé 24 minpies e pht - 44at1 88,

L.
L L

initiadlypleby defglition.at 96C. The bed- expansion ratios at the
time increnments of about 5, 12, 18, and 24 m nutes
(0042} ¢ abtahe tqnmatatunes@ei abogt, 163455 and2s °G, dhpdegreeef y,

devu& Ia{nzaF Pn \I}V%L Esﬁlﬂgt%:l pis &%%r? g%%ish%& P4 eér?:gl lgetrt\'th%dr thg bed

expahsiab mtto drfal, deﬁ51,ty 65c1andi (@dcapjizedh Eub(begb@ag dévulcanized from the
megsgﬂ\{ %{lglgg Ig:%{?ltﬁld %2}[ %@Eﬁﬁ%%%en%tg%gneé Xs ¥ E) at 3, %o’ fi()a?%i PP Hinutes

ArfsL o ratt o
as MeMSoricH eafliee.UThRE dég/rldbmoﬁeéf)slohubéiﬂ atoet 01 5, 24 and 87 percent,

devul cani zed fromt he r enent arried aout o
AT AR L PP e A R R e ey A
69, 69% 9’?%& @G@Ber‘%@ﬁd (/@r respa@ivERJAEESY YV hb6RIBoe DS mnaemm percent,

"about 0, per cent respecti vel

6C,
respessivelyoat %6§C 4’6 léﬁdcstbw ;siésl@éﬁt)f ‘(%Versf‘@s‘ﬁ%fét&ﬁ%@%’d ajthe'4 time
inc e%ntsappégo t §9k2 9%5%%721€ﬂ%u1&0a§’ﬁ§& flhtibda earlcl)er they were about

resp ectivel 69, 94, 97 and
54|c8éneé|and99pes:pem¢sve¢tyfelsat 96C. At 150C, the degrees

of conversion were estimated at the 4 tinme
[0043] The results imply 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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increnments of about 5, 12, 18, and 24 m nutes, as al so
mentioned earlier; they were about 54, 83, 94 and 99

WPeeB136  espectively. [00431 The resul ts i nppyr/iipdbroossss
t he degree or extent of devul canization of cured
(vul cani zed) rubber or elastoner wth devul cani zati on
reagent a-Terpineol can be readily varied by
mani pul ati ng the tenperature and durati on of

devul cani zati on ergtlon %8 artially o wghy
the playpifiat s Pl iog cap FPF%qtr@&%P et %‘Qéﬁé’eﬂmﬁ’r ineol
mtortﬁw?ﬁ'ﬁﬁl%g gﬁ%thtﬁw}d@théﬁa&% 1ﬁd&d%yﬁlcﬁ&€d THe®bservation

treat nen an change in the expanS| on
wasrfatther, ascanmlsecbbxséxe\factutbatt ndeadganizating reagpet’ £6qlan syhach was

o G SRS e Db PRy £ oo

treaama{tltimrg thahigher thy tempermraetheagreainr e rate\ficolon charigeoBhis was

a r i nt I
el fae P 50 P BBk GLATRS RO L s debrum
pan@cbés(? theadiz®©and WaRbérofipbess rmmddawnh dinfeyastdhenrlyaeveal¢vhthrough
t he dev%Icanlzatlon reagent's col or, which was
““QR$@PﬁéﬂFVV?5P§tIy t ranspar ent becane i ncreasi ng dark
and gﬁaque with the progress of treatnent time; the
%he tenperature, the greater the rate of color

chan e. This was attributaple. to t $ ISSUIE?hE% tq§f .
(0044}, b o BYis EXaTaRIg: 4 BRI SRPIRRE! pRY Bdufnol fl;fprancl), forming
a hd}ﬂ&gén%@sssolﬁt% $ad ehedultdAR BliorPfeaBéte ThER OVl (veldanizéd)

as cl early reveal ed through m c¢croscopic

pasgﬂgggrlwrgt whish wEsenepiuglly de‘flgmzjed} Was @eé‘g%ﬁf %rumab particles, as
in l%yaﬁ#lw g th 1 Rsdr] 4120t 5 gf(;bl‘i’nsrbf*%‘ﬁlﬂﬂ %Iart{clésbdx'hah@@{n) 15 grams of the

ormgeneous tion, was the
dcvdkumlzmm mgcmna heaggmous Folationy rcemp(nsmgccaﬂ‘uemue)ol and 1-butanol,

senger. tir event al | | ¢
wer AR FHip i 67 W RicrogE T DL diffnetér HRYMGIR 23 ko Rihgon
Thetshenmﬂ paticlealforiedm Mdadmhedﬁotmuuf)thpaedt rmﬂeestx seriesalfout
grans of the devul canization. r n%genousf
deviBpBERURn SRBRTSCT R o ot 65 S s D e PR o

sngﬁhﬂ&@ thannit. @1 ! 108 Phschlé®.0xtmakqut7 mﬁ/mp with dieaid er
and about 125 nm.in length., These crunb Egrtlc

devplsppization Fragenit(sAIHEOI GRYIBE 1t GenGeatation, elw&ﬁ?‘ft@é’ 40, 60,

diﬁg REPUrE Al (B REN At A1dY (SYauialdnt] dals&let setéo 40, 20 and
m)gk%ht %@dﬁ%ﬁd uédefgthe press&re gf S|?%E | ess

0 wi.Paof Q-mtpmeq_lo)fallnam:aﬂ@ nrassorezafabent hal x 1 Bﬁsqqu)(l 0 atm. or
th Ih a

A S el S SRR T RN b dedon o

any&ﬁnﬁﬁd:rékﬂéht\aﬂd Qe oqngnaieheti height Was oémﬂzutbd aadotcofdnd. The bed-
equi val ent |

bout 0 i/ I"(S .
expast pon ebite SARF st R s £0 T 50y S [ mipuss were:
abohPD.36a5.20) 542,11 42 aidl 4D 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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14.7 I bs/in2). The degree of bed expansion in terns of
the ratio between bed height at any tine increnent
wessH3830r i gi nal bed hei ght was conputed and pERosHetoossss
The bed- expansion ratios at the 5 tinme increnments of
about 20, 40, 60, 80 and 120 mi nutes were: about
1.36, 1.40, 1.42, 1.42 and 1.42, respectively, at 20
.% about 1.31, 1.37, 1.39, 1.39 and 1. 39,

spe t, 4 0/ about 1. O, 1.24, 1.24,..1. 2
l0°3ﬁd T o e ey igbigaton ek iab g e mrerdtopngs
relalloi]ﬂhnp bethveea itk Eecﬂ&paﬁﬁﬁnﬁ) e4tid andll densm)t oBBfured (Vilcanéded) rubber

about 16, 1.16, 1.16, 1.16 and 1.16, respectivel
being dq‘o@cwze%frqm fhemersyrrmspiptaraed QuiAlthad fengpEmeN gt about
20, 406 BD-AAai IthmﬁﬁifE@n@ Réhticakd Qarllier. |’I|'Hctde§}dey ot d®lcanization
def i nition. of 30 WD 2008/ 07313
werreCaYaus 80094, Q@g%@@nd [QG(pq;gz_pnq'h/e) d@;@p@téveéy at 20 wt.%; about 76, 87, 91,
§/50, t . o, r t

o 513 AT AR5 LGP SR S, 31 SRS s
(Yo)) esspedtivedy, at:ﬁ@ e %.Vilieshightbad) expabien obsgeyadg when the concentration

of EEYERGEFE kAR ALGLIE B ERRGR o T B Ghiidien

phyBicaliives]ling sf cwrad (wriechizd) hitdber m‘ﬂueectibg theeenetiration of an organic
d ' [ about 8 94 . 94. 9

solysE BERTIGHEDY PREp BRI 22 e éﬁnw&o}awg%neﬁ?n%&%%

[002%]6 aglgm:treg.ﬂts 1@%% t%)?p &16 %‘%ﬁo{v%%g’g‘é% ru Ver /;ela%%mer céox be

readi®p @aildaneded to diffédehtdegfies With thé sajt tdebﬁdamwamsemnt
observed, when the concentration_ of 1- (gul? t anol h
horpgacaseR SRR COBPri NS~ TeIRing) and lqRftancly bY YHyingdhe fragent’s
conleBftratRn a hmlonmmrﬁ‘ﬁnézyﬁﬂ dﬂéﬂatﬁ’;n THE Battially or nearly fully
vul cani zed) rubber induced by 't penetration of an
devotagaizied crunab perticles pf aurleé I(‘élﬂP%ngﬂ) @%ﬁengmr@ Eqingineq gxpanded
eve%a%dastﬁﬁ%oa&?ﬁ aftBf t‘PxQ dashg §Eet ggcdeﬁirat &Fof £9UlahS1 was
i mply at e cure canl Z€e er or el astoner
lesCthAn hboutlxeaadd %}(odeqmvaiam)z ¢k ¢camcentfftmnerfto-Tegpireod wap gh:ater
o B S PSR SRS D SRR s bservatio
indicate¥ ithg tlﬁch@qfaﬁﬁgﬁ of cﬁlmlﬁlﬁﬁiﬁﬂ@i mak nonduend sﬁﬂpl&tth@physical
devul cani zation o eratéﬁg B gPalétl al l%ﬂo near ¥h b
swglling 9ausa%pu |tlg_’ea9ﬁnf ation 6%\1 tqe gma?tl re%%ent into the crum
parfi¥1eh;GA B WorBR AsS NI ihdde@ deRRBANISEH. eme @Bman@v\ess filkther
| east two days after the treatnment, as or‘l‘gﬁah
ascersapeshby Hiei i Bt the BeyulsAmZafen TeAESRLS FoIgR ey eﬂgmally
tra%aréh{, ‘B'éceﬁﬂéjin\é?éaglﬂhlcﬁrk ixnﬁo;ﬁaq{i@ %ﬂﬂh&ﬁ&z Bﬂfgré&g of devulcanization.

a- Terpi neol was greater than about wi t hout a
Thig ovascaéabu@btena rﬁ@felsmnns rEths,gaehesi Ripck-and %‘lersr%mﬂ the pores of
‘? i ndi cates that the expansion of crunb
particles vvas not due to sinply the physical swelling

[00(391;5 edrﬂ%)’rem{%nﬁ&{{? SR&AL ke agiontgrh% th@lAd g%é&ﬁi’b‘tl%ﬂtrééﬁ@nt

gent 1nto t e crunb articles; in other words,
comheylemﬂ@nlahdme@ wevofca mtzre@l, therhighsis she coaceRFatigaeof 1-butanol,

the sF el'xl%ﬁe rate of devulcanization and possibly the lower the maximum attainable

cru

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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ascertained by the fact that the devul cani zation

reagent's color, which was originally transparent,
wdgeeB1sdICcr easi ng dark and opaque with the prEgfies®oniossss

devul cani zation. This was attributable to the issuing

of the carbon black and fillers fromthe pores of

crunb particles. [00471 The resultant data show t hat

as long as the said devul cani zati on reagent cont ai ns

| ess t han about 60 wt. % of 1-butanol theﬂg gg
addatigncefr Putanelrio ot TempaeAopId eaps thedpgiiation ih %r°81°
dev‘AfC\éHizﬁﬁ’tE)}? ﬁ@&%gmhé REuRASE irPih rate &f HOVREariARIORBEAHEHER the

tal na ree or extent of devulcanjzati on.

pospibilisy ok mxemzmghh%ccprssumwon ee@(grs@ﬂst P§/th(§|®éiél\‘ia¥i%tg‘§b@§8em

t
altegewﬁGd 8'@{ ﬁ%bz’%\%’p%ﬁeggk%ﬁg % %lli]ll eve eﬁfel% g%% ffcm(tﬁteBO
deviDafi26861073136 PCT/ US2007/ 008858 addi ti on of
1- butanol to a-Terpineol would ease the regul ati on of
EXAMPHER.ece of devul cani zation through the reduction
in the rate of devul cani zati on; enhance the
[00p8sSi [itis éxangfle i similay forgxanipde d pnewewst.i aoomaggknepuscsedution of o-

TerpinspLnd WEPBIO HECRb oLt B EREPh eo} T8 G g gnd 1-butanol,
wad @Q'd%bﬁl@&ﬁzatﬁﬁ%ﬁé‘e%@"ﬂ@tdu%h (viEleaMZLE p'isselx%@ﬂﬁﬂe Which was

exanple 1s simlar to Exanple 4; however,

evenbratly dawdoanisel, das o therfogn Oféﬂmhw%rw‘sﬁdmpﬁl Eameles 3 and 4. A
sers'fE‘ élrganoeﬁm%nm %P%%HS&U\%asS@JrHEd Ot R Eb&ut 637 10 BEPhind the

devul cani zati on reagent. pe cured
preésmt oﬁailgbelm)lCSp dlsaehf bk 107 Pascala(ll Oratinens 14e1/1é’ﬁ41%| AIWISh the said
f I
aerRFRAAN ERBep R SuliBn Py A ep ilpBRi B Idvefs 8300420, 30 and
40 %fgihﬂpd:rﬁétﬁt (Wa.%%)aafrpropeahob (tr eqtivaleotly, MUCSQN?@ amddbOrwi Yoeof o

pressure f sli | ess than 1. Pasc 1.0
Teipingobr Taadoerrb el FHARRATEIP IEmes Pt SuAPLRATS Br] BHER at any
timk $RIEALnt(analthd b@gthalbedRi gt Nehs |cbﬁ1pﬁ&ﬂfhﬂﬂtrécairdaﬂ Tieamsdds

as about 20, 30 and 40 wei ght percen

expanyipR |05 @b e iime APAmPYLs kBN 28060; 260270 $b Tipuis gere:

abo%t 1.08" PR ephé and 1 elZdFé&&%velfy herb RxRREBHAN.09) 1t1e7r rnsmm‘nd 1.34,
eratlo bet ween at any tine incre

resmvclb'eaf(ﬁq wi-Haeng abouid; Qj-’htl 0fad- lé@ﬁﬁdtléd f%?ﬁ%“lf"ébb @H@@ut 40
wta}he bed- expansion ratios at the 4 tine increnments of
about 20 60, 100 and 800 minutes were: about 1.08,
V&kithatd frgfl e pfl em@sd
[00%9)(2)9 1. %ﬁfag%do%e bgaﬁlgé%%éseé;s lecatt [ ve ' ? 3eOS Wt . b
relativaskip betweenale bad expangion zatiprandidensity @’é@g@% £Wewzedéfubber

belgg Swulcaane\ﬁtfron{che 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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[ 0049] The degree of devul cani zati on was esti mat ed
fromthe pre-established relationship between the bed
wEXeus1en ratio and density of cured (vul cani gegys2007/008858

rubber bei ng devul cani zed fromthe neasurenents
carried out at the 4 tine increnments of about 20, 60,
100 and 800 m nutes, as nentioned earlier. The degree
of devul cani zati on was about 24, 62, 72 and 94

(008§ 2 r<hap EERE St oo s B i 514 afhieRop e

con%@%l,&essoﬁ/tha% ﬁo v&?’f) ff ﬁrdbl'&n@le lttfe&ﬂglscg(ﬂ(lje concessfRe of\gebpanoatthe
0 ere atlveys | t e expansi an obser.v
slowfrche 318 of BEAUGHRASHOR GHA BPESs S SI™os S EUBO b B ebl degree

or e&@e@t of aé‘v@@anlli&'hgﬁ | ' PhedddrhpRishR A1 tHR dabLintBlslexalnP@MRith those of
physical swelling of cured (vul cani zed) rubber. Page

Examploft igdicwies HoodlecEeseiticTinas zony/oosas the Jeyyisapization
rea%eqﬁ’ L\{/ﬁx@ﬂﬁs Qﬂ&rﬂoé&@ﬁ’s tsglﬁtxoff‘sl i)@cQHOﬁﬁ ExBfpiad Gnd pro an/ol l? this

cani zati on-reagent contal ns |ess tphan 40 W .
exapipdgamahe ratt endhilegres of dryutnanization ane qualitativelysiaHe but

Su"?‘ﬁg"i‘@(,\g:fﬁﬁ{ﬁ gagtﬂgt?ve%fl ’IqSSV 811 %?%éﬂhhﬁﬂaﬂ{é A%Qﬁ'sﬂ'é%hé( to

AhEX 1 TTUm Gt t al extent of
optiteize kigeddvadahization h@erammp@rsugots mfent, ivehictatam besurface partial or

ﬁJllgcre?/gt%lflg V\{I'x(gr{] ﬁttéehﬁ?rrs?zme lbe S1 n%)nd‘3 shtapé ggthl%%'ﬁ?e% (Kfnﬁtam{zg(% rubber or

uen
claglémel &Y dedulcanized eaagem prevhiiliap prisesofthaogestituents in the

sol utiaon, 1-butapol in Exa oanollnt
dexaieaispao BrFErHe Ay it dBgFeLe PR TR S apirs ohple
corStflehis2hh ¥ linclsded ih e il cabizatbmfdaipantliy titd fob@rafathomogeneous

quantitatively. This offers an additional degree of

solfiededom t o optini ze the devul cani zati on operation to
suit its intent, which can be surface, partial or
EXAMPLEFeQ-ul cani zation, the tire type, the size and

shape of the cured (vulcanlzed) rubber_or. el astomer
[0058] be ladhislesampleed hompgenenus gplutien i ¢ pineqiandfsq-prgpancl

se J]gstthg U@\ml?arhﬂltlton ?earg(éﬁy Hhe AtedqVLREniZEHPaNenger tire, which was

reover pl ausi bl e that "'two or nor e
evenolalilyldevulcamiged, twas i Qxedarml@écmb pattigies,rpstin&xamples 4 and 5. A

devul.cani zat i.on ohE
serER PLUPA SRR oS RAE ok 1B bl el CRAFORRY e
prebaur®gLs1ahiy leslthidn hol afl0d Pasnapi (n ébatnmrdm "étbspn Ypetiothe said
v(ugt{ﬂ\lllgzgﬂgxi é%‘)gg‘btggélgh@%f {"a&@%@ ccnttratl e\‘ljeér%t& a%qilbout 20, 30 and
40 deiphk parcziaeht. Y)sE lsmpfdpenélqbﬂeqmvﬂemm apautt80c ve,sqnda&s) wt.% of
in Examples 4 and 5. A serles of devul cani zati 00 and
o-TsHRipgel)- oﬂsehsésexeaﬁl%&t@aﬁt@f 44gBeincEam ety AfhARaAP: 0,400 an
S0PHERREY Werdf atidut 3104l Y.1kes$70han 1%, Bbpectilely, ReErat.%; @bo 1.06,
atm or 147Ibs/|nQP wth the said
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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devul cani zati on reagent (solution) by varying its
concentration |evels as about 20, 30 and 40 wei ght

w@eisem1zd W . % of iso-propanol (or equival entbyr/usdonbossss
80, 70, and 60 wm.%of a-Terpineol). The

bed- expansion ratios at the 4 tine increnents of about
20, 60, 100 and 800 m nutes were: about 1.04, 1.15,
1.17 and 1.17, respectively, at 20 wt.% about 1. 06,

ectiv 3 % d
sbajh 5342 4 and 36 pircest ORL RAREGIEG, ¥ 28 I8 abbut I, Wlag na 44
pertént (6)[ 08 livlpcated0tventys; aiid stuull 84, Bﬁtand |48\msceage%h
estimated fromthe pre-established relationship
resl?fé’f‘\)(é’é{nattw bé’d expanS| on rati o and denS|ty of cured
[00 vul capi zed ber devul cani ze

sur aB%\ p él&""& ep e GPICFHER 1°ﬁ'c°?(mf'9eﬁlf°§ angl in the

devalkQH{zatig® rea@@nt v&&%e@ﬂé’enﬁﬂ%uﬂl@% 6 andSbdi’ A0 ivat8dthe rate of
earlier. The degree of devul cani zati on wa Pa e 18 of

devyirappzation grdthg TR USRI SLamese XiGY Ticapyzatipg
exh?lgged}glaﬂggl‘irggge (ABatidn€S ﬁﬁfstdlPf@ﬂskubﬁﬁnt?a@ly\/ﬂ*m%th@@&igoof the data

percent (%, respectively, at
obtaillc«%inﬁmtnalbeétandé 48, 48 and 48 percent (%,
respectively, at 40 wt.% [00531 The resultant data
EXAMPRLENAt when the concentration of iso-propanol in

the devul cani zation reagent was between about 20 wt.%
[0054H abthis extanple iggimilaeta @nld¢4 dbowiogentona selytorAfio-Terpincol

BT PER

deﬂx?éahﬁ!atlgﬂ Seag&ﬁﬁbs‘& dérfe‘s@f Sieﬁlubéiﬁﬂﬂiomaiple;atxbhm mwiat berried eadat about
of the data obtai n n

65 P ad andeh e pizamie & Fuslivierdna § 0ol Fascats (10 sl 6 14.7

lbsnmﬁﬂﬁ@ WeviACArEdtion r@igeﬁt (s8IuRioREBY va@ﬂ% egineBtration levels as
i nstead of a honobgeneous sol ution of a-

| and
abqus 30 bpuif) weighsperrent (e Vol o 2epi2ae (%ﬁqpeagee%eoam%?% 70 and
60 EJS% £ aolterglgg%l) gé Had 'eQ&mERﬁ Qttxésac{ﬁhé/\@ﬁn{eqﬁﬁﬂeﬁ@ngtgf about 20,

out under  t pressure of slightly Iess
60,1 168rand 800 nxind@S wess a@hbst (17,0 .28, rh 28 antl4l. 28, redpetiively, at 10 wt.%;

o e ST T ARG RS A b D KO 125

resp&itigbly, REICROYs; @l aBhutal 1 Hapsan24(and 1e2p iraspketinely, at 40 wt.%.
about 80, 70 and 60 wt.% of a-Ter pi neol ). The
[003S]- exTI&itan of devleamzationevat esiimetedfoome thenprs-esfabliledt

20, 60, 100 and 800 minutes were: about 1. 2
. reldosghighsoicesghe bed Bt Garg o B oy Shurcabhilpehifigy robver
belilag 33vul&anz&d’o‘ﬁ’v§in lhe?&,easﬁﬁ&ﬁaﬁk tareieyt puait tBé)4\mné’/i;ncmlnmnts of about
11%125a 1. 25, rese el

20 45 T 5B e P RS s Rt vas:
abdti 461 774071 and 71 percent (%), respectlvely, 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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[ 00551 The extent of devul cani zati on was esti mat ed

fromthe pre-established relationship between the bed
WEX833190 rati o and density of cured (vul cani gegys2007/008858

rubber bei ng devul cani zed fromthe neasurenents

carried out at the 4 tine increnments of about 20, 60,

100 and 800 m nutes, as nentioned earlier. The degree

of devul cani zati on was: about 46, 71 71 and 71

sliggg ave7 %h? x’ﬁéer%ts (ﬁ.‘[evﬁﬁcégﬁ%%@s%égﬁﬁoﬁﬁ rla't OUt % @ssqgly the lower

the 8RR uthurd Attafiblebdbgpdttbrdtene! 6£@6W1((a%zanbﬁs pe Ct | vely, at
30 wt.% and about 42, 48, 62 and 62 percent (9%,

[0058S Pethe\tBlnpariddn 4Othvtdatioin (KIS sRamplb avittethiobd Gﬂﬁxﬁﬂﬁles 4 and 5

al so. show t hat as lgé]tg as the said .deyvul carln zati.o
agajreiagicates thas theastiety QisRe ineatroRsRYent4 ti douign 14?8;3? Kpgent on
theh?@ V\%ﬁ e bP8eriineatibAbbathedfin REDERLIAple aiesoniagat 19

2008/ 073136 PCT/ US2007/ 008858 sl ightly

quaélmwelry simélar et spbsenial !y difforant prnEREEEY fegm {igle iyExgmples 4
and3§ age and possibly the I ower the maxi num attai nabl e

egree or extent of devul cani zation. [0057] The

igon of the data in this exanple with those of
Ex‘é%gpn%?e% 4 and 5 again indicates that the effects of

[00%&‘19 | Agfid e XMk ds[ l#;%ﬂ& il dhtic Mo IS pFRR irf B r Qsﬂe@@&@:@f)t that a

on the rate an ee of devul cani zati on” obt ai ned
homdsg@emqutmnarfex-ﬁ‘emméand gtbaikanoh tinsteddyofsli-htaael, %@Ved as the

ﬁc substantlally different quantitatively fromthose
deviirapizalif B9890 and 5. EXAMPLE 8. [0058] This exanpl e

0053 a5 gL RSB e E AR o e s,

effettivd Baﬂﬁbanlzdtﬁheeﬂgeﬁfs i some aficie, pa$€mtsg e ahat dnElmed in segment

devul canj zation r e nt 0059 arent |
(00541 Nswerhelesesaters ananios i rm o BERSEF pnd s

ancRlidr§ eddg¥fts AAMICAR ¥s?d Are RequRRDEDE B té BxISbilts foeéﬁ\&ness
patents, e.g., that outlined in segnent [0014].

[00bB) er tAehesaises VIS Game of bkt paititles aid soup 8 geameof the said
and tenperature and sonme ancillary reagents_ an

/
devpiinenizptier reagents a HOMEERNOUS solutiop GOMPFsiRe -1 gpineo ando E—butanol
we%fcfh%%eh\{%ea st r[:QQ%szboﬁ‘f 14 nﬁn HGiskleter %Q@ Hbowt IQ'S % iRfength.

particles and about grams of the said
Thﬁewuimlapamatascfarrnﬁh?gm at the mm@@ﬁﬂl%e%téﬂm i &ygeries of

a Ter
ce BT R Sy RO ARl MO G5 Br e
predsibe ofelightllydesgtthan 1.Fhed®’® Easeats (dratincdrelst. T thsfin’d. Bhepead-

at the bott t h t t
exifpatn i rh et i arat s of A 2onaS (€8 80knd 120 minujes were:

abcul.2a} 1.2bo1B4 63.3@ andd . I espedthely, 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,

l{'u%anf:l some

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
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pressure of slightly less than 1.01 x 105 Pascals (1.0
atmor 14.7 Ibs/in2). The bed- expansion ratios at the
w®2doBnws1Bacr enent s of about 20, 40, 60, 80 andpd0s2007/008858
m nutes 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 w.% and about
1.12, 1.23, 1.23, 1.23 and 1.23, respectively, at 60

curg% 6‘0“1 ne s %; E.l%%g I g%i gxe%%gﬁtg{t@glﬁq altlf(%?gz{n%g golventWFf‘ a relatlvely

smileﬁ{(w&hle\/sﬁid at 20 wt.% about 62, 72, 79, 79 and 79
percent (%, respectively, at 40 wt.% and about 46,

[0082} . 9#&%Wﬁwgpﬁeeemms ©F3his eempsle Miﬂﬁwzse oﬁ?lli;]xzﬁxﬁble 4
% The sli { e ans serv ) en the .
threvighich ERoRiAY W (95601 BRGPP! &Hég@é?f thp gliectpngRs. ofthe solution

l t 1neo
oS R 42 B g v

andPGhlta5a007 dendesezing gured rabhedr eensimeldy atramiyigiven erngertgation.
t he, penetr n..of a Rolrtel:!
Mot hepEnEtrrRiygh i e RO LEneSEh g Hepfhedt 1o devuicanize

cured ribrer fseﬁiﬂil I‘cﬁ.l ghify thBissmexwhiepldélutddtvitli hdmeanof, 2Ebuetagdlcprdpanol,
t hr oug 4 ecially with those of Exanple 4,
‘SOTHﬁﬂP"é‘Qﬂé‘é‘ lhﬁ%ag?fect i veness of the solution
compri sing a-Terpineol and 2-butanol and that of the
E L conprising a- Ter pi neol and 1- but anol for
devul cani zi ng cured .rub grare

i |

(0088 e 0[S EXEPIS Mt By Exarblen 3 HURREE T alhst FiLSftses

mciJaﬁngethfe%eﬁmugm&s@ff cmEQWbmﬂ@éd)&@bmuulim 'Ihehﬁdque
ubber is very t he same when_ di ] uted with

feagug MM that thezmgmcgwg‘tue% SRy sRidn the deyyl c,gp%g%feaggmdvas ethanol,
whtb?ﬂg ﬁﬂg of W It'gOI%mOE]QQéa']lC IO ent8 ¥AMIRbER. | Sonsd ddvhddaniAtion

Exanples 4 through 8 in al nbost all aspects i ncl udi ng

operhiconsr{@mieriseants)of s peforsandkal abowl €556 sediyndaihsepressure of
sh%x%ﬁqfss"mﬁ&?% e Pldgua tgigv uT C7 £7 Y&An?Y R lelcRfideNEtte effects of

tuent  sol vent ani zat ion reagent was
addihg athahol would hhve lseeorsemdﬁr tbhbownxftadémgmm of pthenselvents used in

sol ve I abl evu G n {
xR bR ) ST AL B 2ol e
reshhﬁlrﬂi@&ﬁlxhﬁ iofvas m&wtﬂewah@mmhhmcdnoeﬂtrmomﬁ dﬂamm)alrsthe

atmor 14.7 | bs/in2), t n ect

dexgReanigiio GragE Ao Era i 205l e fekleet PEafil Bl gion
attéﬂﬁﬂi]@ gan%B& fidin sbdue Q(t)J pelcean(%5) dt280uti 20 mEm&t‘spifehddevulcamzation

t hrou i.e., l-buta 0 i SO 0
(asapeal B ta b a0meren fipeat oot OEimir b BpRdpanigation
(rédasehtydlaRd the case; when the concentration of ethanol

in the devulcanization reagent was |ess than about 70

EXAMYPLE fe. degrees of devul cani zati on

[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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attai nabl e ranged from about 20 percent (% at about

20 m nutes of the devul canization (treatnent) tine to
waehesh7a8s percent (%9 at about 100 minutes of #d¥BUS2007/008858

devul cani zation (treatnent) time. EXAMPLE 10. [0063]

In this exanple, the devul canization reagent was a

het er ogeneous' mixture of a-Terpineol and water,

|nst ead of a honpbgeneous sol ution of a-Terpineol and

| .
s BB G B L AL o038 BER SR o
reageflf (AiRturey l?'e?arpﬁ'g itsoWEight Rfctiols Ex@BMhiREurd at s g, B0 arl 40

series of ni zation oper ations {experl ment s
€

wei gltpercent (\ete%a) of water forrauivadently aRout 880 koG WE L of &

Terglpfzgﬁ?fl; 2%6 ?g )&%@ﬁélg g‘?%as s aﬁ[{ eUmed chtéh%gg ?5@ h?l ht at any

timé {afenned) and tth: driganai&hed hdghubvaammmtpd nnd resagytedt The bed-

m.xture) b
exp squjli%éloggt %8 613{%5 Hg:r%ené%g tut 56 %HSS ggc;l lgg nrugﬁtes % /(;'e. about
1. 353f1 4@t ef6 dndr1 46jutspatevdly,\at 26 baus; zﬂa(bpt ¥83ahd9604%andd 4P,

resg%}s,@jﬁg,tpa{tg%%g%m P15 gﬁfw fgg XPEAS ! QpddhivbR) BPatBlic 40
wt. %ﬂ @meh:%n%pcﬁidm:g ddpeéks mldlhncmn@a mm acboanw. J5¢ 05 dadl 75
bed- expansion ratios at the 4 tlgggl ncre

perm%) TespegUyCIBRt ARG HHoNE e/ Snd? and IB gEEeeny| /g%fespec“"ely’

%4 1 176166 2h@ IBPELeNELY), radpedfvely, 2040 ROt
at 3%."?.'3/ ’%"ﬁ“g’,&ggw%gng hE o Pe re?p/g)étr Ao y,emata 30 wt. %

[ooéﬂd a%utreslm?aﬂm data Sowekt thdt vAsh the %gmeﬁaaasﬁs \oEter di the

% The correspondi ng degrees of
devuh:amlzamn aeagerﬁnwh@h@asmws%w%ml re, MeFreretwisen byt 20

wt. 4/ @n’d arbgﬁpgg bhve tﬂe ra% o?&vﬂ"car@za@&%ﬁd B2 makImukattithbldegree
ectively, at 30 wt.% and about 61,

or e'r’zfqnt asdamﬂcamzapen @ehnblte%elatr\@bp!e%lmwwon%ﬂ‘ higgliffered,
subF zﬂyot%r cﬁ ap %hcqggtwaaoﬁ{]ev uﬁl ﬁ)&%zplws Bnd @%n&@inﬁi'fﬂr to that

cani zat1 on reagent
of Mbaingle 6AN e&ehb&lerso@renmabratnsmf deeylcanizasiongeorrded ibigis example

% an out 40 t
Wer&é@‘&ﬂ%ﬁ?@%\ B&'oé?]ﬁec? ﬁu%eaqat'glllen% pits 3o gbreeaet:t ributed to the
efferd §Mligerousimedharmci] agitativn (ﬁ')(lm feaped andlcatrhly phiyicles thiy|babbles of
b varlatlons This differed substantially fromthe
OI{IF%Wléteéf the data obtained in Exanples 4 and 5 and
simlar to that of Exanple 6. Nevertheless, the
EXANPLE 115t es of devul canl zati on recorded in this

anpl wer e m.lch r fé}g t hose r

(00RA R i P PR B it AT R 1ttt he orumd
parBEIEE 6T Sured (WileaiiLsdy rﬁ&b@h&fmﬂ@hlz&gl Tht |umquaffeatthm was that the

reagent and crunmb partjcles bl}/ bubb& s olt
devipigapjzation reagent was natural Turpentinie instea o- erpmeol tHe%ormer 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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EXAMPLE 11. [0065] This exanple is simlar to Exanple
3 in many aspects, including the crunb particles of

wae bo8d7d1¥4l cani zed) rubber devul cani zed. The updfUE2007/008858
feature was that the devul canization reagent was
natural Turpentine instead of a-Terpineol; the forner
is wdely avail able. The devul cani zati on operati on
(experi rrent) was carried out only at the one

124 IRER ARG | 8 ror™on@tyathe FompandlyE Bple F Buttsgop e sbou

54, 88] 90 ard@Hpatceml(PQhiekyectieely. t han, 1.01 x 105 Pascal s
(1.0 atmor 14.7 |1bs/in2). The degree of bed

[0068)P AN STHeEohipaties Bl té réshitaritatatzowith thuse m'rdneﬁxhap@hi mdicates that
time increnent and the ori g| nal . bed
naweﬁmat%‘apwev@g@ea‘emm@ 1 fsep ygkg}g]yslpw lvg, glagtoc -Terpineol

o W ol 0l S0 0 R i e

tmda@ﬁ/ltosmxfe@ﬁsaess ofla:; zerplmccsas tHe ¢yuinadizatigreagent substantially

R GeAneny bind B sS8h R6T BBty ERkiRlhg o
Terbﬁégectlvel y. 100661 The conparison of the resultant
data with those from Exanple 3 indicates that natural

EXAMPERiine containing a-Terpineol is only slightly
| ess effective than a-Terpineol for the

[ooéﬂv ul cRHié &alnhis18 ifimGlur ©ENauillen 1. The uRigue fédreatdsnhat the

that as revealed in Exanple 4. thra
deviioRBizER o HEGEOTasEYMBERF fUBIengEc (1Y S ARt widbapyaable, instead

of HaBAIE Dirpe R afkb @EWcan‘?fiﬁ@l%ﬁ%eiaﬁéhs @kpériiests)WEre carried out at
reagents which are the solutions or mXxtures

the twa temnpiragralevels of Abait 96 X ARPIE. 14t both mmeratyras, the pressure
rem%?eﬁ%ﬁ 1 ék?t!ffegg Jhgrrn 11R wrﬁ%@al;é 0 AREoH M. qq@s/me}atﬂ{eedegree of

devul cani zati on reagent was synthetic
bedTaxrppmwm iretermb bE theiratiabgweon bed heightat lanyp Hime ingremeatiand the

at.ur al ( rurpent | Y p
on%lg@gg)&di g\sas nggu{gegrapg \g%ogc? dLgatt%Q&{ %g{;{e\%\gm%e%lgtrb'aea %?tgansmn
ratib€xtoths 4afmabhemmas afubobb20,30, At) abd)fm miemtpemraﬂbem; 1.46, 1.48,

ssure .. renmmi ed oSl i Ies
1 4% E’é‘gc éqsgec(nfegz 8]; 9}1 4(% ?lrﬁ%on géeéarog‘é:o%é}/ersmn was
abolﬂtedS enp ta Bah@ |‘78|p@rdcﬁf %), ﬁéspédftﬁzel)amh@ beéienpaisidiedtibeatghe 6 time
at any tinme increnment a or i
incEgIABHA SRbERH ool b S0 2Bt Aot lcpo 175, 795, 2.03
ancpfgf& %gﬁ:’&ﬁb&p traﬁﬁumoatc the c@r&kﬂ'&ldiﬂgﬁeﬁmw chversion were

about and 80 n%nutes wer e about 1.46, 1.48,
about 48, Gihd618%$0 %né%é@fqe%w) respeethtsdy- 96 C. The
correspondi ng degree of conversion was _about 75, 78

[0068] andItrescopenagison of Y resultapledatd withyhostifeorm Exempfsahw which a-

Terrblar}eloi)was %hetrgaegent mdnc%tes that synthetlc 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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increnents 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,
wo espeedibyel y, at about 150 C. The correspondi pgr/us2007/008858

degrees of conversion were about 46, 67, 76, 87, 90

and 90 percent (%, respectively. [00681 The

conparison of the resultant data with those from

Exanple 3 in which a- Terpineol was the reagent

i ndi cat es t hat nthetjic Turpentin o
howevFE RHLBPnG LAl %%W@L{TP?CP% cHanatEbqifib€ iyt 150 °C, and thus,
the %p'&%&eh 2684 nd® bé Bentifiéd uaaét tRahicddmémtiged pratburebout 96

but they are nearly equally effective at about 150

EXQMW@pyer the conparison of the data fromthis and

preceding exanples inplies that synthetic Turpentine

[005(51 sl itghhik ¥xafpR, thRfd@ab |p‘dﬂxcld§%ﬂfcﬁl&Hl({f@lbaﬂiUéd)&ﬁbbdﬁvéiS
he devul canzi ati on reagent at about

dovptpapzed @ywtq@'o%%re%mnﬂw@s%@‘?me%%ﬂs%de h&ﬁ)é\%é? pardliel. The
de%@cfak% afiBh bg&a&&@ g@ﬁ&%ﬁb whd lcREIHI R o sy H?édteﬂi%fdtﬂﬁ level of

ut 1 t hus the operation coul d not be
abomo 66 i°Buedentheagresshes offsbightie tess thand . PredQUPascalsXhQpeR or 14.7

lbs &3“') '%19055 gleel cl)}' be Oa?(pgﬁ%‘(gﬁ) netemquf Mgérﬂwﬁfhé&ht at any time

& Cani ze er were v cani zed
mcfh?midmlt ahd ifmrqwmmm bed amghswas bmanned'amcmerdti:d Eh@bedayxpansmn

ar al I atio
rui 50 B Jresetaenia b ot gt 05 8P SR B0 PBBEE Mek Py 128, 137
1.5h evel . 5af resp&ﬂwelﬁ %r&&ﬂﬁtdl?’l‘urbbﬁtlrm; esd sbant df28s |113@h11 149 and 1.43,
less th 1 .x,.105 Pasc,g%es ‘3(2'% 0 a(%m ﬁr 14. 7 ersion were
cespesdvpIor STBELS PERNIRC. Lhe SSEEIRTHRE PHETPey ThoogyoFifg
abdi70084)abVRAA 106 Yeftehtaoh), ?elsp@dﬁy(/etyl fanannslrhurpaﬁmaan dnd about 70,
the original bed height was cong and recorded. The
Ss,mmmﬁ(%a,arpmﬁrgnmlymés "?t’r?e YrREH S nt s of

about 20, 40, 60 and 80 m nutes Wﬁre about _1. %‘%Fé hat
(007051 aFas comspprisp @h PRt A2t PIARRASATonHEXa Rl findicates tha

theae?ﬂ:cfi‘pé?\%%]et - & %‘_Fﬁngtﬁ natuAPTERRndndahd synBiBie Aturyé&itiie as the

for synt pentine. The correspondi ng degrees of
devadeanézasipn agews iencaglyahe satoe agdoutl 6H°Gnd 100 per cent

(%9, respectively, for natural Turpentine; and about
EXAMPLIB]4.96 and 96 percent (9%, respectively, for

synthetic Turpentine. [00701 The conpari son of the
[007¢}ul tlanhiseatmpls, bbthtsyotheti¢ TorpemingpdoTearpigeelateaed as the

devr;ﬁg&&#n?ﬁ 3&%&% glg/% C%?]S Q%gmm%r&rtncﬁgg o%ﬁl%dj(\ﬁlllcamzed) iso-

FHEnti ne as
perdfy Hibdanivhadd sizesaaegid frem r6€ta nDyndshe Thanevaltambaian @fsration

LE 14, [0071 e, Ve
(cxpERBAU YIS SARiFLEoTOP ! Qo P eRRue phaout 98T Ak plessure
wal il teiaBd 3641ighflyags thsn 1.01 del‘06|B’é§dhﬂsZ(ﬂ .0 &en or 141D 1bs/in®). The

particles of cured (vulcanlzeg
degree of bed expansion in terms of the ratio etween 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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perene rubber whose sizes ranged from6 to 10 nesh.

The devul cani zati on operation (experinent) was
weaasioed3out only at the one tenperature of abput/uSMotoossss

The pressure was naintained at slightly |less than

1.01 x 105 Pascals (1.0 atmor 14.7 I bs/in2). The

degree of bed expansion in terns of the ratio between

bed height at any tine increment and the original bed

hei ght was coqputed and recorded., The bed- expanS|on
58, 748649 RErcenEl’ “tSPﬁ‘é“ﬁehtz femanthetis flugmsatine apd abgut % 71, 79

and% & m‘%?‘trgﬁ)fegﬁv w érp%éol 1.32, 1.45 and 1.49,

pec etl urpenti ne, and about

[00‘3‘2]33 T:lle%%fnp:-!itr (31 @ﬂﬂe ilwo4 ?ets of 23 'dXﬁthlC&% that synthetic

a-'Ter pi neo e Corresponding degrees of conversion
Turpitineakichiin derplage, Rondy s1ghtinle B G7SEH86 o-Terpineol for the

PCT/ US20 008858 58, 7 nd 79
devpGaBERIAT oA iReq P RETRREEh S SPaclaly Pt e carby ttags ththe o
temﬁératu%@ of abwht 08 @I TN dontparisoh 68 fiRGEdulBlof thif ©xample with those of
a- Terpineol. [00721 The conparison of the twy sets of

Exanmipde B revralstheteureriiseReranedness aparabls focthe geyyieanization with a-
Tex‘H1 o thgq_@ur-gﬁ ﬁg%s:gﬁgér’nré iR ¥BR! PRt d ﬁ&ﬁxg?ilﬁte&trb\‘/@aled in

an a- Terpi or t devul cani zati on cur ed
Exdngslepe tieoegh L) blee ¢ffe1$npen¢sa lof g-Berpinigel ascthe yle‘stleegiezaalpn reagent

et SR S S B L RS e

conf2YiBgloSTeipieotur ed i so-perene is |ess arrenabl e to the
devul cani zation with a- Terpineol than cured passenger

EXAMPLE ) in SBR It is worth noting that as reveal ed
in Exanples 4 through 10, the effectiveness of

[0093]7€" Bh RES tex'ﬂﬁplte hSotd @Whm drpbhtdit drRdgaRipineol served as the
substantla 'y exceeds that of any other reagents

devwivagizatiorsagends toclevuicanize the qreb pREIes S suEgd{vplganized) SBR
rubfer Iﬁl‘i(&er& L rar%éﬁwln% 110 [‘&9}?3’1’he dé\ﬂ;l&iﬂ)'lz%u%ﬁ %Bptlaﬁon

etl urpentine and a- Terpi neol served as
(expdsrﬁnerd)awak camied atit only atjthetone temperetre ofdbout §6ECcTherpressure

article d (vul
waihintpfyrdliehith s bl 1S, £GP L D UHREE 1493681 )- The
de g@dead field @R par{ shos iy tbmt)thmlodmtweedb@ihex ghtlay agyt tinlkeéncrement
one tenp ur.e of about 96 C Th ress

and Yt RTEPALRCLE el&ﬁlt.%ﬁ"m“é?safﬁ{%mﬁ.‘g TR Risbertiigp gatios at the
4 tifnk- 1ch@ﬁ1@h@rof hfout ﬂOb&? J Cﬂlli]énd gﬂ‘nﬁmuﬂ@gwb ae abf)utbedi 1.54, 1.54 and
: expan3|on in terps.of the rati et [ t

LS EponertitelyibF SRR ByrRoRine. o7 arl ok oot SRETOASE
resﬁ&ﬁpHS'eﬂ)r NG erpBifdl. deRe ccﬂ’&p@ﬁ&n@ YBRBEI MtonPérsidn vadre Gbeut 75,

tinmd increnents of about 20, 40, 60 and 80 m nutes

85 \ﬁéraedéﬁmccm ®6), raspsatively,Sar syméhetic Tupentingynd abeat 0, 93, 93
and $1 pGUR Y] 5P H0AY! foD S TEBtheBROUL 1. 60, 164, 1.64

[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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respectively, for a-Terpineol. The correspondi ng

degrees of conversion were about 75, 85, 85 and 85
w@ersemizd 49, respectively, for synthetic Tur peot/usmn7/008858

and about 90, 93, 93 and 93 percent (%,

respectively, for a-Terpineol. [00741 The conpari son

of the two sets of resultant data indicates that

synthetic Turpentine, rich in a-Terpineol, is onIy

slightly |es ff ctLve.tha a-
oS e B e LS SRR o e s
spf about 96 C. The conparison of the results of this

exanple with those of Exanple 3 reveals that cured SBR

al iogi1, HRESED beh ARdA30B 68 /skIR in the art having the benefit

5@T/USZOO7/008§58 epﬁgfty arenabl e to the

of tiiie disctnsnieAhat this lquﬁloaJsreambkézﬁ affpsdipg camppsiigehyjyt methods
i3S beuRd r@t% d that th
s 5 s 0 R 1 00
forrh eﬁ dei mvemfontshowndmé cleswibed is teche takensas mvsmtlb'mﬁefﬁeed
abl e af fordi-n

em GRS  FO TF S0 9 R i and v
prodddsin g etepak eyould be sbtioub amefemrsstlokb@tl inithe atthevingdherberfefit of

thiswg:éclés'q%/qe tlb?lgtpi(%dwgatatg%%gqvﬁélﬁ? (ra mga retéé‘ &e%é‘r%ce all such

modiBidhthdrizahb @Rsng¥s dn@ %e@emmyhbq)emmnm aﬁdidfa“angb are to be
every processing g@ as would be o ous to a.person,
regasdeq trle‘t}‘ t"ﬁsttfﬁe’eafﬁtheh Pﬁg‘ettﬂé“tfeﬁt@f“?t FeOVehjiis intended that the
aprh&Qi' ASHlsDe dohsthiiedl tBtige@altdimtiviehenboaihemws.ng cl ai s
be interpreted to enbrace all such nodifications and
changes and, accordingly, the specification and
drawings are to be regarded in an illustrative rather
than a restrictive sense. Mreover, it is intended
that the appended clains be construed to include
alternative enbodi nents. Page 26 of 30 WO 2008/ 073136
PCT/ US2007/ 008858 CLAIMS 1. A nethod of devul cani zi ng
rubber conprising contacting a vul cani zed rubber wth
a turpentine liquid in a reaction mxture in an
absence of an alkali nmetal. 2. The nethod of Claima1,
wherein said turpentine liquid is selected fromthe
group consisting of: natural turpentine, synthetic
turpentine, pine oil, a-pinene, J -pinene, a-
terpi neol, P-terpineol, 3-carene, anethole, dipentene
(p-nmentha-1, 8-diene), terpene resins, nopol, pinane,
canphene, p-cynene, anisal dehyde, 2-pinane
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hydr oper oxi de, 3, 7-di nmet hyl -1, 6-oct adi ene, i sobornyl

acetate, terpin hydrate, ocinene, 2-pinanol
waolbdvgdrasgr cenol , i soborneol, a-terpineol, PCT/US2007/008858

al | ooci mrene, all ooci nene al cohol s, geraniol,

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

p- ment han-8-o0l, a-terpinyl acetate, citral,

citronellol, 7-ne thoxydi hydrocitronellal,

-10- canphor sul phoni ¢ aci d, ?f Eene, p- nent han- 8-yl

acetate, citronellal, 7-hyd 32;@% ydrocitronellal,

nment hel , nenthone, polyners thereof, and m xtures

thereof. 3. The nmethod of Caim1, wherein said

urpentine liquid is.selected fromthe rou .
YonoRanrd of deentane nibeefonfte fohad{rd Frutcanized rubber
t ur peMthian@rpentin€ligiid in @ r@ickien enixtufSirpamatisence of an alkali metal.
a-terpineol, O-terpineol, polyners thereof, and
71 Xt Themethdr @@ laind 1, Wheretiedahbainsdntick diqoidlis seleetee from the
sai d vul cani.zed rubber is provided in a formof at
| easBOYREONHERE Oy ul cani zed rubber article, vul canized
r ubber chug‘ﬁfu vul cani zed rubber bI.ock,l vul.cani zed
F ubbor TR uTRER RS YD EATS BHIBRIING; BIBE ollof PYIeRg) GPHIePeys-
or M Xtibiendo§3-Repinedl; 3-EhRnERinEMB1e) difehfin@(4-menfies- B8Rliene),
sai d vul cani zed rubber is in rubber crunb for 6 .
The  metBBEN®ICSTISaRIRCE, PIHS: GATIPREAE (P FUIERS- 2BI0 I Yigs 2-pinane

an ave rlﬁg?oﬂ}%)gihéil3?7-§1rﬁéihylof,_6forcﬁh'aﬁéi‘1*39id5b&n917&etate, terpin
mllinmeters to about 50 mllineters. 7. The nethod of

d ai m thydwiterasimens 2cpinanopedibydremyreggpli isogprmee}, o-terpineol,
conpr i imeh@! YR IOt Geratlid SE| i 8 dthehyl-7,8-
Fur penty Recrah HRbERinct, GOl SRy ey

PCT/ US2p0Xy 0885 8amghorThenenthanedtobfa-E€rpinyh atetaigh eitel,reitronellol,

sai d sa] vent iS.s8l r | St

over o Tiehispy Bttt TRIAL S B HRORE AL b i e, -

t hler eofmgntﬁan-lm}ﬂ aﬁgﬁt}lcepdtroﬁ%lﬁlﬁLhdequditard@qit_remlla;, menthol,

sol vent is. selected frromthe gro onsi.sting o

et hanol MeHPA Hny,meﬁ?J therent: aqﬁlg'ﬂy(gtﬁ'gs She fm xt gr es

58, e TR e RUB OIS s o e
COoNPgicuponsit@ig ofl hatufd) Gurperithred s pithétlcaurpeBtingyipiiecsily a-pinene,

said water is boiling. 12. The method o ai.m 1,
wher BiRneas; eriermiseh Fpiaselop Wﬁféﬁ@?fﬁ%{ r‘Pqﬁm"&uaﬁﬁéhemf

%ggtc%gg ?ndett?otd c%’ (Elg{m ?,r \?vhgrrelen s%fid fnglgarglggcp r%ﬁ)béqugpg'(?vi e%lfllta 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 nethod of Claim1, wherein said rubber and
said turpentine liquid are contacted at a pressure of
wo sgnahisut 4 x 104 Pascal to about 4 x 105 Paserlis2007/008858
14. The nmethod of Claim1, further conprising:
providing a reactor vessel within which reactor vessel
sai d vul canized rubber is contacted with said
turpentine liquid; providing a nmeans for agitating

sai d_vul cani zed rubber and said turpentine, .liquid in
3ai d Thegeaed GECBUT 7. whareita PP s Rl b e Wn grovb
sai d chadi R MEwWED Aiphblic Aeohdibdowet fRanef arfd Mixturks thereof.
further conprising incubating said vulcanized rubber

W t h19inththél PEORIMAS, Whetdifsdid salveslishélecté@tbm the groupe -
met hod of Claim 14, wherein said vul cani zed rubq$r |g
cont aersssting afisthaaply prensppk Rutanel, bepfang apd mixtuses thegohy
time to induce a pre-determ ned degree

dévuTbameibad of(-lamy 8, whereibsad Hapd lmr%eﬁso#)?, wily dedpppentine

sai d oURPEHhESconBHRs WatkrPy said turpentine liquid at
a tell grature cg: ess thén about 180C. 18. The n®ethod

qf Gﬁm&hoc}/v?@éﬁhﬂ 85 hereit DR watess isBAliast ed by said

turpentine quid af a tenperature of |ess than about

]180 C_’ll" hE 8ot 1aR lY‘Qh&Q:Qr%Q& Pibber Bid', éaﬁ@%ﬂﬁ&‘tﬂﬁﬁﬁﬁ&i are

19. The nmethod of Gaim1, further conprising

pr ovicdntagted at @ tramppyatireefifrers pbeutd@°Erto abed 8FrGup

consisting of thermal energy in excess of about 250C

des Sineanethod efClaén lowhatsyu said rybbependsaid fyreentinedigyyd are

m Cr ouay | I Q) PasdBR t'AYuE @lx 10° Pascal.

shearc%ggtggg?gg%easl#ll?%g?ggét uggz(o : Pf?). The r‘rlet r)1(od ofzma
ai m 18 . Sai Lppyt is provided before

S T REbEE IR, Bl Catp Ol ° o F Qe m 10,

wher ei N 8ai dyB0EN N iR QK iGEactb! Rss@ bl vulcanized

devul can?@ﬁ?‘ggsr%.@l{l'\%g%e}rethod of d aim 1,sz urther o

conpr i rebber iprovadedyith sde\tyrpeatine Havwidn catal yst to

said reaction m xture during said contacting. 23. The _

met hod opralidingiaineang fortrgitatiogrpaid yulegniged pitdengnd gid turpentine

sai d rlﬁaﬁﬁ Lon. é%gllf%;gessgﬁ%@g said contacting a

compou Selec romthe group 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, netal oxides, sulfur-radical inhibitors,

TBBS, zZMBT, MBT, TMIM and m xtures thereof. 24. The
woedBessief Caim 1, further conprising providi pgr/@s2007/008858

thermophilic mcroorganismto said reaction mxture

during said contacting. Page 29 of 30

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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