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of rubber decomposition from used tires in tire dumps are well known - they include the

contamination of the water and soil and the breeding of mosquitoes.

Second, it is necessary to de-vulcanize waste rubber before using it as a starting
material for products containing rubber. This is because rubber in its vulcanized state cannot
bond effectively with ingredients such as tar, mineral oil, synthetic rubber, sulfur, etc. that are
used to form rubber products and because rubber in its vulcanized state cannot be molded
eﬁ'ectively into the form needed for the final rubber product. It is necessary to use virgin
rubber (rubber that has never been vulcanized) or de-vulcanized rubber as the primary raw
material for rubber products. Notwithstanding the widely recognized need to conduct the
process of de-vulcanization, and to have a cost effective raw material for use in manufacturing
of rubber products, the de-vulcanization processes currently used suffer from many drawbacks

and the common use of virgin rubber as the starting material for rubber manufacturing is
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vulcanization is approximately $500 to $600 per metric ton of end product, a cost that can be

substantially reduced if better methods were known.

The cost per metric ton of producing devulcanized waste ruber for secondary usage
varies with the type Qf product that the waste rubber was originally used as and how it was
treated during de-vulcanization, The cheapest de-vulcanized waste rubber is rough rubber
crumb and small rubber flinders up to 50 millimeters. The most expensive is rubber regenerate
from which is produced the most technologically interesting and highest quality rubber
products. Regenerate rubber cost up to $600 to $650 per metric ton to produce, according to
known methods. -

Another disadvantage is that the end product of known de-vulcan
ization methods is not high quality rubber usable as the starting raw material in the
manufacture of rubber products and is used as a filler instead. The starting material for rubber

products is raw rubber that was never vulcanized, sometimes called virgin rubber. Virgin



products is raw rubber that was never vul canized, sonetines called virgin

rubber. Virgin 2 WO 02/094917 PCT/ US02/ 15908 rubber, however, requires the
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What is needed is a process of de-vulcanizing waste rubber, e.g. used tires, which costs '.
substantially less per metric ton than the known methods of de-vulcanization, produces an end .
product that is of sufficiently high quality rubber that it can be used as a substitute raw material
for virgin rubber in the manufacture of all kinds of rubber products, which uses no toxic
reactants and products no toxic byproducts rendering it environmentally friendly and which

| produces stable enough end product that it does not re-vulcanize prematurely. This would both
revolutionize the cost of making rubber products and greatly enhance the quality of the
environment. The method and composition of the present invention achieves these objectives
as well as others. | |
SUMMARY OF THE INVENTION
The method of the present invention is a mechanical/chemical method and composition

for de-vulcanization of rubber that maintains the macromolecules of waste rubber, renders the
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cost effective, environnentally friendly and produces high quality
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met hod of de-vul cani zation of waste rubber wherein fine grinding of waste
rubber is paniclessasssubjected to at least ten pairs of rollers in at least ten roll mills, examined for

consistency and subjected to further sets of roll mills if necessary. It should be understood that
a single multi roll mill shall be understood as comprising separate roll mills for each pair of
rollers in the multi roll mill. The composition selectively breaks the sulfur to sulfur bonds while
allowing the carbon to carbon bonds to remain intact thereby maintaining the integrity of the
rubber macromolecules.

IMPORTANT OBJECTS AND ADVANTAGES

The following important objects and advantages of the present invention are:

(1) to provide a method of de-vulcanization of waste rubber such as used tires that is
environmentally friendly in that it recycles used tires into raw rubber without using and without
emitting any toxic wastes;

(2) to provide a method of de-vulcanization of waste rubber wherein fine grinding of

waste rubber is unnecessary,




WO 02/ 094917 PCT/ US02/ 15908 (3) to provide a de-vul cani zati on nethod t hat
creates a stable end-product that does not re-vulcanize prematurely when
exposed to noderate heat such as 50 to 70 degrees centigrade; (4) to
provi de a &0 QM%UAI zati on nethod that is substantially cREIASP2/180%r oduce
each netric ton of end product t han existing nmethods; (5) to provide a
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made of ingredients that are almost water insoluble;

(8) to provide a de-vulcanization method and composition wherein the composition is
made of ingredients that are not inflammable;

(9) to provide a de-vulcanization method and composition wherein the composition is
made of ingredients that are cheap;

(10) to provide a de-vulcanization method and composition wherein the composition is
sufficiently stable that it remains in usable form for at least half a year;

(11) to provide a composition for de-vulcanization wherein the components are
environmentally safe for humans and the environment,

(12) to provide a composition for de-vulcanization of rubber which is added to the
crushed waste rubber particles in a ratio that is approximately between 3 parts by weight of
composition to 100 parts by weight of waste rubber up to approximately 6 parts composition

to 100 parts waste rubber and that is ideally 5 parts by weight of composition to 100 parts by



wei ght of waste rubber; (13) to provide a rubber de-vul cani zation nethod
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to heat duMYQ\@R/@9%4917ul cani zati on thereby elimnating or gr ®&IYSYEREI ng t he
anount of sulfur that has to added during re-vul canization; (14) to provide
a method of de-vul cani zation that enploys chem cal and nmechanical neans in
conbi nat i oYt tl@)waﬁﬁrﬂﬁmi de a de-vul cani zati on met hod wherein the chem cal
i ngredi ents used react _instantly when added to e, waste rubber _and. are

h
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of anyt hi neulfuf hoids e tyokeni tok the sdlfurremainnpassivélypin thenibber andserbareadiivatedbber
end product of the method can be a significant ingredient in the

manuf act ur ufeh lefer éxpohae tdhee duiigndualcanizatioh tieseby alimimtitg of greatlyeeducinigttheren
coating, water-resistant paints, rubber glues, anticorrosion m xtures,
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children's play ; [ ’ : ' ; hefddal ON
nmet hod enploying%;&g%ﬁ%ggﬁﬁﬁ@ﬁﬁfﬁggVw%é§%38€ﬁ?ggyﬂgﬁﬂgw€§¥ﬁgﬁq?% car bon
bonds and mai nt,ains .the integrity of the rubber macronol ecules; (19) to
provi de a OWAWILFPYPYPAUOB; de-vul cani zation that generates an active

particle wth dinmensions not pore than 10 angstro and.thaf is active for
10- 100 ni | | i secO:ddte proyids awde-vylcanization aleéwwg@?qm @ﬁ%ﬁwcﬂénar %ﬂsf‘gﬁa&h
t hat conducts a chem cal attack on sulfur to sulfur bonds and sulfur to
car bon bondstantly Wiknlided wothe wage milberdnmedmot [deteptable thereafiele a conposition
for de-vul cani zation that generates an active particle
(16) to provide a de-vulcanization method that results in an end product that can be re-
vulcanized without the addition of anything;
(17) to provide a de-vulcanization method wherein the rubber end product 'of the
method can be a significant ingredient in the manufacturing of rubber-based products such as
asphalt mixtures, bitumen coating, water-resistant paints, rubber glués, anticorrosion mixtures,
conveyer belts, tractors and heavy equipment, tires for trucks and tractor trailers, elastic
coating, hermetic mixtures, pavements, sports arenas, children’s play areas and car tires.
(18) to provide a de-vulcanization method employing a composition that leaves intact
the carbon to carbon bonds and maintains the integrity of the rubber macromolecules;
(19) to provide a composition for de-vulcanization that generates an active particle
with dimensions not more than 10 angstroms and that is active for 10-100 milliseconds;

(20) to provide a composition for de-vulcanization that conducts a chemical attack on

sulfur to sulfur bonds and sulfur to carbon bonds;



such that after the active particle joins the polyner nmacronol ecul es of
rubber, chem cal structures do not appear in place of the sulfur to sulfur
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the strenglépreds adnﬁ%mae Without adding fulfur,varbds blask, t&Smihetat ail and/onvicgin tubber.
strength of the sulfur to sulfur bonds is 54.0 Kcal/nmol. Al three of

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a simulation of the steps of the method of the present invention that depicts
only one roll mill and omits the other roll mills.

FIG. 2 is a depiction of a particle of rubber being crushed between rollers of roll mills
in accordance with a step in the method of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Vulcanized rubber comprises networks of hydrocarbon chains linked together through
sulfur to sulfur bonds and can be said to be made of a network of polymer macromolecules. A
vulcanized rubber network can be though of as many long hydrocarbon chains wherein the
chains themselves are linked together by sulfur to sulfur binds. Consequently, the vulcanized
rubber networks contain chemical bonds of carbon to carbon, chemical bonds of carbon to

sulfur and chemical bonds of sulfur to sulfur. The strength, measured in Kilocalories per mole



t hese bonds are nonpolar, i.e. have dipole nonents of zero. Accordingly, a
chem cal nethod of de-vulcanization will first damage the sulfur to sul fur
bonds in the vul cani zed rubber network, then the sulfur to carbon bonds
and then t NeO@209%UA t o carbon bonds. The vul cani zed rubbe®PCHEiINRI13208 s
sufficiently open that particles having some nunber of Angstrons ("A") in

di nensi on be diffused,in,th |l ar s r.ei
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decreased due to nechanical effects. Hence, nechanical effects on th

vul cani zedhesalbords anenonpolar,denhivs dipole meraenss of aer. cAscordingly @ chemical method
de-vul cani zation in that the sulfur to sul fur bonds can be broken nore
ef f ect i vel of deivulvaniBativnosill fisdt damage thesbfortossuiferbdngds inthe inalcanizat rubber uences.
However, nechani cal de-vul cani zation is not sel ective and nechani cal

de-vul Camﬂem&,nthaﬁ fHRGuRir tEREIMBA bers afl®thé Hifediaibbatid @arbéBends.s not
sufficiently controlled and limted would result in the carbon to carbon

bonds b b SRSty
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ffect f the sde-vul i zed
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met hod: 1) The chem cal £F05|t|on nust be able to generate an agtive

particl e, euvatdppropaate chemicakand mechasicabds-vileanization methed. nistesmelesularslistances
than ten Angstrons so that it can diffuse 8 WO 02/ 094917 PCT/ US02/ 15908

t hr oughout cah!be ificidabed orndetswased.dud eméshgnital effects. SHerve, mechamcaheffecteorcthear ance
bet ween nmacronol ecul es when the sul fur to sul fur bonds have not been
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particle the roll mlls, the distance between
sulfur to sulfur bonds can be broken more effectively with chemical attacks supplemented by

mechanical influences. However, mechanical de-vulcanization is not selective and mechanical
de-vulcanization alone or mechanical de-vulcanization that is not sufficiently controlled and
limited would result in the carbon to carbon bonds being broken in case of mechanical shear
loading. This destruction of the integrity of the vulcanized rubber network would limit the
effectiveness of the de-vulcanized rubber as a raw material in later re-vulcanization.

In order to maximize the commercial value of de-vulcanized rubber, the following
criteria are set for the chemical agents (and the mechanical influences) used in the de-
vulcanization method:

1) The chemical composition must be able to generate an active particle, whether an

jon or a free radical, having dimensions not more than ten Angstroms so that it can diffuse



the two macronolecules is at its maximumand is equal to approximately ten
Angstrons. Ten Angstrons is the approximate length of the sulfur to sul fur
bond that bridges the macronolecules in the vul canized rubber network. 2)
The activeW2$2/094918 should maintain its activity during aP6XUS8Y1898 ti ne
equal to from approximately 10 to approximately 100 mlliseconds in order
to allow the particle o diffus t.hr aughaut t he. vul cani,zed rubber network.
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(whi ch havagromoleswlgs whes thesulfur k@ sulfug poriis hawe not,beendrolsne Whanibere i hon t o
carbon bonds (which have a strength of 82.6 Kcal/npl). 4) After the active
particl e pmgehanizhl shealildatinges thewasteptubber patticlepby thewell millsy thewistapae betweenand
attaches to the polymer macronol ecul es and the sulfur to sul fur bonds have
been br okethe twbliacronbldcuied & 4 @FpRsintunadis ejrahioapplorimately tent Angstrome STénr om
appearing in place of the broken sulfur to sulfur bonds because that would

prevent | awa;stf&ﬁs]}iy{heapﬁx%ﬁﬁﬂameegtP%rtﬂe%aﬁﬁ tU‘@ﬂf'uf'b(l)ﬁH bt tirfidged a6 t echni cal

characteristfcs of any such re-vul canized material. As described further

?ﬁlao:‘lvbutr th%?@%%cﬁlw _t&ng%ﬁz%g&@g{]n&‘w&ntion neets and achieves each of

a and in a I eves de-vul cani zati on wit hout
noticeable disintegration.qf th alymer chain, FIG .1 is.presently just
"o i1 ustrate 2 EiAsHug pAtge s RmsaciyHbros s gprivd, & Ss GBA oo e
present invention and is not_intended to be actuyal agcurate represgntations

w#&mﬁ@f@m As

of the 9 Wepmeriostelylp tpepproximately dOBmikspeondsin arderse

seen fromFIG 1, the method of the present invention involves taking
wast e r ubbéroaghotihthe stleanizedgubbegnetdiosnt from such things as used tires and
the |like. Waste rubber fromused tires is a vul canized |arge chain

macr ool ecul e - oB) Tigd 498 pareicle nushdrtack artd tresk thosulfar acedfhr bénde (Whielnhavienng
rubber involves the addition of sul fur, waste rubber

strength of 54.0 Kcal/mol) and the carbon to sulfur bonds (which have a strength of Kcal/mol -

of 65.0) but not break the carbon to carbon bonds (which have a strength of 82.6 Kcal/mol). '

4) After the active particle physically diffuses throughout the polymer macromolecules,
and attaches to the polymer macromolecules and the sulfur to sulfur bonds have been broken,
the modifying composition prevents chemical structures from appearing in place of the broken
sulfur to sulfur bonds because that would prevent later re-vulcanization or at least would
diminish the technical characteristics of any such re-vulcanized material.

As described further below, the composition of the present invention meets and
achieves each of the four criteria and in addition achieves de-vulcanization without noticeable
disintegration of the polymer chain.

FIG .1 is presently just to illustrate a simulated graphical representation of the method

of the present invention and is not intended to be actual accurate representations of the



fromcomercially produced ruber contains sulfur. It should be noted that
chem cal bonds between the sulfur atons are referred to herein as "sul fur
bonds". Furthernore, the rubber in tires has nmetal interspersed therein
for strengW002¥94¥di ngly, the starting product contains PE{US2198 t he
alternative, the starting product of the nethod of the present invention is

b . f ich th | had
T e VA 0 B TPl e P R RS AREE 1, o,
AT AT e I R R ST N

any known neans of turning the waste rubber into particles of waste rubber.
Typi cal | y, liket Wasté mibberrfeonbysed tiresdsia mgcanired dargesehaingnacermelequiapfinglymenigediast e

rubber to make particles of waste rubber. The particul ar nethods of

shr eddi ng rabberc ISitgbithecprodess vfasiloanizing psbber mvoleds|the iduition. of Shléirnwaste sibber is to
renove any netal by magnetically separating the netal fromthe particles

of waste r&HiRbmmERidlly PréthciPiibsladtatanls sBIRGY HheHld e nbrE MR chénicd! bbsdst he
beginning the nmethod. 'In addition, it is immterial to the nethod of the

present | nl}(e?\g%é.rnce’c e \Migﬁ' gft‘)g'xséa?eﬁrseﬁe?f‘%g %dt, hérgiﬁw a1t %@d.é"?‘ lﬁft?@m%é, Qﬁ@ﬁ?eﬁ 2 er

the step o din n e waste rubber. ernative
met hod of the, present invention qnits the first S s. T | S,.:. t he
met hod co ntﬁ“'@%%sm?tgl IS dtc grgmg'g} Vﬁggtg A?B?fg}“gwg‘g P@MB&“@F‘# nmade
into particles) 10 WD 02/094917 PCT/ US02/ 15908 from whi ch netal has already
been renpv@etal Such particles may sinply be purchased. In such a case, the
met hod woul d begin with the foll ow ng next st eg(.) As best seen framFIG 1,
the next step il thoaltemmative,the garting productsif theametbod efifhepresent kjvention is Waste ¢ o
t he special conposition of the present invention while the particles are
bei ng pour mdiberifrind whizh Ithenthéthishad Bhreadytbegn temoved tsi imoiwnametitods| ¥n thaticast ¢he
nodi fyi ng conposition to the particles of

step presented below of removing the metal from the waste rubber such as magnetic

separation, is omitted.

The initial step of the method of de-vulcanization of the present invention involves

using any known means of turning the waste rubber into particles of waste rubber. Typically,

this is done by shredding and crushing (or grinding) the waste rubber to make particles of

waste rubber. The particular methods of shredding and crushing the waste rubber is well

known. The next step is to remove any metal by magnetically separating the metal from the

particles of waste rubber. This step may have already been performed prior to the beginning

the method. In addition, it is immaterial to the method of the present invention whether the

metal removal step is done before or after the step of shredding and crushing the waste rubber.

Alternatively, the method of the present invention omits the first two steps. That is, the '

method commences from particles of waste rubber (waste rubber already made into particles)
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wast e rubber while the particles of waste rubber are falling as the
particles are being poured into an area between two power rollers of a
first power roll mll that crushes the particles. For convenience, the end
product of wdz09gep is called- "nodified crushed particl #CT/USTHE/Idi ti on
of the nodifying conposition to the particles of waste rubber results in an
I mredi ate chem cal reactio ith the particles and th esul Y-

Lo med  modpiR e gaete s aecady begadeRove St perilon ey sy bF RihasEl e Yish

wei ght of nodifying conposition that is being added to the particles of
crushed wescase,thepiethod svoylst heginrwithibe BMowinRaekt s t 0 approxi mately 6% with
the optimal being approximtely 5% For exanple, 50 grains of nodifying
conposi tion i s Adskatseeh frofn KIG. dgthenexbstep isrtoitakiedke prrtices ofiveastembhes subigger .
The 3% Ilower limt is recomended to be wused for finished rubber products,
for exanpl fehits € spbdidicompasiiicreofitheprbeat invpntibh while the partictes iarel being petsedver
there may be other finished rubber products, for exanple rubber nmates,

tiles, et Ciyd @l mild)iTH stdpfis o/ iRERNBARE a8 théxRodifyidy c@mpasitibn tothepatticles of

consequently the nmethod herein may create a starting material for such

product s by s} Rled 5 hOBRIAE of whsloRUNEP s fulilied 6¥ rtifks A8 Yourdlpanded

may vary acgf)r ngbtf) the Imanu act u(rjer 0 product. FOr this
T 5 , . i oot : " oh

o el ght At DGRty P 18 S8 D WA P gl Bl Fof

VIO 02/ 0040RvERIbISbS SR RBRS! of B THOR ol KHURFL craiog PEets o TISEoD 1t he

modi fyi ng conposition exist in the rubber in a different for The ro{l
mlls are efthemadidyingicomposition tptheaparticlss f waste Bbberaesilts in an immediatarhemicatl e of
| ess than 70 degrees Centigrade. One roller in the pair or set of rollers
in the rol teacdidn witlsthe phnicles and the rdshie map potermed Unodified panticle” ofwiaste rubber.
counterpart (if one is clockwi se the other is counterclockw se and vice
versa) to creatm, thi3gtepthSithsieht By Keigh of nikfyiag campositioncthattihibeing widedatocthe
rotating at

particles of crushed waste rubber is between approximately 3% to approximately 6%, with the

optimal being approximately 5%. For example, 50 grams of modifying composition is added
to 1 kilogram of particles of crushed waste rubber. The 3% lower limit is recommended to be
used for finished rubber products, for example tires, that require the best quality raw materials.
However, there may be other finished rubber products, for example rubber mates, tiles, etc. for
which the rubber need not be as high quality and consequently the method herein may create a
starting material for such products by using less than 3%. Furthermore, the level of quality
demanded may vary according to the manufacturer of the rubber product. For this reason,
Table 2, below, also includes de-vulcanization samples in which the weight part of the
composition is less than 3%.

After the de-vulcanization process of the present invention, due to the chemical

11



di fferent speeds, nmechanical shear loading is created. Based on FIG 2, the
followng description further details the forces at work on an average
sized nodified particle of waste rubber when it goes through the sets of
rollers i nWO@/49%917 ni|ls. Accordingly, the followi ng quEBIiiSOUEE e
merely assunptions to calculate these forces. Each roller has a radius, R
of 75 ceng] e e e : ' : . 11 1) and
has a |i ne%eraggo%éfér%%me&%: el%#xgﬁg of @zlérkstclffﬁﬁeet%é%fy%lgrcbfgggﬁtncgfé e!mrﬁgg%dbrgro I)der
turns 20 ti.qes per mnute (n2) in an opposite direction and has a |linear
speed, v2,%4 "’QUE’EB'nti meters per second. The nip, m between the front and
rear rollers is _equal .to one hundredth of a g_ﬁi neter, The particlge of
wast e rubber haEheyoll milk %maz@mdgs,tn@mowarewﬁ sonsrated atedemperature oflesg ach
di mension: width, length and height before going through the roll m|ls.
As seen frthan 76 degreanlentigrage. COnerollenin theairens esttof relleprin therollamill i rotating® on
the graph. W see that an equation can be set up to calculate "X'. X 0.045
cm = 75 cthelojposiie directioX fbnBitcamnienmirsifone Batekwise tieedther imtoumterclockwi®e, and
if we represent "t" as the tinme it takes the nodified particle to pass by
the set of gfdoliéeS¥ebsa) b dréifte tHel drushinkpresku?e Reedbd-2nd/ sillce thd theareSotatifky 410 or 0. 04
seconds. If we further assunme that the sane nodified 12 WO 02/ 094917

PCT/ US02/ 1 {<C X : S 44 bom 1S

ot 21 1 aidfnDelds inehihoal shia? YEHIRE iehedbd. Blbd RIHE e YolldWihg

h ; Iy vul canl zati1 on od of thé present invention,
t I, i £ h icl il . ' T. T=
" oL 29GSR B B KSRk SOELBE ok s2BFRCRed Bl ot by |
rodi 1 edl oHbfaHbead Boet 1eueh thesers Bhrafer inpas ol .| AagGlinglnfhefiona 5

seconds. The shear speed of the average sized nodified particle traveling
in the spa@eantitiespsemerely assumptions to calculate these forces. Each roller has a radius, R, of 75

centimeters. The front roller turns 18 times per minute (n1) and has a linear speed, v1, of 80
centimeters per second. The rear roller turns 20 times per minute (n2) in an opposite direction
and has a linear speed, v2, of 90 centimeters per second. The nip, m, between the front and
rear rollers is equal to one hundredth of a centimeter. The particle of waste rubber has a
minimum size, Q, of one tenth of a centimeter in each dimension: width, length and height
before going through the roll mills.

As seen from the graph of FIG. 2, "X" represents a particular distance on the graph.
We see that an equation can be set up to calculate "X".

X/0.045 cm, =75 cm./X.
Hence, X=1.8 centimeters. Based on calculation of "X", and if we represent "t" as the ﬁme it
takes the modified particle to pass by the set of rollers in the roll mill, then,

t=2X/V,, which is 3.6/80 or 0.04 seconds. If we further assume that the same modified

12



the rollers in the roll mlls is given by the foll ow ng equation: shear
speed, Y = (V2 -V,) /| (k x n), where "k" is the coefficient that takes
into consideration the differences between the size of the nip and the
di mensi ons V@ 0%Md913arti cl es and where "k" ranges from 1.5 RCE/US0%15908
Accordingly, for k= 2, we have in our exarrple Y = (90 - 80)1(0.1 x 2) or

ot 2es of %ﬁa o7 %aaf% mﬁoﬁz‘w@fﬁ mﬁ?}%{é *@%@&%@ﬁffﬁ{eémw i 103
. F I
of wast e reBed of Wb areten e eRing deeutage pen siodifrd Fissed picly Wi nsfa £ R o' ©

travel with a speed ranging from betvveen | and 10 x 104 units, where the
units are WBeT- x cml , as a result there would be generated on the

modi fied particle a shear stress that woul d be equal to approximtely 15 to
20 Megapascal ST MO# xR0, et iseconds] raveling bewesn the gets afrofers in tharelhmillsy

squared as the nodified particle travels between the roll mlls. It is
assumed t NNbw} this isfottiah ineetageasided phreiclen Forithe eangp ef mlodified grubled\pagicles/ther ol | er s
and this is due to the friction agent that forns part of the nodifying

conposi t i OfytdTkixdeUT Swillde ffom YOt 25@8¢ady. PCT/ US02/ 15908 di scussed bel ow. The
nmodi fi ed crushed particle of waste rubber is sent into further sets of

rollers in rol |Thﬂhk&$ﬂééh?r&of d{ﬂ% Iﬁxéécri&%rﬁzbﬁﬁlgd B‘ﬁcl%'tfa@éhnﬁ% thefspdcaibbfbedni N

the first roll Crus t|c es of waste rubber are

Pecond b[jﬂ %rﬂreﬁsrxﬁﬁsbr%ﬁwﬁ Tiset %pi%s?&fqﬁﬁﬁm&aﬁ?&é’ﬁﬂ%? e ¥ 53V ] pLE
wast e rubber. The

th t furth .|
Fur t hor ol Whert 2 Se b st kT ol tonelefon b RFPEPOb Sen it o

set of rollers of aroll mll. The number of sets of rollers of roll mills
that will the nipcandshedimensionsgf thecparticies gad wherepk' ranges from 1.5 to 2.0..
Accordingly, for

k = 2, we have in our example Y = (90 - 80)/(0.1 x 2), or 500, which is 0.5 x 10° . The units
are secs™. Again, for the range of sizes of modified particles, Y = approximately between 0.5
and 0.67 x 10° secs™.

Furthermore, based on knowledge about rubber, the modified particle of waste rubber
would be compressed in size by a factor of 10 and would travel with a speed ranging from
between 1 and 10 x 10* units, where the units are secs™ x cm™ , as a result there Would be
generated on the modified particle a shear stress that would be equal to approximately 15 to 20
Megapascals (MP) or equal to 150 to 200 kilograms per centimeter squared as the modified
particle travels between the roll mills.

Tt is assumed that the modified particle would not be sliding between the rollers and

this is due to the friction agent that forms part of the modifying composition mixture, as

13



present invention may vary from10 to 20 sets of rollers. If the particles
were to go through nore than 20 sets of rollers there would be no

di fference produced with respect to the properties of the end froduct.
Accor di ngl YO 8¥49%4%17t he nodified particle is crushed by at PCEASP2/1908 sets of
rollers of roll mlls, a sanple of the nodified crushed particles are

exam ned apd thgbl consistency is checked. If further crushing by further
sets of rol P&FEY8FPoll nills are necessary this is done until a desired

consistency is reac ed,. which shoul d occu a y 20
or fewer sets ofhefpg reghed gaoticlg;o E]wgs_te ﬂé’bﬁdﬁseﬁt‘“&%gﬁ%ﬁﬁ?@%&@r@r !)d of
de-vul cani zation is a conbi nati on of nechani cal _and CE ; nment of
the waste millhat Memtlgﬁwﬂlﬁl staat effrollentin theiratfoll mull.o h &%ﬁ‘é edi ents
of the conposition of the present invention have been selected to suppress
and m ni ni partidescfivdistenrybler arcgowesl intosp atsa hetween twerallers\aflasaeand geti of rollers
processes that occur when the conposition and waste rubber is in contact
wi th the nichagindabll ailf et farthér drilshes the wdified biusindd| pasticlekof Waste 2utber! Jllkie

PCT/ US02/ 15908 The foll owi ng characteristics describe the conposition of

the prese n&m&mﬁg g dme Whihllzht SurttRr §8tedrubiRerdih firkhee rolN@IlS do etk 8t leak) teh fithes
mxture is a gray yel | ow non-dust form ng powder and it has a weak snell.

It is al ”&%t ﬁ%atssﬁ'ﬁ%tﬂgls@toﬂgmgf%ﬁmc 2) the mxture does not

contain li qU| conpounds wi th unpl easant snells.

t he ingredi ents of t u
the ingredientst '&’“E’&fg}#f ﬁﬂ&ﬁ%c’ﬁﬂﬁg@ﬁgﬁq%@@ﬂ%ﬁﬁsa{ﬁg&%&e@g%wgﬂh
Data Sheets ("MSDS') and is _safe to the en\{ (HJH;B

present invention may vary from 10 to 20 sets of rollers. particles were to go through

more than 20 sets of rollers there would be no difference produced with respect to the
properties of the end product. Accordingly, after the modified particlé is crushed by at least 10
sets of rollers of roll mills, a sample of the modified crushed particles are examined and their
consistency is checked. If further crushing by further sets of rollers of roll mills are necessary
this is done until a desired consistency is reached, which should occur in a total of

approximately 20 or fewer sets of rollers or roli mills.

As can be seen the above method of de-vulcanization is a combination of mechanical

and chemical treatment of the waste rubber.

The Composition of the Present Invention

The ingredients of the composition of the present invention have been selected to
suppress and minimize subsidiary processes, especially reverse vulcanization processes that

occur when the composition and waste rubber is in contact with the mechanical effects of the

power roll mills.
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5) the mxture is stable enough that it can stay in usable formfor at

| east six nmonths The mxture in the rubber does not exceed approxi mately
4% to 6% by weight of the waste rubber particles during de-vul cani zati on.
5% is the & PAHM9IFer cent age of conposition so as to creRCEUSHAUIber end
product having the nost desirable properties. The nodifying conposition is

a mxture of ( : I i : : : ds
and renders th? %eﬁff)?%%g%%%%Stl%%%%&%eﬁ%d@%ﬁ%ﬂjﬁgtg5?3 I@%@gﬂﬁ:ﬁﬁg@gﬂ
bet ween nacr onol ?ﬁules Elor | ater re-vul canization, (3) an organic acid,
havi ng bet PO H¥YINBPUCHSy hon at oms per nol ecul e, that reacts with the
net al oxi de and buil d new bonds petwee cronol ecul es for |ater .
re-vul cani zat i oh),the myxtyrg is agrayyel W‘!Or?a‘{]us Eiog pewer and jthas, grells Jt iy
radicals with each other before the proton donor attaches itself to the
sul fur andalm®jt watérinsoluble, nonlygrescapitat prevents sliding of the waste rubber
between the rollers; The conposition for de-vul cani zati on of waste rubber,
conpri ses a m x2)themidtyre\doesgivt comthinliquid volagleduflammiable compotindsswith ungleasiine nt
is a proton donor such as an acid that breaks the sul fur 15 WD 02/ 094917
PCT/ USO2/ 18888, bonds t hat exi st between sul fur atons/nolecules in

vul cani zed rubber. It should conformto the above characteristics in that

it is non-snelli inghﬁ ix@ir&are chesplafd tiidy AteTeadiy@val8lel v be
nont oxi ¢ althou?r}ﬂ%h cgﬁt io?iﬁi)eﬁmgfﬁl %ﬁgcaecﬁ%d or %r ot 0?1 gonora (and the other

four ingredient ' XJ G | A Ta 0 1%1%]_ L For
exanple, it couﬁ&%@%@%@%%@ﬁgﬁuwl cof g‘?‘gé%ﬁlhga e lcvil%lfens ?3tamasures
taken to ayoid rnful effects fromthe lowtoxicity - it may be that
doi ng t hat gb@t%ﬁ%l?g?) Fﬂéﬁsag%fc’nt e eVIOAMP el y nontoxic material. It shoul d
al so be noted that any toxicity of this (or any other ingredient) would
decrease after $)fbe mixtureis ssehie enouplythatis camsasin usahle forme farat Iqash ABIPHAS due t o

reaction with heavy nmacronol ecul es through sulfur, thereby reducing its
mobi | ity. The niThd mixture imhambbemkxemmxa@pimpnﬂomawW%woﬁﬂ/beﬂight ofahel
approxi mately 94%

waste rubber particles during de-vulcanization. 5% is the optimal percentage of composition so .

as to create the rubber end product having the most desirable properties.

The modifying composition is a mixture of (1) a proton donor that selectively breaks
the sulfur bonds and renders the sulfur passive, (2) a metal oxide that build new bonds between
macromolecules for later re-vulcanization, (3) an organic acid, having between 16 and 24
carbon atoms per molecule, that reacts with the metal oxide and build new bonds between
macromolecules for later re-vulcanization, (4) an inhibitor that prevents re-attachment of sulfur
radicals with each other before the proton donor attaches itself to the sulfur and (5) a friction
agent that prevents sliding of the waste rubber between the rollers;

The composition for de-vulcanization of waste rubber, comprises a mixture, by weight

of five ingredients. The first ingredient is a proton donor such as an acid that breaks the sulfur
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by wei ght of the proton donor. The preferred percentage is approxi mately
92% Exanpl es of acceptable proton donors are: (a) nonobasic organic acid
havi ng between 8 and 12 carbon atons, (b) aromatic oxycarbon acids, (c)
m xed phen®W@0¥®¥447 resorcine, dioxy diphenyl, orcin), (&FT/US02/15908
phenol f or mal dehyde resin (novolak or resol), and (e) cyanuric acid. An

exanpl e of _suc n.acid that.l.s,l ' ] i1 s toxic
i s benzoi cboé’téf ﬁn_a?eﬁ%ﬁg{eﬁg s%ﬂgt% ?@%@%&W%ﬁ%ﬁgﬁgﬂ#on of&?ﬁ)ga gdr?esent
invention i s added to the patrti.cles of .wasie ruhber in r ]

there is athepbaye Fmﬁtﬁ’éﬁcégﬂé‘?‘e‘ﬁ’étnp’ﬂi smeliing, chigap; SaIe, B{fr ttisgﬁg"ﬂgﬁlggbﬁgéaﬂ?ed
residue and that active particle diffuses throughqou$ t he vgl cani zed, rubber
net wor k antontow¢ althengls thiecondition of theacider protonsienes (ang the oy four pgredishisy o
the active benzoate, which is the acid residue of benzoic_ acid, is not
more than fid béingsoxioismot amshsoluterequirementydios exarenle, itreouldhsntdow tard@yand: ance
bet ween macronvol ecul es in the vul cani zed rubber network When benzoic acid,

in the m xihefeoafd Behiefensive measureanakeh td Hoidanyharmful efeetstirommtheilow toxdnity -its WO
02/ 094917 PCT/ US02/ 15908 to the waste rubber particle, the COOH group of

the benzoi g,264 haPddifEthat isRBeapbl thatl using aalehiitely ndatuxib matefidle Inwhaulé alsoboer

particle. Sinhce benzoic acid easily donates the hydrogen of its COCH

g7 oup. ¢ he enaa) EnAGkETRANS (bAl I HBRRRN AT RkeskORPERHeDr 0up bonds

wi th each tom ur ‘fromreacting and bonding with

ot her sul fur, atons. The | fur tq sulfu ons is
t her eby br SHeANZ3tpn pethod 19? rpf?ssntﬁ%‘{eﬂﬁ’%}%‘{‘fgg P&fﬁgﬁm ﬁgeaﬁrg g’ggllrégo lﬂ’ll’? er nor e,
the sul fur to sul fur bond has, been &ﬁnder ed passive and capable of later
re- act i vat Hsepghsulipfe thereby gefuigingts . n excess of 140 degrees Centigrade.
During a later re-vulcanization of the waste r ubber_&}gar icles, t B(Z’ ste
rubber particl eShemixtugeontaing between approximately J6%hyveight3ad spRspfaptelyéde s ar v
conponents of a rubber product such as tar, carbon black, mneral oil,
synt heti c bylveight effthe prtoh denor.bEheprefiered pértentagesapproximataly 9Bkeded form
Thus the sulfur remains in the macronol ecul es of waste rubber but is
rendered passi VBxamples of acceptable proton donors are: (a) monobasic organic acid having between

8 and 12 carbon atoms, (b) aromatic oxycarbon acids, (c) mixed phenols (e.g. resorcine, dioxy

diphenyl, orcin), (d) phenolformaldehyde resin (novolak or resol), and (e) cyanuric acid. An

example of such an acid that is inexpensive, widely available and nontoxic is benzoic acid.

When the mixture or modifying composition of the present invention is added to the particles

of waste rubber in the roll mill, there is an instant chemical reaction. The active particle is the

acid residue and that active particle diffuses throughout the vulcanized rubber network and

maintains its activity for 10-100 milliseconds. For example, the active benzoate, which is the

acid residue of benzoic acid, is not more than 10 Angstroms long, hence not more than the

approximate distance between macromolecules in the vulcanized rubber network

When benzoic acid, in the mixture of the composition of the present invention, is added
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This differs fromexisting nethods wherein the sulfur is rendered active
and wherein the end product has to be re-vul cani zed qui ckly since exposure
to the sun or other sources of heat will re-vulcanize the active sul fur
t herei n noWoQ M/AMU7desi red shape. The nethod of the preseRCTUNERPION al so
mai ntains the integrity of the waste rubber macronol ecules so that it can

be re-vulc e I : WP& f} ] | t P i | of
whi ch are %%%88@8@%@%&%%%%% |o$|r5 Qfoftﬁ%ﬁ%{z&&i@gﬁ@ alttﬁgfestg??%n, fr?gsunore
than 10- 15%of the carpon to. carbon, bonds are .broken an he sul.

sul fur bong%“da‘Féheo‘YW rugl%qrgeﬁrlc elslsi)"cﬁtb%}?.am cayy q%f’gt%%ﬁg‘ﬁ&rggg’d‘%ﬂlﬁaﬁ()éﬁ
approximat ely 20 to 40% of the sul fur to carbon nds aye proken using

t he met hodgwupy the benzeisapid mingsthat lwﬁlr.og%pwm%hec%ﬂg P%L%?Jgt“ﬂ@ easfy
product of the nethod of the present invention it is not necessary to add
anyt hi ng esulfspatomeand.guards thecdulfier fhom reagting and baading with gther sulfur atomsbbke bl ack,
mneral oil, etc. because these things have 17 WO 02/ 094917 PCT/ US02/ 15908

not been r slfiy eslsulfuf borddigtveeen theosulfiit stomb Bdherebylbeokenrbatithetsslfurtianothremevedn
unusual |y high sulfur content because they are very hard solid materials,

for exanpl gopiR@hdbBer. FufifFHrors MRLsMfukh sulfiv bold hi¥féenvEnteree pasiive dndicapabie
re-vul cani zation after the nethod of the present invention. After the

active parbrGlef readilidaGh ﬁxeggrﬁéﬁcet &‘?1?5[}3{15] ERBRDIRAP el tees Gentigfabé SDhfng 41€

pol ymer nacronol ecules, an e sulfur to sulfur bonds have been broken,
chem cal structures.da ng appear,.i n_nl.gce..of . t fur
bonds so | fEF e-yg%aﬁgxh PétgF i“P(?'Ete irgbbﬁgpﬁbﬂ%saft@gv&%ig%? gﬁ‘&% Lirwf’l;lg d?lf%'%ig r
end product of the nethod of the present inventjon can be si gni fi cant
i ngr edi ent (yntike wesinErbber) OtheF nergssary Wﬂé?“!%éf%{’lf?f’ 8’69?&‘?%’1“‘#%”‘5 g&'&ﬂﬂ
ingredient of the mixture is between approxi mately 1% and approxi mately 5%
of a curi nblagkenineralmilesyntlietio rubperetenand carhe relded eftectively tothe peaded Exas
between macronol ecul es of the waste rubber for a later re-vulcanization.
Exanpl es are zi Thustke sldfur remeinsds thermasxonoeecutea bf waste bbercbud ircrendesed pagdivee .
The preferred percentage i s approximtely

This differs from existing methods wherein the sulfur is rendered active and wherein the end

product has to be re-vulcanized quickly since exposure to the sun or other sources of heat will

re-vulcanize the active sulfur therein not in the desired shape.

The method of the present invention also maintains the integrity of the waste rubber

macromolecules so that it can be re-vulcanized. In accordance with the criteria set forth

above, all of which are achieved by the composition of the present invention, no more than 10-

15% of the carbon to carbon bonds are broken and the sulfur to sulfur bonds are only

selectively broken. Also, it is believed that approximately 20 to 40% of the sulfur to carbon

bonds are broken using the method of the present invention. For re-vulcanization of the end

product of the method of the present invention it is not necessary to add anything except heat.

One does not have to add sulfur, tar, carbon black, mineral oil, etc. because these things have
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1.5% of the mxture. The third ingredient in the mxture is between

approxi mately 1% and approxi mately 5% by wei ght of another curing agent,
nanely an organic acid having between 16 and 24 carbon atons per nol ecul e.
The organi vVQ0¥4%71 | reacts with the netal oxide and t he PETJEAYES8i d wil |
al so build new bonds between nacronol ecul es of the waste rubber for a later

re-vul cani zﬁ)fiegn smoved 2B ceo%g%f fob AfisidaGatHer pRiahdls flafPhave 8 bhesudity KgRadfr

pal netic a0 e préferred percentage Is approxinmately 1.5 % of the

m xture. The fqurth ingredient in i .X j ' ly 2%
and appr oX¥PRigE eyaus%h;(g e e B’ﬂ-’[“ S8F13§’ﬁ{£}1ﬂ%1%f?*3?1 p%]‘?éb %ﬁggﬁﬁ%?ﬁgﬁﬁ{oﬁat
prevents re-attachnent of sulfur radi,cals _w.th each her bef. .f he

prot on dorfBiurdnaywelbie Wﬁ%ﬁmgde-é{“ gization afiey; %I“?t%?ﬂ8?§t¥ﬁ8€iﬁ?e‘§é‘%{i§}‘ %‘g/ 094917
PCTI US02/ 15908 i nhi bitors are hydroqui none, pol yphenols an hepoti.azi ne.
The fifth and fAftealthe activepirticle - the ag @nms@hmh@r@@nmt%eﬁﬂ@g&{)@iﬁﬁa@wv 2%
and approximately 10% of a friction agent that prevents sliding of the
wast e r ubhgdcrapicleculdagantithé sulfur toosuifar bondpbavedderbbrplens phentieal stpidteres donott he
roll MIls. Sliding would greatly reduce the nechanical conpression effect
by the powgbedrdh plabd bfithe Brakédsifdedot sulfirctonad soatet fo-vuldahization ikxatripipeisedof
known friction agents are terpenes. Terpenes nmay be in the formof an

ol eoresin,  sucll Bs4ifdhs it rupber 3d FoAEGRF fle éthod offile FresEROIvErtion can bé ie

present invention Is sélective inthat it favors the breaking of sulfur to

sul fur bonds.over. . . I r bonds. The

conposi ti Osggn&iﬁcg.ﬁt ‘“@?@‘gﬁ%ﬁﬂ’g@‘é@e@%ﬁ ggﬁkg%};q%&%%‘%ﬁ "the sulfur to sul fur

ties in the vul cani zed .rubber twark, . ich is_ the mnp Qﬁﬂ

de- vul cani ze t HeNeSgeANdngre e‘E(?Eﬁ’reé’%‘ﬁufe[‘ﬁ%@(ﬁ%@gﬁlrgﬁ%ﬁéﬁﬂsﬁ ﬂﬁg m)?té]gt han

approximately 10 to 15% of the carbon to car bog bongls o% t he mai n pol yner
5% of a curing agent, specifically a metal oxide, that builds new bonds between

macromolecules of the waste rubber for a later re-vulcanization. Examples are zinc oxide,
magnesium oxide, calcium oxide and iron oxide. The preferred percentage is approximately
1.5% of the mixture.

The third ingredient in the mixture is between approximately 1% and approximately 5%
by weight of another curing agent, namely an organic acid having between 16 and 24 carbon
atoms per molecule. The organic acid will reacts with the metal oxide and the organic acid will
also build new bonds between macromolecules of the waste rubber for a later re-vulcanization.
Examples of the organic acid are stearic acid and palmetic acid. The preferred percentage is
approximately 1.5 % of the mixture.

The fourth ingredient in the mixture is between approximately 2% and approximately
10% by weight of an inhibitor of vulcanization that prevents re-attachment of sulfur radicals

with each other before the proton donor attaches itself to a sulfur radical. The known
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chains. The carbon to carbon bonds can be said to remain substantially
Intact and the sulfur to sulfur can be said to have been substantially
broken. Consequently, the main rheol ogical, physical/chernical and

physi cal / m¥emea94Hl characteristics of the rubber remain PETUSEVEINY v
intact for a later re-vul canization. The conposition and nmethod of the
present invention achieves thel recycl i of.used waste rubber into new raw
mat eri al s '@Fblwsgﬁeg PAYIHONCH PO V%he(}?\jf 004280 The raw material for

rubber vul cani zation is _made up of de-vul cani zed waste, ruqbgg %Cl udi ng
fragments of t Abe fihepdEnalingsedignt ofibe mixtureds betwoenAPPEXIMAtely 26 4%0cr ent form
after having chemcally reacted to the waste rubber particles, in which at
| east apprapsioxmatly 10% %f affriction agent that preyentssiiding af shamyaste,mbber e thevaste o
to de-vul cani zati on of the waste rubber have been broken, in which |ess
than 19 Wpubbt Rb97ed befdenBn2rollErs 0Btha pelt mitls nlidihg woakbgreatly sedues thehe car bon
to carbon bonds that existed prior to de- vul canization of the waste rubber

have been fy krgém c&ﬁéx@@si&tﬁeﬁ%ﬂ%ﬂtﬁe hewerabll ntliah thé particles dfswasedubbehi ch may be
re-vul cani zed by heating to a tenperature of approximately 140 degrees

Centi grades W t | : or L ant P sledregsl of
t he preseﬁﬁxwl}gﬁhqgo%ﬁ%u%ﬁ%;e&trseapgt;eﬁ?hé;s. il‘%&eg\gsi!g?\){l?ﬁggﬁn?ai?ﬁnbiﬁlthe rubber
after de-vul cani zation. Thi. voi ds the problem of toxic wastes resulting
froma defRPCRNPLANSHS }"%c" 5s. The method of the present invention
requires the conbinatiqn of the addition of fhe .chem.cal ¢ Y
described and tihe cﬁ@@ﬂ%ﬂ?‘b‘éﬂ“?ﬁ@é@ﬁlﬂé‘eﬁw&‘ﬁsﬁ FUNe IEE}lﬂt gg‘?v&ﬁs &g'gfeﬁig}& ggwer
roll mlls ten or nore tinmes. The present nethod | nt ai the inteqgrity of
the macr osufictosuifer bohdsaver satbom trosarboner carbae fq ﬁ\ﬁ{?ﬂ‘\d& Ii'ﬁ? W%‘é‘ggg%s for
a later re- vulcanization, said nethod being cost effective,
envi r onmenradd at ldasti appriximatelst 76% of theesutfocito dies imie nplgenized apbbey network,
de-vul cani zed rubber. '

which is the minimum needed to de-vulcanize the rubber. In contrast, the composition breaks

no more than approximately 10 to 15% of the carbon to carbon bonds of the main polymer
chains. The carbon to carbon bonds can be said to remain substantially intact and the sulfur to
sulfur can be said to have been substantially broken. Consequently, the main rheological,
physical/chemical and physical/mechanical characteristics of the rubber remain sufficiently
intact for a later re-vulcanization.

The composition and method of the present invention achieves the recycling of used
waste rubber into new raw materials of high quality for re-vulcanization. The raw material for
rubber vulcanization is made up of de-vulcanized waste rubber including fragments of the
composition of the present invention in a different form after having chemically reacted to the
waste rubber particles, in which at least approximately 70% of the sulfur to sulfur bonds that

existed prior to de-vulcanization of the waste rubber have been broken, in which less than
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DESCRI PTI ON OF EXAMPLES The conposition of the present invention will be
nmore fully described by reference to the follow ng exanples. Parts are by
wei ght unl ess ot herwi se specified. EXAMPLE | A nodifying conposition is
made of a MW&0MP4913f the bel ow i ngredi ents which are sol i ®CTRSIHEPE or
granul es, fornulated as follows: Ingredient Percent 1. Benzoic acid

appr oxi mat gl 0 0,2 NQo,0X4 ' % ke acid
appr ox %Pié;@é@fﬂé%§/%éfu'ﬁﬁsﬁg&‘a%’éﬁf@?’%%‘déﬁﬁ%%@S BB B odo17
. 5., Rogsj n approxi mat e %, EXAAVLE di.fvi [ 410N
i s made of °a|‘?41§‘t‘9}‘r‘gst@? W@ﬁé"@ﬁ?rgav‘? h{f?‘ 6‘?“8@@“@}# ga{éﬁ:}:‘gr ag&%’arsﬂs%( %@’5@%@5& or
granul es, fornulated as follows: |nglLedient Percent 1.
Phenol - f or Whigh mayi peiee-yuleanized By bestiag jo &W%P&WTW@W 140 dggreefosi um
oxi de approximately 5.0% 3. Palmetic acid approximately 5. 0% 4.
Pol yphenol €ertigrade withauteidging otier ingredients. xt ur e of Ter penes approxi mately 4%

EX. A"LE IH
As a result of the method of the present invention the mixture of the ingredients remain

in the rubber after de-vulcanization. This avoids the problem of toxic wastes resulting from a
de-vulcanization process.

The method of the present invention requires the combination of the addition of the
chemical composition described and the mechanical pressure from being subjected to the
power roll mills ten or more times. The present method maintains the integrity of the
macromolecules of waste rubber and rendering sulfur atoms passive for a later re-
vulcanization, said method being cost effective, environmentally friendly and said method
producing high quality de-vulcanized rubber.

DESCRIPTION OF EXAMPLES

The composition of the present invention will be more fully described by reference to

the following examplés. Parts are by weight unless otherwise specified.
EXAMPLE 1

A modifying composition is made of a mixture of the below ingredients which are solid

powders or granules, formulated as follows:

Ingredient - Percent
1. Benzoic acid approximately 92%
2. Zinc oxide approximately 1.5%
3. Stearic acid approximately 1.5%
4. Hydroquinone approximately 2%
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A nodi fying conposition is made of a m xture of the bel ow i ngredients which
are solid powders or granules, fornulated as follows: Ingredient Percent
1. Cyanuric acid approxinmately 89.0% 2. Calcium oxide approxi mately 2. 0%
3. Pal neti VO 824995d913ppr oxi mat el y 2. 0% 4. Phenoti azi ne appr SCTHPUINY 09 5.
Rosi n approxi mately 3% EXANTLEIV A nodi fying conposition is nade of a

m xture of bel ow i ngredi ents which are solid po | es,

f or mul at ed é{gﬁfslﬂ lows: Ingredient 1. Aromatic oxycar bgr?%ﬂ%}glpg? l'ron-

oxide 3. Stearic acid 4.Polyphenols 5. Terpenes Percent approxinmately
76. 0% approximately 5.0% approxi

I 0% approxi mtely 10. 0%
approxi mately 4% 21 WO 02/ 094917 P%%ég@iéé%

A modifying composition is made of a mixture of the below ingredients which are solid

powders or granules, formulated as follows:

Ingredient

1. Phenol-formaldehyde resin (novolak)

2. Magnesium oxide

3. Palmetic acid

4. Polyphenols

5. A mixture of Terpenes

Percent
approximately 83.0%
approximately 5.0%
approximately 5.0%
approximately 3.0%
approximately 4%

EXAMPLE IIT

A modifying composition is made of a mixture of the below ingredients which are solid

powders or granules, formulated as follows:

Ingredient
1. Cyanuric acid
2. Calcium oxide
3. Palmetic acid
4 Phenotiazine
5. Rosin

Percent
approximately 89.0%
approximately 2.0%
approximately 2.0%
approximately 4.0%
approximately 3%

EXAMPLE IV

A modifying composition is made of a mixture of the below ingredients which are solid

powders or granules, formulated as follows:

Ingredient
1. Aromatic oxycarbon acids
2. Iron oxide
3. Stearic acid
4 Polyphenols
5. Terpenes

. Percent
approximately 76.0%
approximately 5.0%
approximately 5.0%
approximately 10.0%
approximately 4%
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EXAMPLE V A nodifying conposition is made of a m xture of the bel ow

I ngredi ents which are solid powlers or granules, formulated as foll ows:

I ngredi ent Percent 1. Phenol fornmal dehyde resin (resol) approxi mtely 94%
2. Zinc oxWR029#Ndxi mately 1.0% 3. Stearic acid approxi %5@592@.9@’/0 4.
Hydr oqui none approxi mately 2% 5. Rosin approxi mately 2% EXAMPLE VI A

nodi fyi ng conposition is made of a %% the bel ow i ngredi ents which
are solid powders .ar. granul es, .for d_as s ' nt
1. Mxed Phen |§"§%§§?'ﬂ%‘?ﬁb"?‘d§< (g&'u ‘?@ﬁ% ! %tfrtg‘% i%‘?xgbn %@%“?}Fg‘%’@%“‘%@g@z
Zi nc oxi dePHHSFOi s, fopmilgied as Q%ﬁetic acid approximately 2.0% 4.
Phenot i azi ne apgrox.i mately 8% 5. Rosin approximately 3% I n_exanpl es |

t hrough VI the is created of the five ingredients lg%éﬁ% o;\bove and
this mxtur & Pheneldawepldehydawesipdresoly| es of waste rubber®PREOXMASY 3P4 bei ng
pour ed i nt 02afinaexide between two roll nills for conpr PRrEMaeln L8&aring
def or mat i on3. Steaicraeglul t of the de- vul cani zed end prodmom@afﬁlyggﬁ% quality
rubber proddcHydrbatinahees not need anyt hi ng added dur i agpreximately@dmi zat i on.
However, assargsimctical matter a small anount (nuch | espprotimately2@eded when
starting with virgin rubber) of sulfur, mneral oil and virgin rubber is
usual |y added for enhanced propertiggAMPLE VI

A modifying composition is made of a mixture of the below ingredients which are solid
powders or granules, formulated as follows:

Ingredient Percent
1. Mixed Phenols (resorcine, dioxydiphenyle, orcin) approximately 85%
2. Zinc oxide approximately 2.0%
3. Palmetic acid approximately 2.0%
4. Phenotiazine approximately 8%
5.Rosin - approximately 3%

In examples I through VI the mixture is created of the five ingredients listed above and
this mixtufe is added to the particles 6f waste rubber as they are being poured into an area
between two roll mills for compression and shearing deformation. The result of the de-
vulcanized end product is a high quality rubber product that does not need anything added
during re-vulcanization. However, as a practical matter a small amount (much less than
needed when starting with virgin rubber) of sulfur, mineral oil and virgin rubber is usually
added for enhanced properties.

The method and composition of the present invention produce a rubber end product
that can be stored longer and that does not require additives in the re-vulcanization process.

This greatly increases the value of the millions of used tires lying in the rubber dumps since

22



The net hod and conposition of the present invention produce a rubber end
product that can be stored | onger and that does not require additives in
the re-vul cani zati on process. This greatly increases the value of the
mllions oW@e¥94917res |ying in the rubber dunps since 22 PADUSVTIND17
PCT/ US02/ 15908 these used tires are the starting material for the

or csent 11 @%‘%?{w:gt rgi%%ﬁ%stﬁféﬁﬁ%ﬁh Yth#t‘?%a“%ﬁ%#@? RS el e
" cacon, | ket RRLETEUINGD R Prest el eq 8 SRR AY 1 R LI |

enhances the environnent. A second reason that the net hod and c¢onpqsition
of the premﬁremwmgmthmdm@vmkm theifusearate piifactiven FoF Biisrepton; the mgthod
unlike prior art nmethods and conpositions, the use of the present nethod
and conposard cmpdsitien afthe pteseit invdﬁmgeaterivéy erhances threesmvirpyment e Atseeandt oxi ¢
byproducts in the air or water or by making use of toxic nmaterials. Tables
1 through deaiamBathBemethod kndieinposition obihs presént invemiont hatenatly lephhneesthe

conposi tion of the present invention is effective for the purposes

descri bed aRgtohmart 1§ tﬁ@t filtke pHbP MY fretholls hldecompolifchsathd usy 65the sfesdrt @iethod

characteristics useful for re-vulcanization. Table 1 No. Proton Donor Met al

oxi dest aar i SERREGH @%%9%5%%@%‘3“. ng%é:‘*%g R R i

oxycar bonrrglgwgt%}gr ymggtgl&e%ﬂ xp Q@Qﬂﬁr‘o' srosin aci doxi de 85.03.03.06.03.0

Tables 1 through 4 have been included to demonstrate that the method and
composition of the present invention is effective for the purposes described and that the end

product of the method achieves excellent characteristics useful for re-vulcanization.

Table 1
No. | Proton Donor Metal Oxide | Organic Acid | Inhibitor Friction
C(16-24) Agent
D1 | monobasic acid zinc oxide stearic acid | hydroquinon | rosin
89.0 20 20 e 3.0
4.0
D2 | aromatic oxycarbon | magnesium | palmetic acid | polyphenols | rosin
acid oxide
85.0 3.0 3.0 6.0 3.0
D3 | mixed phenols zinc oxide stearic acid | phenotiazine | terpene
(resorcine,
dioxydiphenyl, orcin)
85.0 2.0 2.0 8.0 3.0
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D3m xed phenol szi nc oxi dest eari c aci dphenoti azi net er pene (resorcine,

di oxydi phenyl ,

D4phenol

orcin) 85.02.02.08.03.0 23 WO 02/094917 PCT/ US02/ 15908

- f or mal dehydecal ci unst eari ¢ aci dhydroqui nonrosin resin

(novol ak) o¥Qew09%8703. 02. 5 3. 03. 5 D5phenol - f or mal dehydecalPSTIFEYERMS ¢
aci dhydr oqui nonrosin resin (resoI)OX| dee 83.05.05.04.0 3.0 D6cyanuric

aci di ron gxrdepatmetTTcacr dpheotiazi merpsiT_88; 5303, 02 53. L‘ pD7monon
car bonzi nd i iebQﬂeberFma]déh)&hy ealiiim nonr pepericasidys | hygrequingne | 76siw)5. 05. g
8.0 D8ar orut i c| oesicachalaldagnes| oxigeal et i ¢ aci dpol ypkenol srosiln aci dsoxi
76. 05. 05. 010. 0488.0D9mi xed phenpl szi nc ox{ 86t earic gci dphenot i|&4 net er pe
3.0 3.5
DS | phenol-formaldehyde | calcium stearic acid | hydroquinon | rosin
resin (resol) oxide e
83.0 5.0 5.0 4.0
3.0
D6 | cyanuric acid iron oxide palmetic acid | phenotiazine | rosin
88.5 3.0 3.0 25 3.0
D7 | monobasic carbon zinc oxide stearic acid | hydroquinon | rosin
acids, C(8-12) e
78.0 5.0 5.0 4.0
8.0
D8 | aromatic oxycarbon | magnesium | palmetic acid | polyphenols [ rosin
acids oxide
76.0 5.0 5.0 10.0 4.0
D9 | mixed phenols zinc oxid stearic acid | phenotiazine | terpene
(resorcine,
dioxyphenyl, orcin)
77.0 4.5 4.5 10.0 10.0
D10 | phenol-formaldehyde | calcium stearic acid | hydroquinon | rosin
resin (novolak) oxide e
81.0 4.0 4.0
4.0 7.0
D11 | phenol-formaldehyde | calcium stearic acid | hydroquinon | rosin
resin (resol) oxide e
80.5 5.0 35
5.0 6.0
D12 | cyanuric acid iron oxide palmetic acid | phenotiazine | rosin
81.0 4.5 45 7.0 3.0
D13 | monobasic carbon zinc oxide stearic acid | hydroquinon | rosin
acids, C(8-12) e
94.0 1.0 1.0 2.0
2.0
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(resorci ne,

di oxyphenyl ,

orcin) 77.04.54.510.010.0

D10phenol - f or mal dehydecal ci unst eari ¢ aci dhydr oqui nonrosin resin

(novol ak) oxi dee 81.04.04.0 4.07.0. Dllphenol -fornmal dehydecal ci unstearic

aci dhydr oW 249%4%7n resin (resol )oxi dee 80.55.03.5 5. 06. CCHUSOY 0K i c
aci diron oxidepal metic aci dphenoti azi nerosin 81.04.54.57.03.0 Dl13nonobasi c

carbonzinc—ﬁx+dcs%ca1.c—acidhyf.uqurnun. stm—actds S 8=12)e 1940101
2.0 24 WO |(214094fniratiPCXydagid/ 1 bdgheRifivar ppeimetic aoid ¢ aolyphemalsndsosimpal net
aci dpol yphenol $acids n aci dsoxi d¢oslde 51. 51}53. 02. 5 D15m xed phgnol szi nc
oxi dest earli ¢ a¢ipgghenot i azi net ¢grgene (resassci ne, 3.0 125
D15 | mixed phenols zinc oxide stearic acid | phenotiazine | terpene
(resorcine,
dioxydiphenyle,
orcin) 91.5 1.5 1.5 3.0 2.5
D16 | phenol-formaldehyde | calcium stearic acid | hydroquinon | rosin
resin (novolak) oxide e
94.0 1.0 2.0
1.0 20
D17 [ phenol-formaldehyde | calcium stearic acid | hydroquinon | rosin
resin (resol) oxide e
92.5 1.5 2.0
1.5 2.5
D18 | cyanuirc acid iron oxide palmetic acid | phenotiazine | rosin
94.0 1.0 1.0 2.0 2.0
Table 2
No. No. Mixture | Composition | Roll Mill Roll Mill Process
Regenerate | from Table 1 | by weight as | Temperature | Friction Time, minute
Sample % of weight | , degree
of rubber
waste
particle
R1 D1 1.0 50 1.2 15
R2 D1 3.0 55 12 12
R3 D1 4.5 50 1.2 10
R4 D2 1.5 45 1.3 15
RS D2 3.5 40 13 13
R6 D2 5.0 45 1.3 10
R7 D3 0.5 25 1.15 15
R8 D3 25 30 1.15 11
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di oxydi phenyl e,

orcin) 91.51.51.53.02.5

Di16phenol - f or mal dehydecal ci unst eari ¢ aci dhydr oqui nonrosin resin

(novol ak) oxi dee 94.01.02.0 1.02.0 D17phenol - f or mal dehydecal ci unst eari c
aci dhydr ogWne9¢d7n resin (resol)oxi dee 92.51.52.0 1.52. PCOASEY/EHNA r
aci di ron oxi depal netic aci dphenoti azi nerosin 94.01.01.02.02.0 Table 2.

Conposi ti
Tenper at ur

: vei-ght—as—Rot—M-H—TRegerer-atg—No—xtoqre—st-of—mj ght
RRol | M || DProcess |50 30 1.15 10
R10 D4 1.0 43 12 14
R11 D4 3.0 35 12 10
R12 D4 45 35 12 10
R13 D5 1.5 40 13 147
R14 D5 2.5 40 13 13
R15 DS 3.0 45 13 11
R16 D6 1.5 60 115 14
R17 D6 3.0 55 1.15 12
RIS D6 4.0 60 115 10
R19 D7 2.0 45 12 15
R20 D7 4.0 40 12 13
R21 D7 5.0 45 12 12
R22 D8 0.5 40 115 14
R23 D8 3.0 30 1.15 13
R24 D8 5.0 35 1.15 10
R25 D9 1.5 35 12 15
R26 D9 2.0 35 12 12
R27 D9 3.0 50 12 10
R28 D10 2.0 45 115 15
R29 D10 4.0 50 1.15 13
R30 D10 5.0 45 1.15 11
R31 D11 1.0 50 1.15 15
R32 D11 3.0 60 115 12
R33 D11 4.5 50 1.15 10
R34 D12 1.5 55 1.15 15
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Sanmpl efrom Tabl e 1of rubber , degreeFrictionTime, mnute waste particle
RI DI 1. 0501. 215 R2D13. 0551. 212 R3D14.5501. 210 R4D21.5451. 315 R5D23. 5401. 313
R6D25. 0451. 310 R7D30. 5251. 1515 R8D32. 5301. 1511 25 WD 02/ 094917

PCT/ US02/ 1500&/(281335. 0301. 1510 R10D41. 0431. 214 Rl | D43. 035PCIN$02/15908
R12D44. 5351. 210 R13D51. 5401. 3147 R14D52.5401. 313 R15D53. 0451. 311

R16D61. 56 ¢+—35+41RE+AB63—O655+1p12
R35 D12 3.0 40 1.15 13
R36 D12 5.0 40 1.15 11
R37 D13 0.5 40 1.2 14
R38 D13 3.0 45 12 13
R39 D13 4.5 45 12 10
R40 D14 2.0 40 1.15 15
R41 D14 3.0 40 1.2 13
R42 D14 4.0 40 12 10
R43 D15 1.5 45 1.15 14
R44 D15 2.5 40 1.15 13
R45 D15 3.5 40 1.15 10
R46 D16 1.5 40 12 15
R47 D16 3.0 55 1.2 12
R48 Dié6 4.5 50 12 10
R49 D17 0.5 50 1.15 14
R50 D17 2.0 50 1.15 12
R51 D17 5.0 45 1.15 10
RS2 D18 2.0 45 1.15 15
R53 D18 3.0 45 1.2 13
R54 D18 4.0 50 1.15 11
Table 3
No. Mixtures No. regenerate | Sulfur (weight | Mineral Oil Virgin Rubber
Samples from part to 100 (w.p. to 100 (w.p. to 100
Table 2 weight part of | w.p. of w.p. of
Regenerate) Regenerate) Regenerate)
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R18D64. 0601. 1510 R19D72. 0451. 215 R20D74. 0401. 213 R21D75. 0451. 212
R22D80. 5401. 1514 R23D83. 0301. 1513 R24D85. 0351. 1510 R25D91. 5351. 215
R26D92. 0351. 212 R27D93. 0501. 210 R28D 102. 0451. 1515 R29D104. 0501. 1513
R30D105. 0450 68®391R31D111. 0501. 1515 R32D113. 0601. 1512 R33BCTAISBHTD081510
R34D121. 5551. 1515 26 WD 02/ 094917 PCT/ US02/ 15908 R35D123. 0401.1513

R36D125. 04015 RI7TEES0—S540121 213 R39DI3A 5451210
Ml R1 0.5 2.0 '8
M2 - R1 1.5 3.0 10
M3 R1 3.0 5.0 12
M4 R2 0.5 2.0 8
M5 R2 1.5 3.0 10
M6 R2 3.0 5.0 12
M7 R3 0.5 2.0 8
M8 R3 L5 3.0 10
M9 R3 3.0 5.0 12
M10 R4 0.5 2.0 8
M11 R4 1.5 3.0 10
Mi2 R4 3.0 5.0 12
M13 RS 0.5 2.0 8
M14 RS L5 3.0 10
M15 RS 3.0 5.0 12
Mi16 R6 0.5 2.0 8
M17 R6 1.5 3.0 _ 10
Mi18 R6 3.0 5.0 12
M19 R7 1.0 33.0 10
M20 R8 1.0 3.3 10
M21 RO 1.5 3.0 10
M22 R10 0.5 4.0 10
M23 R11 1.5 _ 4.0 10
M24 R12 1.5 4.0 10
M25 R13 1.0 3.0 10
M26 R14 L5 3.0 10
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R40D142. 0401. 1515 R41D143. 0401. 213 R42D144. 0401. 210 R43D151. 5451. 1514
R44D152. 5401. 1513 R45D153. 5401. 1510 R46D161. 5401. 215 R47D163. 0551. 212
R48D164. 5501. 210 R49D170. 5501. 1514 R50D172.0501. 1512 R51D175. 0451. 1510
R52D182. 0430 02W891R53D183. 0451. 213 R54D184. 0501. 1511 Tabl #C3/U82/15908

M xt ur esNo. regenerat eSul fur (wei ght M neral QI Vi rgi n Rubber Sanpl es
fronpart to—+68twP—to—160(Cwp—tp—100—Tabtegwerght—par tjofw-p—oT W R.
Regener at 4 M&Gener at e)[Rlfener at e) PO.SWD 02/ 094p3P PCT/ US02/[19908
MRI0.52. tf\/IZI\gR] 1.3 011916 1.5 3.0 10
M29 R17 1.0 4.0 10
M30 R18 1.0 4.0 10
M31 R19 1.0 3.0 12
M32 R20 1.5 3.0 12
M33 R21 0.5 3.0 12
M34 R22 1.3 20 12
M35 R23 1.5 2.0 12
M36 R24 1.5 3.0 12
M37 R25 1.0 3.0 12
M38 R26 1.0 3.0 12
M39 R27 0.5 3.0 12
M40 R28 0.5 4.0 12
M41 R29 1.5 4.0 12
M42 R30 1.0 2.0 12
M43 R31 1.0 2.0 12
M44 R32 1.0 2.0 12
M45 R33 1.5 3.0 12
M46 R34 1.5 4.0 12
M47 R35 1.5 3.0 12
M43 R36 1.0 3.0 12
M49 R37 1.0 3.0 10
M50 R38 1.0 3.0 10
M51 R39 0.5 4.0 10
M52 R40 1.0 4.0 10

29

of



MBRI 3. 05. 012 MAR20. 52. 08 MbR21. 53. 010 M5R23. 05. 012 MrR30. 52. 08 MBR31. 53. 010
MPR33. 05. 012 MLOR40.52.08 M| R41. 53. 010 ML2R43. 05. 012 ML3R50. 52. 08

ML4R51. 53. 010 ML5R53. 05. 012 ML6R60. 52. 08 ML7R61. 53. 010 ML8R63. 05. 012

MLOR71. 033 VAL O2/¥BURS1. 03. 310 M21R91.53. 010 M22RI Q0. 54. 010 POEFARP2/1590854. 010
M24R121. 54. 010 M25R131. 03. 010 M26R141. 53. 010 28

M53 R41 1.5 4.0 10
M54 R42 1.0 4.0 110
MSS5 R43 1.0 4.0 10
M56 R44 1.0 3.0 10
M57 R4S 1.5 3.0 10
M28 R46 1.5 ' 3.0 10
Ms9 R47 1.0 3.0 10
M60 R48 1.0 3.0 10
M61 R49 1.5 3.0 10
Mé62 R50 1.5 3.0 10
M63 R51 1.0 3.0 10
M64 R52 1.0 3.0 10
M65 RS3 1.0 3.0 10
M66 R54 1.5 4.0 10
Table 4
No. Mixture | Mooney Module Tensile Elongation, | Hardness,
from Table 3 | Viscosity at | 100%, MP Strength, % Shore
70 degrees C MP
Initial 45 2.7 215 520 58
Vulcanizate
M1 75 26 15.2 380 56
M2 65 2.4 13.9 350 61
M3 80 19 11.7 410 59
M4 95 3.0 14.6 330 62
M5 60 2.2 | 161 400 58
M6 90 2.6 15.6 370 60
M7 55 29 15.7 290 57
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WD 02/ 094917 PCT/ US02/ 15908 M27R150. 53. 010 M28R161.53. 010 M29R171. 04. 010

MBOR181. 04. 010 M31R191. 03. 012 M32R201. 53. 012 M33R210. 53. 012 M34R221.52. 012
MB5R231. 52. 012 M36R241. 53. 012 M37R251. 03. 012 M38R261. 03. 012 MB9R270. 53. 012
MAOR280. 54 W1 2/0MR291. 54. 012 MA2R301. 02. 012 MA3R311. 02. OPETHSARBRA8 02. 012
MISR331. 53. 012 MA6R341. 54. 012 MA7R351. 53. 012 MA8R361. 03. 012 MA9R371. 03. 010

M8 70 30 13.0 300 66
M9 100 2.4 17.0 360 63
M10 85 2.1 14.8 280 59
Mi1 90 1.8 15.2 420 62
Mi2 65 2.2 15.0 350 57
M13 100 2.5 17.0 410 - 58
M14 55 2.4 16.2 300 60
M15 75 2.4 14.1 190 64
M16 95 2.9 11.0 340 59
M17 80 3.1 10.2 330 61
M18 60 2.7 16.2 400 56
M19 95 2.8 16.4 370 57
M20 80 2.4 15.9 220 61
M21 85 2.2 13.1 300 67
M22 65 2.6 10.0 350 56
M23 75 2.9 10.2 320 66
M24 80 2.1 17.0 380 60
M25 100 1.4 15.9 390 64
M26 70 2.6 14.7 350 58
M27 75 3.0 13.0 230 68
M28 80 2.2 12.7 290 59
M29 90 2.6 9.9 300 70
M30 55 2.9 10.9 390 62
M31 75 2.7 17.1 340 66
M32 65 2.8 11.9 400 57
M33 90 2.5 18.0 280 63
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MbOR381. 03. 010 Mb1R390. 54. 010 Mb2R401. 04. 010 29 WO 02/ 094917 PCT/ US02/ 15908
Mb3R411. 54. 010 Mb4R421. 04.010 Mb5R431. 04. 010 Mb6R441. 03. 010 Mb7R451. 53. 010
M28R461. 53. 010 Mb9R471. 03. 010 M5OR481. 03. 010 Ms1R491. 53. 010 M62R501. 53. 010
M63R511. 03 VOAL02/0¢BAUR521. 03. 010 MB5R531. 03. 010 M66R541. 54. 0 PETRSBV 98 No.

M xt ure Mooney Modul e Tensile

M34 60 2.4 95 240 60
M35 85 2.5 16.0 350 69
M36 85 2.6 9.7 440 56
M37 100 2.1 14.8 330 68
M38 70 2.9 10.8 360 39
M39 60 2.3 12.6 410 58
M40 95 2.7 173 250 67
M41 100 2.8 13.1 280 52
M42 80 3.1 15.8 390 71
M43 90 29 11.7 300 61
M44 65 24 14.9 370 57
M45 75 2.6 12.5 390 57
M46 55 2.1 17.4 330 60
M47 60 1.8 115 260 64
M43 85 29 10.7 370 58
M49 95 2.0 15.7 290 68
M50 65 24 14.0 320 61
Ms1 90 2.7 93 270 56
M52 55 2.1 17.5 370 66
MS53 70 2.6 12.0 350 59
M54 90 2.0 136.2 440 70
M55 70 3.1 12.1 310 60
M56 85 2.1 13.0 400 62
M57 80 2.6 15.5 290 56
M58 100 2.5 12.4 330 63
MS59 65 23 15.0 270 58
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El ongati on, Hardness, from Table 3Viscosity at 100% MPStrength, %Shore 70
degrees CMVP Initial 452.721.552058 Vul cani zate M 752. 615. 238056

M2652. 413. 935061 M3801.911. 741059 M4953. 014. 633062 Mp602. 216. 140058

M6902. 615. 8E¥0BW4NT552. 915. 729057 30 WO 02/ 094917 PCT/ USORCTAI0H15908

MB703. 013. 030066 MP1002.417. 036063 ML0852. 114. 828059 M | 901. 815. 242062

ML2652. 215- 3166251741058

M60 60 VZ. 1 17.6 240 62
M61 90 23 11.3 300 59
M62 95 1.9 9.1 180 61
Me63 60 2.0 10.6 370 57
Mé64 85 2.7 13.3 250 63
MB65 100 2.6 123 280 54
M66 75 24 15.0 410 59

Table 1 represents 18 different tested combinations, D1 through D18, of the various
ingredient candidates and various percentages within the range of acceptable percentages for
the five ingredients in the composition mixture of the present invention. Table 2 represents
taking those 18 combinations and varying roll mill temperature, friction and the weight part of
the composition resulting in 54 different de-vulcanization samples R1 through R54. Table 3
represents taking the 54 de-vulcanized samples and varying the addition of sulfur, mineral oil
and virgin rubber during re-vulcanization. As the below Table 3 demonstratés, a combined
total of only approximately 10 to 20% of these three ingredients have been added during re-
vulcanization and the properties (e.g. Mooney viscosity, module 100% which is the strength at
100% elongation, tensile strength, elongation, hardness) of the re-vulcanized rubber were
tested. The results of these tested properties are set forth in Table 4.

It is to be understood that while the method and composition of this invention have
been described and illustrated in detail, the above-described embodiments are simply illustrative
of the principles of the invention. It is to be understood also that various other modifications

and changes may be devised by those skilled in the art which will embody the principles of the
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ML4552
ML8602
M22652
M26702
MB0552

.416. 230060 ML5752. 414. 119064
. 716. 240056 ML9952. 816. 437057
. 610. 035056 M23752. 910. 232066
. 614 WORSB8IRR7753. 013. 023068
. 910. 939062 MB1752. 717. 134066

ML6952. 911
M20802. 415
M24802. 117
M28802. 212
MB2652. 811

. 034059
. 922061
. 038060
. 729059
. 940057

ML7803. 110. 233061
M21852. 213. 130067
M251001. 415. 939064
M2 PETS02/300 70
M33902. 518. 028063 31

VO 027 09494 Ce deiesd PR WhehB e Mﬁﬂ?&% s%gpe“:iaé}g&p 18 REPdesRdPeo DB invention to

the exact construction and operation shown and described. The spirit and scope of this

invention are limited only by the spirit and scope of the following claims.
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MB6852. 69. 744056 M371002. 114. 833068 M38702. 910. 836059 M39602. 312. 641058
MA0952. 717. 325067 MA11002. 813. 128052 M42803. 115. 839071 M43902. 911. 730061
MA4652. 414. 937057 MA5752. 612. 539057 MA6552. 117. 433060 MA7601. 811. 526064
MA8852. 910 WBIB®ma91119952. 015. 729068 M50652. 414. 032061 Mp1FET/USR/EDGR56
Mb2552. 117. 537066 Mb3702. 612. 035059 Mb4902. 0136. 244070 Mb5703.1' 12. 131060
Mb6852. 113. 040062 Mb7802. 615. 529056 MGBAIMES 512. 433063 Mp9652. 315. 027058 32

What is claimed is:

1. A method of de-vulcanizing waste rubber made of a network of polymer
macromolecules from which metal has already been removed wherein in the waste rubber there
are sulfur to sulfur bonds between sulfur atoms, sulfur to carbon bonds between sulfur and
carbon atoms and carbon to carbon bonds between carbon atoms, comprising the steps of .

(A) turning the waste rubber, using any known means, into particles of waste rubber,
said known means typically being shredding and crushing the waste rubber to make particles of
waste rubber;

(B) simultaneously adding a modifying composition to the particles of waste rubber
while the particles of waste rubber are being poured into an area between roilers of a first roll
mill that crushes the particles, thereby creating modified crushed particles, said modifying
composition being a mixture of (1) a proton donor that breaks the sulfur to sulfur bonds and
renders the sulfur passive, (2) a metal oxide that build new bonds between macromolecules for
later re-vulcanization, (3) an organic acid that reacts with the metal oxide and build new bonds
between macromolecules for later re-vulcanization, (4) a vulcanization inhibitor that prevents
re-attachment of sulfur radicals with each other before the proton donor attaches itself to the
sulfur and (5) a friction agent that prevents sliding of the waste rubber between the rollers of
the first roll mill and between rollers of a second roll mill and of further roll mills;

(C) pouring the modified crushed particles of waste rubber into an area between rollers
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WD 02/ 094917 PCT/ US02/ 15908 M50602. 117. 624062 M51902. 311. 330059

M62951. 99. 118061 M53602. 010. 637057 M64852. 713. 325063 M651002. 612. 328054
M66752. 415. 041059 Table 1 represents 18 different tested conbi nati ons, D1

t hrough D180 6¥09%M& various ingredient candi dates and vaPCaIS0HEent ages
wi thin the range of acceptable percentages for the five ingredients in the
conposi t i cof tie setanderob nilt that prisies tie modifiedtcrushed faaticles &f wasferneblent s  t aki ng

t hose 18 conbinations and varying roll mll tenperature, friction and the

vei ght part of RIS (C)YYY polfing the Addified orbsklid Jagticiatof daste mibbaningat i on
sanples Rl thr éB%E@RM. Tgpbf e)(bgﬂre%ér esents taki ng‘{he 54 de-vul cani zed

sanpl es ar%a}z r%mn%’fﬂéﬁf&%'h?}g@ff&mﬂ‘ r, mneral oil and virgin rubber

during re-vul cani zati on. ow Tabl e 3 denonstrates, a conbi ned

total of only [,0X] . Ly, 9 t i %Eﬂi been
added during rZEP?}WF@S”gla?a%(%‘%%‘iﬁﬁ&?r@éﬁ%ﬁF %g’glriﬁdégh ?%:Sg"? or?gd}%l\s/fesco ty,
nodul e 100% whi ch, i.s, th re h at .100% ngat.d on nsil enst.yengt h,

el ongat i orTomR Steps{A dhroy Mgf‘%ﬂ?ﬁm‘% P @%W%Ph%ér"£a‘§‘ﬁ%%ﬂ%&!‘ seipsr esults
of these tested properties are set forth in Table 4. It is to be understood
t hat whi | enecessariiiq Feaeh afebired APHIBLACHN of this invention have been
described and illustrated in detail, the above-described enbodi nents are

si nply il ust r ahé methodmairtainipg am dkqpritysofafmachamalepnbenofi waste mibber and rendesing
understood al so that various other nodifications and changes nay be

ggvi sed bysulffof6ms assive torialatehfe-aildanisktion)said mbthedrbeiky cosh effextive)ci pl es of the

environmentally friendly and said method producing high quality de-vulcanized rubber.

2. The method of claim 1, wherein the polymer macromolecules remain substantially

intact.

3. The method of claim 1, wherein at least approximately 70% of the sulfur to sulfur
bonds are broken and wherein no more than approximately 10 to 15% of the carbon to carbon

bonds are broken.

4, The method of claim 1, wherein the carbon to carbon bonds remain substantially

intact and wherein the sulfur to sulfur bonds are substantially broken.

5. The method of claim 1, wherein the modifying composition generates an active

particle with dimensions not more than approximately 10 angstroms.
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WO 02/ 094917 PCT/ US02/15908 invention and fall within the spirit and scope
thereof, It is not desired to limt the invention to the exact
construction and operation shown and descri bed. The spirit and scope of
this inveNQ®09%912 |inited only by the spirit and scope SCTUSE218Y] owi ng
clainms. 34 WD 02/094917 PCT/ US02/ 15908 CLAIMS What is clained is: 1. A

met hod of de- vy TROMEINBE ofElaine], wiithbeti themstalifpihg sompdsitionigenérates hy active
macr onol ecul es from which netal has al ready been renoved wherein in the

waste rub b@%t}\%é‘ﬁgtgrpaiﬂt&ﬁs ﬁ’s’%z ty Y&Jﬁl’meﬂ bpheRfateRei0grapptdxinttelp100s, sul fur

to carbon ween sultur”an carbon atons and carbon to carbon bonds
bet ween carhon atons, conprising the steps of (A) turning the waste rubber,
usi ng any B fkans, into particles of waste rubber, said known neans
typically being shredding and crushing the waste rubber to make particles
of waste rubber; (B) sinultaneously adding a nodifying conposition to the

particles of waste rubber while the particles of.waste b are.bei ng
poured into an alThemsthogdof plaing 1, whegelp %{apiapg\fegag}cegeﬁfrp{e'ﬂ%ﬁﬁe %’P%ﬁ& t he

particles, thereby creating nodified crushed particles,_ said nodifying
conposi t i oronipekitign attachesttapelywter (ayromolaculenanddhmeiltur fsulfsr Bonds havebesr| fur to
sul fur bonds and renders the sulfur passive, (2) a netal oxide that build
new bonds ke e mdifyingebmpoditien frevents chemicalrsgructutes fomzappeaning it placeef the
organic acid that reacts with the netal oxide and build new bonds between

macr onol ecyfhgsh duBilir lodhiBir boRldy/ ul cani zation, (4) a vul cani zation inhibitor
that prevents re-attachnment of sulfur radicals with each other before the

proton donor attaches itself to the sulfur and (5) a friction agent that
prevents sliding of the waste rubber between the rollers of the first roll

mil and betweey yiol ] 6hSs & cifm’ SHafk Phvbight dr netbhifYing/cofpBtiod RlbbroEeh | S

approximately 3% and approximately 6% of a weight of the particles of waste rubber.

9. The method of claim 1, wherein a weight of the modifying composition is

approximately 5% of a weight of the particles of waste rubber.

10. The method of claim 1, wherein the modifying composition remains in the

modified crushed particles of waste rubber after the method is completed.

11. The method of claim 1, wherein at least approximately 70% of the sulfur to sulfur
bonds are broken and wherein no more than approximately 10 to 15% of the carbon to carbon
bonds are broken, wherein a weight of the modifying composition represents between

approximately 3% and approximately 6% of a weight of the particles of waste rubber and
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(© pouring the nodified crushed particles of waste rubber into an area
between rollers 35 WO 02/094917 PCT/ US02/ 15908 of the second roll mll
that crushes the nodified crushed particles of waste rubber; (D) repeating
Step (O bW@RMHHF t he nodified crushed particles of wasPETAMBHEP8 nto an
area between rollers of eight further roll mlls; (E) checking a

consi st engyhefdin £h Qndmzin% icaelpeditionireainsintthenodified crustet particleb of waste nibbémg
fromsteps (A) throug D) and then repeating step (C) for rollers of

addi ti onalatolk nfiiddss Bsmplitegessary to reach a desired consistency, the
met hod maintarning an iIntegrity of a macronol ecul e of waste rubber and

rendering sulfur atons passive for a later re-vul canization; said nethod
bei ng cost effective, environnentally friendly and said nethod producing

hi gh quality de-vul canized,rubher. 2. The nmet.hod of claim erain the
pol yner rracrorrﬁlze @%t&‘Pgﬁ%‘flﬂ“‘g]wB’#%?mtgﬁmog}E{lpﬁ Sppos Pn’gﬁ%e]r%%ﬂ%ocfﬁgg claim
1, wherein at |east approximtely 70% of the %ul fur to%slul f L{{H bands are
br oken andatiskerwithdimensipnsaot mare BapaRpkexigeisly,l 0 aRssiomsswAGTPINn g MO to
carbon bonds are broken. 4. The method of claim 1, wherein the carbon to
car bon bordmppsition generatestan activel pasticle-thatomaintaias ivheqtivity for hetwegp ppproxigatetyl t ur
bonds are substantially broken. 5. The nethod of claim1, wherein the
nodi fyi ng 10cmd applokinmtglp bel millisscomds, awdtereieafienan active paiticle genergied byike not nor e
t han approxi mately 10 angstrons. 36 WD 02/094917 PCTI US02/ 15908 6. The
met hod of yfddiyfigleompbifi6n Aitdché 16p6lyinet Macromoleasies dndthegsatfer wiselfurbondst i ve

have been broken, the modifying composition prevents chemical structures from appearing in

place of the broken sulfur to sulfur bonds, wherein at least approximately 70% of the sulfur to

sulfur bonds are broken, wherein no more than approximately 10 to 15% of the carbon to

carbon bonds are broken, wherein a weight of the modifying composition is between

approximately 3% and approximately 6% of a weight of the particles of waste rubber and

wherein the modifying composition remains in the modified crushed particles of waste rubber

after the method is completed.

13. A method of de-vulcanizing waste rubber made of a network of polymer
macromolecules wherein there are sulfur to sulfur bonds between sulfur atoms, sulfur to
carbon bonds between sulfur atoms and carbon atoms and carbon to carbon bonds between
carbon atoms, comprising the steps of :

(A) turning the waste rubber, using any known means, into particles of waste rubber,

said known means typically being shredding and crushing the waste rubber to make particles of
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particle that maintains its activity for between approximtely 10 and
approximately 100 mlliseconds. 7. The nmethod of claiml, wherein after an
active particle generated by the nodifying conposition attaches to pol ymer
macr onol ecW@&/097t he sul fur to sul fur bonds have been RCIASHY10¢e
nodi fyi ng conposition prevents chem cal structures from appearing in place
of the bmakterutbet;f ur to sul fur bonds. 8. The nmethod of claim1l, wherein a
wei ght of the nodifying conposition is between approximtely 3% and

appr oxi mat el y @89 @oting@hg fetaPby mhghetichlly s&pafising baid@fetab frotithepartifles ofhe
met hod of claim™, wherein a weight of the nodifying conposition is
appr oxi mkﬁa}s%rﬁ% pf a weight of the particles of waste rubber. 10. The
nmet hod of claim f,’ wherein the nodifying conposition remains in the

a
nodi fied crush articles of.waste. I after ' et ed.
11. The met hod?(g)r AO“BP q.nﬁ{nis?y ?Ié‘?gfgeq rﬂo%{y&g§§?P8Jgﬁ)oglrtgﬁﬁﬁgﬁ{1§bo$d%§ tg (l.a sul fur
to sulfur _bhonds are br.oken d wherein no re thap approxi nate 10, to
1506 0f 1 eV SRS L PASHE Ui S DRPE POIRBRINO 18 BeHHSEh LA et e

modi fyi ng conposition represents between approxi nmately 3% and roxi mately
6% of a wanillHhat efushesthaparticles, therehy cwafgtgénwg&s‘éméﬁél P@%cmseigmg%&&

PCT/ US02/ 15908 wherein the nodifying conposition remains in the nodified
crushed paomposition teingwembeure @B {E) a protoardondrghatdbrénkd thesulfartolselfus dondspand The

met hod of claim 1, wherein the nodifying conposition generates an active

particl e wedderstheButai emsatsivep(2) atofetd ogife thaxbuiklt relwybohds betysdnr oms, wher ei n
the nodi fying conposition generates an active particle that maintains its

b o ISR APl ) 8 4 o Al 550
and build new bonds between macromolecules for later revulcanization, (4) a vulcanization
inhibitor that prevents re-attachment of sulfur radicals with each other before the proton donor
attaches itself to the sulfur and (5) a friction agent that prevents sliding of the waste rubber
between the rollers of the first roll mill and between rollers of a second roll mill and of further
roll mills;

(D) pouring the modified crushed particles of waste rubber into an area between rollers
of the second roll mill that crushes the modified crushed particles of waste rubber;

() repeating Step (D) by pouring the modified crushed particles of waste rubber into
an area between rollers of eight further roll mills;

(F) checking a consistency of the modified crushed particles of waste rubber resulting
from steps (A) through (E) and then repeating step (D) for rollers of additional roll mills as

necessary to reach a desired consistency,

the method maintaining an integrity of a macromolecule of waste rubber and rendering
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nmodi fyi ng conposition attaches to pol ynmer macronol ecul es and the sulfur to
sul fur bonds have been broken, the nodifying conposition prevents chem cal
structures fromappearing in place of the broken sulfur to sul fur bonds,
wher ei n at W@e94Hppr oxi mately 70% of the sulfur to sul f #CTHSAHLIE e

br oken, wherein no nore than approximately 10 to 15% of the carbon to

car bon bogglfuratdndPasdie@for iutdretvul@nizatiophsaidmethbdbeingledsy efiestivanposi tion is
bet ween approxi mately 3% and approxi mately 6% of a weight of the particles
of waste lhRGmeARly frish@y ahdsdidReliiod bfoducitg highmedity devulcamized nsbben t he

nodi fi ed crushec? particles of waste rubber after the method is conpl et ed.
13. A nmethod of de-vul cani zing waste rubber nade of a network of polyner
macr onol ecul es wherein there are sulfur to sul fur bonds between sul fur

Carbon 1o carbdh BERHEARAERRET RS A¥ b hATEnGRRICHNNR BT

carbon to carb conprising the steps o
turning the waste rubber, using any known neans, into particles of waste
rubber, d®B¢ known means typically being shredding and crushing the waste
rubber to make particles of 38 WD 02/094917 PCT/ US02/ 15908 waste rubber;
(B) renoving any netal by magnetically separating said nmetal fromthe
particles of waste rubber; (C) sinultaneously adding a nmodifyin

conposi ti on to 15HEhemethodbfdaimf13wvahereinrat lhss appraximately W@&meiselﬁergo S¥lfFast e
rubber are being poured into an area between rollers of a first roll mll

t hat crushpgds 416 bifvked | ldasheréinao adoye thaw agprowimatelyi 10ite d S%r efdhechrbontoi cl es,
said nodifying conposition being a mxture of (1) a proton donor that
br eaks th%a?b‘bhfbgﬁdstaﬁeﬁﬂékéd?r bonds and renders the sulfur atons passive,
(2) a netal oxide that build new bonds between macronol ecules for |ater
re-vul cani zation, (3) an organic acid that reacts wth the netal oxide

16. The method of claim 13, wherein the carbon to carbon bonds remain substantially .

intact and wherein the sulfur to sulfur bonds are substantially broken.

17. The method of claim 13, wherein the modifying composition generates an active

particle with dimensions not more than approximately 10 angstroms.

18. The method of claim 13, wherein the modifying composition generates an active
particle that maintains its activity for between approximately 10 and approximately 100

milliseconds.

19. The method of claim 13, wherein after an active particle generated by the modifying

composition attaches to polymer macromolecules and the sulfur to sulfur bonds have been
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and build new bonds between macronol ecul es for |ater revul canization, (4) a
vul cani zation inhibitor that prevents re-attachnment of sulfur radicals

wi th each other before the proton donor attaches itself to the sulfur and
(5) a fricW@M/4gYAt that prevents sliding of the waste r REB&S2/BE\een t he
rollers of the first roll mll and between rollers of a second roll mll
and of f umbkdiRn, thé Mlokifyihg benposiion pravets ghentienl stowtitiresiiors mppdactg isepladeaf e of
wast e rubber into an area between rollers of the second roll m Il that
crushes t e WaRQhikired sefidsbed. particles of waste rubber; (E) repeating Step
(D) by pouring the nodified crushed particles of waste rubber into an area
between rollers of eight further roll mlls; (F) checking a consistency of
the nodified crushed particles of waste rubber resulting fromsteps (A

th h (E t [ Af i ok |

m Irloggas( )negggga&??g] : ﬁ[‘)’g%glﬁﬂ% g%?lgilreée %%ﬁ@gﬁl&iﬁ%@&‘%ﬂ rretp%glgaﬂr%si ;1? ai ni ng
i nt it f f . oL ubber. '

02/ 09401 7 bPPIRSTSBRPLERR Gt BPPrXBABSIRSr o Seiad) orghy B ERer S yieiibter, o,

said nethod being cost effective, environnmentally friendly and said nethod
produci ng high quality de-vul canized rubber. 14. The nethod of claim 13,
wherein the pol yner macronol ecul es. remain substantially intact. 15. The

met hod of cl ai 2113 he wethodiof claim [ 3 ashereipp weighhefithe podifiipgheonpostionis ur t o

sul fur bonds are broken and wherein no nore than approximately 10 to 15%
of the cardpgroximatelf VDM Wt Df teepalticids ofi wagtérubbre met hod of cl ai m 13,
wherein the carbon to carbon bonds remain substantially . intact and
wherein the sulfur to sulfur bonds are substantially broken. 17. The et hod
of claim 13, wherein the nodifying conposition generates an active

22. The method of claim 13, wherein the rubber the modifying composition remains in

the

modified crushed particles of waste rubber after the method is completed.

23. The method of claim 13, wherein at least approximately 70% of the sulfur to sulfur
bonds are broken and wherein no more than approximately 10 to 15% of the carbon to carbon
bonds are broken, wherein a weight of the modifying composition represents between
approximately 3% and approximately 6% of a weight of the particles of waste rubber and
wherein the modifying composition remains in the modified crushed particles of waste rubber

after the method is completed.

24. The method of claim 13, wherein the modifying composition generates an active

particle with dimensions not more than approximately 10 angstroms, wherein the modifying
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particle with di nensions not nore than approximately 10 angstronms. 18. The
met hod of claim 13, wherein the nodifying conposition generates an active

particle that maintains its activity for between approxi mtely 10 and

appr oxi mat AYQ 02A@a917ni | | i seconds. 19. The met hod of cl ai m PET/UMYIEI aft er
an active particle generated by the nodifying conposition attaches to

pol ynmer nmeg Bﬁﬁ@&;@n@fat@% aktie farticle thattrRaitteing it adtiviigl forlbatneeeh egproxithately
02/ 094917 PCIT/ US027 15908 broken, the nodifying conposition prevents

chemi cal Sltogah{g taﬁ%nfoﬁxg{&'iégﬂ CZ(FBQRS%& s, WiheRdifAtfer 3h abthR p‘ﬁftﬁ:l@%n&ﬁﬂeﬁ by theo sul fur

bonds. 20. arm 13, erern a welght of the nodifying

I ti .S. bet ' t el D ' 0 I ght
of The parbedping BreRaReLARTRbap Poa TS HAECHEIeATE SF ikl il bkl 2
i ght of th di fyi Si ti | i mat.el.y. 5% of ' th
bar {1 cl o5 9o DRES REoReDpBe FOTHARE SOrRPRLOR GEPVGHS CPapcn Fsvore FamAPPALDS fhpor
the nodi fying conposition remains in the podified crushed 8° rtfi cl eﬁ"yOf
wast e r ublplaceaf therbrokea sutfertogulfay bondfpwherein at fegst WH@W&YJ& 81" thesulfprte

wherein at |east approximately 70% of the sulfur to sulfur bonds are
br oken andsulfinebonidnaredrokencwhérein naporeshanappspximatelyt 1) oo ef theearbet t9on t o
carbon bonds are broken, wherein a weight of the nodifying conposition

r epr esent scafiinwoads &p brakeh, wlietdiy a Ighnof the modifyingeerhposibivn i betwesni ght of t he
particles of waste rubber and wherein the nodifying conposition remains in

the nodifigd GEUsBEdoPad dpptBdmatly 69 WHBR T thejfattRlestiof &raste tubber i
conpl et ed. E1 T?}tﬁmet hod ﬁgf cl ai %1 13, V\he?gi n tefga nodi fyi ng conposition
generates Jf. &6 1’-tllxevrgodifying composition remains in the modified crushed particles of waste rubber

after the method is completed.

25. A method of de-vulcanizing particles of waste rubber made of a network of
polymer macromolecules from which metal has already been removed, wherein in the particles
of waste rubber there are sulfur to sulfur bonds between sulfur atoms, sulfur to carbon bonds
between sulfur and carbon atoms and carbon to carbon bonds between carbon atoms,
comprising the steps of :

(A) simultaneously adding a modifying composition to the particles of waste rubber
while the particles of waste rubber are being poured into an area between rollers of a first roll
mill that crushes the particles, thereby creating modified crushed particles, said modifying
composition being a mixture of (1) a proton donor that breaks the sulfur to sulfur bonds and
renders the sulfur passive, (2) a metal oxide that build new bonds between macromolecules for

later re-vulcanization, (3) an organic acid that reacts with the metal oxide and build new bonds
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particle with di nensions not nore than approximately 10 angstrons, wherein
the nodi fying 41 WD 02/094917 PCT/ US02/ 15908 conposition generates an
active particle that maintains its activity for between approximately 10
and appr oxiw@0209%991700 mi | | i seconds, wherein after an acti WETIH0/190%
generated by the nodifying conposition attaches to pol yner nmacronol ecul es

and the sWdwidenhiciomdistiuled @dater RaMcaiofibnb(4) 4 &tlcadipiomdiibitor i@t prevendsi t i on

prevents chem cal structures fromappearing in place of the broken sul fur

to sul fur %‘&gamel\gl{‘gf{(sﬁifﬂr AltichiS ith eFELSRTHRREEIHE pFAi%h Bbndraftadtieh fraelf tb the
s are bro h

sul fur bon en, erein no nore than approximately 10 to 15% of
the carbon Op. bon : j i | deyi ng
conpositi o%‘_ifﬁrsa’@gsﬁ%%‘f‘go%g%erngihﬁﬁg{eeﬁsgwwg?g&fgp%pastg\giﬁbn%? g_ y egr%h gr’ ma&_?gm(_;/efiyght
Fermi ms | rin Bt Fmil8g bemgER Bxlepat pseso Bt ko gkadd of Pebelion e T °C he het hod
is conpleted. 25. A nethod of de-vulcanizing particles of waste rubber nade
of a network of(B) pmhemdﬁ@dﬁﬂ@MWW@gWP&bbﬁ@F& anprea bepwes dolsst e n

removed, wherein in the particles of waste rubber there are sulfur to
sul f ur bonofthdecumbrollsuill that casbesthe modified croshed pattioles bbwakte rubberiveen sul f ur
and carbon atons and carbon to carbon bonds between carbon at ons,

conprising the (@)ﬁ?)‘éaﬁ}fg Steft (B) 181 poutihgithe meslified 2cldhetpaticteschffwastegubbenintsi t i on
0

to the particles waste rubber while the particles of waste rubber are

bei ng pour g b iebwadh rdll&s obEkNERANd bl lls; of a first roll mill that
crushes the particles, thereby creating nodified crushed particles, said

o oA e SRSl

the sulfur to s re e su passi ve,

oxi de that _build new bon et ween nmacr onol es for . laf .
re- vul cani Famistsas (%%EZ?gmm@e‘h@Pﬁ%%% @z}l{,’f goll\%stqﬁag(ﬁh&%{oglmg%sde and
buil d new bonds 42

necessary to reach a desired consistency,

the method maintaining an integrity of a macromolecule of waste rubber and rendering
sulfur atoms passive for a later re-vulcanization, said method being cost effective,

environmentally friendly and said method producing high quality de-vulcanized rubber.

26 The method of claim 25, wherein the polymer macromolecules remain substantially

intact.

27. The method of claim 25, wherein at least approximately 70% of the sulfur to sulfur
bonds are broken and wherein no more than approximately 10 to 15% of the carbon to carbon

bonds are broken.
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WO 02/ 094917 PCT/ US02/ 15908 bet ween macr onol ecul es for |ater

re-vul cani zation, (4) a vulcanization inhibitor that prevents

re-attachnent of sulfur radicals with each other before the proton donor
attaches i W@PF0%Y7t he sulfur and (5) a friction agent tREI/GSOUIAMNE s
sliding of the waste rubber between the rollers of the first roll mll and

bet ween rol | er $80fTha nfeioddd clasth 25 ivherei i1 carboh tdicdrbs bond teniid dubstaritia)ly
pouri ng the nodi fied crushed partl cles of waste rubber into an area between

rollrers mﬂd%&%&ﬂﬂtgé%lb(g Eﬁlﬁﬁ‘daﬁds%é’s%ﬂﬁﬁuia brdRe.fied crushed

particles ot‘ra waste r er repeating Step ( by, pouring the nodified
crushed particles of waste rubber into an area between rollers of eight
further roll mlls; (D) checking a consi stency of the nodified crushed

P apoati ng ot ep ey BRRRGOF SRR o3 Vg PEENER: fohpchioR febbnitelulllly] "C 0

reach a desired consistency, the net hod mai tal ning an integrity of a

macr onol ecRArtc wtbwéme@smwmnoaﬁﬂ\aﬁémemﬂ@ @lﬂngﬂgm%& ons passive for a

| ater re-vul cani zation, said nmethod being cost effective, environmentally
fliendly and said nethod produci ng high quality de-vul cani zed rubber. 26
The nmethod of claim25, wherein the polyner nmacronol ecul es renmain
substanti al |y i30 ¥&é methéd of bieinn2S, wd@ren the madifyiRbcomyusition Fendratesamsactive
approxi mately 70% of the sulfur to sulfur bonds are broken and wherein no

nore than 3&9@6}@ tHatRbifdalhs 19 a&tﬁn%&%tf&wéeha groxibftel} 10 SRF dpproxihmetd10ar
br oken. 02/ 094917 PCT/ US02/ 15908 8 The net hod of claim?25, wherein

the carbon h gon bonds remain substantially intact and wherein the
sulfur to su ur bonds are substantially broken.

31. The method of claim 25, wherein after an active particle generated by the modifying
composition attaches to polymer macromolecules and the sulfur to sulfur bonds have been
broken, the modifying composition prevents chemical structures from appearing in place of the

broken sulfur to sulfur bonds.

32. The method of claim 25, wherein a weight of the modifying composition is

between approximately 3% and approximately 6% of a weight of the particles of waste rubber.

33. The method of claim 25, wherein a weight of the modifying composition is

approximately 5% of a weight of the particles of waste rubber.

34, The method of claim 25, wherein the modifying composition remains in the

44




29. The nethod of claim 25, wherein the nodifying conposition generates an
active particle with dinensions not nore than approximately 10 angstrons.
30. The nethod of claim 25, wherein the nodifying conposition generates an
active paM@ey®#IRat naintains its activity for between XRSFSYHAMEly 10
and approximately 100 mlliseconds. 31. The nethod of claim 25, wherein

after an agbdii@ @radhed phrficlesowatemibbet afteethen@ihby ismpletediosi ti on attaches
to pol ymer macronol ecul es and the sulfur to sul fur bonds have been broken,
t he nodi fying conmposition prevents chem cal structures from appearing in

pl ace of the broken sulfur to sulfur bonds. 32. The nethod of claim 25,

wherein a weig - Lo 1 S ' y 3%
and appr oxi mat € Sy?%%/gn g&‘ 0@?\@%&8@ %ﬁg&é%?ﬁa B*°§§m%§9m{beﬂ$ﬁ%‘§§*r@@’ The
met hod of claim25, wherein a weight of the. I fyin QppROsSi tion |

appr oxi nat lg}nas 5%%691‘33 aV\éWb?ﬁemd’P I{‘%étﬂﬂfﬁlﬂi’?r(‘?fugg%g‘f I%ps%gﬁ Pgﬁ‘ﬁgﬁb%gﬂ ca%]og

met hod of cl aim 25, wherein the nodifying conposifjon remains in the 44 WO
02/ 094917 ‘eus ere(bpokesowberein @ivraighl OE%M&%&PQ'PRQSE@%‘FPY&%‘&S efSBer after
the nmethod is conpleted. 35. The nmethod of claim 25, wherein at |east

appr oxi nat apyoxinstely3% nd apprdximately 6¥uofaweighi ofithe partisles of maste auhbevandr ei n no
nore than approximately 10 to 15% of the carbon to carbon bonds are

br oken, whehertin tiee medifyitig compbkittonTettiaing imihe ewdified ctushed paeticlessof maste lmatibere en
approxi mately 3% and approxi mately 6% of a wei ght of the particles of waste

rubber and;papagyRéthod B@omplitedyi Ng conmposition renmains in the nodified
crushed particles of waste rubber after the nmethod is conpleted. 36. The

met hod of claim 25, wherein the nodifying conposition generates an active
particle with di nensions not nore than approximately 10 angstrons, wherein

the modifying 36. The method of claim 25, wherein the modifying composition generates an active
particle with dimensions not more than approximately 10 angstroms, wherein the modifying
composition generates an active particle that maintains its activity for between approximately
10 and approximately 100 milliseconds, wherein after an active particle generated by the
modifying composition attaches to polymer macromolecules and the sulfur to sulfur bonds
have been broken, the modifying composition prevents chemical structures from appearing in
place of the broken sulfur to sulfur bonds, wherein at least approximately 70% of the sulfur to
sulfur bonds are broken, wherein no more than approximately 10 to 15% of the carbon to
carbon bonds are broken, wherein a weight of the modifying composition is between
approximately 3% and approximately 6% of a weight of the particles of waste rubber and
wherein the modifying composition remains in the modified crushed particles of waste rubber

after the method is completed.
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conposition generates an active particle that maintains its activity for
bet ween approximately 10 and approximately 100 m|liseconds, wherein after
an active particle generated by the nodifying conposition attaches to

pol yner madv@mu9eudl es and the sul fur to sul fur bonds haPETHEE2139Hken,

t he nodi fying conposition prevents chem cal structures from appearing in

place of the bry kﬁ%éhﬁdfdfrdelﬂlcﬁhihﬁxg'bm@i%ﬂéﬁwmwdinﬂdebﬁ&aét\x@ﬂﬂobm mat el y
70% of the sulfur to sul fur bonds are broken, wherein no nore than

appr oxi mat ei?natcgmgn?e@l@g whiSinGRérD fb duffur ﬁ%ﬁﬂﬁ%oﬁ&ﬁ%%w@én%uﬂﬁ%&ﬂs sutfigr ei n

a wei ght nposition 1's between approximtely 3 % and

appr oxi mat.el y , 6% of wei ght,.of t h&&@bﬁre' n
t he nodi f)} b (hﬁ'b%g%tef‘%eﬁgP‘gﬁﬁﬁw&lﬁﬁgt%ﬁ%b&hgﬁ?%%%%@ﬁ artﬁ&lﬁdoes

wast e rubber after t he Bz‘BOd I S corrpl eted. 45 WD 02/ 094917 PCT/ US02/ 15908
37. A net HEboBRIQIRS, GOMPRSNG NG #ePSOfi cl es of waste rubber made of a network
of polyner macronol ecul es wherein there are sulfur tq sul fur bopds _between
sul fur atoms, dé)femovingrny aretad by measticalln sapaspting spid metal feam theparticles 86 at ons
and carbon to carbon bonds between carbon atons, conprising the steps of
(A) renoviwgstanpbapt al by magnetically separating said netal fromthe
particles of waste rubber; (B) sinultaneously adding a nodifying

conposi tion to (U)@mﬁﬂtﬁﬁdoﬁél?ﬁdd?ﬁg ymotiyingtoaepositinintd the phrticlesiof westembbér wast e
rubber are being poured into an area between rollers of a first roll mll

that - cr US g e pRAEIEL 6 ibte D B byt lntBad ofch Ot sl o frtabls,

sai d nodi fyl ng onposi tion bei ng a mxture of (1) a proton donor t hat

breaks the f lg,a%s :
( r2)eaas met a‘?’ﬁﬂb?tgfréus%’gs @Qh Flaéjnew onc nn%ﬁ@é\i@g(z Cﬂlgﬁd?ﬂh (#r ecul es ? ;}/gr .
re-vul cani go%plocs)lrtlxon gmg grr}m?t\g | ((i) g(f)roqclorg crllc?ntor a?ﬁrea(s\% smﬁxlt]?o Q?ﬁxﬂ)on% Wfif

renders the sulfur atoms passive, (2) a metal oxide that build new bonds between

macromolecules for later re-vulcanization, (3) an organic acid that reacts with the metal oxide
and build new bonds between macromolecules for later revulcanization, (4) a vulcanization
inhibitor that prevents re-attachment of sulfur radicals with each other before the proton donor
attaches itself to the sulfur and (5) a friction agent that prevents sliding of the waste rubber
between the rollers of the first roll mill and between rollers of a second roll mill and of further
roll mills;

(C) pouring the modified crushed particles of waste rubber into an area between rollers
of the second roll mill that crushes the modified crushed particles of waste rubber;

(D) repeating Step (C) by pouring the modified crushed particles of waste rubber into
an area between rollers of eight further roll mills;

(E) checking a consistency of the modified crushed particles of waste rubber resulting
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and build new bonds between macronol ecul es for |ater revul canization, (4) a
vul cani zation inhibitor that prevents re-attachnment of sulfur radicals

wi th each other before the proton donor attaches itself to the sulfur and
(5) a fricWQM/4HAt that prevents sliding of the waste rR6FES2/EEeen the

rollers of the first roll mlIl and between rollers of a second roll mll
and of f Utdipliond @hlthiBhitl @) shPineepoutith e Oyt rblietsl of addilunal rolimillscdses of
wast e rubber |n1%o n area between rollers of the second roll m |l that

crushes t%ﬁ%%&%@ég@%&%@ﬁ{%&éjﬁs of waste rubber; (D) repeating Step

(O by po S particles of waste rubber into an area
between rollers, of eight.further. rol.] mlls: hﬁlﬁ tealighgy of
the modified crisHe OEW%’P’%%’P{% to?aﬁj%{)oexé@cggeu t r%ngg)g\% 02/ 094917
PCT/ US02/ 15908 from steps (A) through.(D) .and_.t hen. repeatd step (C for
rol | ers ofsulfrcatemspassive rja gty qegul%ﬁﬂH&bé@l@W"??’%“&é@ﬁ e?egglgi r ed

consi stency, the nethod maintaining an integrity of a cr,ggfl ggul e of

wast e r ubtaaviremmentally dderidlygnd seid methodinsaducipg high quality de-yujcgpized rubber.

revul cani zati on, said nethod being cost effective, environmentally
friendly and said nmet hod producing high quality de-vul cani zed rubber. 38.

The nmet hod of claim 37, wherein the pol ynmer nmacronol ecul es renain
substantial |y 78t axie metbd JHeRiBY Whkreih tie polymes hacronmiesiles sgmairesubstantially
approximately 70% of the sulfur to sulfur bonds are broken and wherein no
nore than iﬂﬁ%oxi mately 10 to 15% of the carbon to carbon bonds are

br oken. 40. e net hod of claim37, wherein the carbon to carbon bonds
remai n substantially intact and wherein the sulfur to sulfur bonds are
substantial ly broken.

39. The method of claim 37, wherein at least approximately 70% of the sulfur to sulfur

bonds are broken and wherein no more than approximately 10 to 15% of the carbon to

carbon bonds are broken.

40. The method of claim 37, wherein the carbon to carbon bonds remain substantially

intact and wherein the sulfur to sulfur bonds are substantiaily broken.

41. The method of claim 37, wherein the modifying composition generates an active

particle with dimensions not more than approximately 10 angstroms.

42. The method of claim 37, wherein the modifying composition generates an active
particle that maintains its activity for between approximately 10 and approximately 100

milliseconds.

47



41. The nethod of claim 37, wherein the nodifying conposition generates an
active particle with dinensions not nore than approximately 10 angstrons.
42. The nethod of claim 37, wherein the nodifying conposition generates an
active paWQ@eye#aiat naintains its activity for between X§FUSHAMEIy 10
and approximately 100 mlliseconds. 47 WO 02/094917 PCT/ US02/ 15908 43. The
met hod of cl ai aB37he MEBHELICIAMIT] whereinCiftersn Revé pacticle gareeated othb ynodifiing

nodi fying conposition attaches to pol ymer macronol ecul es and the sulfur to

sul fur bo %ﬁﬁpgﬁﬁ@p%g%ﬂes 1B 5Blsher mhEEmBRENIEYinR S CRATROR shifiarbehBS @b her cal

structures aring-in place of the broken sulfur to sulfur bonds.

44. The thod of clai.m 3 rej i INRVARCaTa ithd ON
'S bet wedtokBRE R jog iR Brilslhs Sirbl slherhief nORCpplirg i PRRATAG
particl es of waste rubher. 45 The nethod of claim 37, wherein a weight of
the modi f ks EBEEAQSHHEROPS. apnr oxi mately 5% of a wei ght of the particles
of waste rubber. 46. The nethod of claim 37, wherein the rubber the

nodi fyi ng conposition renmains in the nodified crushed particles of waste
rubber after the method is conpleted. 47. The nethod of claim37, wherein
at | east appr oxidmdithe metirosfslaine B3 vehergin p weightof themodifiipgicorpasitioRdken and
wherein no nore than approximtely 10 to 15% of the carbon to carbon bonds
are br okerbetwdearapproxinately 8itand hpproimatety 6%iofig weighpofthe particles of wastewubber.

bet ween approxi mately 3% and approxi mately 6% of a weight of the particles
of waste rubber and wherein the nodifying conposition remains in the
nodi fi ed crushed particles of waste rubber after the nethod is conpl eted.

45. The method of claim 37, wherein a weight of the modifying composition is

)

approximately 5% of a weight of the particles of waste rubber.

46. The method of claim 37, wherein the rubber the modifying composition remains in

the

modified crushed particles of waste rubber after the method is completed.

47. The method of claim 37, wherein at least approximately 70% of the sulfur to sulfur
bonds are broken and wherein no more than approximately 10 to 15% of the carbon to carbon
bonds are broken, wherein a weight of the modifying composition represents between
approximately 3% and épproximately 6% of a weight of the particles of waste rubber and
wherein the modifying composition remains in the modified crushed particles of waste rubber

after the method is completed.
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48 WD 02/ 094917 PCT/ US02/ 15908 48. The met hod of claim 37, wherein the

nodi fyi ng conposition generates an active particle with dinensions not
nore than approximately 10 angstrons, wherein the nodifying conposition
gener at es AYOBA%UE particle that maintains its activity RET/USBRIEH
approximately 10 and approximately 100 m |liseconds, wherein after an
active parti cl ¢8gtiemethedloflaimi3g, whereinfthe modifyingrogiposition genceatdsdn acvenol yner
macr onol ecul es and the sul fur to sul fur bonds have been broken, the

modi fyi ng pRABRGHIE diRRnfsR\RNINSretiaappRdxiitely A0 ungstrofns owherpineler modjfiing  pl ace
of the broken sulfur 'to sulfur bonds, wherein at |east approxi mtely 70% of

the sul f “rcobﬁ?ﬁtzbﬂcér braBR M Sctife DaRicR R matkt&hSitdadliVityor Betwean agpRotiguielyat el y

10 to 15% o0 on to carbon bonds are broken, wherein a wei ght of

t he nodi f yi.ng,conposi t i, oM S: "aﬁ'ﬁ%i% 0 ldrately 6%
of a wei ghlt0 ag?i aPﬁE’“B?&ethf queréﬂlggé oﬁg&eh e’rae&g%éeé? an Mr‘{ Pg?r%ﬂtt\' e Egglie][rﬁl ng
conposition remains in.,the npdified crushed panticles o r

after the cpwmpoytion atfaghes to go yﬂe%ﬁ%g@?l??%% aid ?“%‘ﬁ%@?‘d@f‘%@% n of
wast e rubber, conprising a mxture of, ingredients, by weight, whi.ch,

i ngr edi enthavelbeen brakensbe mMOditying eoTBRasHion Preyents shegicl é‘ﬁ%ﬁ”ﬂﬁ? ﬂ%@?eagﬂ%‘bf a
proton donor that breaks sulfur to sulfur bonds in the waste rubber; (2)
bet ween appiacexi tetbrokeniselfizntd selfiybondsnwherein abbeasmpprowimataly %70 @€ thesyiundet ween
approximately 1% and approxi mately 5% of an organic acid having between 16
and 24 cardaffr Kndsre/beskenDiigseth ao mofd thar appreximatelyr kito raVesfithocarbonto

approxi mately 10% of a vul cani zation inhibitor and (5) between
appr oxi Mat GlpondHUhdd dle BRIVERHEPGES WeibBPbfihe Molifyiny doniposigionis betibeen
approximately 3% and approximately 6% of a weight of the particles of waste rubber and

wherein the modifying composition remains in the modified crushed particles of waste rubber

after the method is completed.

49. A composition for de-vulcanization of waste rubber, comprising a mixture of
ingredients, by weight, which ingredients are:

(1) between approximately 76% and approximately 94% of a proton donor that breaks
sulfur to sulfur bonds in the waste rubber;

(2) between approximately 1% and approximately 5% of a metal oxide,

(3) between approximately 1% and approximately 5% of an organic acid having
between 16 and 24 carbon atoms per molecule,

(4) between approximately 2% and approximately 10% of a vulcanization inhibitor and

(5) between approximately 2% and approximately 10% of a friction agent.
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WO 02/ 094917 PCT/ US02/ 15908 50. The conposition of claim49, wherein the
proton donor is selected fromthe group consisting of nonobasic organic
aci ds having between 8 and 12 carbon atons, aronmatic oxycarbon acids,

m xed phend¥@02/4ueiol f or mal dehyde resins and cyanuric aci ®CTAB02/159e8
conposition of claim49, wherein the vul canization inhibitor is selected
from the groupoc®The compasitionfof bigink 49)wihemirethe arqson dqrioe isceleated fomethe £TO8PI ne.
52. The conposition of claim49, wherein the friction agent is terpene. 53.

The conpOogphdiing Of mehabadic b8zanithieids hividd etwestraoaidi2@arboa atonmpadantic hat i s
non-dust formng. 54. The conposition of claim49, wherein the conposition

s al most Lt RER! BlR onchSls, FHRRCIRRIRRE: Ak bnc blhaRCRid, wher ei n he

i ngredi ent’s”are nonvo e and none o t'he 1 ngredi'ents are inflamuable
i quids. 56. The conposition of claim49, wherein the ingredients do not
have an unpl easant snell. 57. The conposition of claim49, wherein the

i ngredients are cheap and,eadi ailable. 50 WD,02/094917 P, 15908
58. The conposiofli GHe§PIpPsiion Qlayt@\g r@}%‘?ﬁ’@"l‘%@?‘@&?gﬂ?‘g"@%g sglgagyg%{ not
toxic to humans and are safe for the environnent. 59, The conposition of

cl ai m 49, théygoup nonsisting efkysisequingne, a:polyphenol gadphegotiagings f or at | east si x

nont hs. 60. The conposition of claim49, wherein the conpositionis a
powder that is non-dust

52. The composition of claim 49, wherein the friction agent is terpene.

53. The composition of claim 49, wherein the composition is a powder that is non-dust

forming.
54. The composition of claim 49, wherein the composition is almost water insoluble.

55. The composition of claim 49, wherein the ingredients are nonvolatile and none of

the ingredients are inflammable liquids.

56. The composition of claim 49, wherein the ingredients do not have an unpleasant

smell.

57. The composition of claim 49, wherein the ingredients are cheap and readily

available.
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formng, the conposition is al nost water insoluble, wherein the ingredients
are nonvolatile and none of the ingredients are inflammable Iiquids,
wherein the ingredients do not have an unpl easant snell, wherein the

i ngredi ent WA%09%¢N2ap and readily avail abl e, wherein the FCAGIS8HINM s are
safe and not toxic to humans and are safe for the environnent, and wherein
the conposition lasts in usable formfor at |east six nonths. 61. The
conposition of claim49, wheréin the proton donor is selected fromthe
group - consi st isgord oJNGRAR b ARIRN Wherdfte figitiRss RS wRAMdoRRRICS car bon
atons, aromati ¢ = oxycarbon aclds, nfxed phenols, phenol fornal dehyde resins
and cyanuric acid and erein ul cani zation inhibitor is selected from
the group "PBRY '%ﬁsa(#@%%ere frj&%(l)er?ie/‘, a pol yphenol and phenotiazine. 62.
The conposition of claim®61l, wherein the friction agent is terpene. 51 WO
02/ 094917 PCT/ US02/ 15908 63 A conposition for de-vul cani zati on of waste
rubber, conprising a mxture of ingredients, by wei gfh-t .. Whi i ngredi ents
are: (1) bet wedR. Ehpeassposiion of claigndh whersinihe sompastiop @Mwabgehfﬁ%??fﬁ donor
that breaks sulfur to sulfur bonds in the waste rubber and renders the

sul f ur padedsvsix mpoadhsbet ween approxi mately 1% and approxi mately 5% of a
metal oxide that build new bonds between nacronol ecul es of the waste
rubber for a later revul cani zation, (3) between approxinately 1% and
approximately 5% of an organic acid having between 16 and 24 carbon atons

per nol ecul e t hpt TheaGhSositioh df Ebith 45 twiblereftthe Sorapehitioniis slpcweder thep icisonsisneen
macr onol ecul es of 'the waste rubber for a later re-vul cani zation, (4)

mC . ast e i r re-vul canization, (4)
hat - pr odoes s onlp AR L ABR LS, AR o D e

proton donr%rne% t %?Qgergdile&tss grlefinﬂa}rgna e Jlcjﬂlifdéj,rwhre e% {3 ling?&ﬁents do not have an

unpleasant smell, wherein the ingredients are cheap and readily available, wherein the ;.
ingredients are safe and not toxic to humans and are safe for the environment, and wherein the

composition lasts in usable form for at least six months.

61. The composition of claim 49, wherein the proton donor is selected from the group
consisting of monobasic organic acid having between 8 and 12 carbon atoms, aromatic
oxycarbon acids, mixed phenols, phenolformaldehyde resins and cyanuric acid and wherein the
vulcanization inhibitor is selected from the group consisting of hydroquinone, a polyphenol and

phenotiazine.

62. The composition of claim 61, wherein the friction agent is terpene.
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(5) between approximately 2% and approximately 10% of a friction agent that
prevents sliding of the waste rubber. 64. The conposition of claim 63,
wherein the proton donor is selected fromthe group consisting of

nmonobasi ¢ ¥@82M094914ci ds havi ng between 8 and 12 carbon at SEF/USB¥EWER i ¢
oxycar bon aci ds, m xed phenol s, phenol f or mal dehyde resins and cyanuric

acid. 65. The g9mesmpbsitibrtor §d-Alleantationdravasterubliee, conprising aatixtare afnhi bi t or
is selected from the group consisting of hydroqui none, a pol yphenol and

phenot i aZii.\%?%dgeZ@% W%hg%g&ﬁnggﬁéﬂ@%{ 15908 66. The conposition of claim

63, whereil ction agent is terpene. 67. The conposition of claim®63,
wherein the co 1L | | 2 ' bré:
conposition of @%%Meggpbmagﬁw{%gh @%@:‘nﬁf‘é @néi;»gagz} ér@gdtﬁd&gtoreﬁgﬁ nrsag?ubl e.
69. The conposition. of .claim63, erein the inagredi ents are nonvol atile
and none Sﬁﬁ’t'ﬁ%s‘flﬁ’éIbQH‘ilse‘H?}ée‘ﬁ?s e ﬁf&H‘hé“B{’%‘sﬂ}e g‘{ﬂbr .agsﬂ?f The conposition of
claim63, wherein the ingredients do not have_ ap unpl easant l.., 71. The
conposi ti on of (D1bgtweenappigprinately, 1%6and ppprpimately g%’é\r‘l é "ﬁ?i&ﬁ‘dﬁﬁg?b‘é‘@dﬁ“y

avai l able. 72. The conposition of claim63, wherein the ingredients are
safe and fhonds egwesntmachemeleculesiof therveasteambber for aclpier reiyleanizahignt . 73, The

conposition of claim®63, wherein the conposition lasts in usable form for
at | east six mgittesweenppyoxieatép 1% land RpfroxiBaEly 59 @8 an organic acid having

between 16 and 24 carbon atoms per molecule that reacts with the metal oxide and build new
bonds between macromolecules of the waste rubber for a later re-vulcanization,

(4) between approximately 2% and approximately 10% of a vulcanization inhibitor that
prevents reattachment of sulfur radicals with each other before the proton donor attaches itself

to a sulfur radical and

(5) between approximately 2% and approximately 10% of a friction agent that prevents

sliding of the waste rubber.

64. The composition of claim 63, wherein the proton donor is selected from the group
consisting of monobasic organic acids having between 8 and 12 carbon atoms, aromatic

oxycarbon acids, mixed phenols, phenolformaldehyde resins and cyanuric acid.

65. The composition of claim 63, wherein the vulcanization inhibitor is selected from

the group consisting of hydroquinone, a polyphenol and phenotiazine.

52



74. The conposition of claim®63, wherein the conposition is a powder that
is non-dust formng, the conposition is alnost water insol uble, wherein
the ingredients are nonvolatile and none of the ingredients are

i nfl anmabl &0 029#UE, wherein the ingredients do not have &&T/UMAHIVYSant
snmell, wherein the ingredients are cheap and readily avail able, wherein the
i ngredi ents ar 66s®he camposition df oleing 63, ovhieraimihe fagtion agent étewen®r t he

envi ronnment, and wherein the conposition lasts in usable formfor at |east
six nonths. 75. The conposition of claim®63, wherein the proton donor is
selected fromthe group consisting of nonobasic organic acid having
between 8 and %7 g ReMpaitRiFof cRIR BB ifereithseampesiticiis 8 powderthst ipitsrdiss,
phenol f or nal dehyde resins and cyanuric acid and wherein the wvulcanization
inhibitort{ﬁni | ected fromthe group consisting of hydroqui none, a :
pol yphenol"and® phenoti azine. 76. The conposition of claim75, wherein the
friction agent is terpene. 77. Araw material’ for rubber vul canization
conpri sing de-vul cani zed waste rubber in which at | east approximtely 70%

of the sulfur to sulfur bonds that existed prior to de-. vu]canizatiqQn of
the waste rubb&8. HTMQOBB%W‘%@IPEH‘,‘ 6?=ﬁ”1&ﬂﬁ‘?‘%ﬂglc8§‘?°’t1“‘§’rfs Jo‘fo‘ ’t“@?lkﬁi'O% to
15% of the carbon to carbon bonds that existed prior to de-vul canization of
t he waste rubber have been broken, which is stable for at |east six nonths
and which may be re-vul canized by heating to a tenperature of

appr oxi mat el y B90Thecpremsitioeof tlaimase whetelntbe ingrhdients ase nenvolatilkand apegefs. 54
WO 02/ 094917 PCTI US02/ 15908 78. The raw material of claim 77, which does

not re- vulta@inbredietiane hflahaablotgedatel y. 79. A raw material for rubber
vul cani zati on conpri sing de-vul cani zed waste rubber in

70. The composition of claim 63, wherein the ingredients do not have an unpleasant

smell.

71. The composition of claim 63, wherein the ingredients are cheap and readily

available.

72. The composition of claim 63, wherein the ingredients are safe and not toxic to

humans and are safe for the environment.

73. The composition of claim 63, wherein the composition lasts in usable form for at

least six months.
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which at |east approxi mately 70% of the sulfur to sulfur bonds that existed
prior to de- vulcanization of the waste rubber have been broken, in which

l ess than approximately 10%to 15% of the carbon to carbon bonds that

exi sted pr M 0%0949&- vul cani zati on of the waste rubber haPETAEHIBMoKen,
which is stable for at least six nonths and which may be re-vul canized by
heating to a t@apHteonpesitbn efaimBnwuherkin theigbmpegition s amawdenthatis naR-dHBut
addi ng sul fur, carbon black, tar, mneral oil and/or virgin rubber. 80.
The raw N @fing kheonositioh %Amashinater theelablaovherein thelingredierts aveaonvolatileand

noderately 55
none of the ingredients are inflammable liquids, wherein the ingredients do not have an
unpleasant smell, wherein the ingredients are cheap and readily available, wherein the

ingredients are safe and not toxic to humans and are safe for the environment, and wherein the

composition lasts in usable form for at least six months.

75. The composition of claim 63, wherein the proton doror is selected from the group
consisting of monobasic organic acid having between 8 and 12 carbon atoms, aromatic
oxycarbon acids, mixed phenols, phenolformaldehyde resins and cyanuric acid and wherein the
vulcanization inhibitor is selected from the group consisting of hydroquinone, a polyphenol and

phenotiazine.
76. The composition of claim 75, wherein the friction agent is terpene.

77. A raw material for rubber vulcanization comprising de-vulcanized waste rubber in
which at least approximately 70% of the sulfur to sulfur bonds that existed prior to de-
vulcanization of the waste rubber have been broken, in which less than approximately 10% to
15% of the carbon to carb;)n bonds that existed prior to de-vulcanization of the waste rubber
have been broken, which is stable for at least six months and which r;lay be re-vulcanized by
heating to a temperature of approximately 140 degreeé Centigrade without adding other

ingredients.
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78 The raw material of claim 77, which does not re-vulcanize when heated

moderately.

79. A raw material for rubber vulcanization comprising de-vulcanized waste rubber in
which at least approximately 70% of the sulfur to sulfur bonds that existed prior to de-
vulcanization of the waste rubber have been broken, in which less than approximately 10% to
15% of the carbon to carbon bonds that existed prior to de-vulcanization of the waste rubber
have been broken, which is stable for at least six months and which may be re-vulcanized by
heating to a temperature of approximately 140 degrees Centigrade without adding sulfur,

carbon black, tar, mineral oil and/or virgin rubber.

80. The raw material of claim 79, which does not re-vulcanize when heated moderately
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