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FEEDER AND EXTRUSION DEVICE
AND METHOD OF USE THEREOF

Field of Invention

The present |nvent|on generaIIy relates to a feeder for particulate
matenal such. as particulate polymer waste. More partrcularly, the present
invention relates to an extrusion device including the feeder for improved
extrusion of materials such as particulate polymer waste which effectively
changes the quality and_charecteristics/properﬁes of the polymer waste to, for
example, create 'comrnereially useful products . such as, for example,
devulcanlsed rubber powders or composite materials. '

The extrusnon device is suitable for supply of matenal particularly
material for the generation of highly activated, highly dispersive polymer
. powders. |

While it will be convenient to -describe the present invention wifh
reference to processing of polymer materials derived from tyres, the invenﬁon is
not Irmlted to that application, and may be used for processmg other types of
'ponmenc or other material that can then be used in other applications.
Furthermore, while' the feeder will be descnbed with partrcular reference to
feeding extruders, the invention is not limited to use with that device and it can

be used to feed other types of devices.

~ Background to the Invention

_ The discussion throughout this specification comes about due to the
realisation by the inventor or the identification of certain related art problems by
the inventor and, moreover, any discussion of documents, devices, ,ects or
'knowledge in this specification is included to explain -the context of the-
invention. It should not be taken as an admission that any of the material forms
“a part of the pri_br art base or the common general knowledge in the relevant art
‘in‘ Australia- or elsewhere on or be'fore‘the priority date of the disclosure and

claims herein.
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Itis to be appreoiated that any discussion of documents, devices, acts or
knowledge in this Speciﬁcation is included to explain the context of the present
invention. .Further, the discussion throughout this specification comes .about
due to the realisation of the inventor and/or the identification of oe_rtain related
art problems by the inventor. Moreover, any discussion of material such as
.documents, devrces acts or knowledge in this specrﬂcatron is included to
~ explain the context of the. |nvent|on in terms of the inventor's knowledge and
experience and, accordingly, any such discussion should not be taken as an
admnssron that any of the material forms part of the prior art base or the
~ common general knowledge in the relevant art in Australla or elsewhere, on or |

before the_ priority date of the disclosure and claims herein.

Tyre waste

Polymeric waste, such as used tyres has become a worldwrde ‘economic
and ecological problem Tyres mclude a wide range of polymers including
natural rubber co- ponmers and synthetic' rubbers such as SBR (styrene
butadiene rubber) and butadiene- rubber, nitride rubber, isoprene rnbber,
neoprene rubber and polysulphide rubber. Tyres also include met_als such as ,
~ zinc and steel. A large variety of other organic and inorganic chemiCéls are also
added to tyre polymers including vulcanising agenfs,_accelerators, retardants,
pigments, fillers, reinforcing age‘nts softeners anti-oxidants and desiccants.

~ The vast majority of current methods for dlsposal of end-of-life tyres not

onIy represents economlc waste of polymers as raw matenals but also
contributes to ecological problems associated with the practises of dumping in
‘land and marine environments. Accordingly there are numerous methods of the
prior art for disposal or reproces_sing tyres including combustion, pyrolysis, -and
regeneration. Extrusion is processes that can be used in the disposal or
reprocessing of tyres, paﬁicularly to tailor the waste to suit the requirements of

downstream processes.

Extrusion generally

'Extruders squeeze a feed material, applying pressure until it is ejected
from the extruder. There are many different variations of extruS|on equipment

but most typically include a hopper for holding and feedmg raw materlal, and a
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‘hydraulically or mechanically driven means for applying pressure. Most
extruders mclude a dye for shaping the extruded end product
The means for applylng pressure typically include a single or twm screw
auger powered by an electric motor, or a ram driven by hydraulic pressure:
ScrewsJCOmmonly used in extruders include single flight metering screws,
single barrier screws, double barrier screws, variable pitch flights, multi-start
flights, _slotted flights and two stage screws (for vented extruders). N
' ‘Extru'sion' processes are usually described as ‘hot’ ‘warm’ or ‘Cold’ Hot
extrusion is done at an elevated temperature to keep the material from work
hardening and to make it easier to push the material, partlcularly ifitis passed
through a die. Warm extrusron is done above room temperature, but below the
recrystallisation temperature of the matenal It is often used to achieve a |
balance between requnred forces ductility and final extrusron properties. CoId
extrusion is carried out at or near room temperature Cold extrusion has certaln
advantages over hot extrusion including lack of matenal oxrdatlon more precrse '
' tolerances and good surface finish.

" When the feed comp_nses particulate mat_erial, the particles are often
thded into a feed hcpper where they are |oose|y compacted and entrap a large
volume of air.> The entrapped air is often carried'th_rough from the feed hopper
into the screw of the extruder which adversely affects' its .efficiency.
Furthermore, particulate feed often has. shock-absorpﬁve and other physical '
characteristics that cause the particles to rebound off each other and off the
surfaces of the hopper and feed lines of the extruder. This can adversely affect
the extruder, its efficiency and the characteristics of the extruded product. |

| The production capacity of an extruder, particularly in relation to the
workings of the mechanism for applying pressure, is at least partly determined
- by the efficiency with which it is supplled with. feed materlal
Accordingly, there have- been a number of attempts to prowde devices
that optimise the feed process and thus improved the overall effectiveness of
extruders. For example, in certaln extruders of the prior art, supply of materlal to
the extruder is enabled dlrectly through a feed device havmg very slmple
construction, such as those described in RU 2325277 and US 5 284,625.
. Other more sophisticated feed devnces such as those descnbed in RU
27778 incorporate additional features such as augers and shafts with vanes JP |
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11349727 describes feed devices that incorporate the use of a plunger. In
addition some feed devices are subjected to vibration or pulsation to assist
material feeding. However ‘the feed devices of the 'prior art have not.
significantly increased the effi iciency or capacity of extruders. |
 Furthermore, the feeding devices of the prior art are not energy efﬁcrent
and can also be complex to manufacture.

Prior art patent RU 2329893, describes an extruder havung a feeding and
compacting chamber consrstmg of a cylindrical casing with loadmg and .
unloading ports, the chamber having its own internal auger for feeding and
compacting poiymericrhaterials into . t‘he‘feeding zone of the extruder’s screw

- device. |
‘One of the deficiencies of the extruder described in RU 2329893 |nclude
the requnrement of an additional feedlng vessel for loading polymeric materials :
“into the cylindrical feeding and compacting chamber. Moreover, the feeding
mechanism's of the extruders of the prior art are not adapted to regulate and
control the feed of different sized and/or volumetric weight partiCIes; of feed
materials. Regulation of the speed of rotation of the screw d_evice in the feeding '
mechanism is not on its own sufficient to optimise compacting and extrusion.-
| Other processes of the prior art know use an adjunct uItrasonic process '
For example the process described in WO9400497A1, is added external to the
main body of the extruder -and is mtended to change the quality ‘and
characteristics of polymer waste. One of the defi ciencies' associated with the
process described in W09400497A1 is that it has no effect on the actual
extrusion process which only enables pulverisation. _ , '

A further defi c:ency that is typically associated with feeders of the prior

Aart is that they do not enabie simultaneous feeding from separate stocks of
polymeric wastes havmg different characteristics, such as different particle

size, volumetric weight or poiymer quaiity

Vulcanisation and Devulcanisation

Vulcanisation is the thermo-chemical process that incorporates sUlphur
into polymers in order to -Vprovide properties tiiat are desired in manufactured
polymer products. It is particularly extensively used in the production of tyres.
“ Typically, in order to use polymer waste from tyres and other sources it is first
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necessary to reclaim the po'lymer using mechanical and thermal energy and -

chemicals. The principal sfep of reclamation is devulcanisation.

Devulcanisatlon is the process of cleaving the intennolecular bonds of
the polymer such as the carbon-sulphur or squhur—squhur bonds wuth further :
shortening of the polymer chains. This is often done by chemical, ultrasonic,
microwave or biological processing.

Pulverising by extrusion
Before weste' polymer can be devulcanised or used in further processing,
it must be reduced to small sized particles by chopping- grinding or puIVerising
- Pulverisation technlques for polymers typically rely upon screw
extruders particularly twm—screw extruders, imposmg compressrve shear on the
‘polymer at specific temperatures_ dependlng on the polymer (Evaluation of
Waste Tire Devulcanisation Technologies — Report for the Integrated Waste |
' Management Board of the State of California, December 2004 by CaiRecovery,
Inc, http://ww. crwmb ca.gov/Publications/T ires/62204008 pdf). Based on this
method, the solid state shear extrusion pulverisation of rubber waste using a

twin-screw extruder and a single-screw extruder -has also been propOSed-

Durrng this process polymers such as tyre rubber are only slightly
devulcanised.

One of the problems associated with pulverisation using an extruder is
that large amounts of heat are generated due to compression and shearlng
actions in the puIvensation zone that are difficult to control.

In particular there is a need for optrmrsrng extrusion and a process that
can provrde extruded product tailored to suit the requrrements of downstream}‘

processes.

Detailed Disclosure of the Invention

An object of the present invention isto provide a more efficient process
for supplying feed material for processing. It is a further object of the present
invention to provide a more efficient device and process for feeding particulate :

polymer material for extrusion.



WO 2011/014902 PCT/AU2010/000284
6

An object of the present inVention is to provide a process method and
device that can provnde extruded polymer tailored to suit the requrrements of |
downstream uses. ' '

A further object of the preSent invention is to provide a feeder device and
method that is of reduced cost as compared with related art. |

A further object of the present invention is to provide a feeder device that
is more energy efficient per unit of production as compared with related art. |

A further object of the present invention is to proflide a feeder and
associated extrusion device and method that is of reduced cost as compared
with related art. | _ _

A further object of the present invention is to provide a feeder and
a'ssociated extrusion device that is more energy efficient per unit of product,ion
" as compared with related art. | |

A further object of the present invention is to enable the simultaneous
feeding and processing of polymeric waste of different characteriStics.

A further object of the present invention is to alleviate at least one

disadvantage associated with the related art.

It is an object of the embodiments v.des'cribed .herein to 0verco.me or
alleviate at least one of the above noted drawbacks of related art systems or to
at least provide a useful alternat_ive to related art systems. ‘

In a first embodiment the present invention provides a feeder for a

downstream process, the feeder comprising;

-

- one or more hoppers for storage of material,

- one or more conveyors for transporting the matenal from the one or more

hoppers to a downstream process

- one or more regulators for controllmg the flow of material supplied to one .

or more conveyors from one or more hoppers and

.'- multiple apertures assocrated W|th the feeder for exit of a|r from the

material.

In a preferred embodiment the arrangement' of hoppers and regulators is
SUch that.one h'opper can be operated together with or instead of the other.
Alternatively, the arrangement of one-or. more regulators is such that the flow of
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materral from one hopper is different to the flow of materral from another
hopper The ‘flow’ may refer to the volume, speed or some other para_meter
related to the transfer of material from the hopper(s). |

In another embodiment, the feeder also cpntains a regulating device for
the alignment or drsplacement of prpe—sockets for the addition of solrd liquid or
gaseous substances or combrnatrons thereof, as well as the regulatron of the -
alignment or displacement of a vibration device, such as an ultrasonic device. |

| Typically, rhultiple apertures are also proyided' in the casing of the
hopper(s) and the conveyor(s) of the feeder.

The feeder is preferably combined with a processing device such as an.
extruder The extruder may be of convenient design such as those having
conventronal mechanical or hydraulrc drive for the extruder elements. Typically
' the extruder comprrses a srngle—screw or twin-screw extruder element. The
barrel housrng the extruder element may be, for example, cannon barrels
available as arrhy surplus. In a particularly preferred embodiment the housing
isa cannon barrel that includes rifling, which improves the _rbtatioh of the screw. -

Preferably, the proximal part of the casing. of the main body of extruder
contains multiple apertures for the expulsion of air. Typically these multiple
apertures have inclined side walls, such that the size of each aperture is

greatest towards the outside surface of the casrng

It is also preferable that the said proximal part of the extruder casing has

a cross-sectional diameter greater than the diameter of the rest of the casing.

In a second embodiment the present invention ‘provi_de's. a polymer

processrng devrce compnsrng,

- an extruder for pulverrsrng waste polymer in communrcatron wrth a

feeder, the feeder compnsrng,
. - one or more hoppers for storage of waste polymer

- one or ‘more conveyors for transporting the waste polymer

from the one or more hoppers to the eXtruder_,
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- .one or more regulators for controlling the flow of waste
polymer supplied to the one or more conveyors from the one
or more hoppers

- multiple apertures associated with the feeder for exrt of air from}
the waste polymer and

- multiple apertures associated with the extruder for exit of arr' ‘
from the waste polymer, '

whe'rein‘a preferred embOdiment,_ the feeder exit cross-sectional area is
at least 1.5 times greater than the cross-sectional area of the main body
of the extruder, where in the typical case where the feeder exit cross- .'
sectionai' area is circular, the cross-sectionai diameter of th'e feeder exit
is at least. 1.5 times greater than the cross-sectional diameter of the main
body of the extruder.. | ' |

In another embodiment the devrce includes a second extruder suppiied
with waste polymer from the feeder.

Where used herein the term ‘waste’ polymer is intended to be interpreted
broadly, for example, to refer to polymer that is no longer required for its originei
application -or that is created as -excess or a' by-product from an industrial
process.. | | , _ .
Typicaiiy the waste polyrner is supplied in batches, each batch having
different characteristics. For example, the batches may- comprise particles of -
different sizes, 'euch as 5,'10, 20 or. 25 ‘mm granules or pellets. The batches
may be differentiated by other characteristics such as different volumetric
weight, or polymer quality. Batches of the same or different characteristics-can
be processed either e_eparetely orin cornbination with each other, thus blending
to provide an end product having desired characteristics. 'The polymer batches
can be processed 'toget'her with other solid, liquid or gaseous additives added
during the feeding process. o | | o

The feeder conveyor may have any convenient conformation but typically
comprises an auger or plunger located within a casrng Typically the conveyor

has three Zones:
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1. an initial proximal zone — in this zone the flow of polymer waste from

the hopper into the conveyor may be controlled. The expulsion of
 interstitial air from the polymer waste commences in the hopper and
continues in this zone; '

2. a middle zone — in this zone the polymer waste ‘is transported,
typically with some 'compressio:n. The expulsion of interstitial air
continues in this zone; and , _ |

3. adistal zone - in this zone there i is control of ﬂow of polymer waste

| into the extruder and further small amounts of air are expelled with
additional compression. Solid liquid or gaseous additives may be
admitted preferably to thrs zone, to aid extrusron or improve product
quality. | -
In a particularly preferred embodiment the cesing.for the'conveyor of the
main body of the extruder is a cannon oarrel or‘ similar portion of a
decommiss:ioned armament. - Cannon barrels having rifling are 'particularly
preferred because the rifling aids flow of polymer waste and the motion of any
auger or screw thereih.i Furthermore; the cross—sectional diameter of mariy
cannon barrels _decreases from the proximal zone to the distal zone. This.'
profile also assists in movement of the waste polymer along the length of the
conveyor. o _ | | | | : ‘ o
Typically many. apertures will be present |n the proximal, .middle and
distal zones and in the one or more hoppers of the feeder and the proximal
zone of the main body of the extruder. The ap'ertUres permit exit of air that
would otherwise remain trapped. in the rnterstrces between polymer particles..
This has the advantages of; ' _
e |mprovmg packlng and flow of particles along the feeder conveyor
| and into the extruder with concomitant increase in effi crency and
* productivity, o ) |
e improving packing of particles in the extruder which reduces friction,
- particularly between the particles and the channels of the screw,

. improving the quality of prodUCt from the extruder, and concomitently
the quallty products of downstream processes,

e  minimising undesirable reactions such as pyrolysrs that may occur

during extrusion, particularly during h|gh temperature extrusion.
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Control of- the volumé of material supplied to thé feeder conveyor is
typlcally achleved by regulatlon at the point where a hopper communicates W|th |
the conveyor For example control may be achieved by regulating the size of a
port, comprising an opening or conduit through Wthh polymer material enters
the conyéyor. When the port is an opening in the casing of the conveyor, its
size may be altered by linear or non-linear movement of an iris, plates or a
hatch forming part of the casing. The casing may _comprise for example,
telescopic casing segments that can move to increase or decrease the size of
the port. Alternatlvely the casing may comprise one or more slidable hatches’
that can move hnearly to open up or close the port.

~ In a preferred embodlment the feeder lncludes an impulse generator. - |
| The impulses may be generated by an ultrasound devnce or other device that
creates vibration. Preferably the impulse génerator comprises part of the feeder
and is Iocated in close proximify to the main body of the extruder. Typica'lly the -
~ impulses act on the feed to improve its flow and supply from the conVeyor into
the extruder. The impulses typically also improve packing of polymer particles,
promote the ‘exit of interstitial air, and reduce the effect of friction. When the
impulse generator is an ultrasonic geheratbr, it may also advantageously assist
-'in delecanisatio_n of the polymer. Ultrasonic waves Can, at certain levels (and
particularly in the pre'senbe gf 'press,ure and heat) break up the bonds in
vulcanised rubber, 'particularly the carbon-sulphur and squhur—squhur bonds..
The ultrasonic waves typically soften the piebes of ’polymer, _facilitating

reprocessing, shaping and revulcanisation.

The .extru‘der' typically includes ‘a single-screw or ‘a twin-screw.
Optimisation of supply of polymer waste to ‘the extruder is important for
increasing the mass and volu’me of the feedstock béing supplied to the extruder
per operatmg cycle in order to mcrease its productlwty as well as for reductlon

- of frlctlon and expulsnon of air.

In a third embodlment the present invention provides a method of

polymer processing compnsmg,
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- storing one or more batches of waste polymer in one or more

respective hoppers,

- regulating the volume of waste polymer supplied to a conveyor from

the one or more hoppers,

- transporting the waste polymer from the one or more hoppers and
along the one or more conveyors to an extruder such that at least
some interstitial'air is expelled from the waste ponrner_,

- feeding the waste polymer from the _one or more conveyors to an
extruder, and | '

- passing the waste polymer through the extruder to provide e

pulverised activated and/or devulcanised' polyn'ier product

The waste polymer may also be subjected to further devulcanrsatron

subsequent to extrusion when necessary

Typically devulcanisation is achieved by the' following r_nethods or

combinations of methods; =

Mechanical — Devulcanisation can be -aohieved by intense mechanioal
working of waste polymer, often in the presence of reclaiming oils and

- high temperature. In addition the action of an extruder subjects pa'rticles

of waste polymer to high compres_sive shear and torsion due to the screw

~ rotation, thus pulverising the waste polymer 'particles They emerge‘ from

the pulvenzatlon zone with a smaller particle srze often powder and
slightly devulcanrsed The partrcles produced typically have . |rregu|ar
shape, porous structure and rough surfaces. They are typrcally suitable _
for moulding into products after exposure to heat and pressure.

Ultrasound — as mentioned above, the device of the present invention |

may include an ultrasound generator AIternatrver, the product from the

‘extruder may be subsequently subjected to uItrasound treatment The

ultrasonrc waves at certain power levels can quickly break up the
crosslrnkrng and devulcanlse polymers. Heat and pressure can facilitate

the process.
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Chemical — devulcanisation can be achieved by vtreatin'g vulcanised
polymer with chemicals, including solvents such as 2-butanol; sulphur

‘based chemicals such as monosutphides, disulphides, polysulphides and

thiols; and’ inorga'nic agents such as alkali metals, typically in the

“presence of an organic solvent such as naphtha, toluene, benzene or

cyclohexane. The applicatien of heat- or presSur_e may be used to
facilitate the chemical reaction. Milling may also be necessary for certain
chemical devulcanisation processes. The polymer waste can be

chemically treated during extrusion, but more typically_ the pulverised

-product from the extruder is supplied to a subsequent chemical treatment

process.

'Microw'av‘e — devulcanisation may also occur due to the application of

microwave energy. Microwaves create heat quickly and uniformly in the

waste polymer, but usually only if the waste ponmer-includes polar

groups. . The polymer waste can be tteated with microanes during
extrusion, but more fypically the pulverised product from the extruder is
supplied to a Subsequent microwave treatment process.

Biological — devulcanisation can also be achieved by biological agehts
such_ as thibacillus and chemolithiotrope bacterium however biological
devulcanisation is typically limited to the surface of waste polymer.

'Biological devulcanisation is also relatively slow and would typically be

applied to the pulverised prdduct from the extruder rather than during

extrusion.

“Digestion — devulcamsatlon of waste polymer can be achieved by the

appllcatlon of steam or a caustic aqueous solution 0pt|onally in the

presence ofa reclalmmg oil.

In a fourth embodiment the present |nvent|on provides a process for at

least partlally devulcanising waste polymer, the process comprising;

- passing waste polymer through the polymer processing device of

the present invention, and
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- subjecting the waste polymer to a devulcanisation method chosen
from the group comprising mechanicél, chemical, ultrasoni¢_,
microwave, biological methods, digestive methods or combinations
“thereof,

to p_rdvide a pulverised devulicanised polymer product.

In a fifth embodiment the present invention provides a process for at
least partially devulcanising waste polymer, the process corhprising;

- . warming the waste. polymer prior to and/or whilst paSsing waste
polymer through the polymer processing device of the present

invention, and

- subjecting the waste polymér to a devuldanisation method chosen
from the group co'mbrising mechanical, chemical,,_ ultrasonic,
rhicfowave, biological Amethods, digestive methods or combinations
thereof, | - '

to'provide a pulverised devulcz_anised polymer product.

o In a preferred embodiment, fh‘e water‘u_tilised for the cooling process in
the main body of the extruder is also utilised for the initial warming of the
feedstock in ,o'rder to reduce the required energy of the extrusion process in the
main body of the extruder for providing an end product with the desired

characteristics.

The present invention is based on the realisation that the manner in |
“which a feed is suppliéd to a downstream process or device vcontrib_utes'
_ significantly to the behaviour of the feed inside the process or device and the

characteristics of the end product. In particular it is based on the realisation that .

simply controlling the speed of a conveyor is not on its own sufficient to optimise
_feed flow - packing and concomitant feed flow will be optimised by removal of
interstitiail air in combination ‘with the control of the volume and speed of the

supply'bf the feed to the conveyors of the present invention.

Advantages provided by the present invention include thé-following:
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Increased production capacity of the process;

o Improved the quality of the output of the process;
. Reduced volume of air passing into the process; |
o Increased mobility and ‘fluidity’ of the' polymer material passing

through the feeder auger and downstream extrusion process;

o Reduced energy requ‘iremen‘ts-per unit of product;'

o Reduced the capital outlay required for the feeder;

.. Reduced the servicing requiremehts of the feeder;

. Reduced the 'capital outlay required for the extruder; and
. Reduced the servicing requirements of the extruder.

The device and method of the present ‘invention__a_lso'has the advantage
of ‘being compatible with other processes relating to polymer waste, including
.tyre waste For example Scheme 1 below illustrates a preferred method for
‘preparmg batches of tyre waste for extrusron according to the process of the
present invention. Waste sorted mto batches (accordrng to whether it
comprises whole tyre or segmented tyre, whether it is soft polymer segment or
hard polymer segment, or whether or not rernforcrng material is present) can be

reduced to a vulcanised or devulcanised product

Scheme 1:
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5 Sort'ing polymeric waste
- by type and quality

A
Segmentation of sorted
polymeric waste tyres
according to
AU 2006 241342

h 4

- Sorting of segmented polymeric

waste tyres by quality (hard or soft
polymer) and composition (i.e. -

‘presence of reinforcing elements)

y

Shredding of requisite sorted
polymeric tyres to a size suitable for
feeding into an extruder for
processing according to the present

invention K

y

Separaté"loading of shredded
polymeric tyres in sorted batches
into an extruder for processing

~ according to the present invention

Removal of any reinforcing elements

“from the process outputs processed

according to the present invention

'Sepafation of the process outputs
. from the extruder processed

- according to the present invention

. according to size

PCT/AU2010/000284
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Further soope of applicability of embodiments of the present invention

will become apparent from the detailed description given hereinafter. However,

it should bev understood that the detailed description and specific examples,

while indicating_ preferred embodiments of the invention, are given by way of

illustration on'ly,'since various changes and modifications within the .s'pirit and

“scope of the'disc.losure herein will become apparent to those skilled in the art
from this detailed deScription. .

Brief Description of the Drawings |
The present inventiOn will now be described with reference to the ﬁg_ures
of the - accompanying 'drawings,_ which, illustrate particular preferred

embodiments of the present invention, wherein: |

Figure 1 is a plan view of a cross section of the feeder of the present
Alnventlon adapted to transport feed material via a horizontal conveyor to an
| extruder shown in end on cross section. '

Figure 2 is a plan view of the top of the feeder and extruder of Flgure 1.

Figure 3 is a plan view of a cross section of a further embodiment of thev
fe'eder of the present invention having a vertical conveyor to transport feed
matenal toa honzontal extruder | |

‘Figure 4 is a plan view of a cross sectlon of a further embodiment of the
feeder of the present |nvent|on having an angled conveyor to transport feed
| matenal to a horizontal extruder

Figure 5 is an axonometrlc view of an extruder suitable for use in the
present invention. . '

- Figure 6 is a plan view of a cross sectlon along A-A of the dewce of_
Flgure 4. :

Flgure 7 is a plan view’ of a cross sectron along B-B of the device of
Figure 4 _

Flgure 8is a plan view of a cross section along E—E of the devrce of
Figure 2. ' , . '

Figure 9 is a plan view of a cross sectlon of the casings of the feeder

and the associated main body of the extruder.
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Figure 10 is a plan view of a cross section of a feeder of the present
invention having multlple hoppers. _ ' ' '
Flgure 11isa pIan V|ew of a cross sectuon of a duaI hopper feeder of the

present |nvent|on and associated conveyors and twin-screw extruder

Detailed Description
' Listofparts
Where used in herein the reference numbers of the drawihgs correspond

to the following:

1 fee_der :
2 -extruder
3 . cesing of co_hveyor 6
4 driver for auger 12
5 ~ hopper L
6 conveyor of feeder 1
7 feedzone of extruder 2
8 ‘feed zone for conveyor 6
9. driver for plunger 33 | N
10 driver for extruder screw 18
11 hath
12 | auger for conveyor 6 .
13 '.f\eeder supportb |
14-  lever
15 feeder output o_pening
16 impulse generator
17 . aperture
18 extruder screw |
19 bottom section of conveyor 6
20 - - .plvot for lever 14
21 pllable resnstant section of casing 3
22 regulator (part)
23 regulator (part)
24 .

connective rod
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25 stationéry component of conveyor 6

26  distal zone of conveyor 6,.' |

27  middle zone of conveyor 6

28  proximal zone of conveyor 6

29  inlet port |

30 collector

31  face of plunger 33

32 apérture |

33 plunger for conveyor 6

34  casing for hopper(s) 5

35 conduit for gaseous additives

36 - conduit for solid or liquid additives

37 _divider of hopper \5 |

38  guide rail for divider 37

39 ..casihg for eXtruder(s) 2

Figure 1 is a plan view of a cross section of the feeder 1 of a particularly
preferred embodiment of the present ihventibn.
The 'feeder 1 includes a hopper 5 for s_to_r_ihg polymer feed pieces.
‘Typically thé hopper 5.is ﬁllledrwith a batch of divided polymer material, such as
granules or pellefs of about 5, 10, 20 or 25 mm. Feed passes from the hopper
5 intto the feed section 8 of the conveyor 6.
A driver 4 rotates a horizontal.cdnveyor 6 comprising an auger 12 within
a Casing 3. A separate control mechanism (not s_howr'l_)‘ regulates the rotational
speed of the auger 12 via the driver 4. The auger 12 transports the polymer
feed pieces away. from the hopper 5. The_ COﬁveyor 6 has a distal zone 26
middle zone 27 and a 'frusto—conicali shaped proximal zone 28. | |
The volume of pqurheric pieces supplied to the auger is regulated by
control devices 22 and 23 being, for example, slide devices, or altern,atiVer
telescopic pipe—sockets' or the like. _
The regulators, 22 and 23, can regulaté the size of the opening of the
open feed section 8 of the conveyor 6. For each particle size of feed there is a
requi'rement for a different preliminary regulation of input vqumé via regulators
22 and 23.
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Feedsv of different sizes should be processed separately so that the
packing of feed'in the extruder screw 18 will optimise efﬁciency','-capacity and
product quality of the extruder 2. |

' ' The auger 12 feeds polymer pieces into the main body of the extruder 2,
whlch in this view, is shown end-on in cross sectlon |

. The auger 12 includes. apertures 32 and 17 for the exut of air dunng
transport. Apertures may also be provided in the extruder 2 casing. |

In this embodiment, the feeder 1 further comprises an lmpulse generator
416 which creates impulses, such as ultrasonic impulses, for softening of cured
polymeric pieces as well as further facilitating their passage and aidino in the
expulsion of interstitial air. The position of the impulse generator is chosen to
optimise the passage of ponmerv pieces into the feed section 7 of the extr_uder.
2. This concomitantly enhances'pack_ing, displaces air from interstices between
particles and decreases friction between the feed and the screw.. The expulsion
of air is particularly preferred when the extruder 2 includes a high temperature
zone, so as to mlnlmlse adverse effects such as unwanted chemical reactions
inthe said high temperature zone (not shown) _ |

" The frequency of impulses produced by the impulse generator 16 is
varied according to the characteristics and size of the feed Amateriai being
supplled to the extruder. The casing of the conveyor 6 may comprise a pliable-
resilient sectlon 21 that facilitates transmission of the impulses.:

An ‘inlet port 29 comprising a pipe socket is provided for the addition of
additives. TheSe processing additives may be in gaseous, liquid or solid form
for improving‘ extrusion or devulcanisation. For exarnple, the additives may be
included. to estabiishACertain ~Characteristics and material compositions of the
product. froni the extiuder. Alternatively'or in addition, the additives may be
added to improve processing of the ponmer feed _In particular, lubricating
additives may be used to reduce friction between the compacted feedstock and
the channels of the screw 18 in the extruder 2. _

Figure 2 is a plan view of the top view of the extruder depicting the
feeder 1 and extruder 2. Figure 2 depicts in more detail the apertures 17 and
32 for exit of air, as well as the impulse geneiatdr_ 16 transniitting impulses to
the feed zone 7 of the extruder 2. In this view can be seen a collector 30 for

finished products from the extruder 2.
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Figure 3 is a plan view of a cross section of a further embodiment of the
feeder 1 of the present invention. 'ln this embodiment the conveyor 6 is
.vertlcally oriented and transmlts polymer feed pieces into a horizontal extruder
2. . This view clearly shows the output opening 15 of the feeder 1 where |t Joms
" the extruder 2 at the feeding zone 7. : .
 The conveyor 6 is supported within the hopper 5 of the feeder 1 by a
support 13. The conveyor 6 is rotated by the driver 4. The hopper 5 includes a
hatch 11 -for cleaning and clearing of polymer pieces and sedrment

The volume of polymer pieces transported by the conveyor 6 is regulated
by a Iever 14 operating about a pivot 20 which moves telescopic slides 22 and
23 over the casrng 3 of the conveyor 6. '

A pliable resilient section 21 of the conveyor casing 3 connects the
bottom section' 19 of the conveyor to the extruder 2. The connector 21 includes-
apertures 17, for the exit of air. The section 21 is in the shape' of a truncated
cone. | , o '

Inlet 29 permits the ‘addition of various other additive substances in
gaseous, quuid' or solid form, as required. _

The}extruderAZ has a screw 18 which is rotated by driver 10.

Figure 4 is a plan view of a cross section of a further embodiment of the
feeder 1 of the present invention having an angled conveyor~6 comprising a
plunger 33. The plunger 33 is moved by a hydraulic driver 9. The face 31 of‘
the plunger has ‘a flat or curved profile as appropriate -for the angle of
_connection between .the cOnveyor 6 and the extruder 2. Whether the conveyor
6 comprises an auger or a plunger or other device for transportation will depend
on the properties of the polymer feed. For ei(ample, certain feedstock materials
require a pulsating feeding action to optimise their delivery .into the screw 18 of
the extruder 2. ln this case a conveyor 6 comprising a plunger 33 which may be
puisated during its action would be the preferred.

‘ ~ The conveyor 6 has an initial distal zone 26, middle zone 27 and
proximal zone 28 in proximity to the extruder 2. The plunger 33 may have a
continuous; up and down movement or discontinUOu,s, providing a pulsating
“delivery of polymer feed from thel'hopper 5 to the extruder 2. |

Figure 5 depicts an axonometric view of the casing 3 of the conveyor 6

showing the telescopic sliding movement of regulators 22 and 23, which
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regulates the size‘ of the opening to the feed zone of the conveyor 8. T,his
controls the volume of the polymeric'materiais that can enter the conveyor and- |
be transported to the extruder 2. |
L Inlet port 29 in the form of a pipe socket allows the addition of various
'substances in gaseous, Irqurd or solid form as required to aid processing.

~ The conveyor 6 can be placed in any convenient onentatlon from vertical
to angled, to horizontal relative to extruder 2. o

The feed zone 8 incorporates connective rods 24 in connection with the
Stationary component 25 wh|ch glve internal support to the casing 3 as well as
provrdlng a sliding mechanism to regulator 22.

_ Figure 6 is a plan view of a cross section along A—A of the device of
Figure 4. In this view the plunger 33 can be seen ﬁIIing the casing 3 of the
' conveyor Regulator 22 wnth apertures 17 is also depicted.

'Figure 7 is'a plan view of a cross section along B B of the"device of
Figure 4. In this view the face 31 of the pIunger 33 is shown.

Figure 8 is a plan view of a cross sectlon anng E E of the device of "
Figure 2 showing the hopper 5 and the casrng 3 of the conveyor. A hatch 11 |
opens into the hopper 5 for cleaning, clearing or purging of polymeric materials,
. sediments, and the like from the hopper 5. Apertures 32 allow the exit of air .
that can be trapped amongst pieces of ponmer feed when the conveyor is in an
angled or horizontal orientation. _ , _

"~ The conveyor 6 of the feeder 1 depicted in the drawings preferably has a
‘diameter that is at least 1.5 times greater than the diameter of the screw 18 of
the extruder 2 in order to optimise processing and production capacity of the
extruder. More preferably the conveyor 6 has a diameter that is 2 to 2.5 times
greater than the diameter of the screw 18 of the extruder 2. ' |

'Figure 9 is a plan view of a cross section of the casnngs of the feeder
and the associated main body of the extruder of the presen_t invention showing
the hopper casing 34 and extruder casing 39 along their longitudinal axis
depicting muItipIe' apertures 17 and 32 through which air can escape from the
hopper(s) 5 and the extruder(s) 2. _ - , o '

Figure 10 is a plan view of a cross section of a feeder of the present
invention. - In this embodiment the feeder 1 includes a hopper 5, partltioned by a
divider 37 to form two smaller hoppers 5a, 5b. In other embodiments, th'e. |
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divider 37 is made mobile_.' Also, in other embodiments the hopper. 5 could be"
further partitioned to form yet more hoppers. Each of ‘the smaller hoppérs ba
‘and 5b, store batches of polymer partlcles of dlfferent size and/or dlfferent
quallty ' o .

The polymer partrcles pass from hopper 5a mto feed section 8a of
conveyor 6a ;and are pushed along the conveyor 6a by an auger 12a. Similarly,
polymer particles of a different size and quality pass from hopper 5b -into feed
section 8b of conveyor 6b and are pushed along the conveyor 6b by an auger
12b. Separate regulators can be used for respéctive hoppers 5a 'and 5b. One
regulator can be non-operational, or operated at a different rate to the other. In
this manner blends of the different qualities'k of polymer oan be conveyed to the
extruder and the composmon of the extruded product thus controlled. |

Conduit 35 allows for the addition of gasses, and conduit 36 allows for
the addition of solids and/or l|qu_|ds. A vibration device 16 is utilised to for
softening of cured polymeric pieces as well as further facilitating their passage
and aiding in the expulsion of interstitial air as necessary. Guide rail 38 allows
for the controlled movement of the mobile divider 37 to determine its end
position and the relative positions of its associated elements Apertures 17 and
32in the casrng of the conveyors and the extruder permlt expulsion of air.

Thus in this embodnment the two different batches of polymer are
transported in separate conveyors to an extruder 2 having a smgle screw 18.
| Figure 1 1is a plan view of a cross eectiOn of a dual hopper feeder of thev _
present invention andassociated conveyors and twin-*sorew'extruder. In this
embodiment the feeder 1 includes a hopper 5, oartitioned'by a divider 37 to
form two smaller hoppers 5a, 5b. Each of the sub-hoppers 5a and 5b, store
‘batches of polymer partlcles of dlfferent size and/or different quality.

Regulators 23a, 23b control the flow of polymer partlcles from respectlve
sub-hoppers 5a, 5b by adjustment of the position of a slrdable member and '
concomitant adjustment of the size of the opening between each sub-hopper
and respective conveyors 6a, 6b. One regulator can be non-operational, or
controlled differently to the other. In this manner blends of the different qualities
of polymer from hoppers 5a and 5b can be conveyed to the extru.der and the

composition of the extrud.ed product thus controlled.
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The polymer particles pass from the sub-hoppers 5a, 5b into feed |
sections 8a, 8b of_ t,heir respective conveyors 6a, 6b. Augers 12a, 12b push the
polymer particles along the conveyors 6a, 6b. Separate regurlators can be used
for ‘respective hoppers 5a and 5b. An ultrasonic impulse generator 16 assists
feedin'g' of the _polymer particles as necessary The relative positions of the
|mpulse generator 16 and the regulators 23a 23b can be adjusted by a mobile
alignment device (not shown) which drives the mobile dlwder 37 to which these »
elements are connected ,

In this embodlment the two different batches of polymer are transported
in separate conveyors to an extruder 2 havrng twin screws 18a, 18b. This
embodiment of the feeder and extruder includes a conduit 35 for- gaseous
additives and a conduit 36 for solrd or quurd addrtlves which may be worked into
the particulate polymer , .

" As the polymer particles pass from the sub-hoppers 5a, 5b and along the

‘conveyors 6a, 6b, apertures 17 permit expulsron of air. ‘These apertures 17
may be prowded in.any appropriate locations such as in the regulators 23a 23b-

in the casrng of the conveyors 6a, 6b

| In a particularly preferred embodiment.the batches of feed for the device |
and process of the present invention are derived from tyres segmented
according to the method of AU 2006 241342. The segments consist of:

1. the crown, which is the part of the tyre that contacts the road and 3
provrdes grip and cornering stability it typically mcludes a tread made of .
thick, hard polymer composition to resist abr_asuon, cutting and |mpact as
well as withstanding high temperatures encountered on the road surface
and due to friction. The tread is integrally bound to a belt. made of steel ‘
‘wire ortextile fabric. It acts as a reinforcement reducing the impacts
sustained from the road and helping to maintain stability by wrdening the
tread in contact wnth the road. The inner surface of the crown (and side
wall) is Ilned,by a specral air-tight polymer lining which substitutes for a
tube: | | o

2. the sidewall, _which prdtectsthe carcass, which is the inner cord of
the tyre that supports the weight and absorbs impact. The sidewall is
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often made of a different polymer composition to the tread. It is thinner
~and designed to allow the tyre to expand and compress in response to

the nature of the terrain to maintain good ride ouality. The inner surface

of the sidewall (and crown) is lined .by a s'pecial air-tight polymer lining

which substitutes for a tube; and . |

3. the bead, which is composed of a bead wire and a polymer core.

The bead fixes the tyre to the wheel rim and secures the end of the cord. _

Once they are separated these segments can be sorted according' to
'whethe_r or not they include hard polymer or soft polymer, and further, whether
reinforcing elements are present. Once sorted into batches according to these

QUaIities, they are typ‘ically shredded before the batches are processed
separately according to the method of the present invention, or at least Ioaded
into separate hoppers of the ex_tru_sion device for co-processing.

A While this invention has been described in connection with specific
embodiments thereof, it will be | dnderstood. that it is capable of further
“modification(s). This application is intended to cover any variations LJses or
_ adaptations of the invention following in general, the principles of theinvention
and including such departures from the present disclosure as come within
' known or cdstomary practice within the art to Which the invention pertains and
as may be applied to the essential features hereinbefore set forth. '

| As the present invention may be embodied |n several forms without
departing from the spirit of the essential--characteristtcs of the invention, it
should be understood that the above described embodiments are not to limit the
present in\rention V.un'less,othenlvise specified, but rather should be construed
broadly within the spirit and scope of the invention as defined in the appended
claims. The described embodiments are to be consrdered in all respects as
||Iustrat|ve only and not restrictive.

Various modrﬁcatrons and equivalent arrangements are intended to be
mcluded within the spirit and scope of the invention and appended claims.
Therefore, the specrf ¢ embodiments are to be understood to be-illustrative of
the many Ways in which the principles of the'present invention may be
practiced. In'the following claims, means-plus-function clauses are intended to
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cover structures as performing the defined function and not only structural

eqUivalents, but also e’quivélent structures. .

“Comprises/comprising"’ and ‘“includes/including” when used .in. this
s_peciﬁbation is taken to specify the presence of stated features, integers, steps.
or compdnents_ but does not preclude the presence or addition of one or _moré
-‘other features; integers, steps, components or groups thereof. Thus, unless the
context clearly req'uires otherwise, throughout the descfi_ptidn and the cla‘ims,
the w'ords ‘compris’e","compri_sing', ‘includes’, ‘including’ and '_the_like are to be
construed in an inclusive sense as opposed td an'eXcIusive or exhaustive

| sense; that is to say, in the sense of “including, b_ut not limited to”.
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Claims defining the invention are as follows:

1.. A feeder for a downstream process, the feeder comprising;
- one or more hoppers for storage of matefial,

- _ one or more conveyors for transporting the material from the one

or more hoppers to a downstream process,

- one or more regulators f_or‘ controlling the flow of material supplied

to one or more conveyor from one or more hoppers, and -

- multiple apertures associated with the feeder for. exit.of air from
the material.

2. A feeder according to claim 1 wherein at least one regUIetor.comprises
means for altering the size of a port between a hopper and a respective

conveyor.

3. A feeder according to claim 1 or claim 2 wherein at least one conveyor is

supplied by two or more hoppers.

4. A feeder accordihg to cl_ai_m'1 or claim 2 wherein the feeder additionally

includes an impulse generator.

5 A feeder accordlng to clalm 1 or claim 2 wherein the feeder add|t|onally :
includes condunts for solid, I|qU|d and/or gaseous additives.

6. A polymer processmg device compnsmg,

an extruder for pulverising waste polymer in commumcatlon with a
| feeder the feeder comprising;

-~ one _or more hoppers for storage of waste polymer,

- one or more conVeyors for transporting the ‘waste polyme'rrfrom

‘ ‘the one or more hoppers’ to an extruder,

- one or more regulators for controlling the flow of waste polymer
supplied to the one or more conveyors from the one or more

hoppers,

- 4multiple apertures associated with the feeder for éxit of air from

the waste polyrher, and
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' wherein the regulator comprises one or more means for alterlng the size
11.

12.

13.

14.

15.

27
- mult'iple apertures associated with the extruder for exit of air from
the waste polymer.

A polymer processmg device accordlng to clalm 6 wherein the conveyor
of the feeder has a cross—sectlonal area greater than 1 5 times the cross-

sectional area of the extruder

A polymer processrng devrce accordlng to claim 6 whereln the feeder

conveyor casing comprises a cannon barrel

'A polymer processing device accordlng to claim 6 wherein the casrng of

the extruder comprlses a cannon barrel

A polymer processing devrce accordlng to any one of claims 6 to 9

: of a port between a hopper and a respectlve conveyor.

A polymer processrng device accordlng to any one of claims 6 to 10

whereln the feeder additionally includes an impulse generator.

A polymer processing device according to. any‘one of claims 6.to 10
wherein the feeder additionally includes a plunger within the feeder

conveyor which operates asan lmpulse driven device.

A polymer processmg device according to any one of clalms 6 to 12

_wherern at least one oonveyor is supplied by two or more hoppers. -

A polymer processing dévice according to any one of claims 6 to 13
wherein the feeder lncorporates a mobile divider with associated guide
rails that controls the position of the hoppers in relation to the conveyors

and the feeding zone of the extruder.
A method of polymer processing comprising;

- stonng one or more batches of waste polymer in one or more

respectlve hoppers,

- 'regulatmg the flow of waste polymer supplied to a conveyor from

- the one or more hoppers,

- 'transporting the waste polyrner from the one or more hoppers and‘
' along the one or more conveyors to an extruder such that at least

some interstitial air is expelled from the waste polymer,
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17.

18,

19.

20.

28
- feeding the waste polymer from the one or more conveyors to an
extruder, and | |

- passing the waste ‘polymer through the extruder 'to}provide a
pulverised activated polymer product.

- A process according to claim 15 wherein the waste polymer cemprises

tyres.

A precess according to claim 16 wherein the tyres are chosen from the
group comprising whole tyres or segmented tyres.

A process according to claim 15 wherein each respective batch is chosen

- from the group comprising tyre tread, tyre sidewall and tyre bead, or

comblnatlons thereof.

A process for at least partially deVuIcanising 'wéste polymer, the process
" comprising; | | |

- ;,passrng waste polymer through a polymer processmg devrce

according to any one of claims 6 to 14, and

- . subjecting the waste_ p'olyme'r'to a devulcanisation method chosen

from .the group comprising mechanical, chemical, ultrasonic,
microwave, biological methods, digestive methods or combinations
thereof,

to provide a pulverised devulcanised polymer product.

A process for at least partially devulcanising waste polymer, the process .
comprising;
- warming the waste polymer prior to and/or whilst passing waste
polymer through a polymer processing device according to any one.

of claims 6 to 14, and ' ‘
- .subjec'ting the waste polymer to a devulcanisation method chosen
from the group comprising mechanical, chemical, ultrasonic,
microwave, biological methods, digestive methods or combinations

thereof,

to prdvide a pulverised devulcanised polymer prqduct.
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21. A process according to claim 20 wherein warming the waste polymer
prior to and/or whilét passing waste pblymer fhrough a polymer
processing device utilises heat from the Acooling system bf the extruder.
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