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TITLE: RUBEER RECYCLING: .

: -
A mathod of re-using rubber comprising providing a

5 batch a}s vuleans rad | Y‘i.’.bber 4~y r.-cycling and Jo -
vuleaniging or dﬂ-Polﬁmﬁriaing the bhatch of isubbes 'by

heating reo a tempea:atxlaré of from 220°C to 350°C in the

presence of a hydrocarbém.
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5 | . TTTIR: RIRRER RECYCLING
10 DESCRIPTION
15 The present invention relates to the reecyeling of

rubber, particulayrly s¢rap rubber.

Large quantities of rubber waste, including millions
of u%ae.d vehicle tyres, are creataed each yca'r and posc an
environmental problem. -,Thié ie becausc the rubber ip non-

20 biodegradable and is non-goluble in watcr, and thus remains
as scrap indefinitely. Buxning of‘ rubb¢r relezses a lot of

”~

enmrrgy’ And Lhus ila useful for generating heat, but smoke
generated during burning poses oevexre pollution and
cont'aminaFion problema to the environment.

25 Sarap tyre pyrolysi‘s hae been the oubject 'of several
research srudiers, and the Togsco II PYrolysis - reocaxrch
study war conceived to develop process aequipment and to

maxinise carbon-blacl: production and quality. Tn the Tosco

iy
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II process, chopped tyres are fed into a rotary drum with
Aot ceramic balls at 480°C - 549°C in a reducing atmospliere,
The rubber pyrolizes and foxmz a solid residue, an oil

varpour and off-gases. A trommel screcen separates the fire
carhon-black from the ceramic hallg.

Three baric processes are ua‘od Ain zrubber reclaiming:
digester, heater or pan, and the xreclaimator processes.
Tyrer are most commonly reclaimed by digesting. Two-xroll
millm or other grinding devicee reduce whole ¢tyres to
relatively uniform particlo gpize. Fibre is mechanically
separated from the xubber with hammcr mille, blown into
callectors, and baled. Metal chlorides might also be used
to reduce  tyre fibre chemically during digesting.
Reclaiming oils and proceesing aide are blended with the
crumb xrubbexr in ribbon blenders ;::r siamilar mixers and are
trandferred to a digester, which is a steam-pressurised

tank equipped with horizontal mixing paddles. The blend is

mixcd continuocusly at steam pressures uf 1.03-1.70 MPa (l10-

17 atm) for 4-6 hours. ° The pressurized digestex batch is
torced into a ‘blowdown .tank and is washed and dried.

Compounding ingredients, i.e. carbon-blaf‘,k, clay, etc. are

’

added to wnwwdifly and maintain ceftain' physical and chemical
properties of the rubbexr for ‘speciiic applications, Metal
and other contaminants ave straiuned from the digested
rubboer by extruders. High friction refining mills smooth
the digested rubber into sheets. ‘he nuube:r ol will passes
vary, depending o Lhe desired smoothiness and pliysical

¢

properties needed in the final wvroduct. The reclaim \is
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then baled. extruded into pellets, or made intoy wlabs for

shipment.

Butyl and natural-rubber tubes and other fibxe-free

scrap rubbsr are reclaimed by maeans of the heatery ©r pan

S procesas, Rrass tube fittings and other meatal are removed
from the scrap. The scrap is mechanically ground, mixed
with remlaiming agents, leoaded into pans or de-vulcanising
hoats, and autoclaved at steam preasures of 1.03-1,40 MPa
(10-14 atm) for 2-8 hours. The reclaim is refiner-milled,

10 extruded and fiz}inh-millad much the same as in the digester
process.

The reclaimator, a high pressure extruder, de-
vulcanises fibre-free rubber continuocusly with recz-.d.,;m&,
0ils and other materials. High premssure and shear between

15 the  rubber mixture and the extruder-barrel walls
effectively reclaim tha rubber mixture. De-vulcanising
occurs at 175-208°C in 1-3 minutes. The L.ancaster-Banbury
mathod applias hign tcmpcra\gure, preessure amldl shear to the
rubber in & balch process thar is otherwise simllar. to the

<40 reclaimator. Anotlier high pressure process de-vulcanises

 etrap rubber and reclaiming agents‘at 5.5-6.'9 MPa (54-68

atm) for._’ ca 5 ninutes. The reclaiu .product is milled,
balcd or pelletized s in othar processes.

The reclaiming oils and chemicals are complex wood and

25 pewtroleum derivatives and swell the rubber and provide
acceass for oxidizing the zubbexr bondes with heat, pressure,
chemicalg and mechanical ehearing. AMApproximately 2-4 pt of

©il are uscd par 100 pt of serap rubber. Sone examples of

MAR-B2-2088 @5: 32 D21 8822026 B3% P.02
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raalaiming o0ils include monocyclic and mixed texpeneg,
i.e.pinfr-tay products, saturated pPolymerioad petroleum
hydronarhons ; aryl digulfides in petrolcum oll;
cycloparaffinic hydrxocarbens: and alkyl axyl polyether
alcohols.

Tn addition to pryolysis and reclaiming xubber, an
exparimental procese has been proposed to depolymnerize
scrap rubber. Aromatic olls are blanded with tyre crumb
(e.g. ground scrap rubber tyres), and the mixture heated at

250°¢ ko 275°¢ i) fi ANNREAAYE &RT 12 fin 34 henra  Thr ofla

act ag a heat transfer medium and :‘)wclling. agent, and the
heat. and o0il cause tha rubber to depolymerize, producing a
carhan black diapevsion in oil. Ae more depelymeriscd
ecrap rubber (DSR) is produced and rubber is addad, leass
aromatic 03l is needed, and eventuallvy 100% of the oil is

replaced by DSR. The DSR reduces thermal oxidation of

polymers and increases the tack ot uncursd rubber. DSR has
been Llended with No. 2 fuel oll as a fuel extender.
The present applicant lLaw devised novel methods for

recycling rubber.

In accoxdance with a <first wuspect of the present

”

invention, Lhere is provided a method of Né-using Lubber,
compricing: prouviding u batch of wvulcanised rubbu: fLor

xecycling; and de-vulecanising the bulch of :rubber by

 hoating to & tewperature of from 220° to 350°C in the

pregsence of a hydrocarbon.
Tho do vulcunlsation muy be czrried cut at pragsure

©f no moxr¢ thuun 5 ulmoopheres, possibly &t aluwspheric

PE3
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L

pressure, and may even be carried out at a tcmperature of
from 220°C to 320°C. The methced may further comprice
comminuting or grinding the batch of rubbér to produoce
particulate matexial. In this way, up £to 80% of the rubbsrx
S may be re-cyclad for subsequent re-usze - ag little as 10%
may be damaged in the procescs and converted to a non«usable;
residue.
Rubbers are polymeric¢c materisnle, a good example being
BRR (styrene-hutadi.=e-rubberx). Tha polymer chain resulting
10 from polymerisation of mtyrene-nhutadicne includes a caxbon-
to-carbon double bond. By uging oulphur in rubberx
vulcanigation, allyl hydrogen 'next to the doublce bond acts
A% R gite for sulphur addition, t.hc:::eby providing a branch
ronnecting polymexr chains togethey. Do vulcanisation of
13 such rubher by heating' ¢an bre’ak the sulphur connection
between tha chains, causing the orogy-linked polymer to
reform se a lincur polymer. Of course, the linear polymere
may crack end produce polymers wilnl shorter chain lengths.
During de-wlcaniaation,’ thYyee Kiwdda of subetances are

20 producad.

1. Gases: which uway usually be ecthylene, propylene and
| butylene. 4 ‘

2. Liguids: oilys and gasoline-type fuels perhaps
rebulting from cracking of lineax volyuers.

Carbon: wiick may accumulate ayw & residue in the

D
L S
G-

bottom ¢of a rcactor veagsl.
¢

The meChod may Zurther comprise hurning the gas or

liguid [ructionc to gencrate heat for de-vulcanising a new

MAR-02-2008 ©@5:33 B21 882202¢& 85% P.34
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batch of vulcanised rubber subdsequant.y.
I the method, the nydrocarbon may be gaseous ana may
conprice natural gases, perhaps salectea frem the group

consisting of methane, ethare, propane and butane. The

44

method may comprise purging the batch of rubber with the

gaseous hydrocarben during de-vulcanisation, pexrhaps in the
absence of oxygen. Re-oycling of used rubber in this way
yields a much greatexr de-vulcaniased product than known

methods.

190 The residue at the bottom of the reactor may be in the
form of reclaimed xubber (a proceocable and thermoplastic

material) - literally klack chunke which may be recyoled by
adaing 1l0% of resin and rapeating the wvulcanisation

process. The black chunks may typically include additional
15 matexrials such as carbon black, zine oxide and other

fillers. Therefore, recycling of rudbber during thic process

doon mot tomitkn oo addiinee okboew ihew Wha 100 nE wewin

does Ot require any additives other than the 10% of rasin.

A swall awount of plasticizer and reinforcing agents, some

sulpliur (for wvulcanising the reactancs) and an uccelerator
20 may be added as zequired.

*.,"r.he method way further comprise contrelling oxygen
levels during de-vulcanisationr. De-vulcanisation - and even
pyrolyeie - of rubber may occux by ovaidation of sulpliuw
bonds Dbetwsen polymer chaine. Coulriolling oxyyen lJlevels

26 during de-vulcanjsation may determine the ratio of carbon
tber lagquid (e.y) ©il in the productes forming the  yleld.
Controlling oxygen levels by purging with hot alzs may be

ymportant when wixing the batoll of rzubber with used

CA 02300527 2000-03-07
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lubricating oil, asphalt or oxidised aspnalt. In this way,

the liquid fraction may be contzolled and cven increzsed.
The dme-valcanisation process may produce high vyieldo

ot Qil aé well ag carbon. The 0il reeuvltc from cracking of

the rubber polywexr chains at abeve 2239° in the presence of

»

aAXygen . At the aame time some fatty acids way also be
produced, but the majority of the viecld will be the oil
resulting from breaking of carbon-to-caxbon bonds of the
polymer chain. The oil may be used in place of Dioctyl
10 phthalate (DOP) oil as a softener in the rubber industry.
Tf added as an ingredient to rubber compositions, the oil

may also incxease the resistance of NBR rubber to attack Dy

hydrocarbons.

According to a second aspaect of the procent invention,

15 there is provided a mathod ¢of preparing an ink or paint
composition, comprising: providing a batck of i1ubbeyr for
recycling; aud de-pulymerising the batch of rubber by
heating to a temperature of trom 220°C Lo 300°C in the

prescnce of an organic ligquid (e.y used luwbricating oil or

&
<

) a drying oil).

Another uoe ¢f gcorap subbex lg in the preparation of
ink and paint. Uuranyg depolymerisation, polymer chains are
produced which aXe spupporting materials for inks and the
like, Heatinyg Lhe Dblend of scrap rubber and used

<5 lubricating eil or drzyinyg ovils to between 220" and 1300°% may
produce polymexr chains which nay z=vlace the resins found
in conventional inks. By clianyiliy tLhe reaction conditions,

sultable supporting nalerials for 211 kinds of iuk can be

MAR-B2~-280@ ©5:35 P21 8822026 83% P.a7

CA 02300527 2000-03-07



From.: SRAEEN joint_Stock company PHONE No. : 821 8822026 Mar.22 2000 3:55PM POB

produced. 32y adding additives - cuch as driers (e.g. soars
of ccbalt, manganese ane lead Zormed with ’organic acide
such as linolenic, naptharic, and occtanic acids) or =y
uging drvinag cil; euch Aas soyabean 511, flox ©4il, 1linaeed

S 0l ard castor o0il, printing ink may re produced. By adding
pigment and suitable resin to this Ink, ball pen ink is
prcduced; with no additives, tha ing may ba used as
gtarping ink. For a homogeneous printing ink, additives
such a8 phaloniec resin are required. Usecd ocxop xubber of

10 different colours may pe used to produce inks oOr paints cf
corresponding ¢olcurs,

The crg;m‘.c liguid may comprige a drying odil, fex
examcla sovbean oil, flux oil, linseed oil or castor o:l,
¢r Aalternativery a - used lubricating '0il. The de-

15 polymerisatizn ray occur at about 235C°C. The vi&coua liquid
cbtaired £from de-polymerigsation of sgcrap rucder blended
with used 1lubricating oil may ke used as a stamp irg
(without additives). The viscous “Liguid obltained f£zowm de-
polymerisation of scrap —aober wizh dzying oil or a mixture

20 of drying oil and used lubricatnyg oil may be used as a

printing iak (wltli additives such as a drier and lead

naptha=t). Other additives m;y invlude a pnenolic resi:
which helps the ink form a £1ilm which is diwportant in tle
printing industxy. (The printing ink may bvde {ine gzound to
25 brea< up ary lumpy rcsidues).
Embodinenis of the invention will now described by way
02 crample with reference to the f£olluwing:

Recovery of Rubbsr from Used Rublber

MAR-02-200@ 0S:36 Q21 B822026 85% P.28
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A patch of used, greound rubber (vulcanised) is piaced
in a closed reactor and purged with gaseous hydrocarbons

(merl:ene, echane, propans and hurans) at 250%C to 350°C foo
P .

at leest LWwO NOUXS. As a2 result, S50% of t=e used rubger

S turny intu black pieces of rcelaimed ruoper; ard 10% of the

used rubbel is converted to gases such 2s& ethylere,

Drouvylene ana outylene cr ligquid  (e.g. gase.ine) and exic

-he reactor during the de-vulcanisation process.
Recovered black pieccs may be mixed withk resin in tne

10 ratio 100 ' (varts reclaimed xrudber) ¢to 10 (part rasirn) .,

tegecher with plesticizer zard reinforcing agents, anc'

vulcenised to form the vecycled rubbar. (The zesin may oe

ag same as the resin in scrap rubber which :is damaged curing

devu_caaisaticen). Since additives like ecarts= nhlack 2na

15 fillers already exist in the black pieces, no edditives for

2
the vulcanisation of the nixture are required.

Process oOf De-vilcanisacion of Used Rubber foo Producing

0il

ay———

A batch of ground, used xrubker (vulcanised) ie mixed

20 with used lubricating oi., asphalt or oxidized asphalt in a
¥reactor at 960°C for at least 2 nours wailst paésing hot a:lr
through the mixture. De-vulcanlisation and de-polymerisation

of the used rutber takes place, {orming shoxter polymer
chains in.the form of oil and cerbon residues, verhaps with

25 a high surface avea particularly 1f 2ot slesam 13 paczsad

~atio of oll tu carbon resicde

¢

depends on the amount ¢f resin used in Lae acrap rubber.

“hrougn the residue. ‘'a

The o:1 obzain during Lhis process may be used as a

CA 02300527 2000-03-07
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replacement for DOP, and may be used 25 ‘a plasCicizer in

the rubber industrv and makec nitxile rubber more »eulslanl

to gascline, engine 0il, diesel o¢) and other molvents,

Production of Ink from Used Rubbea
SRS A b

5 A batch of ground used rubber (vulcanised) 1s mixsd

with drying oils, copolymers of dxying oils, hydrocarbonic

0lls or a mixture of them and held in a reaclLur at 250°C -~

300°C. The ojl acts as a heat-transfer medium and swelling

agent and the heat and the o011 cause the ruldwer 10
10 devulcanise and depolymerize. This oproduces a viscous
liguid which, by adding additives such as driers, a
printing ink is obtained. 1‘he dricxs are soaps of coball,

manganear and Jlead formed with organic cids suchh as

linolenidc, napthanic and octanio aclda; they catalyse
15 cxidation af drying oils.

For producing homogenoue printing inks, phenol ic.
reoing may be added to the viscous liquid, as this nelps
the InR for Losn e L4ilm whicli is very iuportant in the
printing industxy. |

20 For pioducing non-drying inks such as stamping 1inks,
the sorap rubber is blended with used lubricating oil or
hydrocarbonic oiln.

Advantages and Uses of the Invention

By hydrocarbon yases und heat, chc process ot de-

25 vulecanioatior o used rubber takea place, with as littgle as
only 10% of reesin dawaye, bul the filler used in the rubber
cuch as zino oxide, 510, and carbon black fu: vuleanigation

proceges of xubber, remaln  undamaged during the de-

¢

_mm
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vulcarnisation of used rubbexr. The process of -he recovery
of rubber is ir a horizon:tal wixer at ~caot at atmoepheric

prassura. Depending on the grade of tre rubber differcncc

typa of gases such as methane, athane, oropane and butane

n

are purgeda. Since the produced sases axe uncaturated they
can be uged in a petrochemical company as raw materials.
“rom wused rubber according to the deecription of the
invention, oil for gsofrenar of xubber and plagstic can be
produced which has good resistance againet gacoline, diese)
10 eil and other hydrocarbon solvants and can substitute DOD
i nitrile rubber.

From Ge-polymerisation of uced rubber all kindo of ink
can be produced, because it has good supparting material
for ink according to the desgcription of the invention.

18 From usad colourad zxubber one produces ink of

corresponding aolomir.

From used colour rubber can be produced all kinds of

coloured ink and from black xubbeér can get blaek colour

ANK.

20 Recovered rudber at difterent conditions has ditferent.
propexties so Llial recovery of*f used rubber tan be euployed
as a component in the production ot tyres, shous, rubber
parts for cars and cthiexr domestic applic&tianﬁ.

‘
De-vilcanisation of used rubbe: 1w by heat. Heal wmay

25 be added tc the system by gamses or hydrocarben liguids. If
heat 18 given Ly gas, the gas is separaied Lrom the red i a
affterward and carriee¢ out the generated hvdrocarbon in the

gystem., However, it the heat is added Lo the systenn by

MAR-Y2-2080 @5: 37 021 8822026 83% P.10
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liguid nydrocarbon, the liquid cormeines with the generated
hvdrocarborn and the resin in tha meadia and converts ‘nto

ink. Tne system preasure causes cracking 2r polymerisation

ot the hydrocarbor. chalins.

S By peaesing <he 2ot aydrocarbon gases tarougn the .

¢crusnad usqed Yrubber one can _t;rcc'.uca hydrocarbon liquid,

ecthylene, propylensa, puty:rana ang c;,arbon with a higa
suriace area closa to that of active zarben.

IZ used rxubber is heated ana bklended wigh heavy

10 hvdrocarbor. which 18 used:  in tne manufacture of carbon-

plack and heated at adou: 306°C fov 2-4 hours, <he heat

(waich exists in the process 0% the wanufasture oF caydon-

-4

brack) and oil cause the rubbexr to depolymerize. £ the

depolymerizad used scrap rubber is blended wizh the feed
18 favr manufecturing carbon black, carcon black of large

suxrface area will be produced.
-

~~ usec rubber is cepolymerised in softeners such as
N3 in DOP and SSR in hydrocardon oil or used Iubricating

oil, asphalt a2nd oxidised aspha>t, cazzbon black and fillers

N

20 aoc we-l ag cdepolymerised and suspended resins in oil can be
p 22ed a3 & goftener ox plasticizer in the rubberx industzry.

rfeatirg the blend of L;.sed rubper and the residue from
fuel o1l cracking, de-vulcanises and depolyuwesizes the

raooer and can be used 88 a comoonewt in rubber

25 meavfacture,

The liquid obtained from the resin which is damged dur ing
de-volcunization and brought out from the reactor may be

seperated and used for the heat of tlie process, so the method is
self-independant in this respect.

CA
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CLAIMS
1. A method of re-using rubbex comprising:
Proviaing a batch of vulcaniged rubber for re-agycling:
and
S de-vulcarniging the palch of rubber by heating to a

temperature of frouw 220°C to 350° in the precnence of a

hydrocaxrborn.

2. R method according to c<laim 1, wherein de-

viulcanisation is carried out at & pressure of S5 atmospheres

10 or lesc.

3. A  methed acvording to claim 2, wherain de-

vulcanisation i3 carried sut at atmospheric pressure.

4 A mathod according to any one of c¢laime 1 to 3,

wherein the batcli of rubber i1s heated to a Lemperature of

15 from 220°% Lo 200°C.

S . A method according tv any cne of the preceding olaima,

wherein thc batch of rubber comprises parl(iculate material.

6. A method according Lo any one of tlie preceding claimns,

'

wherein the hyd:ucarbon is a gaseous hydrocarhon, perhaps

20 selected from the group consisting of methane, ethano,

propane or butane. ” &

7. A method accourding to <¢laim 6, turther compxiging

purging the batch of rubber with the causcous hydrocarbon

auring de¢ vulcaniaation.
2h B. A netliod accoxding to any wvaue of claims § to i
further compricing recoventing & 80lid residue after do-

’

Vulcanisation, wmixing the solid residue with a resin

(perhaps 10% by weight) and vulcanieina the mixfiure .
MAR-02-2008 ©S:38 921 8822026 P.11
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9. A method &ccoraing to any one ¢f claima 1 to 85,
frrcher ccmprising controli:’.ng oxygen levels during de-
vulecarisation.

10. A mathod according to ¢laim 9 wherein the hydrocarbon

5 is a heavy oil, pexhaps engine oil, asphalt oxr polymer.

1. A mezhod accexdiny co eclaim 3 or 10, further
cerprising de-vulcanisging the batch 05 rukbber in the
presence of hot alr.

12. A method accoxding to eclaim 9,10 or 11, furthex

10 coemprising collecting an oil | procduced during de-
vulcanisation.

13. A method according to any one of c.aims 1 o 3, |
further ccomprising m:;:;::‘.ng the Dbatclh of rupper with 2an
orcanic licuid prior to cs-valcanisatiosn,

1§ 14. A merhod accordirz to <¢laim 13, in  wvhich the
hydracarbor, is'che organic liguid.

15. A methcd acgoxding to claim 13 oxr 14, in which the
organic liquid ie a drying oil, for examplc lingced 2il or
castor oil.

20 15. A method according to any one oL claims 13 co 153,
further comprising collegiing a viscous liquid after de-
vulcanisation fozr uge ap an ink.

17. A mechod of preparing an ink cT paint composition,
comsrasing:

25 provicing a balehh of rubber for recyling; and de-
polymerising the Latecz of =xubber by heating v e
Lenversture of from 220°C to 300°C in the presence of an
crganic licguid. |

¢

[\

MAR-B2-2000 @5:40 021 8822026 B3% P. B2
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18. A method according to c.aim 17, in which the organic
liguid corpriges a used lubricating oil.
19. A methed according to claim 17 oxr 18, in wnich the

organic lig.id comprises a drying oil.

F )

20. A mathod according tc claim .58, in which the dryingoil is -
selected fxom the group consisting of goyadbean oil, £lux

0i)l, linsesd oil and cas=oxr oil.

> B - -— - e A -

- S e s A - L

il ~ apgmnpgy «ame % e +
L
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