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CRUMB AND PONDER RUBBER 5 BACKGROUND OF THE DI SCLOSURE 1. Field of the

I nvention 10 The present invention is directed to a process and apparat us
for maki ng cmumboosaassspowder rubber from recycl ed rubber soupegsysWM/38332
specifically, the present invention is directed to a process and apparat us
for maki ng crunb and powder rubber froma preprocessed source of used

¢ ubber particles having a predeterm ned particle size range. 15 2.
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tires and other rubber articles CRPVEBEAND BOWDIR Bemrental probl em

i nsofar as uged tires overwhelm \m's‘t—mmm% i ndi scrimnate
di scar di ng o ti ] eate nmj or enviroment al
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di spose of tlres in a manner that not only elimnates themas an

envi ronnment al probl em but provides incentives for practice of those the

di sposal procedsddeld2d ikhdnwergioresses originally focused upon tire

commi nution which recovered the inherent fuel value of the significant
combusti bl e content of the vehicle tires. Mre recently, processes which
recover thejgubber congtirbdaninvehtineil dredtdd troeasprof:&{s ahﬁ‘éﬁﬁaﬂaﬂls bPfhaking crumb

nanufacture of rubber-containing articles, have been devel oped
and powder rubber from recycled rubber sources. More specifically, the present

invention is directed to a process and apparatus for making crumb and powder rubber
from a preprocessed source of used rubber particies having a predetennined particle

size range.

15
2. Backoround of the Prior Axt

It is long been known that the disposal of used tires and other rubber articles
represents a major environmental problemn insofar as used tires overwhelm waste
20 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 tive disposal
processes.

25
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 atticles, have been developed.
30
- Although these processes encouraged environmental protection by providing

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



30 Although these processes encouraged environnental protection by providing
processes for the utility of rubber in the further manufacturing of new
rubber products, WO 2005/ 049656 PCT/ US2004/ 038332 a nmj or concern
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rubber products. U S. Patent No. 5,588,600 describes a process and

apparat us for | cwtrivwingerBiatis abbowghalivady morketiexists fon crville And pywdemniubber this
fluids, enployed i nbrittling .the tires so.that.c I putiQn can
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manuf act urers. wever, even the process of 'the pat ent provides no

assurance tHat phustugersdidut are divbergepurdhesess of gumbamnglepdvilet sshreggrasipothe
custoner, the manufacturer of new tires and ot her rubber product goods. 20
QO her disclosures of process and apparatus for reducing rubber to fine

particle size includesbatentad.eNss8os0 ddacd a2A0ca&Rdnd aBfaFaildGor vk hough

both of these disclosures describe processes for producing fine-sized
rubber utilizi ntpnepeyBarerosnminugiog o1 tires in fdrcloeryp seie fluidsepantored i swboisibing

fIEansSEOrsCust Omeql%gsi g)nﬁqucglgl%irﬂﬁ{otrj c%h%ff%i:&s%ly occur, is recycled. This process produces
15  crumb rubber of a sufficiently small particle size desirable to tire and other rubber
product manufacturers. However, even the process of the ‘600 patent provides no
assurance that the product rubber particle size range is desired by the customer, the

manufacturer of new tires and other rubber product goods.

20 Other disclosures of process and apparatus for reducing rubber to fine particle
size include U.S. Patent Nog, 5,368,240 and 4,863,106. Although both of these
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.

25

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

30  increased quantities desired by manufactures of tires and other rubber products.



range of the product to enhance comrercial viability of such processing. 25
The above remarks establish the need in the art for a new apparatus and
process which not only consunmes used rubber goods, particularly tires, from
t'he envi r onwantoobwE9esE N addr tion, pr oduces a crunb and pOV\dPCTﬁUSbh]ﬂI}Q38332
product that i r*ﬁ% { i t is provided in
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chilled by a cryogenic flui'd under conditions permtti ng tight control of
the output tenperature of the particles. The chilled particles are thereupon

ground under condrt ons cl ose .control of th 15 r educed icle
26 angdlot tne. grbHERRRGR UL HeRESAu LB GriguREES? ABEEPIIHE CETLe b o
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further accordance with the present invention an apparatus for prod ucr ng

crunb and powdefipredasbminbdpintiglesiznradgt arerdhiitad yaa tiyopenis ilzid undleg eonditions
provi ded. The

permitting tight control of the output temperature of the particles. The chilled
particles are thereupon ground under conditions permitting close control of the
15  reduced particle size range of the ground product. The reduced ground rubber

particles are screened into desired crumb and powder rubber particle size ranges.

In further accordance with the present invention an apparatus for producing
crumb and powder rubber having a predetermined particle size range is provided. The
20  apparatus includes chilling means for chilling a preprocessed stream of used rubber
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.

25
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be better understood with reference to the
accompanying drawings of which:
30 Figure 1 is a schematic flow diagram of the process and apparatus of the

present invention;



20 apparatus includes chilling means for chilling a preprocessed stream of
used rubber particles of predeterm ned particle size range ground fromtires
and ot her rubber products. The apparatus includes grinding neans or

commi nuti ng W@ 2elsibed rubber particles to a predetern ned prartvswbeoszIe

range. The apparatus also i s provided with screening neans for separatin
the ground rubber par¥igdresis schgmpie resrareriatop ot rosRn R NIy brRe provides

present inventi ' d. wth reference to the
acconpanyi ng drE&Pﬁggé%ﬁ%ﬁﬁﬁ%E?hﬁgeg§%§¢§§1m¥2 a schematic flow di agram of
the process and apparEigus Dfs 4 Bemptie sivhtidnal b o g@ndiek 2PEAM PESRding
PCT/ US2004/ 038332 Figure 2 is a schematic representation of the freezing
chanber whi ch previrgiéed patelesiicayofiy@ezi ng of rubber particles; and Figure 3
is a schenalgc el evational view of a grinding apparatus providing

controlled particle size product; 5 DETAILED DESCRI PTI ON The process and

apparatus of the present invention is initiated by the 10 introduction of
used rubber, particularly used tire. In one preferred enbodi nent rubber
f eedst ock deri vERETABEBRESCRINTION at ors who random y conmi nute used

vehicle tires and ot her used rubber products is utilized. Such material is
introduced into the process and apparatus of the present invention by being

charged into a feed THeYREdRYaMOBRRIatls o e présufiiatentionUs udtibtedbgaREvVed in
super sack ql%ant };trloehslétion of used rubber, particularly used tire. In one preferred embodiment
rubber feedstock derived from commercial operators who randomly comminute used
vehicle tires and other used rubber products is utilized. Such material is introduced
into the process and apparatus of the present invention by being charged into a feed
metering hopper 1. This rubber is usually received in supersack quantities.
15
In a preferred embodiment, the feed rubber particles are passed over a metal
detector, preferably an electromagnetic field adjusted in strength to detect large
ferrous metal particles, denoted as tramp metal. Tramp metal is distinguished from
small ferrous particles resulting from the comminution of used steel belt-containing
20 tires. This is illustrated in the drawings by metal detecting station 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
25  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.

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

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



15 In a preferred enbodi nent, the feed rubber particles are passed over a
netal detector, preferably an el ectromagnetic field adjusted in strength to
detect large ferrous netal particles, denoted as tranp netal. Tranp netal
i s distingui swexhobs/omessmal | ferrous particles resulting froméReso04038332
comm nution of used steel belt-containing 20 tires. This is illustrated in
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wherein the | arge netal Obj ect or objects identified are physically renoved
fromthe feed material. 30 The feed material, free of tranp nmetal, is then

conveyed to a primar yl“h@gzanulamiipagtia’rwwétiﬂg ghniblaing nggeas Gliatomgyed &ng fi3st

ef fectuates granulation of the 4 WO 5/ 049656 PCT/ U 2004/
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In an alternate embodiment the aforementioned processing sieps are omitted in
15  favor of the receipt from vendors of off-specification rubber particles that have been
granulated to approximately the same particle size range as that obtained in
granulating means 3 and which has been subjected to a ferrous metal removal
procedure similar to that occurring in first ferrous metal removing means 4. This is
depicted in the drawings by off-specification supersack feeding hopper 5. Indeed, the
20  present process and apparatus contemplates an embodiment where a combination of

feed from hopper 5 and first ferrous metal removal means 4 is employed.

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  6includes 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”



t he granul ation of rubber particles derived fromsteel belted tires, are
drawn off the 10 granul ated product stream by a magnetic belt preferably
di sposed in a perpendicular direction to the conveyor carrying the
granul ati on PYOgusto49éshose skilled in the art appreciate thaiCIusIvaissss?
arrangenment is denoted as a _cross belt magnet.. In_an alternate enbodi nent
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i n-specification size particles. The disturbances caused by these vibrations

enabl e thi si30 gispesed spritcam eptheddrrien werteef i Berlenmmel tie exiipest foadhid theiseme as

step produces a,l ar. ntrati fLber t.hr S. fi fd4zz
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15 The primary screener and fiber removal means 6 includes a second barrier
wedge. Although most of the fiber is removed when the particle stream encounters the
first barrier wedge, additional fiber aspiration occurs at the second barrier wedge. The
extracted fiber, removed by aspiration in the primary screener and fiber removal
apparatus 0, is delivered to a unit cyclone and baghouse 9. The unit cyclone and

20 baghouse 9 permits optimum fiber entrapment velocity and minimum product loss.

Particles that pass through the screen of the primary screening and fiber
removal means 6 are conveyed to a preprocessed rubber particle hopper 8. Particles
that do not pass through the screen of the primary screening and fibér 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



effect in which, due to density, the lighter fiber separates fromthe heaver

rubber 5 granules. At a predeterm ned di stance toward the downstream end,

the solid stream conprising rubber granules and fiber encounters a barrier
This barrier further

wedge over i Stream must rise to pass.
agi tates th\é\%(gtlgqoémg%ﬁ; icle streamand further separates th&CH{IGHO033Ber
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apparatus 6 includes a narrow adjust'able wdth exhaust hood 10 osed

upst ream of t heafmmembrtionsddgecedtiheisirepagtdd. of t he exhaust hood is the sane as
the width of the fiber separator. This exhaust hood. aspirates the lighter
fiber fromthe top of the feedstock. The exhaust hood, whose hei ght above

the fluidized bed an%yétssmoﬁ%fr?éfehé%aﬁbg&h%k Sft}féﬁj}ésreﬁ{ ﬁwtgﬁthﬁf@gu pRRM
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Particles that pass through the screen of the pripmary screening and fi ber
renoval neans 6CEHESHERDEY Wthédhlsﬁf‘l@ﬁﬁ@@@é@gﬁﬁ 19dioPpsi ¥4 cl e hopper 8.
Particles hat do not pass through the screen of the primary screening and
fi ber renoval neans 25 6 are conveyed to secondary granul ati on neans 7.
Secondary granul ati otiherpadscticonvayedafrpindiopperet] heppeadl Ineritoth isscoanepgabiar at us

substantially identjcal to the aratus _constjtutjng th rimar

granul ati on rreaﬁ?%"’é fe@i"ﬁ’? P%?tte{lfngt T HOBOES Bieags %‘# #h%%’éPﬂgﬁgT%séFé?l i fihg
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primary granul ation nmeans 3. Thus, granulation relies upon granul ation of

the 30 parti cl gertbé¢ vieeam st atheshanylaan that stagithied thkeede toruuittlesl Atmagnetic

atmospheri (fS Pr %Srgrlrjl,r Sre%er}'gbly a rare earth magnetic drum, providing strong ferrous metal attraction,
draws off ferrous metal particles. At the same time, agitation creates elevation of the
non-metal particles above the mesh conveyer surface wherein the lower density fiber
particles separate above the higher density rubber particles so that the higher elevation
lower density fiber particles are easily separated and removed from the lower

20 elevation higher density rubber particles by aspiration. The aspirated fiber is

conveyed to fiber cyclone and baghouse 9.

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
25  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 canses the desirable fine particles to -
pass through the screen and discharge at the bottom of the apparatus. Oversized

30  particles and fiber, which balls up, cannot pass through the screen and are discharged

through a separate conduit.



anbi ent tenperature. The product exiting the secondary granul ati on neans 7
is 6 WD 2005/ 049656 PCT/ US2004/ 038332 recycled back into the primry
screening and fiber renoval nmeans 9 and the aforenentioned procedure is

repeated. |In Web ah0iLed; preferred enbodi ment of the present |
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temperature at atmospheric pressure and readily available at relatively low cost, enjoys
a tremendous cost advantage over liquefied inert gases. However, in the event that

15  special circumstances warrant, liquefied inert gases may be employed.

The cryogenic fluid, usually liquid nitrogen, is fed into a cylindrical shaped
vessel 13, by means of a spray nozzle, ports, a manifold or the like, at a controlled
volumetric rate. The liquid nitrogen is introduced into cylindrical shaped vessel 13 at

20  approximately the midpoint between the inlet and outlet ends. As those skilled in the
heat transfer arts are aware, cooling efficiency is maximized by recycling cold
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

25  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
30 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



25 fiber renoval neans 32 preferably enploys a centrifugal separator. The
particles, subsequent to ferrous netal and fiber renoval in second fiber
renoval means 30, are introduced into a cylindrical shaped screen contai ner
provi ded w t hwarzospebser. Wien the inpeller is rotated the gepyshdoydadtss:
force causes the desirable fine particles to pass through the screen and
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rubber particl esegtihgamllise fRANCYRAAL ShevOiage dhRinkd the eylddagoiet trhirFB&LEANY

di scharge to provide controlled flow therefrom The netered Trubber particle
stream from st or &yis eeyeladback intthienlst ef cyliadscalohepashiessal Ag seaatsflew. 5 In

a preferred odinment,..illustrated in the drawi ngs, two parallel identical
chilling neahs iozmaqaﬂtﬁm@ggﬁ@wa&c@gsﬁa&ﬁ51 ng i ncreased productivity.
The chilling nmeans 12 is characterized by being able to closely control the

tenperature of the rubber particles that are processed therein. This control
is the result 10 of thachidingmiteatsel Zikiih Femmunpragide mathl a/grindingmgens 20 dispioded

The preferred cryogenic fluid.is liquid nitrogen.. This is. not ta say.that
liquid inert gas%’ ! .Sgrﬁ?:lﬁ Oﬁfl‘? fi‘&\i’l’éﬂegﬂl %W{;Dcfrﬂw gﬁél?ﬂ\-lc&i Sﬁ}?@?q ﬁ?ﬁselcl nn@%llﬁ%g
used. However, |whgisdoNinir @ERIng MANASTE) e \CBEMinANM sd BEPBRE PrdbisR Rbired amount of
at nospheric pressure and readily available at relatively [ow cost, enjoys a

tremendous d0st cadledrmohber nowieeles | 9 lravingdylindrieal ghaned verkphdd év intrpdueddeingy it
that 15 special circunstan warrant, |iquefied inert gases may be '
enpl oyed. The cr%sg}%rge?rfs d, usually liquid nitrogen, is fed into a
cylindrical shaped vessel 13, by neans of a spray nozzle, ports, a nmanifold
or the like, at a controlled volunetric rate. The Iiquid nitrogen is

i ntroduced into cyli ferindiag mdqapan piasddes| pregsegontrol of the particle size distribution of

the rubber comminuted therein. Grinding means 20 includes an outer inverted cone

15  22. The inside surface 23 of the outer inverted cone 22 1s serrated and acts as any
rebound surface does in a typical impact mill. The component corresponding to an .
impact surface in a typical impact mill is an inverted conical-shape surface 24
provided with a multiplicity of knife edges 25. The impact surface 24 is rotatable bya
rotor 27 and rotates as indicated by arrow 26. Control of the rubber particle size

20  distribution results from the adjustability of the outer inverted cone 22. The outer
inverted cone 22 can be raised and lowered as depicted by arrows 29. The raising 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

25  sized rubber particles. Obviously, the moving up of outer inverted cone 22 results in

larger sized rubber particles.

I 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

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



20 approximately the m dpoint between the inlet and outlet ends. As those
skilled in the heat transfer arts are aware, cooling efficiency is

maxi m zed by recycling cold vaporized nitrogen gas, which results fromthe
heati ng of théVeReaS®4ea36]1i quid during the chilling of the ruldgavusmmni/osses,

into the inlet end of vessel cyrrently with th netered .i.ntroduction
of the rubber part? CPRALSTENER T+ Enne oy s pRPAGPEah oo o B ERY Tk os
nere efficient theyhddalniedildd ditkethidih@peybber particles stream primrily
ef fectuated by the nitrogen liquid. The rubber particle streamfrom storage

bin 10 is conveyed to a rotating auger 14, as illustrated by rubber
particle stream 16, ose speed, and.thuys,.the duration 30.ti he ,
rubber particles remai aime%%gm%3W@%M¥e pn 0?’%&%’3]{“?15?%6“ AFEE e
speed rotor 15 conptARblhassae tonBhIRC bed TIHS maidif 6P BRIsRALIAN 0P brindi
controlling :%bbg? sﬁ%\D 208%6%49%156 g:CT/ %%2004?161??8332 parSti clle ?eggmrhg e,

t he speed of thenmcah®?( isudasigngdith epaugamdancrybpeniv (drpetiniccdndéibnsatia a of
the cryogenic fluid perm ontrol of the tenperature of the chilled rubber
particies exi tiH’{f?@ﬁ‘?({ T heylfiah o SUtenClst Gn ot St 531,03&#%5@9 vistans o
vapored nitrogen id 8 LSt grbackmy H6ertdal ob eyl 401

shaped vessel 130%331151&? géxglt%gﬁééﬁ%%ncurrlgrﬁeﬁ/u(?%tl?ﬁertégb%gl? péﬁq’cr?gﬁ%%g?’}eam
16. The chil |l i ngrameanbleldr ckahimgcwonmah heatterrmesiahd emepgenny rapginrdaraspr2ferred

di sposed downstream.of the .downstrea nd of the cylindrical shaped vessel
13. Chi | ling? nesH odmegh cdrnag %feaﬁ%"ﬁgfﬂé@s at b Sessthairmosanagle T ¥ERE
preci se desired _ i : i A I i cal
shaped vessel 13??21&?&?6?%%3}%%%%%%% @g’%ﬁﬁ%&ﬁaﬁ%%g&%@%ﬁ%@%&rﬁ @({;‘rélﬂ%(pjﬁ éﬁ&r;glraelns
20 provi des pr ectseplematiagl with thtserpaions oh éhainper girfice 2B of iterowér invheed adeer

commi nut ed ther e} .. | 0di ngs eans, 20,1 7S] Hdes, 21 QUL ShuLNgHt °d cone

15 The operation of grinding means 20 starts with the introduction of a feedstock,
e.g, chilled rubber particles, that is fed through the top of grinding means 20 and
which immediately impacts a series of horizontal knives 25 atop impact surface 24.
Particle size reduction of the rubber particles continue as the rubber particle stream
flows downward in grinding means 20 insofar as the number of the knives 25 on the

20  surface 24 in a horizontal row increases in number in the downward direction at higher
peripheral speeds. The rubber particle stream is ultimately discharged at the bottom of

grinding means 20.

As stated above, in a preferred embodiment, in order to increase production,
25  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

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

10



15 22. The inside surface 23 of the outer inverted cone 22 is serrated and
acts as any rebound surface does in a typical inpact mll. The conponent
carresponding to an inpact surface in a typical inpact mll is an inverted

coni cal - shapewsuribse®s®t provided with a nultiplicity of kniperadossds:
The inpact surface 24 is rotatable by a rotor 27 and rotates as indicated
by arrow 26. Contfibredbihe pbbennssisle paeduct pegandiag myaps 49 or BUenéA0r g opyeyed

fromthe adjustapj]i uter inverted cone 22. The outer inverted
cone 22 can be rgjlégw%g%w%%\%eﬁed as depicted by arrows 29. The raising 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,
dependi ng on the desi L¥singgagans 86 ds primaribupigaidsd deltrise theremperetire phthermbler

22 | d_d t tai,n finer 25 sized £ Qi ly,
Che oving g of PETE B PABEpT i Sl SRR SR wbRi A G iR R
particles. In opgkfdddnemblidsebal 886nd HRARN3S 1RETIARRLY hebRSy d8/et pRIVIAREWIth

chilling neans 12 enter the top of grlndln means 20 and fall between
kni ves 25 of i npgestensuifisgmeans, lenblysair, ral wasksuhe dded pabbst paticke prioduetr tidds

cone 22. The inpact.surface . .rof 27..rot at.es 2 [ 049656 S

PCT/ US2004/ 038353 2N saEeckth e b s PREClEE e oer ARk aating bsbier: o
grind the rubberggpasnt fibkeSomhBs Weder kMRS ré®ucdBY asEtfdRinest (Bel@Ber2 3A gdifl, fhis
preferred enbodi nent” di scussed above and illustrated in the drawings, 5

grindi ng nedfis diberds eaniered loyfiben gijelane Trdbaghosss 21 of construction of
grinding neans 20 is designed to operate under cryogenic tenperature
conditions. In a preferred enbodi nent, the outer jacket is a cast netal

al oy that can w t hstanfhal fyfoRgalitdl apgabadh fbertrempeiatteas. 50Te @b Ehg ferrous
inverted cone 22 is hydraulically renovable for cleaning, nornal
mai nt enance and Testet guhiderrdaesireampiairping fegengds, is provided. Ferrous metal removal

means 50, which receives the dried rubber particle product of drying means 35, is
15  disposed immediately downstream of drying means 35. In a preferred embodiment,

ferrous metal removal means 50 is in the form of a rare earth drum magnet.

In this processing step the dried rubber particles are preferably separated from

ferrous metal particles while on a vibratory screen whereat metal particles are drawn
20  to the drum magnet and removed. At the same time, the vibrating action of the 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
25  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 patticle stream, is removed and transferred to the fiber cyclone and baghouse 9.
The cenirifugal separator is of the same design and operates in like fashion to the

30  centrifugal separator of the third fiber removal means 32.

11



10 enbodi nent the inpact surface 24 rotates at a speed of approximately 1800
RPM  The knives 25, disposed on conical surface 24, are preferably "C'
shaped and are conplenentary with the serrations on the inner surface 23 of

the outer inwebt®ese@pe 22. The knives 25 are renovabl e for shaiReRN AR
repl acenent. 15 The operation of grinding nmeans 20 starts with the

i ntroduction of a feedbtabkye descypticheinpbasizagiibemapgp titries|that, the hetcessaridd
t-hrough the top of grindj nmeans, 20 and i.ch i diately i cts erj es
of horizontal knf atg%og‘{f]gﬁ)rﬁaq%gaveg%qq abwalsipg C@W@P@@F&@B%@Eﬁ}%ﬁ fl@ler
the rubber parti ghgsaf B0k Mdeudter %d&ﬁ@%?ﬁct&%&h? 8108 SEIRBH i {Hé‘r’]%t %%%E‘@E@

in grinding nmeans 20 1 nsofar as the of the knives 25 on 't

surface 24 in a thatfhepntsaht nsenticrcassame sritinality doBberiramioivel thathewaradsstitt ect i on
at higher peripher speeds, . The rubber particle reamis ultjmtely

di schar ged ho th@%‘%lﬁ?t&fﬁ %ffdmbb?f. Brafrgs e aléfd!r%%@esapeaﬂats%‘@l,tﬁ%ﬁsa
preferred enbodi i I 39 I :
apparatus of th pjrz)g%peﬂr?{’] ﬂ%}@@i&ts}ie%rs] 112%/ I ng?sgglgcg rag %Pfﬁ%e}%r'?ﬁl% gg{%gﬁﬁ?fﬁ ﬁjgch
means. I n that prefareddg endveskingsicps,didqol iavdde tibetdemodehw ngs, paral | el

grinding nmeans 20', identical to parallel means 20, is provided. In this
preferred enbodinment, the rubber particles product of chilling neans 12

are fed into orindi ngpye ARANS.ArecstdiipeBidierd DEFRE LML hirtLRS bagyCt

19 of chilling means conveye t'o grindi ng nmeans er “one or
two chill i ng0meansimnibayrsemaatog meamsod ® a td-Wok205004A666hs 65. Two-deck

PCT/ US2004/ 038332 wutilized, _the rubber partic¢le product of grindin ans
20 or 20 and 20'SCHEFRMEIHRADY&d inglydgs Eu%%v?%'gr weei\ﬁ%m@sﬁamlmyh iggop darge to

primarily providgd: i LahienhoriRIRehM AHiforQbwiBLrbBBPE rchaseP 2T hich
product of the gr%ndi nga%lper ation 1n grindi n% means 20 ?l?)l almt?i eng’t.) I ny’a
particles that do not pass through a U.S. sieve size No. 40 screen are too large to be
effective as crumb rubber. Thus, in a preferred embodiment, the screener is a U.S.
15  sieve size No. 40. Particles that do not pass through this screen are recycled back into

storage bin 10 for reprocessing.

Rubber particles passing through the U.S. sieve size No. 40 screen are
transferred to a final three-deck screening means 70. Indeed, in a preferred
20  embodiment, two such screening means are provided. This is illustrated in the

drawings by a second three-deck screening means 70°.

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



preferred enbodi nent, drying neans 35 is provided by a rotary dryer provided
with gas entraining neans, preferably air, to "wash" the dried rubber
particle product. This "wash" has the effect of agitating rubber particles
and fiber, thwe ®epaweis ng |ighter density fiber fromthe rugdgispAbsshs
product by aspiration of the fiber. Again, this 10 fiber is conveyed to
fiber cyclone anprefstgdowsiesey sizg spregalemplyvied de theethege-denk straening mpdnsr70. This

r-enovi ng neans 50 f.or, .renovi-ng ferrous a nd.f.i-ber d t ream of.
Gy g weans 35, Prodoi5 ST PRt orsPERE) 27 Ba 1 Biisinis 75010 iy Bin 75.
recei ves the driggiskyRR8anbatd it6daBe BIrOTHUE tac€fmBllisHetl by FROM 88 mdahs Sare the
di sposed i medi atel y downstream of drying neans 35. In a preferred

enbodi ment, f ereoswsyanse aif thepboniwomradectsdistesspdbelos.f orm of a rare earth
drum nmagnet. .In this processing step the dried rubber particles are
preferably séparated from ferrous nmetal particles while on a vibratory

screen whereat netal prd §dceh@Sinfi@edinR\Wt oRRibber hAeicRE ProdReNs! Raddégoved.
At the sanme tinme, the vibrating action of the screen results in density

separation of | isgteeningdeemistAp dnchmpasseopatticighpassienBironghphe cowisesserdimes but
separated fiber (is,renpved to the.fiber cyclone and baghouse,9. t anot her
fiber separati oﬁ?%l’%%‘? Pm@g‘o Q‘é?@%ﬁﬁﬂﬁ%&nﬁb? pfffférrg‘gw O‘ihinbeé]}{%e?lgner
removal step. ThiReREQ8 BRIl BY £Bcrbsn MOV, dRde BiteMNd. iRof TinGE, (he PRYiRles TRADS
60. Fiber renoval means 60, in a preferred enbodi nent, involves conveyance

of the ferrobds byshafinérseecanghmsrcopueyed ¢o storags bin J€rihrough ganduibpatrst B and, if
wherein fiber, present.jn,the .ru r.particle strea isr ved and
transferred to E’ﬁeége?ti’ E%r n%g%?%ﬁbnQgﬁoggéﬁ%bﬁgga@&“%ﬁ@r@ewq:ﬁ%éﬁe rEneepht or
is of the sane @agict tRRhaPEaE@SUIN slevk sizE ARNIRODUE Bo hbEpa2E teenbl fUaHve
separator of the third fiber renmoval neans 32. 11 WD 2005/ 04965

PCTI US20041038382¢ Nrhd48bove descri ption enphasi zes the many times that the
process and

15 The third rubber particle size product, representative of powder rubber,
encompass 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 means

73 and, if present, 73’ to storage bin 80.

20 Turning again to fiber removal, fiber is aspirationally 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
25  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

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

13



apparatus of the present invention of making crunb and powder rubber

i ncludes fiber renoval fromthe rubber particle product stream Those
skilled in the art appreciate that the present invention assigns
criticality tpohbigfseésgnoval in the successful 5 manufacture @fn pbBehssss
products, especially tires. Thus, consistent with this philosoghy, the t1nal
steps in the prowébm thadoaiepplstionsoidhe preserpiriesanioni Mhereforothe pineseht irveation

screeni ng processing, steps, .al so i nvolve fiber renoval. The first final
screeni ng operatéﬁﬁﬂ1%e¥%”@¢§ @W&PH@P? 4PBrticles product 10 exiting

fiber separation neans 60 to a two-deck screening neans 65. Two-deck
screeni ng neans 65 includes a screener to elimnate particles whose size is
too large to neet the requirenent. of the crunb and/ or powder rubber
purchaser. Typically, particles that do not pass through a U S. sieve size
No. 40 screen are too large to be effective as crunb rubber. Thus, in a
preferred enbodi nent, the screener is a U S. 15 sieve size No. 40. Particles
that do not pass through this screen are recycled back into storage bin 10
for reprocessing. Rubber particles passing through the U S. sieve size No.
40 screen are transferred to a final three-deck screening neans 70. |ndeed,
in a preferred 20 enbodi nent, two such screening neans are provided. This is
illustrated in the drawi ngs by a second three-deck screening neans 70'. The
t hree-deck screening neans 70 permts separation of particle sizes within
the accepted size limts that define crunb and powder rubber. This is
acconplished 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
enbodi ment, the top deck product, constituting rubber particles 30 that do
not pass through the top, courser screener is rubber particles of particle
si ze

14



smaller than U S. sieve size No. 40 but larger than U S. sieve size No. 80,
which is the 12 WO 2005/ 049656 PCT/ US2004/ 038332 preferred courser size
screen enployed in the three-deck screening nmeans 70. This product is
conveyed, by.neans of conduit 71 and, if present, 71', to storage bin 75.
Thi s conveyance to storage bin 75 is acconplished by pneumati c neans as are
the conveyance of the other two products discussed below. 5 The second,

i nternedi ate cut of rubber particles produced in three-deck screening neans
70 enconpasses particles passing through the courser screener but too |arge
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 10 by the finer screener are conveyed to storage bin 78

t hrough conduit nmeans 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. 15 The
third rubberINCBHEICILAIMS:ze product, representative of powder rubber
enconpass rubber particles passing through the finer screener, a U S. sieve
size No. 140 screen. That QUrecesh@iTeiaRig afimbahdPowdebrubbelebmbligad:| y conveyed,
by conduit neans 73 and, if present, 73" to storage bin 80. 20 Turning

agai n to fiber reapYahovidg fhedus irdtaPf b A3k drafulaRABYRAGulYPPargALGh of the
t hree decks of products and di scharged into conduit neans |leading to the

f10er cyclone ang) baaheiiasd fbhovink thé FHPDARIEAR of SRIAALEIRLEL Ranides, 18

and 80 nmay be provided wth bagging 25 and wei ghihg neans (not shown) for
conveyance t0 t hQ PHEENY afilling bail HFLHF §4rSenld nsed rubber particles having a predetermined

particle size range with a cryopenic fluid wherein the final chilled temperature of the particles is
controlled with the proviso that said-ferrous metal and fiber are removed from said screened
particles snbsequent to said sten fh but prior to said step (c);

(d) grinding said stream of chilled rubber particles wherein said particle size distribution
of said ground rubber particles is controlled; and -

() screening said ground particle stream into desired crumb and/or powder rubber

particle size ranges.

2. - Aprocess in decordance with Claim 1 wherein said used rubber particles ate

pariicles of used vehicle tires,

3. A process in accordance with Claim 1 wherein said fiber removing
step (b) comprises agitating said rabber particles and aspirating lower density fiber from higher

density rubber particles.



t hese products. The enbodi nents given above are provided to illustrate the
scope and spirit of the present invention. These enbodi nents will nake
apparent, to those skilled in the 30 art, other enbodi ments and exanpl es.
These ot her enbodi nents and exanples are 13 WD 2005/ 049656 PCT/ US2004/ 038332
within the contenplation of the present invention. Therefore, the present
invention should be limted only by the appended clains. 14 IN THE CLAI MS:
1. A process of making crunb and powder rubber conprising: (a) renoving
ferrous met ald. f r om aAdrecessin afcoppasnithtCadmuswhirgin sdbeonyelrof partiels siz¢ b)
screening and renoving fiber fromsaid stream of granul ated used r.ubber
particles; t¢mperatunetn si¢d (g) inbladdsicomirod of dirasinn efoontaft of caid Bivber pagietds with bad
particles having a predetermi ned particle size range with a cryogenic fluid
wher ei n t he dryopadic fitid) | ed tenperature of the particles is controlled with
the proviso that said ferrous netal and fiber are renoved fromsaid screened
particles subsequent to said sten (b) but prior to said steep & ; (d)
grinding said streamof chilled rubber particles wherein said particle size

di stributions of saig pecRisndadeaRE wRBChdifslsSohehetn GRIohRhIc® Aibb@PrtcR®)size

screening said ground 'particle streaminto desired crunb and/ or powder

rubber | Par i lefuesh AEIB IR ned 1 AASAR of RiAGEALHRAGR Mrbdhofhal Byber

wherein said used r r particles are particles of used vehicle tires. 3.
A process i & Qrdance with Claiml wherein said fiber renoving step (b)
conpri ses a&f*’?la I'ng said rubber particles and aspirating | ower density fiber
from hi gher

6. , A process in accordance with Claim 1 wherein said control of particle

size distribution in step (d) comprises varying impact surface speed.

7. A process in accordance with Claim 6 wherein said control of particle size

distribution further comprises varying the space between said jmpact surface and a rebound

surface.

8. A process in accordance with Claim 5 wherein said eryogenic fluid is liquid
nitrogen.

9. ' ‘ A process in accordance with Claim 1 wherein said stream of ground

cryogenically cooled rubber particles after said stép (d) are dried to ambijent temperature,

0. A process in accordance with Claim 2 wherein said stream of ground
cryogenically cooled rubber paﬁih]es after said step (d) are dried and fibers present in said ground

streamn are removed.

16



density rubber particles. 15 4. A process in accordance with Caim1l wherein
said control of particle size tenperature in step (c) includes control of
duration of contact of said rubber particles with said cryogenic fluid. 5.
A process in accordance with Caim4 wherein said control of rubber particle
size tenperature includes volunmetric flow rate control of said cryogenic
fluid contacdti ng sai diprodsbein acqoedanae with Cleim 1 whessbefesonsmetal@od Gbancia suidt h
Claim | wherein said control of particle size distribution in step (d)
conpri ses vdredistrepm nfxablier putiélescee mpeed. 7. A process in accordance with
Claim6 wherein said control of particle size distribution further
conpri-ses varying the space between said inpact surface and a rebound
surface. 8. A process in accordance with Caim5 wherein said cryogenic

fluidis liqujd ni tmqg&@ssiﬁaccﬁnﬁﬁ&%m:mﬂuﬁ%efeﬁ%ﬁﬁumépa:@l@w&ﬂaﬂmfr ein
said stream of ground cryogenically cool ed rubber particles after said step

(d) are drigglef Rrdih&Mank ﬁ%%f&nﬂ&@eﬂ isfrechbaRd féﬁa%?tfreuhﬂ«?rgug@g{e%ﬂ&@?ég‘fi% G aim

2 wherein sard stream of groun cryogeni call'y coo part es after

said step (ghe &i&dgﬁﬂ: Gibfith fabiR et @rﬁﬁfﬂg-%ﬂb% anft il}ﬁ(ﬂlil%[n\(}ﬁ&g ﬁbé‘}ti% fefpdba ©

removed 16 11. process 1'n accordance w ¢ erern terrous netal
and fibers in said dried streamof rubber particles are renoved. 12. A
process in accordance with C ainll wherein said rubber particle streamfrom

whi ch ferrous Mot el QLB SR Yk WD SN B

sized particles are removed is screened into three rubber particle sizes within the particle size

range of crumb and powder rubber.

14. A process in accordance with Claim . 13wherein said rubber particles include a
first particle size range of particles passing through U.S. sieve size No. 40 but not pagsing through
U.S. sieve size No, 80; a second partic]é sizé in the range of between particles passing through
U.S. sieve size No. 80 but not passing through U.S, sieve size No. 140; and a third particle size of

particles passing through U.8, sieve size No. 140.

15. - An apparatus for making crumb and powder rubber comprising:
(a) ferrous metal removal means for removing ferrous metal from a stream of granulated
uged rubber particles; ‘
(b) fiber removal means for removing fiber from said stream of granuiated used rubber
particles;
(¢) chilling means for initiallv cooling said stream of granulated used rubber particles
having a predetermined particle size range provided with means for introducing said stream of

granulated used rubber particles and a cryogenic fluid whereby said rabber particles are cooled to

7



si ze .exceeds the maxi num particle size of crunb rubber and wherein nore
fiber is renoved. 13. A process in accordance wwth daim2 wherein said
particles fromwhich excess sized particles are renoved is screened into
three rubber particle sizes within the particle size range of crunb and
powder rubber. 14. A process in accordance with C aim 13 wherein said rubber
particl es i ngPigdaersmineditsranerapus whartie saii feronnmgel refophmedns (D enp esdfivey t hr ough
U S. sieve size No. 40 but not passing through U.S. sieve size No. 80; a
second part i sevalinmani () irh dispraeiupsodarbaitswd ehilljya mehmsl(es passi ng t hrough U. S.
'sieve size No. 80 but not passing through U S. sieve size No. 140; and a
third particle sia® gihdingeids @r@pinding sdidéolddmebbgfvaldicles afSdeRl @rafefetnined  140.
15. An apparatus for mating crunb and powder rubber conprising: (a) ferrous

netal renovalempEanee th Qpred@ERided Gakitlel OUSsipBkAde; 44d0m a stream of granul ated
used rubber particles; (b) fiber renmoval nmeans for renoving fiber from said

stream of granul afepderissi rﬁééﬁpﬁ sepaﬂﬁﬁ%' sgltdg%éunﬁ@dbba{ya}dde@ thtSBARSA &rib

initially cooling said stream of granu used rubber particles having a
predeterm “%&?P&M&%ﬁ& gm{,%@ggﬂﬁg&yi ded with neans for introducing said
stream of granul ated used rubber pdrticles and a cryogenic fluid whereby

sai d rubber particles are cooled to 17 a predeterm ned tenperance wherein
said ferrous netal renoval neans (a) and said fiber renoval neans (b) are

di sposed upsiream of sgaid chil.ling,reans . (d tindin ns_f.or
grindi ng sai & cool ed BE’@F“‘B‘&??*%%eﬂthg%@%r%ﬁ%aﬁi"ﬁ%%ﬂﬂé&ﬁiﬁe to
a predeterm ngﬁg@ﬁtlcl e ,sli ze range; and (e) screening neans for separating
said ground ¥ ucﬁfH'FP‘?IEFE% into desired crunb and/or powder rubber

particle size ranges. 16. An apparatus in accordance with Caim 15 wherein
sai d used rubber particles are '

17. An apparatus in accordance with Claim 42 comprising secondary
granulation means for granulation of rubber particles that do not pass through said primary
screening means; and a preprocessed rubber particle hopper for holding said rubber particles

exiting said primary and secondary granuiation means.

18. " An apparatus in accordance with Claim17 comprising a second ferrous metal and
fiber removal means for removing ferrous metal and fiber from said preprocessed rubber particles

exiting said preprocessed rubber particle hopper.
19. . An apparatus in aceordance with Claim 21 comprising a third fiber removal imeans -

for removing fiber from said rubber particles exiting said second ferrous metal and fiber removal

means.
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used vehicle tire particles. 17. An apparatus in accordance with C aim42
conprising secondary granulation neans for granul ati on of rubber particles
that do not pass through said primary screening nmeans; and a preprocessed
rubber particle hopper for holding said rubber particles exiting said
prinmary and secondary granulation means. 18. An apparatus in accordance wth
Claim17 comdkising a second Anappaseius imaccardansecvithf Claian o reomprising arEbgrsydlone
renoving ferrous nmetal and fiber from said preprocessed rubber particles
exi ting sai anpbappowe s steckpe obdaEfitparemoedddyht sad fibert@novAhmegnpar at us i n
accordance wwth Claim21 conprising a third fiber renoval neans for
renmoving fiber fromsaid rubber particles exiting said second ferrous netal
and fiber renoval neans. 18 20. An apparatus in accordance with C ai nl9

conprising &ifiber cyclone aApGplagROYSeofdficeSHY @Bt 0 sosphéng hbefF- 1 enoved
by all said fiber renpval nmeans, 21. An apparatus in accordance with Caim

15 conpri si RgkcRaddhsup e&@&@feéd]ﬁgaﬁdpgé} FURBIBAR offﬁﬁﬂbélﬁicﬁﬁ&ﬁﬁéd H8¥er particles
i ntroduction of off- speC|f|cat|on used rubber particles into a primary

screening agg,{| 1%&% DN an B BG SenitVAl fbdhs %ﬁérgm%{:l E&idﬂdaﬁﬁdsﬁ?&‘ruﬂ gd rubber

particles are s to renove oversi zed particle renove f|

o Lé‘r%%ﬁﬂﬁsgms%%ﬁdﬁ' S B A B e
conponent (a rat us |n cordance.with ai m a:
preprocesse C@ﬁ%}@f‘g %ﬁﬁnhﬁesh PE 3P ?Waﬁ%%i“éﬁﬂ%ﬁb Fﬁ"r"&@@%&gﬁd used
r ubber partlcles eprocessed to reen out particles larger than sizes

wi thin the d‘%?%ﬂﬁfﬁ‘i F%rubber and from which ferrous netal
and fi ber have been renoved for removal of ferrous netal. 23. An apparatus
in accordance with Claim19 conprising a storage bin

22. An apparatus in accordance with Claim15 comprising a preprocessed
supersack feeding hopper for introduction of preprocessed 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 for removal of ferrous metal.

23. An apparatus in accordance with Claim 19comprising a storage bin
with metering discharge for storage of said rubber particles exiting said third fiber removal means

and from which said granulated used rubber particles are fed into said cooling means.

2A. An apparatus in accordance with Claim15 wherein said cooling
means comprises a eylindrical shaped vessel provided with means for controlled introduction of 2
cryogenic fluid and for time controlled contact of said stream of granulated used rubber particles

with said cryogenic fluid.



with nmetering discharge for storage of said rubber particles exiting said
third fiber renoval neans and from whi ch said granul ated used rubber
particles are fed into said cooling neans. -24. An apparatus in accordance
with Claim5 wherein said cooling neans conprises a cylindrical shaped
vessel providged with ans for. controlled jntroduction of a cr enic.fluid
and for ti me%gont rol | ggamd’f“@f’m@%c&’gtqlaé’&ﬁ? B‘E‘Eﬁ}néﬁﬁlltgfeecﬂn%ég%? By
particles wth, ,said gryogenjc fluid. i9 25. An, apparatus in accordance with
O ai m 24 whekeviedy wrisleectaesotimotedia mideiindical Persd vaesal BPOPEIThBe speed
auger, disposed in said cylindrical shaped vessel, upon which said rubber
particles ar®@b¥f apHeletpre digpossdy apparatus in accordance with O aim 16 wherein
said grinding nmeans conprises nmeans for introduction of said cool ed

granul at ed rubber particle stream between a controlled speed inpact surface
and an outer inverted surface. 27. An apparatus in accordance with Cl aim 26
wherei n sai d¥eontroll ed speeth ipppats insagedrdanee with €him npwbereisisnifl gueding ovi ded
with a plurality of replaceable knives and said outer inverted cone surface
has an i nt ermhdns simifriaeaueahdfof dRbARtIoMbIshid Sedlel gramltdl rabtenpriritlesireatnrbereen of
rubber particles, conprising a serrated surface. 28. An apparatus in
accordance Wi dohtréiledis impiloeiafthde sf@hflo@dHitlerbdiftdeed cone surface is
novable in a vertical direction wherein volune between said inpact surface
and serrated surface of outer invented cone surface is increased or
decreased. 29. An apparatus in accordance with Caim 15 including drying

means for drying said groundySiphaans 8f achrdReeRitcalalny 26 #aked sk bhfiolled
particles to ambient tenperature. 30. An apparatus in accordance with Caim

29 wher i - Sl i REGBFR R rlhcrduti Biotiac WA o) SiStlleile RuifiA%nd sid

ent rai ni ng eam to separate 'l ower density rrom hi gher density
rubber parti ﬁ{ £8 o . s
ottel thverted cone surface has an interior surface, in contact with said cooled granulated stream

‘of rubber particles, corhpﬁsmg a serrated surface.

28. | An apparatus itn accordance with Claim 27 wherein said outer inverted cone
surface is movable in a veriical direction wherein volume between said impact surface and

serrated surface of outer invented cone surface is increased or decreased.

0, _ An apparatus in accordance with Claim 15 including drying means for drying said

ground stream of cryogenically cooled rubber particles to ambient temperature.

30. . An apparatus in accordance wilh Claim 29wherein said drying means is a rotary
dryer provided with a pas entraining stream to separate lower density fiber from higher density

rubber particles.

3L ' An apparatus in accordance with Claim 24 wherein said cryogenic

fluid is liquid nitrogen end said cooling means is provided with condvit means for recycle of said
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31. An apparatus in accordance with C aim 24 wherein said cryogenic fluid
is liquid nitrogen and said cooling neans is provided with conduit neans for
recycle of said 20 vaporized nitrogen gas resulting fromcooling of said
granul at ed rubber particles whereby said vaporized nitrogen gas flows
concurrently into said cooling means with said granul ated rubber particle
stream 32. Xaporpganitadges gasnesatiing fidmnodingiof buidranuidtedAbtmnpartidenghepeblismdl
ferrous netal and fourth fiber renoval neans di sposed downstream of said
dryi ng nmeansvdpotizddaiingat g fflotve edr@tiSentiiitabaiddddlidg Mi€ihs #{tR BAi 8 pladhlsted Rlbdarubber
particles. 33. An apparatus in accordance with C aim 32wherein said final
ferrous net aparddiélstreb@urt h fi ber renoval neans, di sposed downstream of said
drying means, conprises a magnetic separator disposed under a vibratory pan
screen wherein said ferrous nmetal is renoved bel ow said screen and said
fibers are renoved above said screen. 34. An apparatus in accordance with

- Caim 33 conpyising agli I; E&E‘a% I an. j: fﬁﬂlﬁeﬁ’?ﬁﬁfﬁ of
'said final ferrous rref%laf)l%%é&éslg?{foﬁdourt @lf(?l%@r"ggr%gﬁlg*/%%o neans, o%tglfagymval

of fiber fro o4 r [ticle xi,ting.said final ferrous | .and

i ber 1 emovalinites CAREN At s oo e 4 e Bops B PSP OE RS e

said fifth fiher r val neans rises a centrifugal screener wherein

light fiber 'nglragﬂgig%df Sa}f%%&‘%%&ﬁ’&%@ and baghouse. 36. An apparatus in

accordance with Claim 33 conprising a two-deck screening neans di sposed

downstream of said fifth fiber renoval neans for renoval of rubber particles
having a size in excess of the size range of crunb and, powder rubbﬁr. 21 37.
An appar at us>r n accor 48 ARRErafsimaceprdanee yath imapawhersipaid fmaklesrans metalend | o
are recycled to a storage bin provided with netering discharge, said

st orage bi n wihiber remonalmasans disposed downstream of szid drying means, comprises-a magnetic

separator disposed under a vibratory pan screen wherein said ferrous metal is removed below said

screen and safd fibers are removed above said screen.

H. . An apparatus in accordance with Claim 33 comprising a fifth fiber
removal means, disposed downslream of said final ferrous metal and said fourth fiber remaval
means, for removal of fiber from said rubber particles exiting said final ferrous metal and fiber

removal means,

. An apparatus in accordance with Claim 34 wherein said fifth fiber removal means

comprises a centriﬁgal screener wherein light fiber is removed to a fiber cyclone and baghouse.
36. An apparatus in accordance with Claim 33 comprising a two-deck screening

means disposed downstream of said fifth fiber removal means for removal of rubber particles

having a size in excess of the size range of crumb and powder rubber.
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communi cation with said cooling neans; and said particles passing through
said two-deck screening neans are conveyed to a three-deck screening neans.
38. An apparatus in accordance with C aim 37 wherein said three-deck
screening means conprises a top U S. sieve size No. 60 screen hol ding

particles passing thrpugh a U, S. ieve,size No. 40 screen, said particles
hel d on sai &t op scré‘g‘?]gpﬁ?"@%ﬂ’eﬁc?ﬁﬁﬁnﬁe%ﬁé’m?§§WP?YS’H§?1@PVE’E%ZE§£&‘BF S| eve
size No. 40 to % 80 rubber crunb rubber particles storage bin; and a

bot t om U. S. Tex¥fled io astorageyp prevides wilyennesisrliprgsa said gorage Mapyngis doWPHeHBt t om
screen provided wth neans for transfer to a U S sieve size No. 80 to No.
140 st or age SARFunisaion withseid epaling meansi 4ng seif partigles Rassieg thisygh wif werdselh provi ded
with means for transfer to a powder rubber storage bin holding particles
finer than :reming resaps ok genviyied 1d 4 Gireesieck streesippmeasus i n accordance with

Cl ai m 3a wherein conveyance into said storage bins is effectuated by

pneumati c neans. 40. A process in accordance with CQaim1 wherein said
granul ated used rubber particles are obtained froman initial charge of

used rubber fgarti ¢l esAnMppbim B aStihdMed With CRim BNehdtif PEd Ofee.dellt Jerdefid@Vvi Ng any |
tranp nmetal fromsaid initial charge of used rubber particles; (ii)

granul at i ng meaisdombRsy & toph.s SPdvel sist BB, R0istreen(liolding FaPTBRM ipRGink Srbus Bt al from
said product of said step (ii); and (iv) concurrently Screening and renoving

fiber from sgickiRn@AYe tordh, S frtRlesBeld bh Laid to g&eﬁ]pmvfdcﬁm%%‘ﬁ:ﬂ far RERAF fance
with Claiml wherein said stream of granul a?ed used rubber particles is

prov ded Y € 1RL05, ok B EXDESHAL USH L LURUEK ORI EL i aof Sl o U

i n accordanc _ conprising: (1) renoval

T ol ot | SRR T ARl i plrk MR s bl Yol sBltor UEHeH o Rhed Wi bndaHORE
transfer to a U.S. sieve size No. 80 to No. 140 storage bin; said particles passing through said
bottom screen provided with means for transfer to a powder rubber storage bin holding particles

finer than U.S. sieve size No. 140.

39. . An gpparatus in accordance with Claim 38 wherein conveyance into said storage

bins is effectuated by pneumatic means.

40. A process in accordance with Claim 1 wheréin said granulated used
rubber particles are obtained from an initial charge of used rubber particles which is subjected to
the steps oft

(i) removing any tramp metal from gaid initial charge of used rubber particles;
(ti) granulating said product of said step (i);
(iif)} removing ferrous metal from said product of said step (ii); and

(iv) concurrently screening and removing fiber from said product of said step (iii).



(ii1) primary screening and fi ber renoval neans for screening and renoving
fiber from said granulated initial charge of used rubber netal particles
wherein a stream of granul ated used rubber particles is formed; wherein
said conmponents (i) and (ii) are disposed upstream of said conponent (a)- 23

41, A process in accordance with Claim I wherein said stream of

granulated used rubber particles is provided by a charge of preprocessed used rubber particles.

42. An apparatus in accordance with Claim 15 coraprising:
(1) metal detection and removal means for removing tramp metal from an initial charge
of used rubber particles; and
(ii) primary screening and fiber removal means for screening and removing fiber from
said granulated initial charge of used rubber metal particles wherein a stream of granulated used

rubber particles is formed;

wherein said components (i) and {ii) are disposed upstream of said component (2).





