; tue3el dFL4Z26Td08928 March 2003 The present invention rel atZz$Maecha20@3 hod
for the treatnent of vul cani zed rubber, in particular 5 waste rubber, and a
-chem cal solution for use in such a treatnent articular, the
invention relates to a nethod for reclaimng mﬁgmgwm@wy@mrsuch as rubber
crunb fromused tyres, tyre tubing, hosing or - , by

devul cani zat | fur vul cani zation of a rubber "y ner is i cal
process whic qu 'a three 10 di mensional network by intercoﬁ%@gﬁgﬁgﬁ4s

pol ymer chains, such as through sul fur atons. Various other vul canization
systems are al so possible including pjocesses where the cross |inking
entity is a carbon-carbon bond, a dival ent orgjmwwwummUMﬁ E or a pol yval ent
nmetal . These processes produce vul cani zed rubb reased

el asticity and decreased plasticity. In this regardgooos2tl cani zed rubber
generally retracts forcibly to its noul ded shape 15 after being deforned by

sone type of nechapls i } chi de nat ur al
rubber, primaril y%gﬂj@;%@gﬁgTW’ﬁgﬂ}é@b?ﬁgi@g%ﬂ or reclaimng
of waste rubber econom cally attractive for many years. For exanple,

several acid processes for reclaimng rubber are known. Such processes are
20 typi cTht prezpplineatibe relates toer method forribe wéamenttaf uldahized fubbem gn particular

relatively | ow state of vul cani zatjon and containing no free sulfyr. These
pr ocessSe¥asle gubbeh, anda-chegucal selptign *95@5% W 5(“5’8 pdr *B?e’ﬁéﬁ‘eéh‘ﬁf- gﬁ! @arveﬂera e ed

rubber thg{én op %3§t§sctlogﬂntehﬁg f%PPec‘i%ﬁﬁx&E@?m B Eﬁb%rmgPeH OB i udy has

been rec e processes usua sadvant ageousl'y contal ns snal |
traces ofyréirgeibiag, BadiiLor 6@ drastbgrdevtiRbnigntiodl the rubber. The tensile
25 strength and ot her physical properties of acid reclainmed rubber are
generally poor. Al kali processes for reclaimng rubber are also known and

are genegal.ly considered.to _provi de sone adyant ages over .t.he .above

ment | onet; JUISAREANETCET 2 piRbet PODET T, & GORPURNERSER (BN LSS £ Biss:  s
not T guOXRknBinAl HivbriP b9 iRRIG&Nnedtidl PAAVMEF chiifis, PRA ROAChgRACIMERS hedhe

sul fur and the rubber i1s altered. D sadvant ageously, after "scrap w cani zed
r, ' ' YBriddeyr athe200Gni24G000) 206 hre also ReSEIbABRNMANRYHrocessbewhérathd exss-
recl ai med through an al kali process, it typically |.poses toughness and

el ast i ci Kgking gRtityes ar GATPYN-EAIBEMBEND A éyﬁ%@ng PES2DIS ﬁﬂgﬁt,i Qr 3 BPlYVARS Batal.The
PG oot TISE bRl Hhode Rfodntity MinBlr SRy ierelarBsadly b deb A"

net hod. itgli 19 tiPre@BR, FaRERizedfubbbiegdheREK Tetrhdty fottibdtd fi€hPuided Rhapel ded
a method for the treatnent of vul cani zed rubber conprising the steps of:

provi &b raften beingadefiarmeddyy soneotype bf mgthamical forge.fatty acid or ester or a salt
thereof; 10 blending the solution wth particul ate vul cani zed rubber; and
heating the blend for a tinme period and at a sufficient tenperature and

Pr eSSur epfelevzl 'ﬁﬁ&é&@in% Robpofaydé BARAZRbLES piiﬁﬁ?ﬁ% dué _fcﬁft@ﬁéépéiﬁré A5 Rialie BAS€

softening agent 1s added to the blend prior to heating of t blend to 15
sof t en treeyclingber reblaiiming tof emdste mtbbel feeomuinlicaliyo nttcdctiso ffoemany pepent For
particularly preferred if the rubber being treated is dry. On the other

. y
hand, i feXaR®le, ssieml jagid, pIogessee f9F Feclaimingc FUbBer arfeKBRWRenSURE BIGESSEHATE not

ot or 22 ASAChoBIGHADS The BN & walle' GROAINRIAE"s SRXGASYOR et o
the vul cantanediion ahe cofalding B6 fRee! sulfuPn THESE PRckRBRATeY hoWRvéigkfethllg ndgent ,

suitable for more highly vulcanized rubber such as hose, belting and tyre scrap.

Furthermore, rubber which has been reclaimed by acid processes usually disadvantageously
contains small traces of acid which causes rapid deterioration of the rubber. The tensile

25 strength and other physical properties of acid reclaimed rubber are generally poor.

Alkali processes for reclaiming rubber are also known and are generally considered to
provide some advantages over the above mentioned acid processes. However, sulfur
contained in the waste rubber is not removed by alkali processes, but rather the bonding

30 between the sulfur and the rubber is altered. Disadvantageously, after scrap vulcanized



it is preferred that the m xi ng vessel be cool ed, for exanple 128 N@icar2003
cooling. Cooling of the blend advantageously ensures that the bl end does

. not becone sticky and, therefore, unable to be thoroughly bl ended. 25 The
bl end may be heated for any suitable tinme period depending on, for exanple,
t he degree of vul canization of the rubber being treated and/or the particle
'size of the particul ate rubber. However, the blend is typicall eat e or
atinme period£8pa??ﬁh1about 1 hour to about 8 hours, preferabl%g? ﬁ%%ﬁ%%ht
4 hours to about 8 hours. 30 The tenperature at which the blend is heated

i s advantageously chosen to avoi d burn ng of 28 March 2003 WO 001 20461 -3
PCTI AU99/ 00845 the rubber being treated. In this regard, the blend is
preferably heated at a tenperature of from about 180C to about 200C.
Simlarly, the pressure at which the treatnment i s conducted may be

det er ni netitbas dus dieen Heclgimende throwghy an cillialy Procsss, oft typisally,heses tavghnasspardii ng
on the selected ti eriod and tenperagture of treatnment. In a preferred 5
embodi mentiasHfy f“r“gg‘frf‘)?‘éﬂ y Becopgs syse tblﬁ? ¥%Pla§t’°pﬁaeé§%¥e Tof from about 18 to
about 20 kg/cnR. The anounts of the constituents of the blend wll

general ly depend on the particular characteristics of the rubber to be
treat ed. Huor preseatoivehtidrhaimano pravidef arsaltemative methaiufof the tegatnémitang rectaimingr

ester of salt thereof may vary depending on the degree of w cani zation of
the 10 Lﬂfb‘@ﬁt]‘?a“}zﬁdéubtfeé@émsg]&%@% i‘ﬁ%h‘?s‘fqli‘ea E‘F@Ra conpri se about x00 parts
particul ate rubber, 4 to 6 parts softening agent and ¢ to 4 parts treatnent

solution. The particul ate rubber may be of any suitable particle size.

Cener al | yAcdobding rabneetspédd of prrpreseheinvemipntthereiopevefetiaahetied fordhefrédmmennt
the reaction. In a preferred enbodi ment the 15 rubber is rubber crunb
havi ng a Qfaridapized subher 6pmpHEISE theasteBn®h: Most preferably the rubber is

wder ed rubber. The sol uti f.sul d f .acid |
her cof pr of onuBriPEchpritsal bt A e GbiAe: g hendt o bl wlfsollet o
or sal jgt her_echleﬂdi‘ng?‘th'%:3sblu?iof=)fwiH]I pattickINONfEaniZed fubiRRC oY T ation 20 of sul fur

in the solution may vary dependi’ng on the degree of vulcanization of the
rubber. | n a preafirg tiedblend éali areinte, perrivd dndtdtya sutficient tempemture rang gir¢ssuieaoeof
is an unsaturated fatty acid or ester or salt thereof. More preferably the
fatty acisybstantipflyjdevaleanize thedqubbirytion is preferably prepared by adding
powdered ventilated sulfur to oleic acid which 25 has been heated to
approximately 160C while stirring the solution. After the addition of the

sul fur, tPtefeeadly dn lofl-tasé sdfteningf agent fsuidded totei temprdorofo Heading bhehe blend to
tenperature of the solution is increased until the sulfur is conpletely

di ssol ledoften thegubbesiduring tr¢atmgph eTh¢ addition ofsofteningrageniuis particylarly preferred

t t f | 80C | ffici to djsspl ve . | fur in.t |,ei id.
ALt nat T ey yot et eated i v o0n ofie ingE Benf of BB ambberf sttulel” FRCNERdly | on
_Szblsa eC?';J 2’1&0% gc/)tgég%ﬁg Aped® may AHtIRYeYBirdd1e AP hfptbpriate 28104Rt 611 sAtidng 3P niy461

generally be determined empirically from the nature of the rubber.

20 During blending of the vulcanized rubber with the solution and optionally the softening agent,
it is preferred that the mixing vessel be cooled, for example by water cooling. Cooling of
the blend advantageously ensures that the blend does not become sticky and, therefore, unable
to be thoroughly blended.

25 The blend may be heated for any suitable time period depending on, for example, the degree
of vulcanization of the rubber being treated and/or the particle size of the particulate rubber.
However, the blend is typically heated for a time period of from about 1 hour to about 8

hours, preferably from about 4 hours to about 8 hours.

30 The temperature at which the blend is heated is advantageously chosen to avoid burning of



Accordingly, the invention also provides -a solution for treat8giarghcaii3zed
rubber, the solution conprising: a fatty acid or ester or a salt thereof;
-and sulfur. 5 The oil based softening agent may conprise any suitable
softeni ng agent. However, in a preferred enbodi nent the softening agent is
~an aromatic oil. For exanple, in sone enbodinents a filtered sunp oil may
be used as tgl(ﬁiltgased softening agent. 10 The heating of t /Rb&ﬂﬂsﬂpy
be achi eved $) uitable nmeans. In a preferred enbodi nent ‘however,
heating is achieved in an autoclave, nost preferably a rotating autoclave.
Rotation facilitates an even heating_gf the blend being treated. For
exanpl e, a "Maxiternt autoclave has been found appropriate for this
purpose. Alternatively, it is envisaged that the entire process or at |east
a substan ial, part of the process, may be achieved using a continuous 15

process. "E‘ eg beingdrepted. hin ‘thl*sef&ﬁﬁ@nfhepl?lé%éssprﬁ@?b@b 53 ACISHPSTAIHE of |
mat eri al t'i- H %b@é t'tghﬁb%ﬂg 585°@”n§ﬁfla9f ttﬁ@?x&é@ﬁ}%vﬁt \?’Hﬁ ’ gq{%ﬂuﬂém"@' ch
carries o e" proéess - of Aventl on en

conduct ed:onauom atatyosé FéRrhhiRd BREF onSther Rifdeabf YuRhmieaibnl 6f meamwﬁun@g a
20 depth of approximately | Gcm The blend I's preferably evenly spread in

t he tray depending pnhthef saiq:qmd;impeuqd Bodn terAperatug o m@amemg tihea iprefeed s
| ed | | I I t 2
Rater  coSTRRGRERE e reRRen: & Rhrfet dihes 4pESOre A PRy 000t b e ston aff efha™

mlling 25 station where it is mlled, again preferably w th water cooling.
Most preferably the treated rubber is mlled a plurality of tinmes, far
exanpl e Theesntumesf thé henstthéms of uhbeblends will edememiily yddpand dneﬂieeriamtuiar
exanple in an oven, up to about 130C. _Fol | ow n%hheatl ng, the rubber is, once

agai n cobNaEACIERics emcvebbermee Heed.| Ear exammds. thepmeynt 9 seiytion of e angd | y

L0 e e TR R A P e St b Pyl Pgﬁﬁéf[};“
t he maohesbbae.C f dipiefeired ehibolimydn ticOblelt] Estisee dboal mmsrpabﬂikﬁﬂawﬁﬂmlﬂi&r nmay
be simlar to crude rubber and can advantageously be used in the

manuf act #ite 6gfarts sblieningagéntland 2 wpldspartsttteatmend salubied. r ubber nay be
rewl cani zed in the nornmal manner, or it nmay be m xed with synthetic rubber
or natural rubber as required. 5 Preferred enbodi nents of the present

i nvent i oy lrichPats \;Mbqblﬂ:ﬁ%ﬁ% ngf'arﬁ Rieabie Sadidie zt:h G@ﬁawcaetsamhe@me

fol | ow ng exanpl es be construe Tmting on the

i nvent i opartioleasize theymorkOefiicapannd efficiait tlwte‘aumrso[[mhlpmefeﬂxe&@glboﬁunﬂmm aci d
was |ntroduced to a cold reactor and 2509 of powered ventilated sul fur was
added éhab@sblsmwrmmb hayng Fparticleaizennt gasthen omay Moshpretsrably tha ng
of the sg olution was then heated to between 160C and 1$0C to
conpl ete )ﬁ%ss& i the sulfur in the oleic acid. The solution is then
al lowed to cool. Throughout the heating process, the solution was
periodically checked to see whet her the sul fur had di ssol ved. GCenerally,

t he sol ulThesolutien ehsdfudndtfatgbagid ot 881 orsdCGhereaf mmabiy CompEisefya 8OIUHYp of

the Tiqu] P su?ﬁ'lr an&l fa%tsysac% 8‘} eester ofr sglrt]?he r1)n Xv%z?uonorl 1 2 eI?oWe\;[epemg lfJ:o}cxcentr 5n not

20 of sulfur in the solution may vary depending on the degree of vulcanization of the rubber.
In a preferred embodiment, the fatty acid or ester or salt thereof is an unsaturated fatty acid

or ester or salt thereof. More preferably the fatty acid is oleic acid.

The solution is preferably prepared by adding powdered ventilated sulfur to oleic acid which
25 has been heated to approximately 160°C while stirring the solution. After the addition of the

sulfur, typically in a ratio of sulfur to oleic acid of 1:4, the temperature of the solution is

increased until the sulfur is completely dissolved in the oleic acid. Generally, it has been

found that a temperature of 180°C is sufficient to dissoive the sulfur in the oleic acid.

Alternatively, the sulfur may be added to cold oleic acid, and the solution subsequently heated
30 to dissolve the sulfur.



20 ,conpl etely dissolved. Heating was continued until a clear 2hdlarch 2003
transparent drop was achieved on the glass plate. Care should be taken when
preparing the sul fur solution to evacuate or elimnate any sul fur dioxide
gas produced. This may be achi eved through an exhaust fan or by using a
caustic 25 vapour trap. Treatnment of waste rubber 1. Rubber Devul cani zation
" Process 30 28 NMarch 2003 WO 001 20461 -6 FCT/ AU991 00845 Car tyre crunb.
rubber parti qQYW2HY chenical additives were weighed to the sSéE/lAIUl()%(E\OS"’
formul ation. The ingredients were well mxed in a rotational m xer. The
bl end was then placed in layers in a_q‘e_vi ce and heated. The resulting
product was then mlled on a two roll mll. 5 For truck tyre crunb rubber
particles, the same procedure was foll owed. 2. Preparation of Rubber
Sanples 10 The treated rubber was mned with curatives at three levels, viz
Car pre séseordingly,5hesideeniionaalsa providasbe rsoliidnsovotidating ryulpapized qublere ther ead
(mainly natural rubber). 15 (b) 60% devul cani zed rubber and 40% virgin
uncur ed t3ARHQN CAMPIISIYG: 3004 devul cani zed rubber and 70% virgin uncured tyre

tread. Truck ty'feﬁysﬁm)&eésltérdr)d? b cgptﬁq rubber and 50 % virgin uncured
20 1 ‘(e

tyre tread (malnty nat ur a ubber). ( 60% treat ed rubber and 40%

virgin uncuredsulfpre tread. (f) 30%treated rubber and 70% virgi n uncured
tyre tread. The above car and truck tyre sanples were processed on a two
roll nmidl and there were no 25 processing difficulties encountered. The

treated r’i"lpé) &1 b%egin%)gtgg}ﬂg;age n;gﬁﬁag ic&%hﬂsé Xl‘r’x])g is?x?a%?}e‘és#ﬂgﬁln@%égﬂfz Ho%kf&’ ?rz a The

sanpl es were cure r uring co yres in

conpr essipafapfedSémbetiiment? theMooftening0Qgeny\Gs O 2fvdktic_dil. PEJY exdhPO/ @O8EMme3.

Sanmpl e Eval uation 3.1 Speci nen Preparati on and Conditioning Test specinens
wer e cut ambotiméntDd fittedesubirf oib may beased asrpheas] baseld sofitetiing ageatl at 23C, 50%
humdity for 24 hours. 5 3.2 Testing Conditions
10 The heating of the blend may be achieved by any suitable means. In a preferred embodiment
however, heating is achieved in an autoclave, most preferably a rotating autoclave. Rotation
facilitates an even heating of the blend being treated. For example, a "Maxiterm" autoclave
has beefi found appropriate for this purpose. Alternatively, it is envisaged that the entire
process c;r at least a substantial part of the process, may be achieved using a continuous
15 process. In this regard, the treatment process may comprise conveying the material to be
treated through a number of treatment stages, each of which carries out a step in the process

of the invention.

When-heating is conducted in an autoclave the blend is preferably placed in trays having a
20 depth of approximately 10cm. The blend is preferably evenly spread in the tray to a depth

of approximately Scm.

Following heating the blend is cooled or allowed to cool. For example, cooling may be
effected using a water cooling system. Once the blend is cooled, it is transferred to a milling
25 station where it is milled, again preferably with water cooling. Most preferably the treated

rubber is milled a plurality of times, for example three times.

'The milled rubber is preferably then heated, for example in an oven, up to about 130°C.
Following heating, the rubber is once again cooled and remilled. The remilled rubber, which

30 is substantially 100% reclaimed rubber, may then be formed into pallets for sale.



Testing .machi ne: LLOYD 2000R with conputer interface; Testing fpedarch52ED3
nmm mn Tenperature: 23 C 10 Hum dity: 50% Speci nens tested: 3 for each
-sanple 3-3 Test Results The average results are sunmarised in the foll ow ng
table. 15 CarCar Tvre 20 Sanpl e LD. Tensil eModul us ( Moa) El ongati on

~at Har dness( Devul cani zedSt r engt hat 3D0%Br eak (% (Shore A)rubber/tyre

~(Mpa) El ongati ontread stock)(a) (50150)4.292.57463. 656. 8(b)

( 60/ 40) 4. 742 WRABW4G56. 4(c) (301 70) 7. 232. 61702. 458. 0 Truck T~PCE/AUSIBER4S
Sanpl e LD. Tensi | eMbdul usEl ongati on at Har dness( Devul cani zedSt r engt h( Mpa)

at Break (9% (Shore A)rubber/tyre(Ma)3Q0% read stock)El ongation(d)

(50/50) 6. 53. 0559. 459(e) (601 40)7.23.3586.158(f) (30170)9.82.7803.361 28
March 2003 WD 00l 20461 _g_ Concl usi on PCTI A U99/ 0084 The rubber
devul cani zati on process is capable of producing a product that is

conpat i bl Advarttigepuslpewaste rpbhendeeated Thye theemétbodracaseding to Hbs inventiqro progecesan
be optimsed with regard to the cure system_pol r type, filler level,

sul fur | ekpelaimedirybbee whigh ey be F’GH{anto Fﬂ@eﬁuﬁ&ﬂa\éﬁﬁﬁé&)ﬁ%@?‘?% .E"”I*Ff'él Vlest s
conduct e [ . Ng: % Ani i ' . m
passeng e(rjmﬁ ;l}?%{g H&n 8 Og%#gggg*%% fruﬁi\%{”l %i"rél ‘fﬁé&@ﬁ{é‘g é’ﬁﬁ?@ﬁli)@}eﬁ@% W’g‘? "{M&}%h
usef ul prepsal masner| ofit iHaygbe MixpdAnvith eyithdtie rabbengtraraiaibbetsas ref@ingiat i on
and hardness. 10 These val ues can be further inproved by adjustnents to the
formul a¥ion. The product properties woul d depend on the actual formulation

bei ng cur ' LLlons. hout, .t hi s..specificatio d
the ol ai MacRe o B AEdelanE Msnd PP BGH e B SR R B o o
" conpri sQefertice Vil ihet folowirkUexandsies’ GATEH iRkl nbf be CORRtMIed ATTimiMhg lonDBe
understood to inply the inclusion of a stated integer or group of integers
but not tiheengiwnlimgnpwapf any ot her integer or group of integers. Those
skilled in the art will appreciate that the invention described herein is
susceptible to 20 variations and nodifications other than those

speci f q#%&“g§ 35?§ﬁﬂrs$$ﬁ$ﬁ to be understood that the invention includes
all such’varratrons and nodifications which fall within its spirit and
scope. The invention also includes all of the steps, features, conpositions
and conmpounds referred to or indicated in this specification, individually
or col | ed0PQgpf oleigmaeidiwgs imepdured Wonenld seactangf258g pf pawersd vieptilatess sudfyr d
steps or feat S 28 . ch 2003, P 199/ 00845, Recej v 0_Januar.y, 2001
o P operit s usrptop P imiog o thd Gedefon Wes S0 WA LAEPu kR R o
of vul cagbmeien.” THESsluAONRaE Bieh BedtbtoBedREenCf60°C M 180PQO 18 cobletd1Pdissblve
sulfur in a fatty acid or ester or a salt thereof; blending the solution

Wit h pHY tthesilfurdn vhe @deiciazisld Thebsdutjiomisdhen allowed to cool.

Throughout the heating process, the solution was periodically checked to see whether the
sulfur had dissolved. Generally, the solution was checked at about 150°C, 160°C and 170°C
by placing a drop of the liquid on a glass plate. If the drop was not clear, the sulfur was not
20 completely dissolved. Heating was continued until a clear and transparent drop was achieved

on the glass plate.

Care should be taken when preparing the sulfur solution to evacuate or eliminate any sulfur
dioxide gas produced. This may be achieved through an exhaust fan or by using a caustic

25 vapour trap.

1. Rubber Devulcanization Process
30



heating,the blend for a time period and at a sufficient temasr BMérohe2808d
pressure to substantially devul cani ze the rubber. 2. A nethod according to
- claim1, wherein an oil-base softening agent is added to the blend prior to
heating of the blend to soften the rubber during treatnent. 3. A nethod
~according to claim2, wherein the softening agent is an aromatic oil. 4. A
nmet hod accor dj laiml , wherein, during blending of the j
rubber with Shg%g%@ﬁfion, the blend is cooled. 5. A nethod acc%¢+$ﬁghﬁgg
claim4, wherein the blend is cooled by water cooling a m xing vessel in
whi ch the vul cani zed rubber and the sgtution are being blended. -6. A
nmet hod according to claim1l, wherein the blend is heated for a tine period
of fromabout 1 hour to about 8 hours. 7. A nmethod according to claim§6,

wherein the blend is heated fqor a ti eriod.of fromabout 4 to abouy
nour 5. 6. AT i GBI EBR rRPTiges FiS FPRCahRAABIYRS I prethied e e apeanad o

t enper at U o d i MrP RiredBAOG ke AR EeA I8 rofriofh TihBEC TRE SRR ity

claiml , el n'the IS carrie a pressure o
18 to aboplacedindayeeth a dvicc’aritEicaed. AHeqediliigy prodattavay then Wifidedra twierdll end
conpri se about 100 parts particulate rubber, 4 to 6 parts softening agent
and 2 to milbarts treatnent solution. 11. A method according to claim1,
wherein_the particul ate rubber is rubber crunb having a particle size of

| ess thgn 6mm 12. A method according to claim 1, wherein the particul ate
rubber i SERONGAr G5k ERRREFubbésparfic el e damé procdng WA foliswia 1, wherein the
solution of sulfdr and fatty acid or ester or salt thereof conprises a
solution of sulfur and fatty acid or ester or salt thereof in a ratio of
1:4. -... 28 March 200 U0/, 20461 PCT/ AU99/ 00845 - 10 14. A nethod
accordi ng®t o c?%ﬁpﬁ‘\"*lt,lorhﬁég\é\ghertéﬁé’“?%ty acid or ester or salt thereof is an
unsaturated fatty acid or ester or salt thereof. 1 S. A nethod according to
claim 14, wherein the fatty acid is oleic acid. 16. A nethod according to
clai m 10 Thereid hivdet haakiiesd withlcutatioes ashivedpasiediby 5 addi ng powder ed
ventilated sulfur to oleic acid which has been heated to approximately to
160C while stirring the solution and increasing the tenperature of the
solution until .the sulflfr_ is conpletely dissolved in the oleic acid. 17. A
met hod accor di SY-¥EES4MRISY 16 wherein the tenperature of the solution is

i ncreased to ggput $BHGehAcAHiRAGhYSraAg 5% Withid dhcbhQ Qteirtadi@idhly Hnkd A
nmet hod according to claim1l, wherein heating of the blénd is achieved in an
aut ocl ave. 19. A netubber)according to claim 18, wherein said autoclave is a
rotating autocl ave. A nmethod according to claim1, wherein said nmethod

28.
is carfied outis é%%#%%?%@@s@dc_ r"ilrsgi"hﬁn%‘_r?fh%‘ém%ﬁ' treat ment
stages. 15 21. QA MeidipcheOGiERid Vhnbet &PI% VirgDERSEE fyok LLNO heating the

blend is coole

Truck tyre sample:
T (d) 50% treated rubber and 50% virgin uncured tyre tread (mainly natural
20 rubber).
() 60% treated rubber and 40% virgin uncured tyre tread.

® 30% treated rubber and 70% virgin uncured tyre tread.

The above car and truck tyre samples were processed on a two roll mill and there were no
25 processing difficulties encountered. The treated rubber blended with the virgin tyre stock

without difficulties.

The samples were cured under normal curing conditions for truck tyres in a compression
press.
30



or allowed to cool and wherein the cooled blend is then transfe
mlling station where it is mlled one or nore tines, optionall?éaﬁyﬁgﬁgpér
cooling. 22. A nmethod according to claim 21, wherein cooled blend is mlled
at least three tinmes. 20 23. A nethod according to claim21l, wherein the
ml|led rubber is cooled and then heated up to about 130C, recool ed and
remlled. 24. A solution for treating vul canized rubber, the sol ution
conpri si ng: éy?gyyvﬁbcid or ester or a salt thereof; and sul f BFT/A3B9/90845 A
solution according to claim?24, additionally conprising an oil-base
softening agent. 26. A solution according to claim25, wherein the
softening agent is an aromatic oil. 27.” A solution according to claim 25,
conpri sing about 100 parts particul ate rubber, 4 to 6 parts softeni ng agent
and 2 to 4 parts treatnment solution 30 28. A solution according to claim
24, conprdsi ngSample Evalpatiomnd fatty acid or ester or salt thereof in a
ratio of 1:4. (. 28 March 2003 WD _001.20461 PCTI A, U99/ 00845 -11 29. A
sol ution accora#ng ] PALALQRE Qning

_ 5 & Fatty acid or ester or salt
thereof is an ?&%%&é&hﬂ&?%&@%ﬁﬂm
to 9,

vV

: M4 BSHRIC Hond éﬁﬁegfs&ﬁﬁﬁf’hd 86hditioned
sol ution accordin clarm 5

erein the fatty acid 1s"olelc acid.
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20 [ (a) (50/50) 4.29 2.57 463.6 56.8
(b) (60/40) 4.74 2.76 489.7 56.4
(c) (30/70) 7.23 2.61 702.4 58.0
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(d) (50/50) 6.5 3.0 559.4 59
30 | (e) (60/40) 7.2 33 586.1 58
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passenger tyres into a tread formulation has resulted in a material with useful properties, i.e.
significant tensile strength, modulus, elongation and hardness.

10
These values can be further improved by adjustments to the formulation. The product

properties would depend on the actual formulation being cured and the curing conditions.

Throughout this specification and the claims which follow, unless the context requires
15 otherwise, the word "comprise”, or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the exclusion

of any other integer or group of integers.

Those skilled in the art will appreciate that the invention described herein is susceptible to
20 variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications which fall within its spirit and
scope. The invention also includes all of the steps, features, compositions and compounds
referred to or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of said steps or features.
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&#10% & () - providing a solution of sulfur in a fatty acid or ester or a salt thereof;
blending the solution with particulate vulcanized rubber; and
heating the blend for a time period and at a sufficient temperature and pressure
to substantially devulcanize the rubber.
2. A method according to claim 1, wherein an oil-base softening agent is added to
the blend prior to heating of the blend to soften the rubber during treatment.
3. A method according to claim 2, wherein the softening agent is an aromatic oil.
4. A method according to claim 1, wherein, during blending of the vulcanized
rubber with the solution, the blend is cooled.
5. A method according to claim 4, wherein the blend is cooled by water cooling a
mixing vessel in which the vulcanized rubber and the solution are being blended.
-6. A method according to claim 1, wherein the blend is heated for a time period of
from about 1 hour to about 8 hours.
7. A method according to claim 6, wherein the blend is heated for a time period of

from about 4 to about § hours.

8. A method according to claim 1, wherein the blend 1s heated at a temperature of
from about 180°C to about 200°C.
9. A method according to claim 1, wherein the treatment is carried out at a pressure

of from about 18 to about 20 kg/cm?.
10. A method according to claim 1, wherein the blend comprise about 100 parts

particulate rubber, 4 to 6 parts softening agent and 2 to 4 parts treatment solution.

11. A method according to claim 1, wherein the particulate rubber is rubber crumb

having a particle size of less than 6mm.
12. A method according to claim 1, wherein the particulate rubber is powdered

rubber.
13. A method according to claim 1, wherein the solution of sulfur and fatty acid or

ester or salt thereof comprises a solution of sulfur and fatty acid or ester or salt thereof in a ratio

of 1:4.
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an unsaturated fatty acid or ester or salt thereof.

15. A method according to claim 14, wherein the fatty acid is oleic acid.

16. A method according to claim 1, wherein the treatment solution is prepared by

5 adding powdered ventilated sulfur to oleic acid which has been heated to approximately to

160°C while stirring the solution and increasing the temperature of the solution until the sulfur
is completely dissolved in the oleic acid.

17. A method according to claim 16, wherein the temperature of the solution is
increased to about 180°C to dissolve the sulfur in the oleic acid.

10 18. A method according to claim 1, wherein heating of the blend is achieved in an
autoclave.

19. A method according to claim 18, wherein said autoclave is a rotating autoclave.
20. A method according to claim 1, wherein said method is carried out as a
continuous process comprising a number of treatment stages.

15 21. A method according to claim 1, wherein following heating the blend is cooled
or allowed to cool and wherein the cooled blend is then transferred to a milling station where
it is milled one or more times, optionally with water cooling.

22. A method according to claim 21, wherein cooled blend is milled at least three
times.

20 23. A method according to claim 21, wherein the milled rubber is cooled and then
heated up to about 130°C, recooled and remilled.

24. A solution for treating vulcanized rubber, the solution comprising:

a fatty acid or ester or a salt thereof; and

sulfur.
25 25. A solution according to claim 24, additionally comprising an oil-base softening
agent.
26. A solution according to claim 25, wherein the softening agent is an aromatic oil.

27. A solution according to claim 25, comprising about 100 parts particulate rubber,
4 to 6 parts softening agent and 2 to 4 parts treatment solutio.i.
30 28. A solution according to claim 24, comprising said sulfur and fatty acid or ester

or salt thereof in a ratio of 1:4.
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