PROCESS AND APPARATUS FOR MANUFACTURI NG CRUMB AND
POADER RUBBER BACKGROUND CF THE DI SCLOSURE 1. Field of
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process and apparatus for making crunb and powder

rubber fromrecycled rubber sources. Mre

specifically, the present invention is directed to a

process anPROGESHAND ARPARAT FORMANYVEAWHERING

rubber from a prepCRIBABANID BOWHER SIIBBERber

particles having a predeterm ned particle size range.

2. B ReKGROUND OF i BISCLOSURE is | ong been known

tHat the disposal of used tires and other rubber

articles represents a mgjor environnmental problem

[ ﬂggﬁah gp uied ttiornes over whel m wast e di sposal sites

a iscarding of tires and |ike rubber
articles create najor environnental problens. It is

for this reason that processes have been devel oped to.

di sposellstpresantinveriion ifghiseted in aProrses s %PPéJF%t‘]‘ﬁP 5?@2‘“13 crumb
t ' t '

| R RErpBY ST ROR] ke, MRPEhERSGally, the present
priaeasi»ads diféveskttoprmoass asd appahtualfdbrymbloog seuntupahpowder rubber

tire comm nution which recovered t.he inherent el . .

o 78 AP RS MO S P S CBTEE A i pdned particl
vehicle,tires. Mre recently, processes which recover

the ru %er constituent of vehicle tires, for reuse in

t he manuf acture of rubber-containing articles, have

be devel oped Ah;hou htthese processes encour aged

ensA 0 L by providing processes for

the utility of rubber in the further manufacturing of
new r ubber products, a naior concern, associ at ed

h .
these phtédlens beerrgnovinddat thraispeapiativesd Higs pr 9?h\émé}'ubber articles
P ufe@&@@h% g m%s%rteggirrﬁfgﬁ%?gﬂ rﬁ?g%#g{;ﬁoﬁg QHERirkd oV REm waste

processes w .
disposal sites and indiscriminate discarding of tires and like rubber articles create

major environmental problems. It is for this reason that processes have been
developed to dispose of tires in a manner that not only eliminates them as an
environmental problem but provides incentives for practice of those tire disposal

Processes.

These processes originally focused upon tire comminution which recovered the
inherent fuel value of the significant combustible content of the vehicle tires. More
recently, processes which recover the rubber constituent of vehicle tires, for reuse in

the manufacture of rubber-containing articles, have been developed.

Although these processes encouraged environmental protection by providing

processes for the utility of rubber in the further manufacturing of new rubber products,



that can be readily incorporated into the purchaser's
production feed. That is, randommess of conm nution
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vehicle tire feed have produced raE%oB1r%£ber 1 d
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r
product particle size distribution. i's, although
a thaveinpbereadiatinentpetatedfioio the purshasads prodgetion fggdeilhat is,

this.market .has not.yet .been fully exploited.due .

{ HESHFEB P OB B HSHICE P LA RS0 RHFRLSBLR (g used vehicle
t hgreFBdd haik Hrotiveed FARABRSUbRG YréRdtsDProbably @8 an ekt Gedesirable result
rubber product producers who are the target purchasers

of oftthisrrandomeiprodwetian hastitser thsrwatediciable xubbermrpdugt prigicle size

5, 588., 600 Lib a.pr SS f .
B0 B8 e P 50 P A AL BB e e i
f 1 phlafl®t harmok oMesten Mullpipl ditedidug té the ihdbikty t6 prdduaé crumb and
conm nution can effectively occur, is recycl d.nlﬂgs

pr pRedas rtsE s pertishhsize ghess requiteddy e ahd pibej gy product
83%118{(}%6% whé eqﬁé 'td'rgé’[l.p‘an]r_%ﬁséré 5€caRe Al %@Wdél‘%@ﬁ& products.

manuract ure wever, even the process of
the '600 patent provides no assurance that the product

bb iclesi i s desired by th ,
Lo manliFn@RRENoGr SRERL§5EEo S APrOTaALY BRSSO
?g gxgy_eragrg %%Igﬂhﬁl‘ft!i&?é’fr tfes ﬁ»lfw}_BEIP E888eidd ﬁuﬂ@}%ﬁﬁlﬁaj&% i Qmbrittling

ing rubber to fine particle’srze include U
PathertiresNoghats0888naton eanceffecdedy vodr, iaredyslegh Thaproessss produces

atetires . .
e e s T N

of ploligsendnefRueBee Hdli&et, @sen fife prcebdf thel SE00Matent provides no
designing the particle_ size range of t hqefépr duct to
entREAERCTHANBE BreductTukben nartcle FI2e [ERS By welhy gre cpgigmer, the

ab%‘éﬁuf%&ﬂ?e& $: n§\§ Telel a{n%l!b“gl]itlég E’u‘t%%t? groidﬁc:tt é?)%d@r t for a new

apparatus and process onl'y tonsunes used
rubber goods, particularly tires, fromthe environnment

but, in_addition, produces a.cru apd wder bher, .

pr oduct Ot ﬁéthFlé’s‘I‘ﬁeg ﬂ??roﬁ%ﬁs gad 4 %EP‘% _E)(IS ff g‘ﬁm% Iiuf’g‘?rrgo _ﬁne particle

Pr gyl ARfide 7. B BA&I Y 586,040 i 863106 ABRGRS HAdof hese
disclosures describe processes for producing fine-sized rubber utilizing cryogenic
fluids, neither of these references disclose means for custom designing the particle size

range of the product to enhance commercial viability of such processing.

The above remarks establish the need in the art for a new apparatus and
process which not only consumes used rubber goods, particularly tires, from the
environment but, in addition, produces a crumb and powder rubber product that is
highly marketable insofar as it is provided in predetermined particle size ranges and in

increased quantities desired by manufactures of tires and other rubber products.
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I ncreased quantities desired by manufactures of tires
and ot her rubber products. BRIEF SUMVARY OF THE

WO DMERHI6EN A process and an apparat us has now PEBNS2004/038332

m&&gymlﬁg(ﬂﬁg\gﬂﬁ\@%ﬁnd powder rubber in a
' article size range in

concentrations that permt tire and ot her rubber

producers to utjilize such cru bber
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sub tantially no foreign matter such as fiber, netals

asndceriteatibngkbatperolit tae eng ptsentbbenprodeatrs forugidize sethoytreb and

et PSS BREE R OGS Bl b B GRPR, i
rpfbmé aadlﬁmwoﬁa@sbﬁbs@ﬁ@ﬁgﬁﬁosfdrégpfrwelobeldh ad fibéhin®tals and

process rubber particles of predeterm ned particle
sthe ke whigh age pregéritiin éwdﬁye%aredr gibefased rybber rodvdier
conditions permtting tight control of the output
tenperature of the particles. The chilled particles
are t Hﬁraectﬁdmdgrmunme prstert 1ﬁwnﬂiohiaqmcepefdﬂriptddun@gmlrmﬁb and
control of the rg& d particle si ze range of th

ryhbgitiem, us éﬁm@éactg FofAYdRd blge 18@5%%@@?61‘ particles
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preEsating tlghatenntrolmfahe ayipalr tatpsrafue oﬁﬁmdlamc&fg diha nhﬂladd

p N e A
nRaned parictduitd taile afﬂ% g&maqﬁmt srn@@ah&a‘d g@&ﬁﬂ rubber

rubber particles of term ned particle size range
qrastigies dre @fpfﬁmede@toamreﬁ @embragg wewdprr@bb@tp@mdwze ranges.
apparatus includes grinding neans or conmm nuting the
chilled rubber particles to a predeternm ned particle

si ze rIﬁl’fﬁﬂher'Eba)rfém Ivatilihe pssent 1ﬁv¢3ﬂ1@ﬂ lafl @ppasitud for producing
screeni ng neans.  for separating the ground rubber

AR @pé 8ow e rERbanaring pRred§ eRIRGIE ASRAG IR nER & provided. The

Peléa?ét%ﬂfs thNER hﬁﬁnﬁ“lﬂe%m%r @ﬁﬁﬁrg B %E&%QPQTM (ﬁ“ used rubber

erence to the acconpanying ngs of which
particles of predetermined particle size range ground from tires and other rubber

products. The apparatus includes grinding means or comminuting the chilled rubber
particles to a predetermined particle size range. The apparatus also is provided with

screening means for separating the ground rubber particles.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood with reference to the
accompanying drawings of which:
Figure 1 is a schematic flow diagram of the process and apparatus of the

present invention;



Figure 1 is a schematic flow diagram of the process
and apparatus of the present invention;Figure 2 is a
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provi des controlled freezing of ruhbe art'cl S; .
Fi gur e 138718 Zis s Spksmaticaopie taEtUiOBr?g%e\#%ﬁ% ﬁmg?’; ‘ﬁﬁ%nﬁé’m“des

a | particle size product;
D@%ﬁ%%ﬁ%@%%%ﬁgb& ﬁlté[fcgérso%giss and apparatus of the
prese ntF1gmm(§ns iaaohdnsaticrel ¢vatiowad vieyw ofvegiimtingehpardtenproiiding
used, r ybpe artl %%H ly used tire. In one preferred
erfl98HP B’@pr gt ock derived from comerci al
operators .V\,ho random y conm nute used vehicle tires
and ot her used rubber products is utilized. Such
material is introduced into the process and apparatus
of n by being charged into a feed
nm E I&Y) rubber is usually received in
supersack quantities. In a preferred enbodinent t he
feed rubber particles arezggssed over a mnet

det ect oFhe pypedse pabiRpasHuepidhe Prorem Aenton }Sémalaz?éjhysth%d
en t
ARG Db G RS RSBt Ebgmen
f rrabb& feddstolk defiva] fpenn tcomingesci alespiekdtons gvHorrand dntily commmute used
onm nution of used steel belt-contai gi gg tires.

| Svehiqlafes 4pE atheruse duihen Rradysts g uHizeds Stich @&Eerlﬁlgls Thifoduced
S tlﬁ{OI tR8 ?Uceég%d %QJ? g%&"ﬁﬁ: Résedt @ Rdndy tei cﬁfa?éeﬁtihﬁb a feed

an el ec romagnet ust ed to idéntify |arge
meheteringheptes 1. This mbb@ngudmabf’ rechived firesupetsaelyaeantigies.
field is adjusted so that small ferrous nmetal slivers
are not identified and thus not renoved. It is

enphasipedrbfeated mdBRintBat, ahe fied eibiePpartisleeifielpayRd olver a metal
prot ect equi pnent fromlarge metal o I ects that woul d

d fdeé@éorepqumﬁwn elepiromagnefip fiekkadsy Strgpgih i detpeilerge
|O nffa}rrglgsu e ﬁfﬁé}h ]tegl Vat%ﬁ{)ﬂe@ s {rgm? U etd18 FO¥H ikl F’g cg%t‘ﬂ%%ués%lgd from

€ appara The renova

mesndd]] flefrofis paaticlal re@@lﬁhgtﬂro&nth‘eﬁmenmmutﬂdmoﬂ wmedygeetdtettcontaining

° kaurgg t Tl?lrs 1801 ust%attgd {ndtﬁ 1Irafvs}11(1egds bayrn%etp PXeSﬁiac%%lgls%tion 2. The metal
detector station 2 is preferably an electromagnetic field adjusted to identify large metal
objects. The strength of the electromagnetic field is adjusted so that small ferrous
metal slivers are not identified and thus not removed. It is emphasized that tramp
metal detection is employed to protect equipment from large metal objects that would
damage equipment employed in the process and apparatus of the present invention if
not removed prior to introduction into the apparatus. The removal of tramp metal is a
manual operation wherein the large metal object or objects identified are physically

removed from the feed material.

The feed material, free of tramp metal, is then conveyed to a primary

granulating means 3. Primary granulating means 3 effectuates granulation of the



renoved fromthe feed material. The feed material,
free of tranp nmetal, is then conveyed to a primary
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particles exiting granulating means 3 is conveyed to a
first ferrous nmetal renoving nmeans 4 wherein ferrous

net al ivers, usual.ly |iberated
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af orenent i oned, processi ng steps, are onm t in favor
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rubber particles that have been granul ated to
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subj ected to .a ferrous netal. rempy R 17
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This feed from removal means 4, hopper 5 or both is conveyed to a primary
screening and fiber removal means 6. The primary screening and fiber removal means
25 6 includes a screen to remove oversized particles. In a preferred embodiment a

primary screener removes particles having a size in excess of about 0.1875 inch.

This screening device relies on vibrations to aid in separating oversized from
in-specification size particles. The disturbances caused by these vibrations enable this
30  processing step to include fiber removal. The granulation step produces a large

concentration of fiber threads and fiber fuzz, hereinafter referred to as “fiber”



primary screener renoves particles having a size in
excess of about 0.1875 inch. This screening device
WO 20050896661 Vi brations to aid in separating ovePGI/ESI04/038332
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downstream end, the solid stream conprising rubber

grsereahedibgnrenavebapremieubinshusies a pare W adjupishlisevigihegxhaust hood
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particles. The prjmry scregxr;\yeV fiber renoy
a

2 gpRphingdeadsiofk| it GRUGEN RGPVt fluidigsd bed and
| gaggitrﬂiogggt&ﬁqsmg} Jo%ﬁ’&}?%be} B&rhhddt G6lovBrge. The

e exhaust hood is the sanme as the wi dth of
the fiber separator. This exhaust hood aspirates the

lighter _fiber fromthe of the feedst.ock. The .

15 exhaust HABEeN AT A ePYADaEBI LRGP S e Lagrier
aspédoa! ARongh RAktUTiROTBer i€ fmidvell Svifeh gy ptidle sfpeam tncounters the
velocity. The primary screener and fiber renoval nmeans

6 fimichandersved gecasiditiprishfiberappivatingeocous ehihg §econg darrisr wedge. The

the. fib S I en. '

oS REFRL? R TAEY AR F AL S SLEEAM tpegmova

asfpiphratus @isaletivered & a uhie cgdomnahdizaghoese nddhgemitTHyelone and

extracted fiber, renpved b1>{ aspiration in the ﬁ{pina 1
20 s chaghorse SATEMKS PRI HRPEP Velgeigy andgmigap é’rf%iliﬁ/"t OSS.

to a unit cyclone and baghouse 9. The unit cycl one and

baghouse 9 permts optinmumfiber entrapnent velocity

and ni rRantictesthathess throseh thesereerdfthe primanpwseeningranddiper
t hreem%%artlerggang% a}ehgorgfre%ga % If’rgﬁr%ggsisé]@ru%ggr Ja%t?c% hopper 8. Particles
that do not pass through the screen of the primary screening and fiber removal means
25 6 are conveyed to secondary granulation means 7. Secondary granulation means 7, in
a preferred embodiment, is an apparatus substantially identical to the apparatus
constituting the primary granulation means 3. Similarly, the processing of rubber
particles in the secondary granulation means 7 emulates the processing conducted in
the primary granulation means 3. Thus, granulation relies upon granulation of the
30 particles between stationary and rotating blades conducted at atmospheric pressure and

ambient temperature. The product exiting the secondary granulation means 7 is
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means 6 _are conveyed to seconda ranul ati on peans 7.
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A L e S SR
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particl es separate above the higher density rubber
particles so that the higher elevation

The focus upon fiber removal of the rubber particle product is emphasized by
the subsequent processing step that occurs at a third fiber removal means 32. Third
fiber removal means 32 preferably employs a centrifugal separator. The particles,
subsequent to ferrous metal and fiber removal in second fiber removal means 30, are
introduced into a cylindrical shaped screen container provided with an impeller.
When the impeller is rotated the centrifugal force causes the desirable fine particles to -
pass through the screen and discharge at the bottom of the apparatus. Oversized
particles and fiber, which balls up, cannot pass through the screen and are discharged

through a separate conduit.
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conveyed to fiber cyclone and baghouse 9. The focus

upon fiber renmoval of the rubber particle product is
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occurs at a third Tiber removal means 32. Third fiber
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A .a .
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the result of control of the chillant, preferably a
cryogenic fluid, The preferred cryogenic fluid is.

i qui d e epegenic Syid.cuspallniquid giteogen is fed nfeyp pYmdpgslshaped

g g ' s, RARIOII JFhd HIER, aCAEHRblled
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t ershanettiu rete aThatiquid mitesgen ipmerodured intoccytiedid¢al ghaped vessel 13 at

e e Pl LA L ot SRS . OO e
t hg sl aiterbi@breSRRRE dookhg é:ﬂﬁ@'%é? efaMaizadty, recycling cold

liquetied inert gases may be eng oyed. ) L .
vaporized nitrogen gas, which results from the heating of the nitrogen liquid during

the chilling of the rubber particles, into the inlet end of vessel 13 concurrently with the
metered introduction of the rubber particle stream from storage bin 10. This
precooling makes more efficient the final chilling of the rubber particles stream

primarily effectuated by the nitrogen liquid.

The rubber particle stream from storage bin 10 is conveyed to a rotating auger
14, as illustrated by rubber particle stream 16, whose speed, and thus the duration of
time the rubber particles remain in the chilling means 12, is controlled by variable

speed rotor 15 controlling auger velocity. Thus, the combination of controlling rubber



The cryogenic fluid, usually liquid nitrogen, is fed
into a cylindrical shaped vessel 13, by neans of a
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S Ha R BT r T e i o P BOar T A Sl [ Ry How
Chiohbirgh9fwitRibbebReticloREdang €S, into the inlet end
of vessel "concurrently with the netered introduction

of the rubber particle streamfrom storage bin 10.

Thi s pr.gcogli.ng nake f] €] . | .

chi 111 rgeore matsh G o FpfidsfloEph il frddfle means 20 disposed
ef fRaistaie df e dovastrbdni ogeef the @ylistrickhshapetbbesel 13. Chilling
particle streamfromstorage bin is conveyed to a .

r aneans g aad gaindipg megas 29 ﬁwﬁlﬁﬁeiw &lﬂb@% pregisedesifegd amount of
st in@0li AR 1 91 BirodhdBR into th
tﬁ%%%@gég?mﬁggz|%f@§g$gw§€ﬂnﬁﬁu?ﬁ%%%hiIIing néang 12,lno ©
i sgrivditig medrg@0by vari abl e speed rotor controlling

auger velocity. Thus, the conbination of controlling
rubberparticle feed rate, the speed of the rotor

tur ni NgGHiREnAWEEhHs 20\grobliRs YRICKERbAE Jferrbaraéle sk dishebution of
cryogenic fluid permt control of the tenperature of

t hibe uthbleth esmmiritest theesin: | Grinding ricansid) ludpes syoenyerted cone
1 . .
o oG s 08 R G R S YERE R i o an

CYiebddid ethc&feed a vaiae impat 86llaThe compevent corresponding to an
concurrently with rubber particle stream 16. The

c Hinpaptagrigeains: iyeicehinpsstHl saniiByerisd canigalgbepgsysiree 24

e MRSl el Pyt eat 202 iy
griotudi2igndeatntes A0irdi@teddyr atravaed Centrellvdthet tubbgrpadidesize

desi red anount of chill.ed rubb arti.cles | eavihg
Cﬁﬁ%ﬁpﬁl@g%@*&%g&%@@%ﬁlﬁtyi q‘i{t]ileg%%relav? S$OpR, g? The outer

g1 iDL oRB 2D Tart Be rdi¥ddnelt Mo Ere@ as defictbd BY bAl6ws R9.eThé faising of

control of the particle size distribution of . .
the outer invented cone 22 increases the space between the rotating knives 25, and the

serrated surface 23 of the outer inverted cone 22. Thus, depending on the desired
particle size range product, the outer inverted cone 22 is moved down to obtain finer
sized rubber particles. Obviously, the moving up of outer inverted cone 22 results in

larger sized rubber particles.

In operation, discharged frozen rubber particles 19 from the chilling means 12
enter the top of grinding means 20 and fall between knives 25 of impact surface 24

and serrated surface 23 of outer inverted cone 22. The impact surface rotor 27 rotates



t he rubber comm nuted therein. Ginding neans 20
i ncl udes an outer inverted cone 22. The inside surface

WQ3005/04966€ outer inverted cone 22 is serrated PCOUSINE038332
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S DO U 258 R Bl S oL TR
t Yo NofRROS aflil hérrdtsd &ibeiaver ted coni cal - shape

surface 24 provided with a nmultiplicity of knife edges
25. The inpact surface 24 is rotatable by a rotor 27

e B AL EALE, B LTI bt o

Ion resu

adjrisAtralhédnk R0¥ coicalgiehased Mterietia ofieoRucidreodgrimting
inverted cone 22 can be raised and | owered as depicted

bymeans 3Rds GB1ZuFHh E0 PREratE HEdFCTYQEENIS IPEPTRRR RIS dn 2

22 1Ahcr . ' '

2 o EELPERBR G SUPRERPRN Chntl 10NAA VRRsEhg

2 Zyrogedie, opdeypiap tinmgeratnrds h&he esier avepad tomel 22 is hydranbergly
product, the outer inverted cone 22 is noved down to ferred
olempRatle HE cleaningnorgiah BRIieRan ¢ Fs SEEHA G JEPRF reterre

MOV HEht e PAaBE surfA%E DA RfaEORE: Fed BBMpkdkinAtd R I &R RPM.

si zed rubber particles. In operation, di'scharge
f riimdmivas 5 edispased bo lcesicdlsorfaca?4, ate preferablyrd@nshapad end are

the t of gri.ndin ans 20 and fall b n [
85t Ll a%e a8 e Dbt B0 M Rt cone
OULEITHe Bk @8 afPRtAdble ThishhfRaRle aadfiégls@nteat.or 27
rotatesthe inpact surface 24 at the desired rotati ona

speed to grind the rubber particles between knives 25

and se r”f}%:t ojq%ra?ﬂg%f grqilnih}'lg g?erag{ g(g §thft§ @%tﬁqgé)ﬁjlitrgﬁﬂéﬁon of a feedstock,

di scusse ove an I'n the draw ngs,
grd.g\thiipdrasbes p2dicies, thatris éal thyoughalpeidp of lgending endaas 20 hnd
constructign of grinding negns, 20 Lﬁ%d%ts]és(gr][ed. to 24
ophigh Enmedielel e IRIGER CHELARAROTRLRRERAY $ o ETPad, syface 24.
glr}]e%f;&{a Efgte EIRLGHB the ridhRr PMiBles bARKRE ak theFubEet pafRlPdtream

can w thstand cyrogeni c operating )
t efpes divanvessd iTpEnding ereansyReinsefdr aothe npmbercot the knives 25 on the

hydraul ically re abl e for cleanin I o .
wa%“ﬁ%&%%‘ﬁ@ea %‘H’@O FLeeapes g ot 'bF%in atﬁ% (rige@lé\;vertréi ahrectlon at higher
eneghsmNdpebde TngBEer&})uftfc&C@reaﬂa i6 attahelyalischargpé edthebottom of

appr oxi mately 800 RPM
grinding means 20.

As stated above, in a preferred embodiment, in order to increase production,
the process and apparatus of the present invention may include parallel identical
chilling means. In that preferred embodiment, depicted in the drawings, parallel
grinding means 20°, identical to parallel means 20, is provided. In this preferred
embodiment, the rubber particles product of chilling means 12’ are fed into grinding --
means 20°, just as are the rubber particles product 19 of chilling means 12 conveyed

into grinding means 20. Whether one or two chilling means and grinding means is

10



The kni ves 25, disposed on conical surface 24, are
preferably "C' shaped and are conplenentary with the

\Veembmummms on the inner surface 23 of the outRCT/US2004/038332
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|nv d cone 22. .The kni 25. )
g e e e e e 2R Sgf B gomens
m%a%rﬁﬂ ?‘{%ﬁé gsWith the introduction of a feedstock,
F rubber particles, that is fed through the

top of grinding means 20 and which innediately i npacts

S T B 04 AP e e
;Hbﬁ-t‘rléw BrifotldFend stkihg Spdriticy i@ g&ﬁlﬂﬁl@mlédng\% tel @Mﬁi&ﬁt’ dn a

I ndi ng nmeans 20 insofar_ as the nunber of_ the
k rprvf@ge@ smbpdintest, duvingowans3 is paovided bomrearydsyer provided with

i ncreases. in nu

i R R R tebpl AF R W e BhEPRbb Aol product. This
I 9%@218@4% yffetit € ggtagm@ rabbel bertiams ]Eamirﬁbér , s mepangting lighter
nmeans st at ed above
i rde@s@eﬁb@rdiqrm&eéaé@rmaémrgéac Bore BB e Agan, this

t may i ncl ude

%%#%Ng%gfpggﬁfgﬁﬁﬁ%ﬁ?g% 5%%99Inythat preferred

enboglnent depicted in the dramﬁngs par al | el
grindin s 20 i C Il el
pr ovi de‘g‘ ﬁmaﬁtn HP%mﬁ?ag?%‘F ilbélﬁtﬁ ar ﬁli.’g I%F?\rég r %ﬁgelmovmg ferrous
PahEL gpérﬁf’ﬁlféﬁ‘ Wﬁtr@im oh H}ﬁﬂgﬂﬁeﬂﬁ% islpfovide® lﬁ@ﬁ)ds Miedal removal

grinding - 2 ', just as are the rubbe
p aneans| SQSWblcbdmves thecqudl rublerrpatiipie n@dv@;ﬂé érmg greans 35, is

n Q@qls?(g f}rn%ov]/rgs t her @ré%ﬁe%#g’r Qi%gjrg? éﬁ?}odlment

PrReas mefal ﬂa?ﬂdiidl lﬁgaﬂﬁﬂns 1r2ﬂhedbrn£ of ardle Eﬁth danum magnet.
conveyed to a drying means 35. Drying neans 35 is
primarily provided to raise the tenperature of the

rubber nlgﬁprfg &&isgﬁggeg%qneh I?’Eb&& g%cﬂﬂ a%ﬁ?dﬂ?ﬁ séparated from

grindi ent preferred
enfendusmietal pativienghite ans. vﬂsra’mry) wrd@dwbgrea m@jalamytlcdmfcgp drawn

2 O\St/, d ; Wmtagril gr?qi fp%?ehg%?l? gqeagﬂestpgg dﬁ% \%)ﬁlglpé a@tloﬂ oft e screen
results in density separation of lighter density fiber from higher density particles. This

separated fiber is removed to the fiber cyclone and baghouse 9.

Yet another fiber separation occurs immediately downstream of the above fiber
removal step. This processing step is provided by fifth fiber removal means 60. Fiber
removal means 60, in a preferred embodiment, involves conveyance of the ferrous
metal-free rubber particles to a centrifugal separator wherein fiber, present in the
rubber particle stream, is removed and transferred to the fiber cyclone and baghouse 9.
The centrifugal separator is of the same design and operates in like fashion to the

centrifugal separator of the third fiber removal means 32.
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"wash" has the effect of agitating rubber particles
and fiber, thus separating lighter density fiber from
w0 b@sousber particle product by aspiration of PEEUS2004/038332

fiber. Again, this fiber js.conveyed to fiber cyclone

and bagiiE AEve deSRTIpHiF PphAGE Ao e IrRRR AL e PF P T

re Xfaﬂ% fordiaiic @egéﬁt {r%%nt‘i(ﬁi OrhAEngd b d BRI wler aer includes fiber
fiber, do

wnstTeam of drying means 35, is provided. _
Feemous fireh die mbbonmaiticieprodusGireathi dhosesskalladdy thewat appreciate

dried, rubber .part.i cl e. product,. o ryin ans. 35, 1S

o G aE ST catieh B G PR PP P RRTE AR Ao ey
5 a REAIRHRGreRE bRk, dsBEANE IR Thud, BHMYAént FEANEISSO

isi1nthe formof a rare earth drummagnet. In this

pridulesarihygthstiimgl stees idtheprocessioad apparatpg pide present invention, which
preferably separated frgmfer articles

wh'? ECIS?PI%g Pﬁog?sg%sg/epgt@%%ﬁw Vg ?12’8 er%e%tlvg‘ particles

are drawn to the drum nmagnet and renoved. At the sane

time, the vibrating action of the screen results in
densi t ylhselist Bral gereening ogeration i§dp gpnsfer thy gubber pafficles product

hi gf ' rti : j Lheresi

10 73000 AR RACELEL 8 1 TS BSPRS LA HLRRIS o ok
anetdeaingimdes 65 épduddsiacoreeneto slimimmbdpaticley whosersie ie o large to
of the above fiber renoval ep. Thi rocessi ng..st.e
i Spt SRS KA Egentiof e G, rana}é}ﬁg%ﬂlef@%{% PBf?ilaﬁr'b Zyvically
Egé:l%’t\f&és Wﬂcﬁ%gsé HirchgR2q0 8 §i6ft £7H108] 4TBkeenl aFé’@b?lﬁ%e to be

eyance of t ferrous netal -free rubber particles
t ceffectenty ¢rivmyaliblyesp Thas, on a phederegdrenibasiementp thesergengris a U.S.

the rubber partjcle stre is renmoved.and tr r .

15§ oA AL e SRy B B B e AP Bk o
sefahsd Bin liofoPfeptdtRssidre design and operates in |ike
fashion to the centrifugal separator of the third

fi ber renoval nmeans 32. 11The above descri ption

enphasi I%@r?oe% B%ﬁigﬁgiﬁa;sh{g‘rﬁ{&nu etthe.tl_lj'.%. Eﬁ%@é&%&émﬂ% screen are

apparat’us o ese ntion o Ing cru and
p o ferted b @ finahibtesekisk edeening sl 0. flndeet ine prefetred
particl e product stream Those skil.

inth .
20 BEbERER: Difatich RerepRaB AT s BT A0 by Gutated i the
Cr bbb GRk bl sblodd thRke-deeRBYBEniAgmbRR AMCcCesst ul

The three-deck screening means 70 permits separation of particle sizes within
the accepted size limits that define crumb and powder rubber. This is accomplished
25 by disposing a courser screener atop a finer screener thus resulting in three different
particle sized products, which are the products of the process and apparatus of the

present invention.
In a preferred embodiment, the top deck product, constituting rubber particles

30  that do not pass through the top, courser screener is rubber particles of particle size

smaller than U.S. sieve size No. 40 but larger than U.S. sieve size No. 80, which is the

12



manuf act ure of rubber products, especially tires.
Thus, consistent with this philosophy, the final steps

WO poosl0e96p6 ocess and apparatus of the present | POUBENE1004038332
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whi ch are screeni ng procgessing. steps,., al so invol ve .
f IDSRIPTTPG ROMFEPT. SIZFIFETCER F%*PF%’F‘_FHH} thg&hf@@ﬁﬁﬁ@%ﬁém gns;7Y- This
Qb &RP S @hvt B%Hﬁgﬁs ARbhMAL 86 AR, $EMGEene 18 11D Stokddd®in 75.
seéparation ans 60 to a two-deck screening nmeans :
TWihislenlvegarcesn siogpgrbanss 8 aceamplished by pseumativameang as are the
el i mnate tigles whose si,ze is o large to neet

t HOLYSEAFT mﬁpﬁﬁf Y ¢yRro Pﬂﬁﬂlsﬁ?ﬁ?‘%f’aﬁg\nﬂer r ubber
purchaser. Typically, particles that do not pass

through a U S. sieve size No. 40 screen are too |arge

to be eéFfessetind iternmdiatdeut wbbeber matisles prpdacest wfthjepwigek
enbodi nent, t screener is.a U S. sjpeve.si

Pat e b setifheugin I hE By gtitener but
I a6y GrStREK tHrHigh thé ah@gerdeh&r. 0k prefired embdbdignent the finer
Rubber "particl es passing through the U S sieve, siz

e
Noscregnersis peavidedrly a scsaesiof U 2igvs sizeNora40t Aibwe-thepaticles held
; | : i |
BRI 0 N oA SARRGTBN 2 i
i | Jreseht, FREdStoragelbén 78 holinobbbypatislechaving b pertickbeside range of

screening nmeans 70' . _The three-de scyeenin ans. 70 .
D cretdles et oretgF-SoaPs TRONG: SbaTtyiorht REEO0E U sieve

ace $i ze limts that define crunb and powder
r&%%§$&qﬁhfs i's acconplished by disposing a courser

screener atop a finer screener thus resulting in three

di fferept partigle si.zed. products, which. ar

pr oduc?gheo ird yubbsr parkis Sh‘%d’r%‘g'”ﬁ’gnrg?rﬁ%eng%}wte ﬁgpg&ggrerﬁ?ber’

. %%P%-mﬁ%r%aﬁfcﬁfs Phdsatd throvetitiefiber scfendrpp R Gleve size No.
produci, constituting rubber particles that do not

P a]sdé)_ scraepudhat ¢vé (iegpt,ed @2)‘011 4e7 1s§%1|eg@ﬁ’@q;all|yscopwéf by conduit means
Daﬁ}&ﬁ%ﬁﬁﬁgg%g?gfggﬁgw&?ﬁﬁSénalIer than U.S. sieve

si'Ze rger an U. S. sieve size No. 80,
which is the 12preferred courser size screen enpl oyed

in the three-deck screenin %an.s 7Q0. Thi
0 s

25

30

Turning again to fiber remov er is asp1rationa1?y removed from each of
the three decks of products and discharged into conduit means leading to the fiber

cyclone and baghouse 40.

It is emphasized that storage bins 75, 78 and 80 may be provided with bagging
and weighing means (not shown) for conveyance to the purchaser or purchasers of

these products.
- The embodiments given above are provided to illustrate the scope and spirit of

the present invention. These embodiments will make apparent, to those skilled in the

art, other embodiments and examples. These other embodiments and examples are

13



product is conveyed, by neans of conduit and, if
present, ', to storage bin 75. This conveyance to
wat@sagesbin 75 is acconplished by pneunatic nREIESZ94/038332
are_the conveyance %; the other two oducts di scussed ..
beViHin ththeo Adon otithe Preseht A ventipR. ﬁ‘er %’B‘Tail?e present invention
AL AAPy 1 doBERRadeghesor eeni ng means 70
enconpasses particles ssing through the courser
screener but too large to pass through the finer
screener. In a preferred enbodi nent the finer screener
is provided by a screen of U S. sieve size No. 140.
Thus, the particles held by the finer screener are
conveyed to storage bin 78 through conduit neans 72
and, if present, 72'. Storage bin 78 hol ds rubber
particles having a particle size range of particles
that pass through U. S. sieve size No. 80 but do not
pass through U S. sieve size No. 140. The third rubber
particle size product, representative of powder
rubber, enconpass rubber particles passing through the
finer screener, a U S. sieve size No. 140 screen. That
cut, denoted as "-140" is pneumatically conveyed, by
conduit neans 73 and, if present, 73" to storage bin
80. Turning again to fiber renoval, fiber is
aspirationally renmoved fromeach of the three decks of
products and di scharged into conduit nmeans |leading to
the fiber cycl one and baghouse 40. It is enphasized
that storage bins 75, 78 and 80 nmay be provided with
baggi ng and wei ghi ng nmeans (not shown) for conveyance
to the purchaser or purchasers of these products. The

enbodi nents gi ven above are provided to illustrate the
scope and spirit of the present invention. These
enbodi ments will make apparent, to those skilled in

the art, other enbodi nents and exanpl es. These ot her
enbodi nents and exanpl es are

14



13within the contenplation of the present invention.
Therefore, the present invention should be Iimted

wWoriog/0iwss¢ he appended clai ns. 14WHAT | S CLAI VEBCT/BS2004/8$8332
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process of ki ng umb and powder rubber conprising:
( L ngéiocessed stream of used rubber
particles having a predeterm ned particle size range
with a cryogenic fluid wherein the final chilled

t elpé patcasseofohakiing cpartt dndl posvdiesubbert ¢ostTEsing: ( b)

di d f .
aher i 1SR RapEsssCteama BERPB RS B ineting
I Yhb@sterRAidd faktesle bise Batpe kAt Lekyoganic iGN vtk fhefing @hilled

ground particle streaminto desired crunb and/ or
pdmmemﬁﬁmQQQhepaﬁx*@ﬂ%cgﬁ%@ﬁhanges 2. A process in

d
2CCo" SR8 ol oL TIEL 08 e OB R pce o
prcﬁﬁﬁ’éﬁhdrfbf&@idogrdﬁmmb%ﬁﬂaﬁﬁléﬂ mantmjmd; husd ng (i )

granulating an 1nitial change rubber partic

af ter r(Ehesvegning Sa&hgrov}aéﬁﬁfﬂ%étsgpam eliltP)de%fﬁ«{RW ‘and/or powder
aid granul ated particles; and

(| [ ﬁ?&}gﬁ};%%%é {aﬁgéss

screening and renovi ng fiber from
sai d granul ated particles prlor to said step (a). 4. A

process in accordance m 3 co enpvi n

fe2r r%di’§°°ﬁ§9tlﬁla°%\(ﬁga‘f‘ie%1? {: 15"51?6661&3? @“’3’%? Parcﬁ) e
JuetttuskOvaabid abep (111) but prior to said step

( . 5. A process in accordance with Caim4 wherein

sai d f| ber removing steps conprise agitating said

f ?gngﬁ’.‘fgﬁﬁrgstrfn?gﬁ%ﬁ %]lgcea J@rb{é‘l’iti %om%%fng%@nﬁiﬁlﬂaﬁﬂ@gﬁ 1mt1a1 change

acsrQbtsen pertidick Afted Mintovil dmyeﬂaﬁlp&ﬁetdl Qﬁ)ntenﬁ)lvufg‘ ferrous metal from
partlcle Ssize tenperature in step (a) .inclydes con

of sagflgramvlafied particlsst apd (ll&f00§a%raenﬂut§6féﬁmaarafl EfreQying bEF from said
granulated particles prior to said step (a).

4. A process in accordance with Claim 3 comprising removing ferrous metal and fiber

from said screened particles subsequent to said step (iii) but prior to said step (a).

5. A process in accordance with Claim 4 wherein said fiber removing steps comprise
agitating said rubber particle and aspirating lower density fiber from higher density
rubber particles.

6. A process in accordance with Claim 1 wherein said control of particle size
temperature in step (a) includes control of duration of contact of said rubber particles

with said cryogenic fluid.
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with said cryogenic fluid. 157. A process in
accordance with daim6 wherein said control of rubber

wWQanosioedess si ze tenperature includes vol unetri cP€T/082004/038332
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rafe control of said cr eni | uid contacti aid . .

| oboA DS i fasetdapte Wi ORI E whetehf i fafRL of bR Savtcle size
O gipPelatifdeh&hdes SRl &R HbR raRfcoRRBE bRl &Y dRnic fluid contacting
distribution in step (b) conprises varying inpact

susdidodbbsppaticle®. A process in accordance with Caim8
wherein said control of particle size distribution
further conprises varying the space between said

| MRAAtprotsE AffocoRtinée WRROIAIh BWhERGEsaid ontdl Pf PEESIS iR
accord%nce wth Claim7 wherein said cryogenic fluid

i sdistriputian in stemhe gomprigespiandes Enpast sedasederde wit h
Caim1l wherein said ground stream of cryogenically
cool ed rubber particles after said step (b) are dried

t 09 ambprotdss ireaperdahey with L2ain/8 whoeassiid tormwt of phticle size
with Claim2 wherein said ground stream of .
cr §istbwiien fyrfheg soppiEses YREEE fg\a pPace hebvepnisaid imppet syrfage and a

(b | and fibers present in said ground stream
ar%m?@%%§%%§g13. A process in accordance with Caim12

wherein ferrous nmetal and fibers in said dried stream

of rubber particles are. r ved.. . 14. A.process in.. .. .
acthr SRSt eRanh Vit PR Cuha e BERSRERT: Lfig i tiuia
st pg@Eed rom which ferrous netal and fiber are renoved

is screened to renove rubber particles whose particle
Si ze exceeds the maxi mum particle size of crunb rubber

and, wherei n nore fiber | \Y 16 s 4n
2o Lbr AR AR iR L EhereB O Pudl fEGRCor
Whi§Bg@detiscooled rubber particles after said step (b) are dried to ambient

temperature.

12. A process in accordance with Claim 2 wherein said ground stream of
cryogenically cooled rubber particles after said step (b) are dried and fibers present in

said ground stream are removed.

13. A process in accordance with Claim 12 wherein ferrous metal and fibers in said

dried stream of rubber particles are removed.

14. A process in accordance with Claim 13 wherein said rubber particle stream from
which ferrous metal and fiber are removed is screened to remove rubber particles
whose particle size exceeds the maximum particle size of crumb rubber and wherein -

more fiber is removed.
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sized particles are renoved is screened into three
rubber particle sizes within the particle size range

w@Roosioushe and powder rubber. 16. A process in PCT/US2004/038332
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accordance with C.ai mwherein .sai.d r.ubber i &l .

e A e T CRU ARl SRR Which exocos
pagsd i NEOME Rerhbvd i k@¥Ehel B tiNee ribibebpdrticlelsipassihitgthe
through U S. sieve size No. 80; a second particle size

i npartiele sizagangsiofisaimpleard parder svbdbsr.passi ng t hrough U. S.
sieve size No. 80 but not passing through U S. sieve

size No. 140; and a third particle size of particles

passi APrédetOmaRcdidBaceSkigly €laiinas Weereih46id riBber particles include a

apparatus for making crunmb and powder _rubber .

c ohpt paytiplg sizepngs crtﬁvaﬁ%goaﬁsémg @mgiﬁé-samﬁvfeﬁ%%@es%%ut not

st / : t kgl j ]
R
I nparticles pagingahdugh EpS.ciys sezd Nt 86 &t 0dt passn thudighrU.S. sieve

€] 2SR L L SRS AP e e vo

griqgi ng nmeans for grinding said cooled rubber
particles at said predeterm ned tenperature to a
predeterm ned particle sized range; and screening

means ., for separati sai d,grqund rubber particles into

oL 40 e e K apdiind St AShab HEBE: SRl

ranges. chillg nARa fetdedlihgla pEPEIcdsiag Stridnh bf Gdediribber particles
wherein sai d used rubber particles are used vehicle .

t i havipep predptegningd partiglesizssanga proyided withmase &onjptrpducing said
d ai i Si . i . . i .
CBPAAEP TRt R FRIPEL W00, EBR0} R b P i

r ukibBer fRatidlecdre spolpd torapedgeaninbdtangrerate@ns f or

granul ating said ipitial, charge; first ferrous.netal .

r enovi n%m?’ﬁg%\%}gleﬁ? r gending Hd %%%}ﬁéqubéw PR .s?teqzm{/r]gtleaetermmed
f Ofen{ﬁmﬂe@@a%%d%&ﬁﬁiﬂéﬁ&ﬁﬁicﬁ!’k@zécd' Bege; Bhem sai d

granudl ated rubber; and a prinmary screening neans )

provi destredning medsrfor separating said ground rubber particles into desired crumb

and/or powder rubber particle size ranges.

18. An apparatus in accordance with Claim 17 wherein said used rubber particles are

used vehicle tire particles.

19. An apparatus in accordance with Claim 17 comprising metal detection means for
removing tramp metal present in an initial charge of used rubber particles; primary
granulation means for granulating said initial charge; a first ferrous metal removing
means provided with means for fiber removal for removing ferrous metal and fiber
from said granulated rubber; and a primary screening means provided with fiber
removal means for screening said granulated particles, all of said means disposed

upstream of said chilling means.
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renmoval means for screening said granul ated particles,

all of said neans di sposed upstream of said chilling
worea®4963¢20. An apparatus in accordance w th BUIHUf2009038332

conpri sing secondary granul ati on means for granul ation

of rubber particles that do not pass through said

Pr DOBAY a §gz£r@@1§ i GcodB@nge wathClainP 1 € B6apRSHE Sechhdi P lgranulation

particle hopper for holding said rubber particles

ex epprgfos sragulstipraf yubkatpaseelonthar Jo aetased Brough spdapmary

{

co ﬁ%?%}%@%%%rﬁs Hf?d 5 Ereﬁgorc?%sggql&nlgot a 51%01? h?k)ﬁ%rzfgr holdmgI said rubber
5 mepagicles exitiggeat lpgrrrieey adisecordal; geandlatioh efeahy.om sai d

preprocessed rubber particles exiting said

preprocessed rubber particle hopper 22. An apparat us

in Z?Cﬁflra s E&Ofaaﬁl:%ill (ﬁgl §61ﬂ?ﬂ§n%£‘ bdcd Ii 'f&ﬁfus metal and

rerova ans removi ng f said rubbe

pafi bem‘emevﬂxhdzarnl gomnmvmgrfermdus‘metabmsi firkeetr ﬂorramid plrebmcessed

re n_ac ance wth
PR Y Ghih A PPt Y PRI R8T f or

10 storage of said renoved fiber renoved by all said
fi ber renoval neans. 24. An apparatus in accordance

wi 2B shapmr@mm agsortpnanwith{Claipez] f:cvmmsucgwa thigslefibes skmoval

feedin er. f trod cti,on_of eC|f|cat|
s BB s fhordBorh S SUPeRE pRiels e PBE Rup <G Wrrous meta
fi bed fibe FBMaval RS wher ei n sard of f - specrflcatlon
used rubber particles are screened to renove oversized
particles and renove fiber present in said
of xS
15 28 o PR Sppy IS PR ERol WRRTABRS) Lo ihin S0 HOerORREE 2nd
u pbagémmeoﬁor starage o sdud mgmoednEher 2&movAd beplasaat filser iremoval means.
accordance with Cl aimconprising a preprocessed
supersack feedi ng hopper for introduction of used
rubbepn Bﬁﬁa{rht% ﬁ?‘a&ﬁﬁﬁh@@%ﬁﬁ@aﬁrﬂ B &Srﬁﬁ‘fbn%'in PRshéGli@fion
| arger than sizes with he range of crunb and powder
r ublpersacinfeedingmonpércthr ﬁl@\ori@monrﬁtoﬂ speaidichtiayepsed aytber particles

20 be?nrtlo Q%rqgl\é?decreenere &' ﬁlbefr%rﬁgxlfja Bh§ {Nh@rglql sfalcp oirf-spemﬁcatlon used

rubber particles are screened to remove oversized particles and remove fiber present in
said off-specification used rubber particles, said hopper and primary screening and

fiber removal means disposed upsteam of said cooling means.

25  25. An apparatus in accordance with Claim 17 comprising a preprocessed supersack
feeding hopper for introduction of used rubber particles preprocessed to screen out
particles larger than sizes within the range of crumb and powder rubber and from
which ferrous metal and fiber have been removed; a second ferrous metal and fiber
removal means for removal of ferrous metal and fiber from said preprocessed used

30  rubber particles fed from said supersack feeding hopper; and a third fiber removal
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renmoval nmeans for renoval of ferrous netal and fiber
fromsaid preprocessed used rubber particles fed from

W(sa(iod/owp@rsack feedi ng hopper; and a third fiBP&F/US2004/038332
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renmoval . 18nea be fro

oS L PO ot Sbat HUBL i Aoped Qs BRERE Hidisdfdirous
I e pyalandEBBSremdfal dang@ppar at us i n accordance with

Claim 22 conprising a storage bin with nmetering

di scharge for storage of said rubber particles exiting

sabg Ly E)galf&hgqﬁ %@é Wﬁﬁ?{i Efj cdih gﬁ%ﬁ@g h&fdr 'b‘ﬂl glth metering

pr éproce ised es ar I nt

CCl 0 disblﬁ?;ﬁéfﬁﬁ @'ﬁora@%:jf shid rlalinﬁl lpalttid:ﬁeslemtﬁxg(safddhﬁd ébet ﬂefhoval means
ai mwherein said cooling neans conprises

cy PR EpmcHhich said pgenyecsssed uﬁ%mbgsropmwlﬁﬁ @f@iﬁﬂsmf%?ald cooling

copfhfl 1 ed introduction of a cryogenic fluid and for

time controlled contact of said preprocessed stream of

used rubber particles with said cryogenic fluid. 28.

An_apparatus _in acco ance m 27 Jn sai

T P RS PP tmns g Berdioee e i b B s Sinviseangngeomprises
au g %mqmﬁioapafaﬁéd L@ rhiged Wi ieaad fod l&a&%&wﬁﬁt@@ducuon ofa

upon” whi ch said rubbér particles are di sposed.

ap paogenis fluidl ansiclor tmn centvglied ognapmfvﬂaeimpros%ss@ﬂ stream of used
#gg)gg ans . ¢o QJ%FS nﬁg % for introduction of

sa &obt %F% Pocessed ubber particle stream

between a controll ed speed inpact surface and an outer

inverted surface. 30, An apparatus in accordance w th
O &8-nARGrRHeRSih 2R dmeD it &lmau%wés@m srifhtime spptrelled contact is

'ﬁleefs nagl[g Ilhgﬁgse\&"ntl Baid cgﬂnlrt{ a1§ g@cf vessel, upon

|s
ﬁaceab e n|ve outer i1 nverte
summamsamaabaﬁpmﬁdwamwdspm%dce, i n contact mnth sai d
preprocessed steam of rubber particles, conprising a
serrated surface. . An apparatus in accordance with

d ag, Wﬁ%bﬁ‘aﬁs%@h&o%@é witR\(BAikER FABRISHId AGRlihSmeans
novable in a vertical direction wherein volune between
safemprigsameansy fafrapteoduction of said cooled preprocessed rubber particle stream

between a controlled speed impact surface and an outer inverted surface.

30. An apparatus in accordance with Claim 29 wherein said controlled speed impact
surface is an impact surface provided with a plurality of replaceable knives and said
outer inverted cone surface has an interior surface, in contact with said preprocessed

steam of rubber particles, comprising a serrated surface.
31. An apparatus in accordance with Claim 30 wherein said outer inverted cone

surface is movable in a vertical direction wherein volume between said impact surface

and serrated surface of outer invented cone surface is increased or decreased.
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and serrated surface of outer invented cone surface is
i ncreased or decreased. 1932. An apparatus in

waecwsigssce with C ai mincluding dryi ng means POF/US2004/038332

Tuborniet st et SR T CBpt 2P ERIEh dyiyEhs forarying sia

appaAfudt Yedn 0B660EEEBAE; Woldl 1Ehdr Bt he k@blens Rhfberature.

drying neans is a rotary dryer provided with a gas
entraining streamto separate |lower density fiber from

i gter, RSkl ik URILRRGh b ERy 334meh SPRAFALHSCLN i a rotary

accor erern sal cryoge

51 s dhyedl prodidedtwiclo e BaPeitraih gl st iongparenoweisddpkity fid&drom higher

wi th conduit neans for recycle of said vaporized

ni dersifaAulpes PrIgiElest i ng from cool i ng of said rubber

particles whereby said vaporized nitrogen gas fl ows
concurrently into said cooling neans with said

pr 84r ameppardtus i berordrance witheClatm 8amhei®n saldcyppatafiugl is liquid

in accordance . with Caim.32 compri.sing.a final _ferrous )
meE1og8H anff 3 coplnegasans &Wﬁ}d%ﬁ&éﬁfog@@b%%%ﬁ for recycle of said

10d O‘O’g}?irfz@@[ﬁtﬁfgeﬁ 3hdredivihp Q’oﬁ?é’d&%in& OF sdi§ FLRt pﬁficl%? {V%g%y said

met and fiber Tromsard dried rubber particles.
Anvappiednifogen gacBows eonserngitihingG seidreodhiogengans it said

final fer rgusb net al. ngr fourth fiber renoval neans,

di gf)eggoecassg \%sbtefgglﬁllc ISy dryi ng neans, conprises a
magneti ¢ separator disposed under a vibratory pan

screen wherein said ferrous netal is renoved bel ow

saPd derappiratndn sefopdance aith Gpian 32 pervpiEsing e figalsfargus metal and

15 SCESSf: fitef re Ia??%@r?sla%igﬁosie@ d@‘&/ﬁ%}{e%ncﬁesaf‘@ : glggglgéc?% ) removal of
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conprising a renoval mneans,

dofersotus esetal @ahd sidedfrémrsald drérdrrabiser pett@lesand fourth

fi ber renoval neans, for renoval of fiber fromsaid
rubber particles exiting said final ferrous netal and

fi Ber AbeppMatus T aDrdadle with @Qﬂﬂﬁ QvHrel saREAMIFERGE metal and

with daim37 wherein said fifth fiber renoval neans '
c ofprihder eneeval mehng dispesadalomastredne pbsand diyiykg meansegomprises a

! Smragnna%/cesgpz}rgto? dfshgseerd u%Ylgrl & Oﬁrggrgf pan screen wherein said ferrous metal is

removed below said screen and said fibers are removed above said screen.

37. An apparatus in accordance with Claim 36 comprising a fifth fiber removal
means, disposed downstream of said final ferrous metal and fourth fiber removal
means, for removal of fiber from said rubber particles exiting said final ferrous metal

and fiber removal means.

38. An apparatus in accordance with Claim 37 wherein said fifth fiber removal means

comprises a centrifugal screener wherein light fiber is removed to a fiber cyclone and
baghouse.
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baghouse. 2039. An apparatus in accordance with C aim
36 conprising a two-deck screeni ng neans di sposed

wolowssiges@am of said fifth fiber renoval neans POI/US2004/038332

renggval . of r [ VA [.Ze | f.
o022 Mg SR BALALE L3 OB 39 By hahe By RAGRER i
appasans dispoded dowasteancef sad fifiiChiberfedoeslaheans #rdemoval of rubber
oversj zed particles are recycled to a storage bin

pr Btigles baving astAedR iexeps Ptk sizg ange Hf gragpl pudhpovisies rubber.
bei ng i n downstream comuni cation with said cooling

nmeans; and said particles passing through said

5 t wa0 d dakapparatesrin agcondmmas watheClainn §2 ywhdreiosaid bherdeedieaticles are

ScCreenj means. 4 . An, gpparatus in. accordance wth L

O Efeipe] Tonsierds b vider SBaekrias fischiray SHESIRAES bin being in
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o SaniediBulofio 648 el SR SRTpIYL i
sctleengh spid tvgrdedki sctegsingaheing areganyeted o s threedeck screening means.

provided with neans for transfer to a U S. sieve size
No. 40 to No. 80 rubber crunb rubber particles storage

10 bi n1, anthppaaistie itddrdncs WeH 18z 80 Wherelftéhi$ Gir@LMeck $8iebhing
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particles held on said bottomscreen provided with

meareens epmprisen 8 far Urdo sigvesige Nej & ecregnzoldiag pauicles pagsing through
14 orage..hj-a; i i i . i -

ool SSEBRSIANG, LSRRI SRR LGN PUObp gl lact vi

powttans fou ldagsfersioardgesibvasinoNdi 4mtolds. t30abSerfckuists rdbbanparticles
U.S. sieve size No. 140. 42.. An apparatus i . .
acét@m&r%é% A prpottem; Urdwnkeyesize Nen FRe8, sf# partiglpgheld on said

St B5@ER sBleBS plovidell WA MR doD¥arkRE WIRU S, IBRNEze Not 80 to No. 140

storage bin; said particles passing through said bottom screen provided with meams for

transfer to a powder rubber storage bin holding particles finer than U.S. sieve size No.
140.

42. An apparatus in accordance with Claim 41 wherein conveyance into said storage

bins is effectuated by pneumatic means.
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