4 December 2006 -1= Title: Method and apparatus for extracting toner from toner cartridges Field of
the Invention The present invention relates generally to recycling of toner cagrt'g&?gbaerl)%agre
particularly to the separation of materials during the recycling of toner cartridges. ackground of the
Invention The invention has been developed primarily for use in extract lug toner powder from toner
cartridges, and will be described predominantly with reference to this application. It will be
appreciated, however, that the'invention is not limited to this 10 particular field of use, being also

applicable to othﬁ%ﬁpplmqiﬁ)mﬂ}ae‘{%ﬁggﬁ{@m%g ) 5 ﬁf%%f{&{&]@ggﬁri@%%ces is required.

Toner printing technology has been almost universally adopted in photocopiers and computer printers.

These devices ggaIwi-NRvEARinternal reservoir for storing toner powder which is used in the
printing process. Initially, these reservoirs were fixed 15 to the machine and required manual refilling

by pouring toner fromraggiilidieakehabiowndayHdar altRmriie pib Ak copiact it dhe messy
toner powder, replaceable toner cartridges have largely superseded refillable réservoirs. Cartridges
are filled in a - fasiapvwiieretBaglistituionatiane RAMOeE sty s tHEtbhcoRipliRdsto minimise and
isolate spillage. 20 The popularity of disposable cartridges has meant the number of cartridges
discarded has increased exponentially in recent years. Used cartridges may, in some cases, be
recycled and recharged a number of times by a specialist reconditioner. Eventually however, all
cartridges are eiheksisipesk dayanfendaair materials or more often,-thrown out altogether. Either of
these alternatives presents their own particular 25 problems. 4 December 2006

The invention has been developed primarily for use in exiracting toner powder

from tomer cariridges, and will be described predomiﬁanﬂy with reference to this
application. ¥ will be appreciated, however, that the invention is not Krgited to this

10 ©  particular field of use, bein;g also applicable to other applications where separating a
powder material from larger pieées is required.

Toner prinﬁrlg technology has been almost universally adopteﬁ in photocopiers
and computer printers. These devices commonly have an internal reservoir for storing
toner powder which is used in the pﬁnﬁug process. Inifially, these reservoirs were fixed

15 to the machine and required mannal refilling by pouring toner from 2 refill packet, -
Nowadays, in an atternpt to Hmit direct contact with the mess;lr toner powder, replaceable
toner cartridges have largely superseded refillable reservoirs. Cartridges are filled in a -
factory where the distribution of toner powder can be strictly controlled to minimise and
isolate spﬂlage.

20 The popularity of disposable cartridges has meant the number of cartridges
discarded has increased exponentially in recent years. Used cariridges may, in some
cases, be recycled and recharged a number of times by a sp'ecia]ist reconditioner,
Eventually however, all cartridges are either stripped down for their materials or more

often, thrown out altogether, Either of these altematives presents their own particular

25  problems.



-2 The cartridges are generally a combination of thermo-plastic resins and ferrous and non-ferrous
metals. These materials are slow to break down naturally and thus present & gignifigapbgayironmental
pollutant. In addition, it is rare that toner cartridges are entirely empty when they are replaced. Often
5% to 10% of the toner capacity of the 5 cartridge remains when discarded. This figure can be as high
as 100% if the cartridge is faulty, has been supersggled or past its use by date. The residual toner also
presents a significant environmental hazard when the cartridges are thrown out. However, whilst

toner along with the Tyatexialeubieh akatlp e aBHRGESrRERSXAIARIS R nal K Blafer powder
0

makes stripping the cartridges difficult. 10 Toner is a very fine powder and will readily become airborne

and circulate Wilh aifi mABISUThAs SRR e RS AIARARdARYRRA SN 5RA health issue with

workers. Moreover, as with many fine powders, when airborne, in the right concentration and

conditions it canggfiteARevexpiadeCiomently. the-Sinping and-maie igisrsRpaiatianef cartridges is
carried out 15 manually. This not only places those doing the stripping in a high risk environment, it is

also labour inteasteeyaneh S Raasuey dRgrespisatiRasRie s 0shiga &iie @fpatassrusers of these

printer cartridges, labour cost are high meaning the manual dismantling of cartridges.is not cost
effective. If is aaroijget-ahties weaetistavdnlionhie Hyetcam Beatsdindl iy 200 %€ e nakipt i20 these
disadvantages of prior art, or at least to provide a useful alternative. Disclosure df the Invention In a
first aspect, théirze o baprosigdasaicdethedidfsaxt dgtiate (O0Ttey fgdudd neercdstrigigemsmisaid method
including the steps o 25 breaking up toner cartridges into pieces to release toner from within the
cartridges; 4 Degeifiset 8006 nu3:niahbsingl thhbeoaheicytipges escalmyvensiftin glomeier, sohikét only
particles under a. _
toner along with the materials which make up the cartridges are recyclable, the nature of
toner powder makes stripping the cartridges difficult,
10 Toner is a very fine powder and will readily become aitbome and circulate with
airflow. -As such it can be easily inhaled and may be a significant health issue with
workers. Moreover, as with many fine powdérs, when airborne, in the right
conceniration and conditions it can ignite and explode.
Currently the stripping and matérials separation of cariridges is carried out
15  manually. This not only places those doing the stripping in a high risk environment, it is
also Iabour intensive and expensive. In modemised couniries, which are the greatest
users of these printer cartridges, labour cost are high meaning the manual dismantling of
cartridges is not cost effective.

It is an object of the present invention to overcome or ameliorate one or more of

20  these disadvantages of prior art, or at least to provide a useful alternative.

Disclosure of the Invention
In a first aspect, the invention provides a method of extracting toner from toner
cartridges, said method including the steps of:

25 breaking up toner cartridges into pieces to release toner from within the cartridges;



predetermined size pass through the barrier; agitating the pieces to mobilise the toner; extracting air
from adjacent the pieces to remove airborne particles; and 5 removing toney iR thg.2he)tracted
from adjacent the pieces. According to another aspect the invention includes an apparatus for
extracting toner from toner cartridges including: a shredder for breaking up toner cartridges into
pieces and to thereby release toner from within the gartridges; 10 a sifting barrier for sifting the
cartridge pieces so that only particles under a predetermined size pass through the harder; agitation

means to agitate th%ﬁﬁﬁ%ﬁ@@%ﬁg@@%&@?&% SRS HERFPE AR EEBF NG Als Hamaround the
sifting barrier to remove airborne particles; and 15 a toner collector for recovering toner extracted by

the extractor. . BrgfiefahlindheiRvaBigRJReiude sadeniser for introducing ionised air into the
apparatus. - Preferably, the agitating means is a trommel which repeatedly lifts and drops the pieces.

20 Preferably, the trepumitidrisdidesamn mnabidehe agagted to rotate about its longitudinal axis and an
outer cover, the inner drum having a plurality of apertures and functioning as a separation screen so

that only particles urgeaainsedetenmiigat iz chpakaeiittowgh tbaissraepanidistadde outer cover. 4
December 2006 -4 Preferably, the sifting barrier is a vibrating screen, substantially enclosed by a

casing and more preéaiatilyg theeefisacthe eixteaicistad fmmathsceaisingpiheenigh the vibrating screen to
encourage particles under a predetermined size to’pass therethrough. Preferably, a classification
column separates tohewptinglir fuotheindgpattiebe inveniion includes an apparatus for exiracting
foner from toner cartridges inclhuding: -
a shredder for breaking up toner cartridges info pieces and o thersby
release toner from within the cartridges;
10 a sifting barrier for sifting the cartridge pieces so that only particles under
a predetermined size pass through the barrier; |
agitation means to agitate the pieces and mobilise the toner; .
an exiractor for extracting air from around the sifting barrier to remove
airborme particles; and
15 a toner collector for recovering toner extracted by the extractor.
Preferably, the invention iIlGIU.dl.BS an ioniser for introducing ionised air info the
apparatus.
Preferably, the agitating means is a frommel which repeatedly lifts and drops the
Pieces. |
20 Preferably, the trommel includes an nner drum adapted fo rotate about its
longitudinal axis aud an outer cover, the inner drum having a piurality of apertures and
finctioning as a separation screen so that only particles under a predetermined size pass

through the screen and into the outer cover.



5 Brief Description of the Drawings A preferred embodiment of the invention will now be described, by
way of example only, with reference to the accompanying drawings in whicq: é%er}lﬂ%razg@@t view of
an apparatus for extracting toner from toner cartridges in to accordance with the invention; . Fig. 2 is
side view of the apparatus shown in Fig. 1; Fig. 3 is a top view of the apparatus shown in Fig. 1; Fig. 4
is an partial, enlarged front view of the apparatus shown in Fig. 1; and Fig. 5 is a side view of a
filtering system in accordance with the invention. 15 Preferred Embodiments of the Invention

Referring 0 the dra g QRUSIALPIIRIR LVRMIRNBAHSS AAIRI Al apagratus (o the

extracting toner from toner ges. the forgoing description refers to toner cartridges, it will

be appreciateq:é%%g]éﬂ%%gé% ﬁé%%&%@eﬁﬁ%tm%&tg%ﬁfmg@%ﬁé%@ﬁ@&'@mme apparatus

includes a shre toner cartridges into pieces, thereby releasing any toner from

within the othepwise substantally sealed SaHdossid DERBRERIRGE S AN itthaRiERgHONET

powder are then fed through a separation stage generally shown as 2 in the figures. The separation

stage includes a MeShARGH| 25,58RAAIRNDANMA LAMIME SRRYIkAsBAGRSERARIOr employs a

sifting screen, 4 December 2006 _5 numbered 5 and 6 respectively, which allow smaller particles to
fall thoughsthe screen while holding back the larger pieces. Both separators agitate the pieces to
mobilise the smaller particles. The mechanical separator provides a high frequency vibration to

mobilise the toggerBRE ARSI IAR Behprgdes a lower frequency tumbling and 5 rubbing action to
liberate the toner from the cartridge pieces.
A preferred emsbodiment of the invention will now be described, by way of
example only, Wjiﬂl reference to the accompanying drawings in Wbich;
Fig. 1 is a front view of an apparatus for extracting toner from toner cartridges in
10 accordance with the invention;
Fig. 2 is side view of the apparatns shown in Fig. 1;
Fig. 3 is a top view of the apparatus shown in Fig. 1;
Fig. 4 is an partial, enlarged front view of the apparatus shown in Fig. 1; and
Fig. 5 is a side view of a filtering system in accordance with the invention.
15

Prefefred Embodimenis of the Invention

Referring to the drawings, in general terms the invention provides a method and
apparatus for the extracting toner fom toner cariridges. While the forgoing description
rel;ers to toner cartridges, it will be appreciated that this term is intendéd fo also include

20 refill botiles and vessels.

The apparatus includes a shredder 1 for breaking the toner cartridges info pieces,
thereby releasing any toner from within the otherwise substantially sealed cartridges.
The toner pieces along with any free toner powder are then fed through a separation
stage generally shown as 2 in the figures. The separation stage includes a mechanical

25  sepasator 3 and a trommel separator 4. Each separator employs a sifting screen,



A vacuum extraction system 7 is used to withdraw air from around the cartridge pieces: This not only
has the effect of encouraging the small particles through the screen, but alsgﬁé%%%raj%%me toner
dust and limits the amount of dust that exits the system to the surrounding air. The apparatus further
includes an air ioniser (not shown) io for feeding ionised air into the apparatus to reduce any static
electronic charge build up. The ionised air has the gombined effect of reducing the likelihood of
sparking and possible subsequent ignition of any airborne toner powder during the shredding stage

and moreover, {edcing AR SEHICERAY A RIEASIANRRNE B R O RS Hidasapleces further

aiding intoner liberation. 15 To describe the process in greater detail, toner cartridges are collected

and transporteghin.thedHasar 1eoveingiReloredhagariitdesie Boprsseth hevkahbe

examined to determine statistical ia,.fonnation on the origin, number and types of cartridges as well as

a checking to epsilg HhaldasrwidaamisSuiabledorprnessiigh Fhpaxyaibation maybe
conducted by a manual check of each cartridge or by automatic 20 means. Automatic examination

means may ingh#ieiseliRe RRdE ahe-harcorerreslisnwisiawaledeqnuindatandlingad reader or

knowledge/image database recognition: Referring to Figure 1, the cartridges are then placed in a

hopper 8 whickisifls & anicibirbelid.idie Sonvbyocsmmdgbeisulistantially enclosed to prevent toner
escaping to the air-outside the apparatus. The conveyor 9 transports the whole cartridges to the 4

December 2006 -6 Ahtedder skindoitin ncheteBiasiaiaddethdoppeiriosit aatesidhovaititzshredder 1.
The shredder hopper and shredder, like the conveyor 9 may also be enclosed. Referring now to

Figure 4, the shieedsleTRiswdoypalvbias peraffetoflensduragitie emmdbhintcrofisctighdto grind the
cartridges into pieces ranging in size from very 5 small chips to pieces not exceeding 25 millimetres in
width. The rollessztip énsitalst extatisivabpinniape dusbint bunts 18 gneuicridesidhadiamiideahe risk of

sparking. The shredding process releases much of the toner from the cartridges however, some toner
system 1o the surrounding air. The apparatus furfher inclndes an air iomiser (uot shown)

10 ior feeding ionised air into the apparatus to reduce any static electronic charge build up.
The ionised air has the combined effect of reducing the likelihood of sparking and
possible subsequent ignition of any airborne toner powder during the shredding stage
and moreover, reducing any electiic charge attraction between the toner and carfridge
pieces further aiding in toner liberation.

15 To describe the process in greater detail, foner cartridges are collected and
transpérted to the plant for recycling. Before the cariridges are processed, they may be .
examined to determine statistical information on the origin, number and types of
cariridges as well as a checking to ensure that each cartridge is suitable for processing,
The examination maybe conducted by a manual check of each cariridge or by automatic

20 means. Antomatic examination means may include a bar code and bar-code reader

| system, electronic data chip and reader or knowledge/image database recognition.
Referring to Figure 1, the cartzidges' are then placed in a hopper 8 which feeds a
conveyor belt 9. The conveyor may be substantially enclosed to prevent toner escaping

to the air outside the apparatus. The conveyor 9 transports the whole cartridges to the



will adhere to the larger pieces of cartridge due to static charge or mechanical binding. The toner and
pieces of cartridge then drop through the shredder chute 12 and 10 into them&&@gﬁﬁggarmor 3.
The mechanical separator includes a vibrating screen 5 surrounded by a caseing 13 at the top that
wraps around the lateral sides of the screen to the bottom. A tray 14 is disposed within the casing,
underneath the screen. The screen is powered by_gn electric motor 15, which cycles the screen at
around 50Hz. The entire separator 3 is not in direct contact with the rest of the apparatus and is

located on spriggsser 16/Q4aQiRiR IS TGMERE oI IO SHARAR SHRFRARS Bregd e twgen the shredder

and the separator without passing on vibration. The screen 5 is sloped downwardly at an angle

between 5 and:gQaythpspierallvytoddhi$iBiane cRMnerME pirh Bisliged.encourages the cartridge

pieces to move gradually over the screen 5 and through the separator 3 toward the separator 20. exit

17. If the angle too smathhe Rigses Mihremain tiaaepasRiay tioh Innglendisiaw ithétarocess

unnecessarily, if the angle is too steep they will pass through too quickly and are not subjected to

sufficient vibragiggmbRadighdiaudiasty Mbmilerdanife atteslots napiishgihefonarcppwder,

detaching it from the larger-plastic pieces. This allows the small particles including toner powder and
other small imputitieBiskichscehing efqiadiig 25miltichited tuwtdths Teeidilie domtate tirough the
screen 5 and into the tray 14 at the 4 December 2006 _7_ bottom of the separator 3. The tray is
sloped at an anfiésinilewtpthé st seamddchiah-ciderpartitiéniss chehmhnodbpaidogynihe tray and into
the duct 18. As shown in Figure 3, the duct 18 is in tum, connected by ducting 19 to the vacuum
extraction systémeddingycivest nelemaes aindhorf teddray febotheadudgesivr g ves, kymisddnsir is also
introduced into the casing to pass over the pieces and through the screen. The passage of air
transports the silaiipactiolds largemyhiates dficaitddge dusdarsteticbatnrar cetrbaed binAtagidition, a low
static pressure is formed within the casing 3 by the vacating air. This low pressure creates a
continuous av.-flow Bbs tﬁ@eg@p@mmﬁ#@ﬁ&lﬁidg& then drop through the shredder chuie 12 and

10 into the mechanical separator 3. The mechanical separator includes a vibrating screen §
surrounded by 2 caseing 13 at the top that wraps arouud the lateral sides of the screen to
the bottom. A tray 14 is disposed within the casing, nnderneath the screen. The screen
is powered by an. eIecf:ri(; motor 15, which cycles the screen at around 50Hz. The entire
separator 3 is not in direct contact with the rest of the apparatus and is located on springs

15 1610 isolate its movement. Rubber flanges provide a seal between the shredder and the
separatér without passing on vibra;:ion,

The screen 5 is sloped downwardly af an angle betwsen 5° and 20°, but
preferably 10°, This slope combined with the vibration, encourages the cariridge pieces
* {0 move gradnally over the screen 5 and through the separator 3 toward the separator
20. exit 17. Ifthe angle too small, the pieces will remain in the separator too long and slow
the process unnecessarily, if the angle is too steep they will pass through too quickly and
are not subjected to sufficient vibration. The high frequency vibration has the effect of
mobilising the toner powder, detaching it from the larger plastic pieces. This allows the
- small parti.oles including toner powder and other small impurities such as chips of plastic

25  produced during shredding to drop through the screen 5 and into the tray 14 at the



outside which reduces the amount of powder and dust escaping from the separator and 10 into the
surrounding air. The small particles are carried by the airflow through the SGf gn{'gépibgétray 14 and
duct 18. Before reaching the toner collector 20 the withdrawn air, toner and small impurities are
passed into a classification column 21 shown in Figure S. The classification column 21 separates the
very small and light powder particles from the 15 refatively larger, small toner chips and impurities. The
ducting 19 from the separator 3 is connected to the bottom of a vertical column or chimney 22. The

chimney.bas a,hi3,23rhdeAoHoM, HelowaifR dupingtieindde Asshownisasmantiasmal

particles are drawn into the chimney along with the airflow. The airflow being regulated to have

sufficient velogity jagiRw dhemmalliaoion sledrs) 4 e ehdmney1 82, and into the 20 toner collector
20, whilst not being strong enough to lift the comparatively heavier chips. The required airflow rate is

dependent on a rangg:Qf[ReiArSHRsHedNRIGRET TRASHANG, ShiRectbp tpdastand Sikethand air humidity,
density and temperature. The chips fall down the chimney 22 and are collected in the bin 23 at the

bottom of the ¢himneyxththin waymmsybibiheitnhuities fam Hecaftgctivefjifiteredatoy®. the toner
before it enters the toner 25 callector 20. 4 December 2006 _8 The toner collector 20 maybe a

standard gr mpdified ki shdratidntediettdie vaiingie msheventat pasves padtiblesgrdvemoved from
the air and .collected in storage bin 25. Further processing of these particles to purify the toner dust
maybe necessameat Thinpassatggs, £ Anyspiecdbe whidhpadicies fhtousbthgdusengci8end an@passed from
the mechanical separator exit 17 into the trommel 4. The floor of the trommel is set below the level of

the floor of theheibratinm Berte A6 olthaddition e tes sieputerjecdiofrguaiiratiinlenrasiis et drop down

into the trommel,. As is known in the art, the tronunel includes an axially rotating, perforated inner
drum 26 and @sm@mx@ﬁ'g.om}@mgemqwﬁwﬁ@mnﬁmous ajrflow into the separator from

outside which reduces the amount of powder and dust escaping fiom the separator and-
10 intothe surrounding air. The small particles are carried by the airflow through the
screen 5, into the tray 14 and duct 18,

Before reaching the toner collector 20 the withdrawn air, toner and small
impurities are passed into a classification coluﬁ:m 21 shown in Figure 5. The
classification column 21 separates the very small and light powder particles from the

15  relatively larger, small toner chips and impurities. The ducting 19 ﬁ;)m the separator 3
is connected to the bottom of a vertical columm or chimney 22. The chinmey has a bin
23 at the bottom, below the ducting join 24. As shown by arrow a, the small particles
are drawn into the chimney along with the aitflow. The airflow being regulated to have
sué’icient v;elocity to draw the small light toner dust up the chimney 22, and into the

20 tomer collector 20, whilst not being sirong enough to lift the comparatively heavier chips.

| The required airflow rate is dependent on a range of factors including foner mass and
size, cﬁp mass and size, and air humidity, density and temperature. The chips fali down
the chimney 22 and are collected in the bin 23 at the _bo‘ctom of the chimney. In this way

most of the impurities can be effestively filtered from the toner before it enters the toner

25  collector 20.



10 drum is orientated so that its bottom side is sloped slightly downwardly, approximately 10 degrees

off horizontal. This slope and the rotation advance the cartridges pieces thrggg&%ﬁﬁj grdg%(}% toward
the trommel exit 28. The drum rotates so that the pieces are raised up the side of the drum 26 before
falling back to the bottom. This tumbling action maybe enhanced by small protrusions and longitudinal
ribs on the inside surface of the 15 drum which catch and raise the pieces. The agitation motion of the
trommel, along with the initial drop into the trommel, acts to mobilise any small particles. The inner

drum 26 also acts as eApaLRleNsRIeaMheHIer [prations Alew SIAller Rasidesdomeass through

drum 26 wall and into the space between it and the outer cover 27. At the bottom of the cover, an air

duct 29 is conngtehiRethie eMEAGHRG PYHERY &rBY-ARb b Abiavithdrmectbeinattiplgsiong with

air from within the cover. As before, the airflow has the effect of encouraging small particles to pass

from the inner gsummZéniaotiResEover syelladderuning the ikeliitetkibnbanbergaparticles will

escape from the tronunel. 4 December 2006 -9 It will be appreciated that the trommel may be
replaced by analesagtive means for agitating the cartridge pieces. However, alternative device
should provide a similar tumbling and rubbing action.. In addition ionised air may also be injected into

the trommgl. 5 The sl prtids|asick lecieriDirihghitoenet: arcpaasddibintthéhecelasisdication
column and filtered in the toner collector 20 and stored. The Temaining larger cartridge pieces, now
substantially exelachteg éniter7duit ihadosimel patfile doexif the tremmebivseritdewsbedaeboanveyor 31.
At the end of the conveyor 31 a magnetic head pulley 32 and twin chute assembly 33 substantially to
separates the fherfiosr mitiz eibmiiop eorrstfremiltichsthisceomipariadgs ditodonit; 31y @osd8 respectively.
. The conveyor 9, shredder 1, casing of the mechanical separator and cover of the

niust drop down into the trommel. As is known in the art, the trommel includes an

axially rotating, perforated inner drum 26 and a surrounding outer cover 27. The inner
10 drum is orientated so that ifs bottom side is sloped slightly downwardly, approximately

10 degrees off horizontal. This slope and the rotation advance the cartridges pieces

through the drum 26 toward the tromumel exit 28. The drum rotates so that the pieces are

raised up the side of the drum 26 before falling back to the bottom. This tumbling action

may be enhanced by small protrusions and longitudinal ribs on. the inside surface of the
15 dram which catch and raise the pieces. The agitation motion of the trommel, along with

the initial drop into the trommel, acts to mobilise any small particles.

The inner drum 26 also acls as a separation screen; the perforations allow smaller

particles to pass through drim 26 wall and into the space between it and the outer cover

27. At the bottom of the cover, an air duct 29 is connected te the extraction sysiem 7 by
20  ducting 30 to withdraw the particles along with air from. within the cover. As before, the

airflow has the effect of encouraging small particles to pass from the inner drum 26 into

the cover as well as reducirig the likelihood that airborne particles will escape from the

frommel.



trommel may all be individually and together, substantially seated, such that the process from start to

exit of the trommel is isolated from the surrounding air. In this way, 15 alrflow ﬁégeﬁﬁ)%%d%f the
system can be regulated. Additional air ducts can be added to extract air from the system or its
surroundings at any point where particle concentration maybe high. For instance, air maybe drawn
from the conveyor 9 and/or shredder hopper 10 throgigh ducting 36 and 37 respectively. In this way,
the air surrounding the invention remains substantially free of 20 particles, or at least in concentrations

which are not hazardoys:ig woslsaeard 821N (RIRsRNhRYISK ApRxelDEPmh Hatefvativens
embodiments, or compressed air is injected into the separators or shredder chute. The compressed

air is directed tglamtiiagaweatiigapibaiagewdaiaceatides doviersBOAR pldiisvltaiappreciated
that the invention provides a largely automated method and apparatus for extracting toner powder

from toner cartrigigeBng hednvsittigncdaables the materials of cartridges to be recycled quickly, in a
cost effective manner. Moreover, particulate concentration in the surrounding air is significantly

reduced, eliminating the &dfititeritaishdzaraayoflch bt infiat dndihwiookersshnd the risk of explosion. In
all these respects, the invention represents practical and commercially significant improvement over

the prior ari. AlthoughTthe smefintidivleasdieesdiffsarithe drovitinebiereeesai specilic examples it will be
appreciated by those skilled in the art that the invention may be embodied in to many other forms. 4
December 200ﬁwmﬁ@hﬂmwgumm@ﬁﬁmﬁoﬁém@umgﬂﬂmm@mdﬁtmedanndges said method

including the
The remaining larger carfridge pieces, now substantially excluding toner dust augl

small particles exit the trommel 4 onto a second conveyor 31. At the end of the
conveyor 31 a magnetic head pulley 32 and twin chuie assembly 33 substantially
10 separates the ferrous metal components from the other components into bins, 34 and 35
respectively.
The conveyor 9, shredder 1, casing of the mechanical separator and cover of the
trommel may all be individually and together, substantially sealed, such that the process
-from start fo exit of the trommel is isolated from the surrounding air. In this way,
15 a%rﬂow into and out of the system can be regulated.
" Additional air ducts can be added to exiract aif from the system or its
sturoundings at any point where particle concentration may be high. For instance, air
may be drawn from the conveyor 9 and/or shredder hoppeér 10 through ducting 36 and 37
respectively. In this way, the air surrounding the invention remains substantially free of
20  particles, or at least in concenirations which. are not hazardous to workers and do not
present a risk of éxplosion.
In alternative embod-iments, or compressed air is injected into the separators or
shredder chute. The cornpressed air is directed to blow the powder from the larger

pieces.



steps of: breaking up toner cartridges by a shredder into pieces to release toner from within the
cartridges; extracting air from a hopper of the shredder to collect toner partic‘i%erc Iﬁﬁpgofégm the
broken up cartridges; passing the cartridge pieces over a sifting barrier so that only particles under a
predetermined size pass through the barrier; agitating the pieces to mobilize the toner; extracting air
from adjacent the agitated pieces to remove airbotngyparticles; and removing toner from the air
extracted from adjacent the pieces. 2. A method according to claim 1including the further step of
recovering the toner MkFEBERGcSadIIRINERE ARCEHR Bt Bl A - 8416 Bifntaibe dingdheifurther
step of introducing ionized air adjacent the pieces. 4. A method according to any one of the preceding
claims wherebysgghtatisdothex tiatestinveasdemratedhetiting dnd. drap piRgnie: Riegss heA method
according to any one of the preceding claims whereby a trommel is used to agitate the pieces. 6. A
method accordingéatinifeatvidiesciybthedrolaiplbi Besas: sitetidemnasameddevegiate about its
longitudinal axis and an outer cover, the inner drum having a plurality of apertures and functioning as
a separation sgretindeidhahanlystiartitleseundenalipsedelesipiiicsine phesdyhugintig gereen and
into the outer cover. 7. A method according to claim 6 whereby air is extracted from within the outer
cover toerfcouradmipa hiciesumtibrstipiekititer byivedisizatd fimsisthwdagidbioradertilrideda the inner
drum. 8. The method according to any one of the preceding claims whereby the sifting barrier is a
vibrating screeresgeBlischmibee @ epresents practical and commercially significant improvement -

over the prior art.
Although the invention has been described with reference to specific examples it
will be appreciated by those skilled in the art that the invention may be embodied in

10 many other forms.



-12 9. A method according to claim 8 whereby the vibrating screen is substantially enclosed by a casing
and air is extracted from the casing through the vibrating screen to encouragetpaticidsnitfiér a
predetermined size to pass therethrough. 10. A method according to claim 8 or claim 9 whereby the
vibrating screen slopes downwardly on an angle from'the horizontal of between 5 and 20, to encourage
the pieces to mgye pygy the screen. 11. A method according to any one of the preceding claims whereby
the cartridges are broken up by a shredder operating at approximately 26 rpm. 12. A method according
to claim 11 whereby the shredder employs twin rollers to break up the cartridges. 13. A method

according to any one of the preceding clains including e futher ten of fitefing al eytracied from
adjacent the pieces to remove particles under a” predetermined size; I4."A metnod according to claim 13

whereby the air extractegfidm adjacent the pieces is passed though a classification column to separate

toner powder from impyiligg, doiReMeHizhacs? @éﬂ%&ﬁe@%@ﬁ&%@ e RECSIING £lRIMSNGluding the

further step of collecting the cartridge pieces for recycling. 16. A method according to claim 15 including
the further step BrSHIiftEEHe cartridge pieces into ferrous metals and non-metals/plastics. 17. A method

according to any one Qkekaing 1it0rd, ApmRinthecsifiagihay @is: viatadia fushiaguency and the
agitation meansrtcl)§era}(tes at a second, lower frequency. 18. A method according to any one of claims 1 to
|

17 further compHSiRg: SEbIFEUiEtions caused by the shredder from other structural components; and
isolating movement of theispréddertridefpreethodcaccofdnggbioransotigodolpimstitits idavherein the

shredder is isoI%%qetfg%gm%ec&gmggﬁgﬁst@lgglqigpparatus and further including one or more isolation
agitating the pieces to mobilize the toner;
extracting air from adjacent the agitated pieces to remove airborne particles; and
removing toner from the air extracted from adjacent the pieces.
2. A method according to claim 1 including the further step of recovering the toner

for recycling.

3. A method according to claim 1 or claim 2 including the further step of introducing

ionized air adjacent the pieces.

4. A method according to any one of the preceding claims whereby agitating the

pieces involves repeatedly lifting and dropping the pieces.

5. A method according to any one of the preceding claims whereby a trommel is used

to agitate the pieces.

6. A method according to claim 5 whereby the trommel includes an inner drum
adapted to rotate about its longitudinal axis and an outer cover, the inner drum having a
plurality of apertures and functioning as a separation screen so that only particles under a

predetermined size pass through the screen and into the outer cover.

7. A method according to claim 6 whereby air is extracted from within the outer
cover to encourage particles under a predetermined size to pass through the apertures in

the inner drum.

8. The method according to any one of the preceding claims whereby the sifting

barrier is a vibrating screen.



mechanisms coupled to the shredder and configured to isolate movement of the shredder. 4 December
2006 -13 20. A method according to any one of claims 1 to 19 further comprisiigepeavrenifgpair from
passing between edges of the sifting barrier and the shredder and substantially preventing vibrations
from passing from the shredder to the sifting barrier. 22 -A method according to any one of claims 1 to 20

further comprisigg feeding,back information iMentityingthe joner Sarridges being RipkeRim, 22. A

method according to claim 21 wherein feeding back information includes reading a barcode disposed on
the toner cartrid&&12%3d AhietAtBeatitbrtingorarloienthasmniag tEorgh Wiser b s SHE1HE cartridge
pieces over a siffiRgueaisipsrintbddageyibptingetiensidting kapuerpéathirsidrequency and agitating the
pieces is performed at a second, lower frequency. 24. An apparatus for extracting toner from toner
cartridges includifg: a Ahretider inchutingta shreddier kippe?, tershyetidenortibge skireg slopener

cartridges into p&%ﬁ%@fh%%&%f%ﬁglé SRS LPNG SEAM WD C Lif0sE: ableashRng lfeduct

extending from the shredder hopper to extract airborne particles from within the shredder hopper; a
sifting barrier foP KR tHEVEREHES 15iEE8s so that only particles under a predetermined size pass
through the barrier; agitation means o agitate the pieces and. mobilise tZe toner; an extractor for
extracting ar 1olY aroCnE WIS OGS FLF T B b AT EEHEE SRR A LEGET QBRGAr for
removing toner okethe dy exitraddedopyritiegatrpptokiBEickiz@pparatus according to claim 24 including
an ioniser for introducing ionised air into the apparatus. 26. An apparatus according to claim 24 or claim

25, wherein the bitatidgstiedsaqegsdiae dyclgta  aid dheisiiribeptatedger employs twin rollers to

break up the cartridges.

13. A method according to any one of the preceding claims including the further step
of filtering air extracted from adjacent the pieces to remove particles under a

predetermined size.

14. A method according to claim 13 whereby the air extracted from adjacent the

pieces is passed though a classification column to separate toner powder from impurities.

15. A method according to any one of the preceding claims including the further step

of collecting the cartridge pieces for recycling.

16. A method according to claim 15 including the further step of sorting the cartridge

pieces into ferrous metals and non-metals/plastics.

17. A method according to any one of claims 1 to 16, wherein the sifting barrier is
vibrated at a first frequency and the agitation means operates at a second, lower

frequency.

18. A method according to any one of claims 1 to 17 further comprising:
isolating vibrations caused by the shredder from other structural components; and

isolating movement of the shredder.

19. A method according to any one of claims 1 to 18, wherein the shredder is isolated
from other components of the apparatus and further including one or more isolation

mechanisms coupled to the shredder and configured to isolate movement of the shredder.



27. An apparatus according to any one of claims 24 to 26, wherein the agitating means is a trommel. 28.
An apparatus according to claim 27, wherein the trommel includes an inner drdrReechalptelft$ rotate about
its longitudinal axis and an outer cover, the inner drum having a plurality of apertures and functioning as

a separation screen so that only particles under a preldetermined size pass through the screen into the

outer cover. 4 Dggember, 2006 ;14.3%.AD ARRAALSIAGEOIANBIR, AIRIM A8, e B g fdfRCtor extracts

air from within the outer cover to encourage particles under a predetermined size to pass through the
apertures in the fiHEPERtiRg. B VAT afsisarath Sisce bl praishyuhesbrside 2dosvetaptaliKin the sifting

barrier is a vibrating:stieenrdibnéd i@ pasatiisiassarding:tualanmsSainaergithe vibrating screen is
substantially enclosed by a casing and the extractor extracts air from the casing through the vibrating

screen to encoutage partickbsimderdngredete mmingdisine totpa8tbeethmopghin@Zcdm@appdratus
according to clajg} 39833440 ﬁ@tﬂ%@oﬂ@@ﬂﬂ%ﬁ%‘%@fﬁ l9BES, 1g&gwnwardly on an angle from the

horizontal of between 5 and 20, to encourage the pieces to move over the screen. 33. An apparatus

according to anypne of Glaitasd24cterdMoetimihe shrader remployadwinfaliensoto healedp the
cartridges. 34. An%aglparlgtus %c ording to ﬁ%y one of cfj?ims 24 to 33 including a classification column to
separate toner PoWHEr FrERTGRTSURMREEY 98 UKHORShEAEI$4ccording to any one of claims 24 to 34

including means,for callgeing,the GaEHIdGe, RIEGES SPLEGHYCIING 236 AL ARRALH tﬁgggfﬁilﬁgeto claim 35

including a magnetic separator for sorting the” cartridge pieces into ferrous metals an
non-metals/plastiEseByYeart albieghusicesteiay thaHyome sfiinginms ey 1 a8rsvienmeheshredder

agitating the pieces is performed at a second, lower frequency.

24.  An apparatus for extracting toner from toner cartridges including:

a shredder including a shredder hopper, the shredder for breaking up toner
cartridges into pieces and to thereby release toner from within the cartridges;

at least one air duct extending from the shredder hopper to extract airborne
particles from within the shredder hopper;

a sifting barrier for sifting the cartridge pieces so that only particles under a
predetermined size pass through the barrier;

agitation means to agitate the pieces and mobilise the toner;

an extractor for extracting air from around the sifting barrier to remove airborne
particles; and

a toner collector for removing toner from the air extracted by the extractor.

25.  An apparatus according to claim 24 including an ioniser for introducing ionised air

into the apparatus.

26.  An apparatus according to claim 24 or claim 25, wherein the agitating means

repeatedly lifts and drops the pieces.

27.  An apparatus according to any one of claims 24 to 26, wherein the agitating means

is a trommel.

28.  An apparatus according to claim 27, wherein the trommel includes an inner drum
adapted to rotate about its longitudinal axis and an outer cover, the inner drum having a
plurality of apertures and functioning as a separation screen so that only particles under a

predetermined size pass through the screen into the outer cover.



operates at approximately 26 rpm. 38. An apparatus according to any one of claims 24 to 37 further
comprising a seal disposed between the shredder and sifting barrier, the seal4&ostaréal(sreventing
vibrations from passing from the shredder to the sifting barrier. 39. An apparatus according to any one of
claims 24 to 38 further comprising means for identifyifig-the toner cartridges being broken up. 40. An

apparatus accorgjng to\gny o AfClais 24 Qa9 WhEIRIINE AURIRR BIRANS Hif AHURHRAVING

longitudinal ribs positioned on an inside surface of the drum. 41. An apparatus according to any one of
claims 24 to 40, Wheéih IRECHFrANFRITEE LA prstet siahedsEmiBRe 4 1ah RnPrisid Wtsitadé of the drum.
4 December 20Qfertdedid. tAdiapparathls according to any one of claims 24 to 41 further comprising a
casing extending over, around the lateral sides, and to the bottom of the sifting barrier. 43. A method of
extracting toner 3fom témerpparttidgesosiag metlyouhéndloding 24go e pshefeibriakifitnppdoreicartridges
into pieces to rege‘qudﬂggg&fga{n within the cartridges; extracting air from adjacent the broken up pieces
to remove airborne patrticles; introducing ionized air adjacent the pieces; passing the cartridge pieces

over a sifting bagnier sa\thagrhyupatislampnsean Bedeterninged wirahass ibroughthadarrier; agitating
the pieces to mobiljze the toner; extr ctlilrg air from adjacent the atgitated rgg)ce%o emgve airborne
| %A

particles; and rERTSUTG TOAEP BRI Xir A XAARied 1S 4658 The'd RMEHSESccording to
claim 43, where#arbee akimgaupateericdet idgesaprgkrtommmed Hyedaptasidgneiemmigdr. operating at
approximately 26 rom. 45. An apparatus for extracting toner from toner cartridges including: a shredder
including a shred@er hOPpIDARE IS HESAEBREIP HeHRIAY Ap Idnaherein the vibrating screen slopes

downwardly on an angle from the horizontal of between 5° and 20°, to encourage the

pieces to move over the screen.

33. An apparatus according to any one of claims 24 to 32, wherein the shredder

employs twin rollers to break up the cartridges.

34.  An apparatus according to any one of claims 24 to 33 including a classification

column to separate toner powder from impurities.

35.  An apparatus according to any one of claims 24 to 34 including means for

collecting the cartridge pieces for recycling.

36.  An apparatus according to claim 35 including a magnetic separator for sorting the

cartridge pieces into ferrous metals and non-metals/plastics.

37. An apparatus according to any one of claims 24 to 36, wherein the shredder

operates at approximately 26 rpm.

38.  An apparatus according to any one of claims 24 to 37 further comprising a seal
disposed between the shredder and sifting barrier, the seal substantially preventing

vibrations from passing from the shredder to the sifting barrier.

39.  An apparatus according to any one of claims 24 to 38 further comprising means

for identifying the toner cartridges being broken up.

40. An apparatus according to any one of claims 24 to 39, wherein the agitation means

is a drum having longitudinal ribs positioned on an inside surface of the drum.

41.  An apparatus according to any one of claims 24 to 40, wherein the drum includes

small protrusions positioned on an inside surface of the drum.



cartridges into pieces and to thereby release toner from within the cartridges; at least one air duct
extending from the shredder hopper to extract airborne particles from the shrelddesehidispebOan ionizer for
introducing ionized air into the apparatus; a sifting barrier for sifting the cartridge pieces so that only
particles under a predetermined size pass through th&barrier; agitation means to agitate the pieces and

mobilize the tong; an RACIOLIR'EAIANING Bl M AN Be TN AR ISMAVB aithorme

particles; and a toner collector for removing tonér from the air extractedsg%ithe extractor. 46. An apparatus
according to claff s iRgIRerE e SHiciEr sislsrated 4 ReRabxm Ay 2B B R4S An apparatus

substantially as herein descijlib((fd ith reference tq.the accomepan(%/insg dr(?win S.48. A metq10d
. . . A met B extracting toner, trgm toner cdrtridees. said method including the
substantially as herein described with réference to the accompan)%ng rawings.
steps of:
breaking up toner cartridges into pieces to release toner from within the cartridges;
extracting air from adjacent the broken up pieces to remove airborne particles;
introducing ionized air adjacent the pieces;
passing the cartridge pieces over a sifting barrier so that only particles under a
predetermined size pass through the barrier;
agitating the pieces to mobilize the toner;
extracting air from adjacent the agitated pieces to remove airborne particles; and

removing toner from the air extracted from adjacent the pieces.

44. A method according to claim 43, wherein breaking up toner cartridges is

performed by a rotating member operating at approximately 26 rpm.

45.  An apparatus for extracting toner from toner cartridges including:

a shredder including a shredder hopper, the shredder for breaking up toner
cartridges into pieces and to thereby release toner from within the cartridges;

at least one air duct extending from the shredder hopper to extract airborne
particles from the shredder hopper;

an ionizer for introducing ionized air into the apparatus;

a sifting barrier for sifting the cartridge pieces so that only particles under a
predetermined size pass through the barrier;

agitation means to agitate the pieces and mobilize the toner;

an extractor for extracting air from around the sifting barrier to remove airborne
particles; and

a toner collector for removing toner from the air extracted by the extractor.
46. An apparatus according to claim 45, wherein the shredder operates at

approximately 26 rpm.

47.  An apparatus substantially as herein described with reference to the accompanying

drawings.

48. A method substantially as herein described with reference to the accompanying

drawings.





