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1 AMETHOD OF RECYCLING MIXED STREAMS OF EWASTE (WEEE)
FIELD OF INVENTION The present invention relates to the field of
recycling materials, such as plastics materials. 5 In one form, the present
invention relates to the recycling of waste electrical and electronic
equipment (WEEE). Preferably, the présent invention relates to the
substantial recycling of all material forming_the WEEE, thus providin
BASIE oo

sutbstfiE e AR Sl MK e EReMR Sofr

FIEvenben kelEpstofpe recycling of plastic materials 10 containing flame
retardants. In yet another form, the invention relates to an additive and/or
i SR I RrfRe A Rl

methbdoP By SRIQT ARG K diRkh RInRe YR SRRt AR atauch as

plaetiesyahngrisls, toner, and/or PU foam from imaging consumables,
forming f the WEEE. 15 It wjll be convenjent to hereinafter describ

art
the i1VeAEn 1ATTRIates: (BTG LADURIIGR WIS IF alRF YRG0t Waste
el@striganemio WisEfrniochilighibas g VWiEEES. maierietalsigntaisingdiune invention

etardants, however it should be appreciated that the present invention |
e RriRedl 5 (PIEB Py SHEIRE ORI ES5 THETIRE dMFaMEEE, thus
prevididgrishstaatially etactipadfing sdestrasnic (Fkdmrailaatic components is
essertial to ensuﬁéfr safﬁt%and compli‘%nce with E%Ievant safe

t . .
requlQiBASISH IRIINadREBMBOAT SRS td H%%E"Q&u?érﬁ@ﬁ“c materials
coenaiidmghitange natadifame retardants. Brominated Flame Retardants are
typically preferred because it requires the Jowest quantity of flame
oo YL RBAS TG e 40 P SRIIS HA EyEhit) MR SEOHRG RGod of
providirnigadechfiaitiee retardants is technically challenging however. The
present ir@/ento s have reglised that Brominated FlameJ Retard

Contaih S0, GBI O Bhc s SR e A IS Dl andior PU
foafipfratic iamabiogctoadphatites herenang puer dliiE MEEEBFR types in
o T TR R LS55 i to e
recygcliralybf onastdeel &ipivztyhethetsdfrBiEsyuipment (WEEE), including those
plastic materials containing flame retardants, however it should be appreciated
that the present invention is not limited to that use only.
BACKGROUND ART

The use of flame retardants in certain electrical and electronic (E&E)
plastic components is essential to ensure safety and compliance with relevant
safety regulations. On average 30-50% of plastics used in E&E equipment
contain halogenated flame retardants. Brominated Flame Retardants are
typically preferred because it requires the lowest quantity of flame retardant for
the highest fire safety. The recycling of plastics containing brominated flame
retardants is technically challenging however.

The present inventors have realised that Brominated Flame Retardants
contain 50-95 %-wt of bromine, and can be separated into aromatic, aliphatic and
cyclo-aliphatic. There are over 40 different BFR types in commercial use but only
a handful of those are widely used. The aromatic Brominated Flame Retardants
can be divided into three types, i.e. polybrominated diphenyl ethers (PBDES),
tetrabromo bisphenol A (TBBPA) and its derivates, and polybrominated biphenyls
(PBBs). Of the cycloaliphatic Brominated Flame Retardants compounds,
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tetrabromo bisphenol A (TBBPA) and its derivates, and polybrominated

biphenyls (PBBs). Of the cycloaliphatic Brominated Flame Retardants

compounds, 2 hexabromocyclododecane (HBCD) is the most important.

Aliphatic Brominated Flame Retardants are not used in large amounts

since they are less stable than aromafic Brominated Flame Retardants;
h theé may be more effective at lower temperatures, however. 5 The

ARHVERERIRSEEGIBE i the st HBBR/ akd é’t‘b‘?ﬂﬁ%ﬁe@mm'”med

FIWR&QE@W@M@WQ@MQWWaﬁiﬁﬂm@r@m@@ﬂﬁé\ﬁ@@é%gﬁﬁaﬁle than
TBBPASs and thei vatlves inclyde TB PA bis-(2-h dro hﬁlether

af?’l’ﬁ‘éﬁ?"n%%}.”%ﬂ ?r'i@% AR %m&r& bR at lower
temgaaﬂaaf/hoam/és derivatlves main use are as addltlve Flame
Retardants for polybutylene 10 te , pol .
teron RSB TR BV EES oAb a8 ATl RS gl Brominated
Flagadisarktiaag dhe se@mpfd)unaorm@wwags)f |Br@mrabt©d\6lamaﬁardant$BBPA

TR R b S SBIE RoMGHAR (e e ERRMRTMe 5o Their
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'W[]BOf smaller offlcee ipment and in P@t#/{ eé%n écs There Ifas beeE |
JEh AROGHvERS e H%%r%&rrﬂﬁgaép RHanISlRhIRgeRYene
te@piibene W)amymhwea@emmmme:mﬂwaﬁ@mmmetm
Europe. Decabromodi Iether es to be |de used as
it e R oo e A
Brajhﬂrwmemamlm@amgmémwammmdmamemm tiRBDES such

R O LSRR D

or@coﬂgmmmitrmﬂmanobeaiﬁmmemsme uses Rle@BDIEsMmStslastitshousings
f @s thgfse from end-of-life rmters{ d comP ers, mine extrsctlon
0 a?m? Ve ReutdiPaeR & X%%\'?d%% I5%; echiaimiddR, DS
resemtldmw$h@brommamm@ammﬂaedaﬁﬁ[b&lslelmmh’@bmtmlpecﬁtdem and there
lns hereto befqre un (ilved The §re ent mven ors IEve also realised

1 H4ED SR TENOsBaRsRG JRU TSR RN o

recy@egabirptaetﬂqstmryi mherd@[bﬁmfamnnm Lbe twoblel WWidalg tseytiasga flame

ret artdhaen%J fbc"r 'S|g§t| eralﬁé}/t?éﬂréﬁy kﬂa ?r%%%%[[mc y\étyrene (HIPS). The present

inventors have realised that there is a perception that these brominated flame

much

retardants (BFR) form brominated dioxins and furans during reprocessing which
are considered dangerous from an occupational health and safety perspective.
For electronic plastic parts, such as those from end-of-life printers and computers,
bromine extraction and relative neutralization is required to provide an
economically viable solution to the brominated flame retardant problem. Yet this
problem remains hereto before unsolved.

The present inventors have also realised that attitudes and regulations
regarding environmental issues and recycling of plastics vary considerably around
the world. While recycling in the U.S. is generally voluntary and economically
driven, Europe and Asia generally have regulation governing plastics recycling.
There is also a trend in Europe and Asia towards increasing the responsibility of
the products producer for the end-of-life outcome of their products. Regulations

are expected to drive innovation and create markets for recycled material.
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30 driven, Europe and Asia generally have regulation governing plastics
recycling. There is also a trend in Europe and Asia towards increasing the
responsibility of the products producer for the end-of-life outcome of their
products. Regulations are expected to drive innovation and create
markets for recycled material. 3 The ifventors have realised that the
waste electrical and electronic equipment (WEEE) directive, recentl

set-ub' i EOYEPEIS pliaifg BRIFRE JhRsdR8y WAGEmrElFIEIFaLy Iy Blectronic

eqiRsFient IA/EERY Tdii@égiﬂ?@hmﬂiﬁlﬁ}mpr@@t?uﬁwd ﬂamgéet@ggagm?g hisemibed to
set new re UIrementS (0] t e tre tment of the WaSte ro UCtS_. ese .
safgly, ROk G TESHvR. eouaing oDiashiry BHdBRdREe SRatainingoRtaRinated

faaswelaasmparaniyaaimest séaerisjlinarisndablamb ensaiRe st evaste
contain up_to 70% plastics, which are lost in the mechanical and,therma ,
PrORERS, Wk S5 TETHEETIENS doflitey. HRshiSSUs 2RI MEche. Products

magalisEedhrithaswain facigrs atseecamhiom enckrifimphieselastivinicoiathes for
electrical appliances are metals, glass and plastics. The first two of the
RIS ORATR YR LRSS A B Ba T AR RSER B erma
protyeeVamersignifjoaetiy Higikec gllastiedcontent in future generations  of
appliapces will dramatically alter the recycling equation, thereby forcin
the SUSIPYS R TIPS BlRGHERISRA LTI SR dgrR-e] shigp Trom end-
of WE Bkcthiv\amnalectat dirgptiahasd teegishaiiss dikers and plagtics. The first
ushing towards more rigorous approach to recycling, Currently recycling . .
i SndHsSES R BEGFRICLN M St SR Ao T el B existing
tediresiedgchRiolaeias ace sippificdend mighsuiisibktifocoacynting hftpredymierations
that are mostly of other materia|s such as plgstics. Current technologies.
Of IR LR R OGS Voo I AAUB Sl FeteRap 5 ing the
septocesstdie Vghis eifvats ialdeossitapedviedoraysiste’aoyaingus/ BHE!
industries. The i%\éﬁr:f_ors havle fur i]er riﬁﬁsedg;hat there ar? four t%ﬁ.es otf d
plastics WHIEFGEMin B HhE p%R}?;ee#&S YA ol a8 WREER R yPVards
ma@&yldgitrdesbaisotieachstypemedydBsgy, hightimpaty paygtiimnetédiP8logies are
olycarbonate (PC) 25 an(§ n ABS/polycarbonate (ABS/PC b(ken . There
SR T GHEVEnE SO IR o BPLR Y R WIEERE o apales are
conginsmden¥ Skitabtee fonse sprtin@Bbftppesuct o tdhaharemtestigl®hatree betaterials
identifie .PIastic&ortin'qtatnd . . -
such as plastics. ~ Current technologies are also not directed at providing zero
landfill. Thus there is a need to process the WEEE materials considered to be
‘waste’ in various other industries.

The inventors have further realised that there are four types of plastics
which dominate the polymeric materials found in WEEE, namely acrylonitrile
butadiene styrene (ABS), high-impact polystyrene (HIPS), polycarbonate (PC)
and an ABS/polycarbonate (ABS/PC) blend. There are also many different
polymer types of materials in WEEE, for example, with some WEEE streams
some 35 types of polymer materials have been identified. Plastic sorting and
separation is required to maximize economic return. Plastic enrichment and
purification to a level to enable marketability is therefore required.

US Patent 6,335,376 describes an apparatus and method for enhancing
partitioning of different polymeric materials from a mixture by density differential
alteration. Float-sink baths are employed but the materials are foamed in order to

affect separation.
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separation is required to maximize economic return. Plastic enrichment
and purification to a level to enable marketability is therefore required. 30
US Patent 6,335,376 describes an apparatus and method for enhancing
partitioning of different polymeric materials from a mixture by density
differential alteration. Float-sink baths“re employed but the materials are
foamed in order to affect separation. 4 US Patents 6,080,473 and

6,00 P 805 B Gis QAR brocaBe 1 RN ARR 1Y eRtRGiRRPABS Process  for
marothsisringlestesidecyrlPg predueiSreoleduee wlitgyed ABS to produce a

exhibiting predetermined characteristics and extruding the recycled ABS
oA I I O DaTRE o OSBRI i o decycled
ABSStokgiepaiiian. ASDhrdotrioNpweresdes ihe SeRAAE S manttrBaayedy float-

%G%hgal;rcli{a ABS from mixed plastics is disclosed in U.S. Patent No.
S gEPBEH Nhethod for Separation of High Impact Polystyrene and

Acroilllsnnfltdlﬁin;utad&np@t;gwmﬂ%@@ﬁdﬂsma@wmll ﬁdﬁih&jl;i-purity ABS
acid/salt bath to separated ABS from HIPS. 10 There is still 8 ne [
G TR B R AR 9350a10) e PR Ghn e kL Meghgd for
Sefplméﬂibma&rial@blowqgme rlagypsrifenmanne oAdcHmiened Basitfiene Styrene
Plasti aration is also necessary to achieve consistent pr jes an
PIaland T RS se SPT AN HLSP R SR SByAted ABS oM HIPS.
multiThereonenstiintarenaericonsifiensidichaliaogilg tgpatyclialy metals) to be
reprocessing. 15 The plastjc sifream recovered by direct shredding of
salEr B eEaalAe Wn ARGr I RATg Hagiace the performance of
reetretrodtatiasiiyshoridsnnasetizshitiod $igniicantdegsknand sizhieoébotisistent
ferrous and non-ferrqus (principally aluminium) metals, It is therefqre .
PRS0 B GHRBLATS 1Eey OLNAEE ot AEE Gl G08 b T e, by their
mulifitserpgraymnaatype sar20 corsidesrioch liegiisp teabsyd|thalymeiemialsssing.
found in WEEE are an intimate mjxture gf plastic, metals, foam, rybber, .
THG PSR, SLRA L P A TR o oL S iges contains
wedpaghesditdoraighnaate otther eatanaiaticelyelmuadtsonerfallisg anid Hignificant
pr viouiﬁroups Thus, one grobl m_in the recyclin

levels an S of ferr ng non-ferrqus-(pri iOfIYv%FE isiho toetals. It
Rtk RO 8P AL SR RES TRE P55 BB HIBL ™

is nberéfoeukrowrfetwobs mikialdtatul wyeoweasttetiors WpEB&ideaseise of the
many different polymer types.

The inventors have also realised that materials found in WEEE are an
intimate mixture of plastic, metals, foam, rubber, toner, ink, ceramics/glass, and
intractables, such as additives, glue, epoxy, silicon and many other materials and
elements not falling into the previous groups. Thus, one problem in the recycling
of WEEE is how to deal with this complex mix of many elements. The recovery of
most non-ferrous and ferrous metals and some pure streams of plastics are
known. However, there still exists a difficulty in the recycling of relatively heavily
contaminated and mixed streams of elements, especially those that do not readily
form pure streams. To date, most of this heavily contaminated and mixed stream
of elements is sent to landfill or incineration, neither of which is desirable nor
sustainable. There is thus a need to provide for the recycling and/or reuse of
material forming WEEE, without landfill or incineration.

The inventors have additionally realised that there are also a number of

hazardous substances within WEEE which are contained within the plastic
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known. However, there still exists a difficulty in the recycling of relatively
heavily contaminated and mixed streams of elements, especially those
that do not readily form pure streams. To date, most of this heavily
contaminated and mixed stream of elements is sent to landfill or
incineration, neither of which is desirable nor 30 sustainable. There is thus
a need to provide for the recycling and/or reuse of material forming

COPRRIENRRO U FaWURIF br INAREHGHA. RIGMINARELIEMER EERYGiRBImIGR) which

magabised paaiéhescracy @lng. a Ponhenmdld azandmiss substunessradtivh computer
WEEE which are contained within the plastic 5 components of the WEFE
MANIAFCART ORI S RaRiE TR IRy (Eﬁgfmﬁ’i&% rl?igpﬂ@%aﬁérﬁé? yefyrene

(HHE’(?')CJi%s’,;@b@wm(?ﬁaf@llﬁilémgodbﬁ]@&g@ﬁef@rmlﬁ@hrmﬁ@tﬁnpounds,
n rinters are preaomin nt a rom high-impact po tyrene

Al DDETORYIETB Y tHONR RIORBE HESaH Hathb RidRighPolyPhenylene
eml@n(gmﬁ;ﬂarl@ ﬁt%@f@ﬁh@@&ﬁé@i(@/tﬁﬁl%%Pmaglw%m?&(wall.amﬂ the 1990s,

nds of po nylene ether (PPE) and styrene/butadiene mer ma
HIES TR ER DMt BB AP E I SO 1 BobRS accbunted
foe-dRP8 9696 vnpikontandABSRetppiedifahamund 95% of the total
Oc-BDE suP lied in the EU. The presenl.in\é/}ﬁn ors have realised that
%&Rﬁ Siféeti

mechalficdl ingYEHO1D Jh%GtiRe bl RsiNIsRje recyeling is a
poégniatipiceffedswahimbtitpicatlidrgee dligitrdenepaftiawisicetaygialy have high

However concerns, over halogenated flame retardgnts and in particular
e AT it Y LI B AP SR RaH BRRR tadants
anitamepeticdrntdr peitalpsdnfiledighastgrgxitte ddgte been ongoing. Two specific
octobromodiphenyloxide, are being considered for a han in Europe. 1
DR o HUANIE san A S on PRI o Ogde  and
octodj@mertichemysdkie doerabeingf dunsidentebf dicxinaraindedurape.as well
as H r2. and non aliphatic compounds emissions, are also hazardous. .
mroni N 1R PR A0 PN A e TREUE o A oy OCESSeel & major
corgEotestied droxatitumad broissianecetipxns|bpdrasiinarad paedyirasrHBr, Br2 and
dproPeht t'20 deteriorgtion. The Rroductign cH‘ toxic, fumes during
o alghA b

&rr OB, %t%'@iﬁg'r%esrg{grg i PHIIEOHEM waste electrical

and &smtnovateequifenent isetactbats baposepresmnangtdehnicsae problems  in
Widesgread ponents of WEEE

R hd o D SRR (ecTebn ebaigoty and {5olfther propery
deterioration. The production of toxic fumes during re-extrusion of brominated
flame retardant plastics from waste electrical and electronic equipment is another
barrier preventing the more widespread recycling of the plastics components of
WEEE, such as computer housings, printers and television housings.

Still further, the inventors have realised that the reprocessing of plastics
containing brominated flame retardants can lead to the formation of
polybrominated diphenyl dioxins and polybrominated diphenyl furans (PBDD/F).
These are highly regulated compounds and reports are that the conventional melt
reprocessing of mixed plastics containing brominated flame retardants can lead to
PBDD/F concentrations exceeding the regulation limits.

Any discussion of documents, devices, acts 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 prior art base or
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Still further, the inventors have realised that the reprocessing of plastics
25 containing brominated flame retardants can lead to the formation of
polybrominated Biphenyl dioxins and polybrominated Biphenyl furans
(PBDD/F). These are highly regulated compounds and reports are that
the conventional melt reprocessing of‘mixed plastics containing
brominated flame retardants can lead to PBDD/F concentrations

the,rBHIRY SRNAEBLIIRIMBHAR IR TF IEEUIS RIS o B A RLIgeVRgES on o

bed6te aikpevirdaria dlithspesifiivaiiendadnghardierexnlain the context of
the inventjon. It shgpuld not be taken as an admission that any of th

mateal VR Qb IEOPIREFHINYRWRLE 15118 HAVIEMABTRIRYEH Process of

ersMwtetgerecihginglevanikad iaitst Jen el sisg \Brersimned hafaeereeardants.

priority date of the disclosure and claims herein. An object of the present
inverRhoN S pRAVRTG 41 MRS SRbCEVEBRCE By LEARIRIRG lgast one

disaireshipdariias seitaiingiBromipamdaiame Retardants. 5 A further
bject of the present invention is to alleviate at least one disadvantage
Fi

0
SUMMARLAERANYEN G ™rt. SUMMARY OF INVENTION The present

inventign preyisiasinventici aspetied inveatifdnstaadppot epnmpesition, fein input

a plastics rpateri l, comprisin% 1’: least foam, tor|1er, irr or ar@élone. 1.(0 of
COMPABHOR.'9ha PrasiieR AR BN (BVREEY %24 'Sacb Ao il Ink or any one
of ithéeabionea composite plastics material as disclosed herein and/or made

in accordance a method as disclosed herein. The present invention .

provi %‘é, R AN n?éﬂYb‘ﬁegnd)?)r 4 SEFBAPASREFtRET Invention, a
corapyditeg plbrtlesvelsitbaaliysmiistlosed domtaiminaidid nonadwritogeneadsnce a

lastic residuge left over from the recycling of WEEE. In this aspect, the

m%@%‘ﬂea&a'ﬁﬁfoﬁ?ga {&Pe bound into a composite plastic based lumber

or otffeeprodserinsieashtbheipgpidesd in landhilirdOthepeagpestsaethod and/or

o e RS 0 SRR mor
hoessgonepte plasknt iesieioko hefte algawitindmotihesvesyofingcyfliWGEEE.  In this
aspect, the ‘waste’ output streams are bound into a composite plastic based
lumber or other product instead of being placed in landfill.

Other aspects and preferred aspects are disclosed in the specification
and/or defined in the appended claims, forming a part of the description of the
invention.

In essence, the present invention deals with both issues of recycling
commingled plastic mixes and evolution of acidic and toxic bromine compounds
during recycling by the use of a specially vented melt reprocessing process. In
one form, the equipment uses high vacuum in the melt phase to draw off
Brominated Flame Retardants fumes and these are then scrubbed in a water
scrubber to produce innocuous bromide salts. The invention, in one aspect,
relies on a vented barrel (ie. one fitted with vent ports) to permit vacuum
devolatilization without foaming of the melt extrudate and without liberation of
potentially toxic fumes into the workplace.

Advantageously, the salts may be concentrated by evaporation to produce

compounds for use in density baths for plastics separation. The plastic melt can
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commingled plastic mixes and evolution of acidic and toxic bromine
compounds during recycling by the use of a specially vented melt
reprocessing process. In 25 one form, the equipment uses high vacuum in
the melt phase to draw off Brominated Flame Retardants fumes and
these are then scrubbed in a water scfubber to produce innocuous
bromide salts. The invention, in one aﬁgect relies on a vented barrel (ie.

i 18 TS B BRSO BBHA LR Rl oGESerNb LR GBI elatively

saffeaming of the melt extrudate and without liberation of 30 potentially toxic
fumes into the wor Advantageoguérs B)i the salts m?// be concentrated

by eVAoCRBAYB B HoMEunieasH IR BARRRSSEsRQulded
argppRtienyieerolastis quir@au&a instis mmuhmganmpmmem@n@@geg:ross-

the process and resultant plastic relatively safe. The co d plastic .
SR AN ahe AR nd) the I LB S BR A28 anal ok SR ALY fofiGednx  of
engimsedrgeplastil (etgiruxwahllbsgh@vwndﬁf@@wrm@stﬁzs@cgom aF@) can be

ang deswable textured s]l,jrr?faces Addltlonal the ix of en neerl lastjc

ABSAREST 1P oo‘?&%lé’éﬂ??&tﬁ EaHrtS? l\?ﬁ?le also he

mammammmﬁmbpﬁmm@éahﬁasmdmr@ayealﬁodmethe process of the
manufactured from the commingled plastic melt stream of the process of

prﬁ’?@%l‘@é’@ﬁpﬁﬂlentlon 10 The present invention has been found to result

in a Mshresé advariages hasdees: fthemaliditetuiealamitineber ot lifdvantages,
suetixest plastic products such as computer housings, printers, toner and ink

o cartripigesbiity io @Ié%iaﬂwi)erﬁ!l‘dfiwfenﬂrﬁéﬁt’[ﬂa&l@Wcﬁf&&ﬁ@ﬁ?ﬁﬂ@&fomputer
15 . the abilit rocess waste electrjcal and eIectronlc plastics, such as
1P SIOH B e AR (ot (3R nata e RAAAGRS, S ol & rSlatively
Decaiiviroanenfslp SafmenetartadivatmaBidrA (tetrabromobisphenol A)
which traditionally have been difficult to mechanically recycle, a relatively

* safe BSPOHIUIOLEBRRRI MG IS B|§§H&aéé‘%ﬂmgr%ﬁ1ma§éﬁszétf% HIPS,
retarfiapte idgrreduhine W Hinkastcaarrdvetss il ingiehvasUDetEBIDE, and

polymeBrSmefII%trrr]]re)u%thEcli?a%St 8vr|]teh Ve‘lr']é %r'&in %pe?rabromobisphenol A) which
traditionally have been difficult to mechanically recycle,

. a relatively safe and effective conversion of plastics containing brominated
flame retardants into useful moulded plastics products,

. applying a vacuum to the polymer melt through at least one vent port in the
extruder to remove volatile components in the composition, such as
brominated dioxins and furans as well as Hbr, Br2, and non-aliphatic
compound emissions,

. the relatively safe and effective conversion of plastics containing
brominated flame retardants into useful moulded plastic products, and

. extraction of volatiles from the decomposition of brominated flame
retardants thus preventing safety issues, porosity of the plastic extrudate
and the deterioration of performance properties of the recycled plastics.

. the ability to recycle and/or reuse substantially all WEEE

o the ability to recycle and/or reuse at least four types of plastics which have
been found to dominate the polymeric materials found in WEEE, namely
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extruder to remove volatile components in the composition, such as
brominated dioxins and furans as well as Hbr, Br2, and non-aliphatic
compound emissions, 25 . the relatively safe and effective conversion of
plastics containing brominated flame retardants into useful moulded
plastic products, and extraction of vol&iles from the decomposition of
brominated flame retardants thus preventing safety issues, émrosit of the

plasttCBARIAR SRS e ERER ol OPRerfdHARHTPRrb peAiRFiR (HIPS),
recyglen séaptinstSQr d)apbitly KBSGHsiccansiante a@spspptily. all

WEEE the ability to recycle and/or reuse at least four types of plastics

* whic8a9RIlIBGEM FEEHEISANSHAR e8I BReSHSIARNRIM A PiRefofiidERal found in

WERErMely Hragiiaiitrie botadirngesty 208UABILHIA-IMREd, or other
polystyrene (HIPS), polycarbonate (PC) and an ABS/polycarbonate

(ABSIFEYBle M IF L casiyies Rlestifs Al atherdealgh&iantially all other
o Materigd faBImeifo VHefrEDY AP PiaG i & RRIBNINGIASE BFPFbtSfcRUEMBmely toner

eWood, or other 5 Eroducts which comprise plastics and other materials.

The RBNYERG FlbyRE SHdee 20 8B dagR not been recycled, namely toner
powde{dlgnintitSltflge shstifehiaam. Wireuohrsreiis gpeglis@iiodlectrical and

WEEE refers to waste electrical and electronic eqluipment, including,

elGHIIUE IRANIRIBA NEIRE NS WA IRIEaHBRIE 6 HER SARIMeNt, electronic
ecePpsiERaienaNd AES dhaheutiMARt S RHE-YaRIQRAMPIIGes and toner

cartridges. Further scope of applicability of the present invention will
CaRidSIRe apparent from the detailed description given hereinafter.

Howevemhérssi@gd beapsirisiang dheddhe ciptatlad éegeHrimmae8me apparent

specific examples, while indicating preferred 15 embodiments of the

Ty Bt I LAB G RRIF B HRRY Y SRLERERIDATE iy, HEEURAr B RO LHL Rieungfy stood

thafoghé Cabedl Wit tAp rairibaad Ssafrohemiprestiomudl laeremag preferred
apparent to those skilled in the art from this detailed description. BRIEF

enphogiaRe OINSHRMERIBR AR S FANNE R IELETatoR QY. since various
chaditagiesnodifRsris dfithie Bresspitit2happiisssion theyrve mestelvill become

ap%%crig B?t%o%gget @iﬁ?eﬁlﬁw ?Hei naw(far(g?rﬁ\r/]?sr] tdg%i?gd description.
BRIEF DESCRIPTION OF THE DRAWINGS

Further disclosure, objects, advantages and aspects of the present
application may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawings, which are given by way of
illustration only, and thus are not limitative of the present invention, and in which:

Figure 1 illustrates an overall schematic diagram of one embodiment of the
present invention

Figure 2 illustrates some detail in respect of toner extraction in accordance
with one embodiment of the present invention,

Figure 3 illustrates one embodiment of the eWood process according to
the present invention, and

Figure 4 illustrates one embodiment of apparatus used in association with
the present invention, including a vented barrel according to an aspect of

invention.
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reference to the following description of preferred embodiments taken in

conjunction with the accompanying drawings, which are given by way of

illustration only, and thus are not limitative of the present invention, and in

which: Figure 1 illustrates an overall schematic diagram of one

embodiment of the 25 present inventich Figure 2 illustrates some detail in
ect of toner extraction in accordance with one embodiment of the

D%Te@érﬁ@n@ﬁﬁﬁ'?ﬂ@é‘ 3 illustrates one embodiment of the eWood

DrOC@ﬁ@%Qé‘dﬂﬂ@ftméﬁﬁﬁéﬁﬁm\i@MQBHQQ st figtre dubvalirpiegessing of
one embodiment o g}@ paratus us in associatjon with thgfp%ent

WEGENbA, RRREH EH'P&%'&F? AGaEG0 2T SRPER Rehepsed of in
laRETAILE REBRERETIRN @ne agp@@t OMBG\IOEE:EHMQMIOFS@ﬁb@@dd for

to the overall processing of WE man er that sybstantial
RRaPS (EUHE0 (B RSBHEL o A R R BR R passed
thnﬁrgectathaM@EBﬂrwpaaiﬁ@@rgmw for Dexasmnlermyrredaicisgstitsstantially
matﬁrlfl to flak n the %ﬁélt(fed material |s assed through a number of

re tl%aﬁgﬁ ﬁ%sn!é @tﬁ‘n Al \5% ntially removed, in
another, gldiis mdlémt@umtﬁnvm’edfe‘krt@@@tmaimtﬁit@hMbI@i’e‘d&d in one

refer to as masterbatch) is created i I one aspect of in tio
SRl Qo aP B R i, RS P e SR SSRiEh are
separeess andithehdrwerpeessss headdgideympaterakis, Theoaddave, material is, in
co}our concentrate. The additiv magﬁéé)al may be s Id as

Orge R Aot R Vit R At SPURHED FAteHB GOES o adlive
to at@hmmjmaitmmansd@r@t@ lmbuecﬁmm nedygitdothesthasticstanal snakhgladditive
e S FOHEd R A AR AR hom e
WeEB&its mdemmmhﬁdme\MEElﬁ) lmtcdaoﬁh@ngseonmnatlblaqﬂdmcbrsuch as
o B A e BT R EESHR: svono
coatpositl |@M§Hdhﬂ1t§oammraheﬂweﬂnegmnsv/$neht|salmmammItD éh&dlui@ﬂbem. produce
usf-%:@ﬁé S S A U A M T T e
found to also add UV stability and relatively consistent colouration to the lumber.
The lumber may be relatively large in cross sectional area and may have textured
surfaces, if required.

In other aspects of invention, there is a method of debrominating polymeric
materials containing relatively violate components such as hydrobromic acid. In a
preferred embodiment, the method uses an extruder with a vented barrel to
enable devolitisation of the polymer melt. The vented barrel permits devolitisation
by venting (vacuum) at ports along the barrel. Preferably this venting is done
whilst avoiding foaming of the melt extrudate and avoiding liberation of toxic
fumes into the workplace.

The present invention deals with recycling commingled plastics mixes and
evolution of acidic and toxic bromine compounds during recycling by the use of a
specially vented melt reprocessing process, as will be described in more detail
hereinafter.

An extruder having one of more vent ports along it's barrel is provided in

one embodiment, referred to as a vented extruder. The vented ports are
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20 surfaces, if required. In other aspects of invention, there is a method of
debrominating polymeric materials containing relatively violate
components such as hydrobromic acid. In a preferred embodiment, the
method uses an extruder with a vented barrel to enable devolitisation of
the polymer melt. The vented barrel pepmits devolitisation 25 by venting
(vacuum) at ports along the barrel. Preferably this ventln%fl?sédone whilst

CORNGERRY 18T SHRPHIER o YRS T LabiIGAY b &S NaF1BgeN found to

extynes (ﬁi@sﬁf)eoWﬂfertj)%@%sTﬂﬁ@rﬁr@&e@ktﬂY@@KIOWHQaAﬁ)VMHQVQGN@|iﬂQhe vacuum
commin Iastlc mixes and evolution o idic and toxic roml )
§% g rOX|de) to

PUBH ﬂ(ﬂ BRKnBbPased vty gk Bﬁﬁhlﬂf
neﬁﬁilﬁ&ﬂ@é&ﬁ'@ G figcenrdsndn évdbhﬁ)daﬁ@skb@drl@df@@lf&@iﬂtﬂﬂe h/@fmlé@fé&ltrd’der
extruder having one of more vent ports a barrel is provided in _one
o B THHAPDIE0 456 EAANCH OB ARHEY BollE aaeloPhase o
dra@neoffcmdrmrmt@d(:wmwm- &nwaw?m ¢ﬁftdea@te$m®ar:sl¢@emfﬂnn a water
to exhgust (most) o ases from t truder. The worki
SCTREE VR ALIS6 AR B B ) be o BRI Bibdban then
bespsliatindly diekideniitateeuictierithg aridirdressnmeorepaliads sixkacteslatively
ftrom the vented extruder. 5 The present invention uses relatively high

Afcuum in the melt phase to draw off brominated FR fumes and these

fumels agieftherescispbet ltmeqe&ﬁe:lt§cfta§beet@oméu@etedobyowaporation to
mide salts. T res Itant plastic melt can then be rel
Prgiy b

tivel .
WS RG B RIS I R8s Ui 8. RaRE BRI PrltiosPepgeation of

pld€tits arfanréhalsaspect these salts may be concentrated by evaporation to
prodvce CO?#) éljr fs adapt d to,. be. useg den3|ty batﬁ?for se |on i
of p|gStIE% atetR r&é‘?éf\”an ﬂHbetoJPlg & 1ptr séWen lon
colmeenpmesomenwlmm S@aytamtgalo*ecylc&ll& of WEEWEIEE WE(EEtream of
100.s aﬁream of 15 material 2’% rocess 102 d;]aﬁg( \é éﬁ)rocess é%e ¢
MAELE Ay B FERART ol the WL A AT 9 pRgpe nature
of 106 WikiRECondénialiqHainkeantipte’Wer puetess10IR whitheoataingdiguid inks,
t\eN %vEelt:‘ %"rgc"é@sc flggegar}]o %Orbté"é% For WEEE 100 which does not contain
liquids, the ‘dry’ process 101 can be used.

The WEEE stream which forms the ‘dry’ process may contain, for example,
printers, toner cartridges, photocopiers, digital cameras, televisions, computers,
computer monitors, mobile phones, and such like equipment or components of
such equipment. In the dry process 101, the WEEE stream is first shredded 103
in order to reduce the size of the input to the stream and to facilitate the further
separation of the materials into their component parts.

Referring to Figure 2, the shredder 103 is designed to run at relatively low
RPM, for example between 20 and 30 RPM, not sparking cutting elements, and
DIP (Dust Ignition Proof) drive to avoid ignition of the toner and/or any other
materials being shredded. The shredder reduces the WEEE stream to shards, for
example 2 cm in width and 6 to 10 cm long.

Some vacuum or low pressure 104 is applied to the output of the shredder
to extract the toner dust 105. This toner extraction 105 is conducted by a dust

elutriation system.
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liquids, the 'dry’ process 101 can be used. The WEEE stream which forms
the 'dry' process may contain, for example, 20 printers, toner cartridges,
photocopiers, digital cameras, televisions, computers, computer monitors,
mobile phones, and such like equipment or components of such
equipment. In the dry process 101, thé¢ WEEE stream is first shredded 103
in order to reduce the size of the input to the stream and to facilitate the

furthEP9YED Zr A BIRAS ARG ML B AR BRI R step 104. The

shBeferiiog r&iguesedn® skiadder 103 iardegignemipedrerpseledtelalpwlectro-

RPM, for example between 20 and 30 RPM, not sparking cuttin
SHE PRI B T8 DA DS oG Wiineltdias been

reansear et ofer tonrieniabenasiredted.dite eetdetdgdapesditys to the

WEEE stream to_shayds, for example 2 cm in width and 6 to 10 cm Iong._
Plagfies MateLauh B YR Gl I SCUBRIRIE B/ 3P BIRILABY e 108 Is used
to SheeddeletBExtiam tbettanes uistind.thoipleswreritetian 1dhdstrommel 109

conducte@{b a dust elutriation system, 11 Figure 2 illustrates some
mECGRNGAN JHOETorReP BTSN St BB ndo06S Lipb e 4 ol sirecided
méteyRtuunhd Oésiaigathsirdddber mspasaddaleneesisedsiatinglissinasiage of the

ice 108 and are then feed to a trommel 109. It has been_realised tha

WHEEOHEY SRS S hlob SR LA DG IO R Rd oy crerably.
thenaiadalisFextrhisteelabgns uhalite otiemtatiarttissritedie Hoe éQ8nplisethe toner

to free at least some of the toner from the plastics material. The trommel
A enTEth i et Lo SRS ol BN EICTEP TS AP Arstream.
Trehredidre| miaserdaimlbes eedndbahce dslttnaterdidutietupassed toishs further
. .next stage of th EEE 'dry’ pro ing. At each stage of the processin .
gl 31 ek 0 PR AL L ek 9 b R O Sovcling
streallaciedviidrecdatajidel thietdreeeimay be fed to a cyclone 110 to separate

the tqner from the residual airstream. The residual airstream has been

found 05 HElHe SEURENAU4Y o (1R Rt il EL AERPLa e remnant
mateyiahdiEdialidteats féestibadkoimtadhertdndr o hecymtiog 1deqayalsevitdeessed

detailed later herein. 15 The toner léected may be poli O%EJ t
S ulnel SROUTSHD i AGRe Il 15 <ORR Ke et hiy a g oo, the
diSdhestoreeofliAioais ecprpoeasstiherein by reference. Otherwise, the toner 114
and the other material 113 maybe recycled into the overall WEEE recycling
process as will be described further herein. The toner 114 and other material 113
may also be mixed together in various proportions, as needed.

Returning to Figure 1, the step after separation of toner 104, is that of
metal separation 115. Metal separation occurs by magnetic and eddy current
devices to remove ferrous and non-ferrous metals respectively. The magnetic
separation is preferably conducted by a magnetic head in the form of a roller over
which the shredded stream passes. The Magnetic head serves to separate
ferrous metals. The remainder of the shredded material then passes an electro-
magnetic drum separator, which removes further ferrous metal. The residual
material is then passed through an eddy current drum to remove non-ferrous
metals, such as aluminium, copper, brass, etc.

The mechanical shredding of WEEE, including toner cartridges and other
WEEE produces a heterogenous mix of materials consisting of high-impact

polystyrene, related styrenic polymers, ferrous metal, magnets, foil, polyolefins,



10

15

20

25

30

as is described in co-pending PCT application PCT/AU2004/001709, the
disclosure of which is incorporated herein by reference. Otherwise, the
toner 114 and the other material 113 maybe recycled into the overall
WEEE recycling 20 process as will be described further herein. The toner
114 and other material 113 may also b2 mixed together in various
proportions, as needed. Returning to Figure 1, the step after separation of

SPRIES 1 AANIRHQUST MEtalSsparkiBAY: S Wt paRdiotPBRSHs I9ineering

plasaeseteranti@ddtcuenis dRIeRs g teasiefemraupaadtRemietapseparation,
metals respectively. Thewglagnetic 25 s faration is é)referab{}/ cond

d . .
thefP i gHERThEAE TGS forsHBRLARSIRIY oY dPINHIERIhBIZR &adgaﬂ%emawmw

argireaieroasaesala/Magieiinddpdosaivastte Sarate TRieousdnaials6 is then
Ther mainger of the shredded material then passes an electro- magnetic

PravitR é‘bér %??Whﬁﬁpﬁém%grﬁﬁﬁ% Yerfous metal. The residual
matelial i thedapresedithrodgh aspeddy Gurienéoiom taresagi@ntial float-sink
non-ferro 0.metals, such as aluminium, copper, brass, etc. The .
SR L Bt P S ARSIt 4000 Sl Ghifgnsity baths
covitihngpradueea s ibaieregrrenlstivhsof Matetiatssicpnsishegiohic salt baths are
high-impact polystyrene, related styrenic pol rs, ferrous metal, o
HRELD QsCo R etk saRaraliah el et et el pellge density is
adjpligreithivon angatappeiwesgirheridgnplasticef agkansespeigenisuso that higher
following the step of substantial metal separation, there is a sffeam.116 ..
e ORISR RIS J S5 LaRS T PR S8 o inaiPd different
iomiateia sandichriongenkyifaones tihalh kitubiig siiganaidtals thigh & density of
ess 117. In accord

rovided to.a density separation C . nce,with an .
1 G SRR SRR 176 BTt aroneaMed) baceonomical,
erlvas heenedlyisedighjaffeatisistenef ldewnisitydeifths scalitajnipgaaduadosation.
ionic salt solutions. The density of the ionic salt pbaths are ,adjysted jin
e S I O AR Brurer Rt che, MY B Rragpneous
coathusitidriooh et weimridyeth aok hies \WHEE coapieremdstheithiack of design
higher_ density,componenis sipk while lower density particles float. B
o R e PR R T, L R RTEES T, AR o asgpmbly and
smmmmmwmg&wmcaommted. Th.e process
s copsidereg slenronomisaly envionmeRiay Baon. SIRPINEANE mixures
ends itSelf to scafng up and automation.
of plastics, metals, ceramics and toner dust, makes the recovery of useful

(@

a

material streams from toner and inkjet cartridges extremely challenging.
Electronic plastics streams can be very complex since multiple plastics types are
used and multiple grades of each plastic exist.

The inventors further realised that most plastics are mutually incompatible
with each other and that if incompatible plastics are melt blended (by extrusion)
then, on cooling, the mixture phase separates and the resultant products usually
have low mechanical properties since cracks develop through the plane of
weakness between the immiscible phase. In accordance with the present
invention, the additive material and the various processes described address this
problem.

It has been found in accordance with an aspect of invention, that upon
initial inspection, the plastic stream from shredded toner and inkjet cartridges

contain three distinct families of plastics. These are:
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15 In this regard, the inventors have realised that the highly

heterogeneous composition of toner cartridges and other WEEE waste

and their lack of design for recycling makes it is difficult to implement fully

automatic disassembly and separation processes for printers and printer

consumables. The commingled and c&gplex nature of WEEE, namely

intimate mixtures 20 of plastics, metals, ceramics and toner dust, makes
* the r%&%"@%ﬂ&!%@ﬁ@ﬂstreams from toner and inkjet cartridges

o eXremy Ehiieneinge FRGIQMHE plastics streams can be very complex

since multiple plastics typeS'are used and multiple grades of each plastic
* existENEERR/ENMGIPERRIERANEAREdeHAL mMERtBladiishadensiimlally

incorgpathlie Aaib SACILRIBRS Gé@d“f@\tﬂﬁé"gﬂmﬁé}%'%&%&ﬁérﬁﬁe@@# as the

blended (by extrusion) then; on cooling, the mixture phase separates and
hOﬂH\@G%uI@&Nﬁer@IQ%@%My HamBRewaREchariivanFopagiics singeide, without

ImﬁféﬁBﬁ devRineHIrBHELRE PROIgYrérraknesgiaringen thsl %ﬂ/‘t%‘f‘n*é'e (HlPS)

hase. In accordance with the present invention, the additive'material and

aqw@o&rntm@g%eggegtm@m%B&)drél@@th@swwbbﬁ@ itABSpedrrarbonate
(AIBYISN agEatdange Withaa RERRCLOSINVARKRIARAHPRN ABEA and  styrene-

inspection, the plastic stream from shredded toner and inkjet cartridges
acéﬂl%iﬁﬁ"&(@é\aﬁ tinct families of plastics. These are: 13 Styrenics

(meditgR SlenasyaRolyprlins (Mﬁ%@'tb@vﬁtﬁ@ﬁﬁﬁ NRAVEGRESEChH Ml density

non-ferrous metals (high densﬂg@Styremc plastics are large tEE/B{used for the

palyRIb| e RRRIHBHESSSY hilBREsRRIXPENMENSHSIENERBAYNY! acetate

copRIY RTINSO YFRING RIASECAGIYER, it JHRIIRIAM §§ata - SEROSS toner
polystyrene, high-impact polystyrene (HIPS),

%@?ﬁo%ﬁé%&fﬁé’bﬁ@%ﬂﬁ@ﬁé‘ (BHE, s resistant ABS,
ABSipriyraEhriptep(ddtied’ C&Me’\glébﬁtf@@ redaegantddS, HgmR-retpiidathides),

ABS and styrene- acrylonltrlle SAN). 10 Polyolefins are plastlcs such as

PalyGRHRARRIEpoly RRINEEE Bigh-dRABHIMSDE hyIdeEPRERAIREdensRplyethylene
teRYMEIRIAREE. RSDAVORYIenEa AIPYR BRTHEE AGRERG. S ORRIYMafoiCas a family

hais Ay Members such a8 Tion 6. Mylo 616, nylon 62, nylon 11, nylon 12.
Engineering plastics are typically used for parts such as gears, cogs, worm
screws, shafts, drive mechanisms, and fasteners.

Although the toner cartridges contain multiple plastic types it is possible to
separate these plastics into various groups within which the plastics are largely
compatible. For instance, it has been realised that within the family of styrenic
polymers there exist sufficient compatibility to enable blending of these polymers
to produce a useable blend.

Separation of mixed plastics can be accomplished by a variety of
techniques including infra-red, x-ray, density-based, electrostatic, etc. Of these
the density-based methods are considered most attractive because of their
simplicity. In order to maximize separation rate throughput, however, centrifugal
and hydrocyclonic systems may be used.

The technique as disclosed herein may be used, although it is not
essential to the invention of recycling WEEE. The technique, however, may be

applied equally to other plastics material separation for any WEEE component
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bottles, covers, small mechanical parts, clips. Engineering plastics are

plastics such as nylon (polyamides), 15 polycarbonate, polyesters

(polybutylene terephthalate, polyethylene terephthalate), polyacetal,

heavily brominated plastics, etc. Nylons as a family has many members

such as nylon 6, nylon 6/6, nylon 6/12,1?‘\ylon 11, nylon 12. Engineering

lastics are typically used for parts such as gears, cQgs, worim Screws, _

MACLHRLS drive SR BHRD aﬁ’n‘g‘?&étgﬁ@%.sz %lﬁl%%@f?cth%r?aﬂé‘?scéﬂlffw%d Into
reR@iv@indngkpledilastiv i pritic Posshtmiehsenaiste tiesedilastes, iMRkjet and

various groups within which the plastics are largely compatible. For
PriRGLARETIH9SS ARRXARRE that within the family of styrenic polymers

therepgxdgicsufficient compatibility to engpleclilercitagigf these polymers to
produce a useable blend. 25 Separation of mixed plastics can be

accomplished by a variety of techniques including infra-red, x-ray,
denspyippassylefrctrostatic, etc. Of thepgotiveadensity-based methods are

consjdered most attractive because of thejr simplicity. In order to
maxiﬁ?%\j%%éﬂaﬁoﬂ%‘?ﬁﬁput, i‘b)%ver, centrifugal and
hydregygsthigsystgows demiging used. 30.9h@terbnique as disclosed

herein may be used, although it is not essential to the invention of
recygﬁ’l@%@%@? @kgﬁﬁ%@, howe\(?e%,d'haa%e applied equally to
otherplastics material-separation-for any WEEE component 14 materials.

The description below details the specific gravities (grouped into relative
rang O BB AL BB telcBicidton of toner, ket and

print@odpstyicges (higrekapyyde: Plastic $jpdeifia Gravity 5 Polypropylene

0.89%33% Ethylene vinyl acetate (E\_/A)l g)ggl §glyethylene (low density)
0.91-0:925 Polyethylene (high density) 0:94-0.96 10
------ SAN---------------------------—-—- POlystyremel(general purpose) 1.04-1.09
PC/ABS 1.09-1.12
Nylon 6 (unfilled) 1.14
Nylon 6,6 (unfilled) 1.15
Acrylics 1.17-1.20
Polycarbonate 1.20
Polyethylene terephthalate 1.30
PVC (flexible) 1.30
Nylon 6 (glass filled) 1.37
Polyacetal 1.41

As can be seen from the above, a good level of variation exists between
the styrenic polymers as a whole (density range 1.04-1.12 g/cc) and other
polymer types. With this in mind, the inventors have realised that density-based
separation lends itself well to the separation of these plastic types and that float-
sink separation methods may be used as a technique of separation of WEEE
based materials.

Referring again to Figure 1, the waste plastic mixture 116 is first subject to

an initial separation 117, preferably by adding the mixture 116 to a first tank
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Polystyrene (high impact) 1.04-1.10 ABS 1.04-1.07 SAN 1.07-1.10 15
PC/ABS 1.09-1.12 -------mmmmmmmmm oo Nylon 6 (unfilled) 1.14
Nylon 6,6 (unfilled) 1.15 Acrylics 1.17-1.20 20 Polycarbonate 1.20
Polyethylene terephthalate 1.30 PVC (flexible) 1.30 Nylon 6 (glass filled)
1.37 Polyacetal 1.41 25 As can be se&n from the above, a good level of
variation exists between the styrenic polymers as a whole (densijty range

CoRiGNNG SHRARHE YN o I REPE ol TRA AHi AV N R fRRsiRsrnaterial
14 iralisssl ybrifRNSity Hiased digpatiisitiendatésell wal tostieh as styrenic

o S8 B b b P R0 TR T ar
coRsigsriag agpialiirigy iecdyiecorsimplagite wikave aap iedisst sukiealdovalue,
o P aE S A e, e
mal By ma@gmﬂggﬁ and/or polyolefins. The medium density materia_l
L e e o S e rerous
mérve angrevsetheresatovalee, aitieyanfeptetenablineniocatsad @®eess 119,
e AR IR ae e et A56 s SoAZe T taniaiy
mageiedsuhd S dpshthe s ohenye @i asid/stibjaceditona@iother float process
119, preferably by being added to a second tank which contgins a
Subs[.g%rnélmg 0}4 l%he esired separation, the solutions In the tank(s) may be
varied. One or more tanks may have salt or other solutions.

In one embodiment, the density of a solution of magnesium sulphate
heptahydrate (MgS04.7H20) may be varied from 0.01-1.25 g/cm3 as the
concentration is varied from 1 - 30 g/100 g of water.

In another embodiment, the density of calcium nitrate (CaNO3) solution
may be adjusted from 1.2-1.5 g/cm3 by varying the concentration from 5 - 38
0/100 g of water.

Still further, the density of a sucrose solution may be varied from 1.1 - 1.3
g/cm3 as the concentration is varied from 1 to 60 g/100 g of water.

Again, other alkali metal salts that may be used to achieve density solution
in the density range 0.01-1.4 are sodium nitrate (1.1-1.3 g/cm3) and sodium
bromide (1.1-1.4 g/cm3).

For relatively high density solutions, preferred salts based on cesium, for
example, cesium bromide (working range: 1.05-1.5 g/cm3), cesium sulphate
(working range: 1.15-1.8 g/cm3) and caesium chloride (working range: 1.0-1.9
g/cm3) may be used.

A small amount of detergent may be added to the float-sink tanks 117 and
119 in order to act as a wetting agent. This has been found to break the surface
tension of the water and assist with wetting out of the plastic fragments and
displaces adherent air bubbles. Agitation may also enhance removal of air

bubbles that may keep plastic fragments afloat.
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10 magnesium sulphate solution (density = 1.125 g/cm3). Depending on
the desired separation, the solutions in the tank(s) may be varied. One or
more tanks may have salt or other solutions. In one embodiment, the
density of a solution of magnesium sulphate heptahydrate (MgS04.7H20)
may be varied from 0.01-1.25 g/cm3 aSthe 15 concentration is varied
from 1 - 30 g/1 00 of water. In another embodiment, the density of

calcil M MRSREQRANRSE LIS Lt NATASOY ) gtRlsrbt 2re BeRGaIgyem the

engngagrige @@n%gﬂat@éhfénm DtadBice/1a0@, ofsyater. a3fill fiyibigy, thlyesters,
ensity of a sucrose solution m 1%*r%be varied from 1.1 - 1.3 2

PAEXEoRAkE ishRelYaREiro ﬂ@tﬁb%ﬁ%ﬁ@&a}@r ﬂ@%%%tﬁ%’rnd to sink.
Teiihﬁltﬁl‘i}jﬁé@@'tﬁabﬂbmambﬁtLﬁﬁiém@&hlﬁymééﬂ&@ymakélfﬂﬁle inghsity solution.

ensit e 0.01-1.4 are so um nitrate, cm3) and sodium
I A QS AT PR bLRIOB R S EOTBISAS. proforred
iaétgltloisafi Qfg@ﬂSIwnnﬁthI?it ets@mpémkg:eslmplbrcgtalﬁtﬁ;iwgt/ﬂm%)r@w%ﬂoat -sink
m esium s a WOrKin e cm n
SCBAHIN VR R TR VB SRS A oA akioes can
beaatbivved detgikgeni eyde aﬂd@dttoéhepfm@tawemt@wmewd dd®éncritical
order.to act %{ﬁa Wettlr}%aq]\g;dt This has been found to break

h face . .
COARHANS I PeAialE VS QR ACBYE GHFB [THSE R R ginium.
steeldl W@Qﬁﬂwﬁt@@mrﬁmt@h@fmsﬁgm@@mamtsmmﬁha@cawmaizo and

f air_pubbles that may keep plastic fra ents afioat ra the
14 Dl B O IR AL e LS L UE L Y ISHEPR R R eahpgonents
120 wmwmewaﬁdwdheesmlmmmwa ofobwsehamaseycling by
taminatjon has been found to sink.
Otg‘zectﬁﬂ@/ E\‘HS ﬁuﬁ?g Iﬁﬁa?é:h{g)}' be used to make the density
solutmcduaﬁtﬁbecmeayl d&mslt)ammeﬁswmémmng calgyatedplurality of tanks
drometer It has f(@(& fou d that usin sm%:g)le de sﬂ&s Iutlons d
copanLideLian ot B RSk s R LURRRREe an
recammsmcbéranhWﬁogtmdﬂm%mtﬁaetatwbﬁywmte&@r@mmts.
poMRS[’finSroe errlng ?olFigure 1, the material passing to the ‘wet process’ 102 is
first shredded 126, and the shards 127 are centrifuged 128 in order to separate
the liquids 129, such as ink, from the remaining solids 130. The solids 130 are
then exposed to a metal separation step 131, similar to step 115. The remaining
stream 132, which is substantially dry, undergoes air elutriation 133 in which a
stream of counter-current air is used to separate relatively high density material
134 and relatively low density material 135, such as polyurethane foam. In
operation, the counter-current air serves to draw the relatively low density
material away by virtue of the air stream velocity.

In regard to the ‘wet process’, reference is made to co-pending PCT
application PCT/AU2004/000134, the disclosure of which is incorporated herein
by reference.

One important aspect of the present invention is the substantial re-use or
recycling of all components of WEEE materials. In order to facilitate this, the
inventors have developed a way of reprocessing some or all of the WEEE

component materials which would otherwise be sent to landfill.
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contaminants that are removed by this process have been found to be
aluminium, 10 steel, nylon, polyesters and polyolefins. This enrichment of
the streams 120 and 146 enables them to be used for the production of
recycled plastic components 122 and 124 respectively, and/or be sold for
the purpose of reuse or recycling by dther manufactures 123 and 125
respectively. Advantageously, this aspect of invention uses a plurality of

tankdN N EFRRRA SN HORSEPARUNN L NERESFURILL g5 materials may be
re€PEIBAURIS Y SanaEl tdorndales yepinchtasiics fppoteoseingled example, the
mater?al streams of recycled pr ducts.)@%ain, referring tg FigurF 1, the
Wk RS HUSHS TASE A5 ohh B S asHd O Brarranag A1 38 oS the
o shardAdr-arRa5epE iflseerak?s doleififid ® FpRprRiat e By KR 13 pRidels,

as ink, from the remainin%solids 130. The solids 130 are 20 then exposed

to a MEtdPRLYarakEnelelPan smmure slegnad ank iehramast fetrelah-stock
132, yhiahfisr diksiantaliedrisudprdentiail giuriationd23dppNbigivas,

stream of counter-current air is used to separate relatively high density

material PIa3tighd PeIEDEENBIdEMHP/ AN dBjeii@n d¥oulding processes

POly WIS FaEple 186t FRYENBHAREF AR RRIVES (O draw

the relatively low density 25 material away by virtue of the air stream

velod®lnas tilgdrBid thenaptiin osasbinéngetiee Moridieadrecpepemgnd/or for

PCT 2RRljoRIQR e AHS A0 ItEr tshAisrlosty @b WhIER fhairs bases,

incorporated heréin by reference. One important aspect of the present

* inveritidrplashess(nsdipinaytengse-on a0 heaystidgrobiaveonopdgisatéosform new
WE griil%lﬁﬁén order to facilitate this, the inventors have developed a

way of reprocessing some or all of the WEEE component materials which
e woulthkthemthighbimelksle® Rigafiint basedniknabodidyenhabedsaparnibich are

of W%E&W?ﬂ%‘?ﬂégfﬁﬁ%@ﬁm %@egxg'@;ﬂgggxrs@g% oA Such as
appllcatlons Or processes. or exa pIe,t e constituent materials
may bareedaseanst praarshedies sltowsntioger Hnlag pégoset and dye based

louri iok ' i I t i
o B B Ao
carp®r m[ai/@tﬁiﬁm@a@@ﬁmmmps plastics (polystyrene) - may
bg URFL IS NISRROM RPN PIAGTS S helted.

In another embodiment, the components are reprocessed into a form of
lumber called ‘eWood’. This ‘eWood’ process will how be described with
reference to Figure 1 in which the various WEEE component materials are
densified, and then formed into the eWood product.

In Figure 1, the steps in densification include, mixing 136 the toner 104
with some of the ink 129. The toner is preferably sprayed with the ink in order to
form a ‘de-dusted’ toner 137. It has been found that the toner is liable to be
liberated (unwantingly) unless it is processed into a relatively low-dusted form,
such as by spraying with liquid ink. The toner 129 may alternatively be sprayed
with other liquids, for example paraffin oil.

The de-dusted toner 137 is then blended 138 with other materials and/or
other WEEE component materials, such as the low density material 135
(polyurethane foam) and is extruded 140 into an additive material and then
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and/or for example recycled into inkjet printer housings, Glass filled PET -
may be used in injection moulding processes and/or for 10 example
recycled into inkjet printer components and office chairs bases, PP
plastics (polypropylene) - may be used in blow moulding for form new
plastics items Ink - which includes pigﬂrﬁent based ink and dye based ink
(which are _mutually incompatible) and may be used, for example in

crigsigflg, 1icn 55 18 b ARBHEL B UBHBRSR b6RISShiAgdIfYge material or

m&igerpatocrndady e hasedinksaraaminad ingemesdiexiomnn furhsioervdieted for
may also be used in %@gﬁ{g{iss of obtaining de-dusted toner. Metals -

exgane35wL A8 dRa @20 In another embodiment, the
Commn@mtmmalﬁomiq%mtqgtz)ﬁodm@:l ﬂ?bgzsalm'%@m'-lﬁfmhay be
'‘eWood' process will now be described with reference to Figure 1 in which
i AR AU EREEIIEL 1o R G b Sh b T i Tcation
pridesheattiarrsh prasHet. dedaotise thathhistepeinnigrsiicaiadded uds.
mixing 136 the toner 104 . %5 with some of the ink 129. The toner is . .
prefeﬁﬁly@&ﬁv& MisHalinkn JRat (GORBRNSS - dGaRta tiRePIFIAY Input
m&esidenionelg:that the toner is liable to be liberated (unwantingly)
unless it is processed into a relatively low-dusted form, such as by
* sprayiRBSLBONEIRE RIETTIRP RIS BPREE AP tRa) DsprdONh
+ OtneTIids 0T GHE Pl AN inB0 e il anvh IpisdeYs, bur

blended 138 with other materials and/or other WEEE component

mateMKE BIRISEOl SYhRaRtalY 333erial 135 (polyurethane foam) and
o is exjridsd AR Q ity anpREiEMS YA TRt asbIBE M bfe SRasnesh LbLNED,

powder-type substance, called additive material or masterbatch 142. This

* addifiRamareiiel ayRseyseRinane JoRMh S piRyediydn fhe éragpiefamang than
be desgry fb%%Y-ﬁaﬁhﬁb@??éi@l%&%&t?&aﬁaén}éé%%, 121, 129

and/or 105 may be 5 added 139 at thiS stage, depending on the output
* requiréastiosnntiaéediehsITesBIEP ) IDdESs ANBR G HNPTS toaes¥antialtthaP0%, but

this gk @?éﬁé@bﬁ%ﬁﬁ%@aﬁﬁgw Rgogdditive material 142 may comprise

at least two primary input _
The final composite product, such as eWood, may comprise:

) The additive material as disclosed herein, and may further comprise (but

not necessarily comprise):

. Styrenics, preferably more than 50%

. various engineering plastics,

. various commodity plastics, such as PP, PE

. plastics containing flame retardants, such as BFR

o ABS/PC blend, such as mobile phone housings

. PC polycarbonate
. Glass
. Metal (ferrous and/or non-ferrous)

) PCB (printed circuit boards)

) Fibreglass
° Felt
° Silicone / silica

° Cardboard
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materials, namely: . Toner powder, preferably in the range of more than
0% up to 100% 10 . De-dusted toner, preferably in the range of more than
0% up to 100%, but more preferably substantially 33% . Ink or Ink sludge,
preferably in the range of more than 0% up to 30% . Foam, such as
polyurethane foam, preferably in the réﬁge of more than 0% up to 60%,
but more preferably substantially 33% 15 . Plastics material, preferably in
® the r&ﬂtﬁ% of more than 0% up to 100%, but more preferably substantially
o 33%pfike final composite product, such as eWood, may comprise: The
additive material as disclosed herein, and may further comprise (but not
* neceB¥4rily comprise): 20 . Styrenics, preferably more than 50% various

engi@ﬁ%@ plastics, various commodity plastics, such as PP, PE plastics
containing flame retardants, such as BFR ABS/PC blend, such as mobile
e phongdigdgirggiabs . PC polycarbonate Glass Metal (ferrous and/or

T RSP AR ORI e R

WE Exhotamrias pdiitioivig presenprievientshn far e paiodiion of a substantially
plastics material or product having more than 50% (or some other figure)
styrenics, as well as the process of obtaining the material or product.

The additive (masterbatch) material is then fed to an extruder 143, together
with other materials 134, 122 and/or 124 and optionally other material recovered
from the WEEE and/or additional material or plastics sourced externally. The
other material is preferably granulated prior to being fed to the extruder. The
other material may, for example have a particle size of substantially 10mm
nominal. The proportions of materials fed to the extruder 143 are, approximately:
) More than 80%, preferably 90% other materials, 134, 120, 121, 122, 124

or any one or a combination of those materials, and

. less than 20%, preferably 10% additive material 142
The additive blended with other material and/or contaminated plastics and

by virtue of the reprocessing binds them into a relatively strong composite, which

regains close to its original strength characteristics of the virgin resins, which it
contains.

In one embodiment, there are benefits in adding the additive material, such
as (toner/ink/PU foam) to produce eWood, namely:

) It is known that most plastics are mutually incompatible with each other. If
incompatible plastics are melt blended (by extrusion) then on cooling the
mixture phase separates and the resultant products usually have low
mechanical properties since cracks develop through the plane of weakness
between the immiscible phase.

. Advantageously the styrene-acrylate copolymer binder in black toner can
act as a compatibilizer for the various polymer phases in eWood. The
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Another aspect of the present invention is the provision of a substantially
plastics material or product having more than 50% (or some other figure)
styrenics, as well as the process of obtaining the material or product. 10
The additive (masterbatch) material is then fed to an extruder 143,
together with other materials 134, 122%nd/or 124 and optionally other
material recovered from the WEEE and/or additional material c\)qrb‘%)l_astics

sourchd FEACARIG RORANENGh AR b ABIBBHP B TR OV IgRggNterfacial
beingderte teasuiiusiavddietaiharfarainialmsvibiergasmeple have a

particle size of substantially 10mm 15 nominal. The proportions of

* matelafs Y SO BEARITORPYIE! JPRRIliRataR INAEASAlaRNRIGY, between
prefoﬁ_ﬂ)Miﬂ@%rﬁtW)Fﬁ?é?r}iﬂés@f‘aé@ﬁ)e@@éL,alzi%elzéln@rrﬁab’eoﬁ@rﬂb@eneous

combination of those materials, and. less than 20%, preferably 10%
addifleRSORa P A RIPANCHI RIRREIHES RhdPen SRS RAlGE Plends are

contamipaiesplastics and 20 by virtue of the reprocessing binds them
into a relatively strong composite, which regains close to its original

* stren{fi€ cHAVABRSHEEEL BRhEORGMTESindTWHE S dBIREREAIn gFBesion  and
embadisaeRintherecaigcaenaligdpiaddunsibg, adtlitvanaifip! tseCho@sation of

(toner/ink/PU foam) to produce eWood, namely: 25 It is known that most
plasti8aller ALARRIJ FHedRDatible with each other. If incompatible plastics

o are mglk blapeath (B GIEESIER dERGN Loolne s TREshA& PRARE the different

separates and the resultant products usually have low mechanical

propBRI¥ISIHRNEER% s} e P hPtRIgRIRE PIPIhESINRBRNERR PbRRSSn The
the iapisciNe fibagedidpeABPRIRASAY IS s EMER R eAYRICHARRAGNRAdS to

binder in black toner can act as a compatibilizer for the various polymer

phasR¥/rreWdbbati srchariral RERRLIERSpolymer acts as a
o CompadiBiizar Y IOGERE dBIstfagish surface tension between the

different immiscible phases. The styrene-acrylate copolymer modifies the
* interfd¥icitahbisptipanRERRE RS dtfevEti SIf e phs Diaehetiad £Xists in the
and ks homogeneous 5 dispersion and the mechanical properties of

the commingled blends are enhanced. _ _
Brominated flame retardants 144 are extracted in the extruding process,

and which will be detailed further hereinafter and a resultant plastics material 145
may be shaped into any desired form, such as lumber.

Figure 3, which relates to the processing of the WEEE component
materials subsequent to separation and densification steps as detailed above.
One aspect that needs to be accommodated is the processing of the WEEE
component materials with brominated flame retardants in mind, which vary
considerably in both their volatility and thermal stability. Although some very
stable compounds volatilize chemically unchanged, others break down within the
polymer or react directly with it in the condensed phase. Hydrogen bromide is
generally the major gaseous product.

A critical factor governing the effectiveness of brominated flame retardants
and indeed their mechanism of action is their thermal stability relative to that of
the polymers with which they are associated. The most favourable situation for a
flame retardant to be effective will be one in which its decomposition temperature

lies 50°C or so below that of the polymer. In general, decomposition at this
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The styrene-acrylate copolymer improves interfacial adhesion and
importantly, reduce interfacial tension, thus allowing the formation of
smaller phase domains. 10 . The styrene-acrylate copolymer is able to
interact with the different polymer phases and promote adhesion between
the phases. The optimally sized dispé')r%ed phases and strong interfacial
bonding leads to eWood with better mechanical properties. Relativel

teRR R RN eSO R SURTAHHEL ISR & ¥ipgen bromide

or Caldpe ftackihiaimxisteinithe téonry . idramegiesilanerejardaeiseldd afdomine
extracted in the ef<tr din%grocess, and which will be detaiéed ,furH1er anno

CORPRIATR PERE"E R TR K BYMSRITHLECOYY 1BPRIAIUSESHYBIEE e Wiy 00°C)-

Tk@?sﬁfyﬁdvvgrlznpr@é@hﬁﬁduI@?@pe?@tlltﬁiéufb@r3de'bi©|mliﬂ&t©ﬁ tmt%@é@@ﬁm is a
of the component materials sybsequent to separation a

AR T SeD00 GEGoda RIE Bz pric (e ke s been found

thaceemivenatsghethsrpressBring:afgbeatliies Heganmpameat maderisidevéll to be

o STV o PRI i RISy 3o SR A propery

detoripatiodswhilatilizgenpeeanically longhatgad, Z8betrreakidowonsitiiretinao not

. polymer gr react directly with it in the condensed phase. Hydrogen

i S B RIS LR TR TR A AlGAS to gaseous
brogmirendogribeueidisctiveness of brominated flame retardants and indeed

their mechanism of action is their thermal stability relative to that of 30 the
R e B e D e R
refardafimmehigartsing e e @dtsintyeomliiem anexedvduinits sléscahgpesitioraround

26t§r£z§1r tur%ﬁlies 50C or so below that of the polymer. In general,
e §8 ition at this 21 temperature results in the liberation of

subsTddiahgasiotitiesaningy i oge i lmnmniaie doogjamentisl bromine. Owing
to the relatively low C-Br bond energy, bromine compounds generally
breakdtwn at quit low mperatures (typically 200-300C). The optimal

proceRsingdg i@fyre for debrgpynafigi idpe extruderisas  equation 1
temperature ot 250-300 deg.C and preferably 265-270 deg.C. It has been

found

For many plastic waste streams, recycling may be difficult due to the
presence of BFRs. For example, the use of recycled ABS (acrylonitrile-
butadiene-styrene) as a blend with PC (polycarbonate), is not usually possible
because the BFR causes the PC to depolymerise, resulting in poor quality of the
recyclate. By the use of an aspect of the present invention, in which the melt is
debrominated before blending, the recycled plastic with polycarbonate, the
physical properties of the blend can be advantageously maintained.

The plastics containing brominated flame retardants are generally based
on styrenics (e.g. PS, HIPS, ABS, PPO/PS, PPE/PS, ABS/PC) and polyamides
(Nulon 6, nylon 6,6, nylon 12) and other engineering plastics such as polyacetal,
polycarbonate, PET, PBT, liquid crystal polymers.

Referring to Figure 3, the various mixed plastics waste materials 301 are
first granulated 302 to average 9 mm flake. The flake is fed into an extruder
hopper and heated 303 in the extruder to a temperature of 250-300 deg.C and
preferably 265-270 deg.C. At this temperature, the brominated flame retardants
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that relatively higher processing temperatures lead to what is considered
to be excessive thermal degradation of the plastics leading to
concomitant property deterioration while temperatures lower than 250
deg.C are considered to not induce sufficient decomposition of
brominated flame retardants to gaseoag 10 bromine compounds. The
temperature thus preferred for decom osm brominated flame retardants

hayiRE AR AHRG A RN HRGATIRESE GOITHR SIS HaRABHS Jiediqpromic acid

(Hmﬁﬁ@&gg@bT@mmwmQQQM@g to the brominated organics is: 15
RBr -* R' + Br' Br' + P er-H@* HBr + Po mer' equation 1 F(ir many

plastlP \ﬁag'f@rst‘?é%ﬁ?gr &ciRgYn HAEE ! f&ﬁlﬁlcﬁi%t fhEXHEh &g&ther with
theBFrFéflit foeresxarnate) tedusrad W@meﬁigﬁhwﬁ@mﬁllﬁ 28aming and porosity

tadlene i‘é‘?@? as a ble d with PC g@%/carb IS not USLfaI |
el the BrFe HEE@E e BEGBHUGy 89@&“‘?@58% Gnresultant
m@tﬂ@ir@am&m&\w islayaaioady tﬁl@elms)fréﬁﬁﬁﬁgqutﬁwrﬁmtblocked due

o AR e R R Vg e o

re%@dtmwamntﬁmedta&ﬁemmhg aeniaifng WWirmat@d)ﬂ@m@onate)

s FRRESAE BESRY S ot R R A e e
debb);ﬁmdr@bewmtn&yrmgoptasmmﬁqpbﬁﬂpom@ate pol?yszadbbna’mnatmg the
PET, PBT IbcLléldc S:-ﬁ};{? re/mer rr|n to Figure 3 evarlou

Ml B RS AR alagBysica

prépemdiakst. e Britalischad béoa?dvantagmubwpmuatwdmmeméoner these
the extru

mperature of 250-3 O de refer 265-
s ook S s S AR A s SRUET TAEA 33" Higikers in the
vidirin 66 tinel éathesiontosaetiomose and to give gaseous hydrobromic acid
ior art extruder, these

woult AP RS BRI e R ar e e 0l o) U e with
scyeyulthhe Iaalmghdmgmm:ﬁsfsmmngmdnpmwma/c@nttdilmgnmmﬂemhngetm gort or
porr‘:f‘gI uaﬁtoi(r)la Iﬂ1e ec):(ttwrabrag l?a{ r%?rt"i& ?f(teg% rggH(Ietgn[the volatile HBr gas, and any
other unwanted gases, will be extracted 304 by the vacuum or low pressure
created by the vacuum pump or other suitable means. The gaseous
decomposition products can be further processed 305, such as by being drawn
through a water reservoir and the HBr and other brominated by-products will be
scrubbed and neutralized.

The resulting extrudate relatively free of entrapped gases and porosity can
then be further processed 306, such as by being moulded to form large
rectangular retaining wall blocks or eWood lumber being sheets of WEEE
recycled material being substantially 6 inches wide and 1 inch thick. The
processing 306 may be used to mould or otherwise form the extruded material
into any shape as may be required.

The eWood material as formed by the process as disclosed herein has a
number of unique properties, namely:

o E-wood is a new, environmentally-responsible wood substitute which may
be used as a replacement material in building, fabrication and furniture

production,
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moulding. For many plastic waste streams, recycling routes may be
blocked due to the presence of Brominated Flame Retardants. For
example, the use of recycled ABS (acrylonitrile-butadiene-styrene) as a
blend with PC (polycarbonate) is not possible because the Brominated
Flame Retardant causes the PC to 1 polymerise, resulting in poor
quality of the recyclate. By debrominating the melt before blending the

recy @&k BIRWARTB oRICAIBIMAROHE HRGSICH! MBPE IR BdRe RBHd furniture
can beash@ntageaysrewatainesddMareovspHhese fiomeasopridd countries. In

constitute an occupational and safety hazard for workers in the vicinity of

the HRFESLHEGIRANBIE NBHREFSIEP BRI ARIG SHRY P¥RiBNtRtREpigRdwOrking

4, ancextrdars Allegt wiie atriescwr thainiprareclf6PIBAITRSIGNESHNS PF sculpture
zones coinciding with the vent port or ports along the extruder barrel. At

thes®SERESANRS, BIAKE HBF JIRMARFIRY RIHBR JRFGiRasiALRa Qlingey parts

extragtechd04vbyidhe VEGHBBHODRWIRESSHIrSusiadiadiey deReiéMto natural
pump or other suitable means. The gaseous 20 _decomposition products

can DETEVRGH3r8REs 8P B4 RURRS UGy PRy Ufaweh RiGNgh awagipctronics

resergiReshthe&issand piRgfilprominated by-products will be scrubbed
and neutralized. The resulting extrudate reIativeI:y free of entrapE]ed gases

and FoPsRY WAHCRHE MRIRIHRBT [5oKelssb BEE B1RIeHRISSHEMES Polystyrene
moulglied fe1fes dyehid presias didardipiaiitinge sl hiogkarat @WARY as natural

lumber being sheets of WEEE recycled material being substantially 6
inchSAWEh M IHERSIRCROT O Qe e 47, 6 WRl) Ase ARG T UCtural

or otheswigssform the extruded material into any shape as may be
required. The eWood material as formed by the process as disclosed

hereilGaPaTTOOMRIMBePERRRANER HoSUMRRY Rifiel): FadodvaYE neperior o

envirghimeRiirIRsRsds, wood substitute which may be used as a
replacement material in building, fabrication and furniture production, 23

Dark Hig dRBEasaE ) isSHAANEOI3ck YalUA RN ARRMS
makigg, WAk 53re AAAYARRS Rl BRHSAEHABEARAIE RSP Whod and is

recent years, there has been considerable controversy in the
woodl@BiRiagd UV-retarded to suit external applications,

E-wood is predominantly made from recycled WEEE, such as polystyrene
and related styrenic plastics and in this regard has superior rigidity and
dimensional stability compared with other types of plastic lumber which are
made from mixed polyolefins (e.g. polyethylene and polypropylene),

There is minimal dimensional change with e-wood with increasing
temperature with the softening point being about 96 deg.C,

Since e-wood is pigmented throughout using carbon black (stemming from
at least partially the de-dusted toner) there is little deterioration in surface
appearance over time, unlike painted wood where the paint can flake and
peel,

E-wood substantially does not absorb moisture therefore it will substantially
not rot, warp or crack. Consequently these is little risk of damage to an E-
wood structure from warping, rot, or insects,

E-wood requires little, if any, no water-proofing, staining or similar

maintenance when used in many exterior applications,
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community about the ethics of using rare tropical hardwoods in sculpture 5
because the market for them is contributing to deforestation of many parts
of the world. E-wood provides a sustainable alternative to natural
hardwoods and also minimizes the quantities of plastics from electronics
scrap that are sent to landfill, E-wood ghich is made from recycled WEEE
materials, such as polgtt)y,rene 10 and related styrenic plastics has almost

* the SaMOBHMRYRSHIRPHSHERIEP HaRbIdBRS S HIRRNIRNS IR o gk Slructure
feel, agdrrdiRe dRnpibharst fleaKneal tepiverrd ReWRrHBEBPCST chip,

properties of eWood are in many ways superior to commercial

* hardwoteed1s relaEvain&ariFies bl MYISHTS sipRarmtchabRWAIRUGEAYt and
ebony, E3¥Rod bdsicomparable screw and nail retention to natural wood
and is flame and UV-retarded to suit external applications, E-wood is

* pred¥itRfiyveademamderolledanreheRl appRAjafFenaltahdnany years
relatgd SfRyEPE iSRS iC TP RdRis deBRY uperiar gty &d i hh can be

dimensional stability compared with other fypes of plastic lumber whic

are ARURYUEMHTHNRY Byt sne g inremilen ceinepelprapyere) such as
Therg js,Ripipal dimensional change with e-wood with increasing
temperature with the softening point being about 96 deg.C, Since e-wood

is pidhTeRtddan it MRE s HIEHIYER raSe CESHRRMPRRRP2Yider astelatively
higdiedhetedgrdHgiachianesbiRgrR & lHEsHRIGHSIHRKEW SEaEL ompossition.

appearance over time, unlike painted wood where the paint can flake and

peel FEGWECH WUBLRISSMYUBBPRGIMBELAS ARRSIF U SRAaRIRtQe associated
wiv REEHRLE RAhRInMGP K Sraste EaBeRAUaRBY hesens HlleriRhoprovides a

damage to an E- 30 wood structure from warping, rot, or insects, E-wood

MediRAtk St DRRY A dyRENPIEHAn G ARIINMTg HURHHIAS nMalAtdpFREPONeNts

sUMReASUSRAI BTN €EaH oL SRRl G & dde E WP Man ke falliFated enable
so that it has substantially no grain structure and hence no plane of

deylatijgation e dis PRlmendNeHit Artigppect of invention, in part, relies on a

vented barrel (ie. one fitted with vent ports) to permit vacuum devolatilization
without foaming of the melt extrudate and without liberation of potentially toxic
fumes into the workplace.

It has been found to be advantageous to apply a vacuum to the polymer
melt through at least one vent port in the extruder to remove volatile components
in the composition.

The waste material is placed onto a feed conveyor 401, and is scanned of
foreign objects at detector 402, such as metal. A granulator 403 turns the waste
material into flakes 404. An extraction system 405 moves the flakes to a hopper
loader 406, which in turn feeds the flakes 404 to the extruder 407. An additive
material as herein described is blended with the flakes at a selected proportion
prior to being fed to the extruder.

The extruder 407 is provided with one or more vent ports 408 along the
barrel 409, also known as a vented extruder. The extruder is fitted with a screw
410 that has a decompression zone or zones 411 proximate or operatively
coinciding with the vent port or ports 412 along the extruder barrel. At these

zones 411 the volatile hydrobromic acid (HBr) gas will be extracted by the
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E-wood is relatively resistant to moisture absorption, bacteria growth and
barnacle growth, 5 . While E-wood may develop a weathered appearance
after many years outdoors since it is pigmented throughout a 'new'
aesthetic finish can be generated simé)ﬁ_’y by wiping the surface with a
rejuvenation product such as ArmouréH. If moulded into blocks, their large
cross-sectional area provides a relativ%lg?nlo high degree of strength and

VAT, G RaE Rt dRReYARHIEY BERR-LhinpdhRoYENERRRSI HidsfRegonnected

vi®aenemiforimentiof appairivsiapte dIodm esadriatadingpthamresest venturi
invention. As noted above, the present invention provides a method fo

PUGRBr G AR Y T IR RO YAHRFI AL BB A SRR Y 851%“'%%‘8[? means

asA/BMIlr aBsORME\AG i Gnusheg &, XA Udeidvith@ vaotrmbuiehtoisnaiRded. The
dev latilizatif)n of the polymer melt. An arséfe t of invention, in part, relies .
engoginEiYed B%r?QP(%g Bn¥aIREH AR v ’b‘g%stB%QHﬁ?Pv%%ﬁlﬁﬁsoc'ated with

thelexalatiia aign patteutfogameingnefdhatmelisexdrudatspng wibaed to effectively

liberation of potentially toxic fumes into the workplace. It has been fqund. .
S SRS A I, O o B P b W KRG A o in the
valeastnopervpicoktdte the axtisedgssedemia\ringiadies conrpaneiialiéhig sodium
comg) ition. Th(—;,-%Yvast material is(flaced onto a feed convezor 401

, and
hyAraXIld8 DAl Hiscatiole REJTAE 265 RONRS SHTEaRte fram fag yented

exfQidéurns the waste material into flakes 404. Ar_l ex_traction system 405

e B B e L I aomec
gaslesced ithdbiryflakescairathelediedipisyzaltioropgiordthbeted firédd HIES before
o R S R SR B SRR 2 s an
opétechadld a x@rew 30 410 that has a decompression zone or zones 411

D A R M AT A A g o
seftdits)egasned. bas kiR otatehnltfiev?s themugyhnzoreatiedHyy ploé/rreaubegins to melt
and” |rsn %%BpaTr%%l}Qe tee(o)rgx/t‘ﬁi%g %rezgﬁg .CE%dzone, 3, the polymer is plasticized
and undergoes further intensive mixing and shearing. Between zones 3 and 4,
the volatiles extracted from the polymer are vented from barrel at zone 4. In zone
5, more blending and mixing of the polymer is accomplished and at zone 6 the
homogenized polymer melt is extruded or suitable for extrusion through an orifice.

The extruder may be any extruder adapted to debrominate the polymer
melt by extrusion devolatilization such as a single screw reciprocating extruder; a
single screw non-reciprocating extruder, a co-rotating, intermeshing double screw
extruder or a counter-rotating, non-intermeshing double screw extruder. The
extruder typically comprises a single barrel, the extruder typically has a length to
diameter ratio (L/D ratio) of between about 20 and about 60.

A vacuum vent downstream of the primary mixing section of the extruder is
referred to as "the first vacuum vent" and is characterized by the fact that all of
the screw flight present in the extruder between the point of introduction of the
solid polymeric material at the feed throat and said first vacuum vent are "right
handed" (forward flighted) screw flights. At the first vent port, the screw flights are

less pitched and shallower causing a low pressure zone. he first vacuum vent is
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via a manifold 414 to a vacuum pump 413, either a liquid-ring pump, water
venturi pump, a root pump, a rotary vane pump, a diffusion pump or other
suitable means as would be known in the art. A liquid ring vacuum pump
is preferred. The 5 embodiment also shows a water trap 415 and dosing
pump 416 associated with the vacuur?nﬁpump 413. A vacuum of at least
0,1 mbar is required to effectively exhaust the ﬂaseous compounds from

f .
PreferaliyuaRe HRd b RiRE SR 8 REVERD nk (A aeUkArdhtedy and still
m&e dpasdr AP iR 4 yethoatakali Eeusodiamd hyeeexiddotorr and most

neutra&ze the acidic bromine compounds extracted from the vented 10
Prefgraaly 168s Mt A9 the resulting extrudate 417 is relatively free of

entrapprer4psEas isNstefeiePly &t tas therberpessaskiateddh a heatefer such

head 418 befo_reg bei%&nmoyl%%ad (to ar_wg/3 d@esired shaﬁe and/or size) in . h
that, ity FREHIHAL RATURA ST JBEN YRR 4R R, GREBRTSSHMBIRSE I the
st@xingdpoRanelcamie vigwed asevsiating ol gh seramis 2anafumsbat. The

terial fl th h 1, th )|l begins t It.and is th
O dBG AT G D800 S T, BERG, B BBt RlReHbn et may

beundfigees By dwitioléngivieenibddg aledoshrarsatioBRilyariizanatkedainthd, screw
the volatiles extracted from tré%g%lémer arﬁ vented from bar

| at 4.
Il G ST HC T S LR IS S S T BSp SR SO SE ORI Raperature.
angndhatpressubahe Wisicrogenizeslipaiyweatanel ispextiteded or suitable for

extrusjon through an orifice.  The extruder may be any extruder adapte
t0 deh B AREHAC B A1y BTN BRRI B SRS SAGHIER J€Tt located
dosingiessarewfreniprptaitivjzexvndeecioningires@erondnvEinocatng serves to
extrudea%%[.co-r taétjnﬁ [ termesé}in% double screw 25 extrude
A& §

ra .
eI, ¥ REYH 8815‘?@%9?&)&%@8&6%}‘."?’%{ ih{ﬂ}@é} the first
vaynicallyeconysesly shglscoarie! vtrerirudat typigalivteasa nydssare lower

diameter ratio (L/D, ratjo) ,of between about 20 and.about 60. A vacuum
SRt S T e A e o T
whizhshthselosh s acoumnvesstitas o sechmradteypichly ihe fectigbdietveér8lbout 1
the scr light present in the extruder between the point of introduction of
e e Do ALy RS R A BB SRl AR SSt ess
thane10igbtr hartoke ot ¢foea qrol Y hadat gt e serevirtligiet e >dduiter fingtwerhptre, first and
the screw flights are. less pitched and shallower causing.a low pressure
seggrqé Y‘IaéCHIUS%V\i/ieCTJ{S s Tes rirsed 0 as the paﬂlaﬁy AVl ity S d%lymer melt.
The extruder may also be equipped for multistage stripping agent injection

(e.g. water) in order to facilitate the removal of persistent bromine volatile
components that may present.

It is possible with the present invention to recover bromine from WEEE, as
well as other waste materials, in a relatively economical and ecologically feasible
way by the isolation of the bromine from the gas stream and in an example
suitable form by absorption of the bromine into an aqueous (hydroxide) solution.
The hydrogen bromide in the product gas may be neutralised and converted into
salt. Under extrusion conditions, the one important bromine compound from
WEEE is HBr with small amounts of Br2 and possibly organobromides. The
recovery of this is accomplished either as HBr by adsorption in water (at pH=1) or
by neutralisation with sodium or calcium hydroxide, forming NaBr or CaBr2 salt.

The process is only applicable only to BFR but other gases that can be

extracted such as steam (so wet plastics can be processed), styrene monomer
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26 preferably operated at a pressure between about 1 and about 750 torr,
and still more preferably in a range between about 1 and about 500 torr
and most preferably less than 100 torr. Generally, it is preferable that the
extruder be operated in a manner such_5 that a substantial portion of the
volatile bromine components present the starting polymeric material
are removed through the first vacuum vent. The amount of the volatile

(@8I pBHen LB RSB0 d Ut tRRRIGactisfiGeht nia)MBYRY G ed B  the
decontisdEmgoine tgedpaiimebtae selis pRdyprria mafeial, the scievom@igiion  of

xtruﬁer operating parameters such as screw speed and temperature, 10
poi\(ﬁji{ 8"5tsure at which the vacuum vents are operated. The extruder is

prefenahily ethippadanibR $eeoNsbErcUYEB s dogatasbiisverstieamtof specific

the plasticization section. The second vacuum vent serves to remove
BT S B ol T vt doroGAFARE pidh further
muaitidafiovesit. Tpicalbpibicaseanis viatehoeders isoperaify abamieoasultses or

ower.15 than the pressure at which the first vacuym vent is operated. The .
Al as 0 PP EE0 R QTR I BoR L) g STCD (SR8, The, nVention
an@ngsiiyesichlispditaed doentth8hredem efictibiy ketwesshadouthin known

or DR uBNEA HE R BRI OA L Ve s may be

apsifeded tiocassbenpartisy desdlatiizd faolyswrioreil. 20 The extruder may
also he equipped for multistage stripping agent injection (e.g. water) in .
oo THE BB ANEOAG: e A B o e s s withour
dejpattimgufrprasiiet.sibiist pdssiblessihtink graseneiststion tieran@igion, it should
bromine from WEEE, as well as ather waste materials, in a relativel
b BT AR L ol IS SE e o8 VR IS GUrahoh B IR the present
inlEatiinedriesshethasvsiteaspacifiea ab@xample shiablie fosncbystrued broadly
tion of the bromine i ueous ion. The

B BB AEE P pPRdL BE Ay Seonae Rl e ABRoaigg claims
Véﬂ@$ﬁt0&ﬁd&ﬂ@ﬁrmidmcpﬂ\£ﬁ1@ﬂsatmmmmihtemieel to be included
B R AR B T e, v
spadfargmbodimatess (ate kb= amnbyremdttisdteillustratodiomtioe catmymvays in
WH}XHrﬂ%‘édSriB%@ié‘& (')\#at%reorgr(é\’ggr{g iﬁelethtion may be practiced. In the following
claims, means-plus-function clauses are intended to cover structures as
performing the defined function and not only structural equivalents, but also
equivalent structures. For example, although a nail and a screw may not be
structural equivalents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a helical surface to secure
wooden parts together, in the environment of fastening wooden parts, a nail and a
screw are equivalent structures.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof.”
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The process is only applicable only to BFR but other gases that can be
extracted such as steam (so wet plastics can be processed), styrene
monomer 27 (from the decomposition of styrenic plastics), formaldehyde
from the decomposition of polyacetal, bis-phenol A (from the
decomposition of polycarbonate). Wi‘?l@ this invention has been described
in_connection with specific 5 embodiments thereaf, it will be understood
THEE 8!V S5 BV R Fon EH BN TR MRS hikkidi$Intended to
cover any variations uses or adaptations of the invention following in
general, the principles of the invention and including such departures = .
L fromAnd SR ELRRKI SATRAS LR L ORRBRIRHI Kholh B eRistBiner) pidBiiken the
maitifictoeeadfta whishidhednyeisiapasitapagnd aenayipslibapebaptsing at
the essential features hereinbefore set forth. As the present invention may
‘embodied in several forms without departing from the spirit of the
esseplipfeharacteristics of the invention, it should be understood that the
above described embodiments are not to limit the present invention
unled@herwise specified, but rather should be construed broadly 15
withihthe spirit and scope of the invention as defined in the appended
claims. Various modifications and e%L(J;' glept arrangements are intended

to beoirnﬁ%gﬂev%lﬂmﬁé’mmaém‘? 8PHE invention and appended

claims. Therefore, the specific embodiments are to be understood to be

illustrative of the many ways in .which the principles, of the present
2. e SRRSO BB AR Sy SIS I toner s de-dusted toner
or ewpplvddoctoy olausealdnelindéngleshter cover structures as
performing the defined function and not only structural equivalents, but
also equivalent structures. For example, although a nail and a screw may
3. not b& croptigidbeguivelzinie dhithalbénnailceraploke eicytindiidaisintaskitiye, ink
secure wooden parts together, whereas a screw employs a.helical .
OB B S SRR R LR h 0 RO ERtigpna ink.
fastening wooden parts, a nail and a screw are equivalent structures.

"Comprises/comprising’, when usef in tlii spgecification.is tarli{e%n to specify .
4 e OO S B AR B, LS o SR ORa R ey rintec
cincatt poechldeatiee giresercaogladdifiorephogtalor more other features,

integers, steps,
5. A composition as claimed in claim 1 or 4, wherein the foam, toner and ink

originate from WEEE.

6. A composition as claimed in any one of claims 1 to 5, wherein the

composition comprises at least any two of foam, toner and/or ink.

7. A composition as claimed in any one of claims 1 to 6, wherein any one of,
more than one of, or any combination of the PU foam, toner and / or ink are

crushed to a powder like substance.

8. A composite substantially plastic product made at least in part from the

composition of any one of claims 1 to 7.
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30 components or groups thereof." 28 THE CLAIMS DEFINING THE

INVENTION ARE AS FOLLOWS: 1. A feedstock composition adapted to

be used as an input in the manufacture of a substantially composite

plastic, the composition comprising at_5 least: PU foam toner ink or any

one or any combination of the above 49 2. A composition as claimed in

claim 1, wherein the toner is de-dusted toner or toner powder or.an
9 mateMBIFHAHRIM FRGERIINAAS AiSERLIN Rt SRBIRT GaMPRHPN of any one
of whgkein the 7k is ink sludge, ink 15 dye, ink pigment, ink concentrate,

crashed ink or any material including ink. 4. A composition as claimed in

claim 1, further comprising (pulverised) printed circuit board material,

10such/ms ghesaniiaig: presaksbhodheosapapiisings claimed in claim 1 or 4,
wherein the foam, toner and.ink originate frr%{n WEEE. 6. A composition
[

as ciM&EPTARANIOR 5 Ciaimed a5y, At Ui Eonibdindind at Teast 50%
stye@miegses at least any two of foam, toner and/or ink. 25 7. A composition

as claimed in any one of claims 1 to 6, wherein any one of, more than

one of, or any combination of the PU foam, toner and / or ink are crushed
11to a poprdeluitke s dhsiarecindd8nA10) Whesdh sHbstantallysptastiprivesagly one

made at least in past from the composition of any one of claims 1 to 7. 29
Or@anFQHm{r\'%t'ﬁ{ﬁ@rrial made at least in part from the composition of any

one &of claimg$ tpréfdRbly sHhptardiady pfasiice Hiadwkeopisows; 5 the
compositionpas claimed any one of claims 1 to 7, and at least 50%
[ J

C/ABS, preferably in the range of more than 0% up to 90%,
. PPO/PS, preferably in the range of more than 0% up to 90%,
. PPE/PS, preferably in the range of more than 0% up to 90%,

. HIPS, preferably in the range of more than 0% up to 90%,

o PS, preferably in the range of more than 0% up to 90%,

. PC, preferably in the range of more than 0% up to 90%,

. Noryl, preferably in the range of more than 0% up to 90%,

. Other styrenics, preferably in the range of more than 0% up to 90%.

12. A product as claimed in claim 8, 10 or 11, further comprising polyamides.

13. A product as claimed in claim 12, wherein the polyamides comprises any

one or any combination of:

) Nylon 6, preferably in the range of more than 0% up to 90%,
. nylon 6,6, preferably in the range of more than 0% up to 90%,
. nylon 12), preferably in the range of more than 0% up to 90%.

14. A product as claimed in any one of claims 8 or 10 to 13, further comprising

polyolefins.



styrenics. 11. A product as claimed in claim 10, wherein the styrenics
comprises any one or any combination of: 10 ABS, preferably in the
range of more than 0% up to 90%, . PC/ABS, preferably in the range of
more than 0% up to 90%, . PPO/PS, preferably in the range of more than
0% up to 90%, . PPE/PS, preferably i Ghe range of more than 0% up to
0%, . HIPS, preferably in the range of more than O%Rgtglto 90%, 15 PS,

152refé?a8[§’ﬂ¥ SFaRGEHR IO S HESBBINE Ry Prdias mnprises any

orf@dge ey Esthihatidileip to 90%, . Noryl, preferably in the range of more
than 0% up to 90%, . Other styrenics, preferablihig the range of more than
I

0% U to 9635 REEsally, i dleraseerhmpre hamemPde E0%rther
comgrising pelyamigeserBlAPiREYEhaR GRIMGE ihafRidld Ysen the

polyamides comprises any one or any combination of: Nylon 6, preferably

5 in the rangd-BFo éfRiRbbsinghe suvge obmorentieas BrefdpephYehe
rangg of masgkan Qfelan i SBrbrePuiRn APINBIPIRIGE!SIMRFI ARAR Tog up to
more than 0% up to 90%. 14. A product as claimed ih any one of claims 8
or 10 to 13,50Mher comprising polyolefins. 30 30 15. A product as
claimed in claim 14, wherein the polyolefins comprises any one or any
combination of: . PP, preferably in the range of more than 0% up to 50%, .

16-DDA spiestrRbB/nRMRSHEAJE @HURbRS thlaTed ip a%ons of \asps 8 or 10 to

10 15PeieRP MBI IR P bR URANQRMRARAGD YL, - Other polyolefins,
preferably in the range ‘'of more than 0% up to 50%. 16. A substantially
plastics proddeitie opaiestRiraanyeseie clisriesecs sualn & e, fikiHy foam,
comprising : inat : iti ' '
e S8 TRSEAT B AR BRI SITE 25
. Toner, such as developer, StyreneAcrylate, Polyole, preferably in

the range of more than 0% up to 25%,

15 . Foam — PEV, P(ester)U, preferably in the range of more than 0% up
to 25%,
. Shredded bladders, preferably in the range of more than 0% up to
25%,
o Pulverised PCB, preferably in the range of more than 0% up to 25%,
20 ) Ink sludge, preferably in the range of more than 0% up to 20%,
. Glass flakes, preferably in the range of more than 0% up to 20%,
o Liquid crystal, preferably in the range of more than 0% up to 20%
. Silicon - silica, preferably in the range of more than 0% up to 20%,
o PET, preferably in the range of more than 0% up to 20%,
25 . GF PET, preferably in the range of more than 0% up to 20%,
. PSU, preferably in the range of more than 0% up to 20%,
o polyacetal, preferably in the range of more than 0% up to 90%,
. polycarbonate, preferably in the range of more than 0% up to 90%,

. PBT, preferably in the range of more than 0% up to 90%,
30 . Other WEEE component materials



dye, pigment, preferably in the range of more than 0% up to 25%, . Toner,
such as developer, StyreneAcrylate, Polyole, preferably in the range of
more than 0% up to 25%, 15 Foam - PEV, P(ester)U, preferably in the
range of more than 0% up to 25%, . Shredded bladders, preferably in the
range of more than 0% up to 25%, . Pdiverised PCB, preferably in the
ange of more than O% up to 25%, 20 Ink sludge preferabl in the ra
Tof mOYPIRIHBAUF! f’d%d/o'” ey §del0 ptﬁ’e%eq; B tRe H‘QP@%F JF‘FH%P@me”t
prﬁw@Q% up to 20%, . Liquid crystal, preferably in the range of more than
0% up to 20% . Silicon - silica, preferably in the range of more than 0%
up to 20%, . PET, preferably in the range of more than 0% up to 20%, 25
GF PET, preferably in the range of more than 0% up to 20%, . PSU,
preferably in the range of more than 0% up to 20%, . polyacetal,
preferably in the range of more than 0% up to 90%, . polycarbonate,
preferably in the range of more than 0% up to 90%, . PBT, preferably in
the range of more than 0% up to 90%, 30 Other WEEE component
materials 31 17. A product as claimed in claim 8 or 10 to 16, being a
lumber replacement product. 5





