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' 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 bacause 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 Bromlnated Flame Retardants
contain 50-85 %-wt of bromine, and can be separated lnto aromatic, alxphatzc 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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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 ahd economically
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.
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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 are employed but the materials are foamed in order to
affect separation.
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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 hea‘vily 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 fandfill 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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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 jead 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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The present invention provides, in a fifth aspect of invention, a method of
separating substantially plastics materials originating from WEEE, the method
comprising the steps of processing the WEEE to a nominal size range thus

30 providing a first batch material, Immersing the first batch material in a first liquid,
resulting in substantial separation of a first material and a residual second batch
material, and subsequently immersing the second batch material in a second
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The present invention provides, in a tenth aspect, a method andfor
apparatus for the recycling of relatively heavily mixed and contaminated non-
25 homogeneous plastic residue left over from the recycling of WEEE. In this
aspect, the 'waste’ output streams ére bound into a composite plastic based

lumber or other product instead of being placed in Jandfill.
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

30 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



The present invention provides, in an eighth aspect of

i nvention, an apparatus adapted to process plastic
worai0sn2mi7 cont ai ni ng at | east Brom nat ed Fl anePCT/AU2005/000849

Ret ardants (BFR), the apparatus including neans for

heating the plastic material to a sel ected

tenperature, and a vented barrel as disclosed herein,

and vacuum neans adapted to extract fluid fromthe

heated plastic material. The present invention
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| unber roduct ns n | aced

| T e B8R daliop e eeEdpbc o giaste el can

dl inthis vey nerdet-m:mm fieh@éviriglhe prudess amtefdsOBsht pRistih@latively
£§$ded clains, formng a part of the description of

the

‘nvention. In essence, the present invention deals
wi t h bdthe cmmagledfplaismcynéﬂ Sigeano mmaynier beptaspressidn Kesided

etV RS\ B R e AT bRt o gros
re@obclwsam@ pndc dssirablendeduredr syrfades. egidditeratly ubesmix of
P SR Pracle (€5, ABS LI otV sfiste L BUEREREY on be
15a vatiedr tas qrodiser specifir @ddc propariies.uoither gidistss akdys also be
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arre one
vazeremntmmm. lization without foam ng of . the mel t

ext rud q{h%o;ﬁé%nwnklgr‘&% Hdstb%%g%m 1Q el Qtduﬁlbleyof Mihfitages,

USRS dgnt wor kpl ace vant ag Cous|

20”33’ b‘a ﬂgégﬁfé ﬁt?tt & LRl oG0S ﬁﬁ){aﬁ} %é%lc%rr{?ﬁwfsesuch as computer -

se i n density ast
separ athogaingsha@ripteast |f@nemelandcmk i wmldgss wegjc bim a  relatively

de- Dr oB0RéEr IARH A SRS AGRR, and resul tant

pl astlc relative
the ability fo process waste electrical and electronic plastics, such as HIPS,

flame retarded with brominated flame retardants, such as DecaBDE, and
25 ABS flame retarded with TBBPA (tetrabromobisphenol A) which
trad itionatiy‘ 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
30 extruder to remove volatile cémponents in the composition, such as
brominated dioxins and furans as well as Hbr, Br2, and non-aliphatic
compound emissions, ‘



The comm ngled plastic nelt stream may then be
conpressi on noul ded and/ or otherw se forned to produce

wag@bak3stet ai ning wall bricks with | arge cr ossBED/AU2008/000849
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area and desirable textured surfaces. Additionally the

m x of engineering plastic (e.g. ABS, HPS) to

comodity plastic (e.g. PP, PE) can be varied to

produce specific end propertléas O her products may

al so be manuf act ured fromthe comm ngled plastic nelt
st eam,of r e vent i t
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20f ound iFurinEESCOPg ARapRlicability of the present invention will become apparent
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from the detailed description given hereinafter. However, it should be understood
that the detailed descriptionﬂ and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS .

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



acrylonitrile butadi ene styrene (ABS), high-inpact
pol ystyrene (H PS), polycarbonate (PC) and an
w@B®spedsyrar bonate (ABS/ PC) bl end. the abilitBCT/aU2005/000849
recycl e and/or reuse substantially all other materi al
found in WEEE by producing a comm ngi ed product, such
-a eWod, or other. products which conprise plastics and
other materials. The ability.to recycle what has
previously not been recycled nanmely toner powder,
ink, i a| :
speci {1 4T} OAUSURER Ry Rl ot Beipth of Dhé ebodiment ofthe
eI@é??fﬁmVén@q‘Ul prent, including, without linitation,
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t531arent fromthe detail-ed description given
he
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det ai | gghuees G!fdsﬁ&ﬂe@%né@nb‘b@ﬁﬁérft'o? a?ﬂa’%@%k €8ed YhdRciation with
ntgl cati n kgr eferred epbodi nents o he i nvention, are
gi

BB halpvestion |'rtfétt%& iFoMeWRH barie] Reeorig; Bugn aspect of
chiargeisnand- nodi fications wthin the spirit and scope

f ' ] illl b h killed
107 PEFELERSESERIION qetarled doceription BRER
- DESCRI I@He@:jdpé]:_t of e @Bé&ﬂtmﬁ'énﬁ?ﬂ fsft]&cn'égtﬁd 36 tHeseueeall processing of
v ects .0 e present . .
SERETD O Y0 B IE R Pt RAblrRS Lobs dlppasg of
i nandfd. r ipl ascardanae twatbytmefaepee:nctaetWEEEemétmlribbw prgcessed, for
d ' t ' s
ool bledlorl FhahaEHarEalenaTar F fgked Mivarh i esseo
15gi theoughya- napberf ofi $dpasat|oatstahmnenl Iy ,onarsdattomy snedalds rsabstantially
I d
P el Ba08 BXTBLahiRI Rohilha, 200, Lo ¢
di agr amﬁﬁdddwe reatbidali(which vef refdreto msepesterbiatohd it created in one
: E'X%ﬁe& Bt nNeHﬁ&{ aﬁsﬁ@gd%% %fttﬁeleléxﬂeﬁtgz&en%t %%él?@ich are

action accor
prasperated Wermthewvet pFoepss @nd the dniproceses Tomeddtitaiaiesalts, in
of r cP "
20¢ n%%ﬁ?{”g\r%a%@ c%ﬁ@éﬁra@é? lﬁe%tglzgtrn}aeﬂgé@ﬁ%!gﬁéﬁngggold as an additive
aﬁp@e&pdgdeﬁ; @uprpducgg mﬁdegffqr@ meaycterd or other materials. The additive

material is preferably combined with other plastics and material obtained from the
WEEE to be recycled and serves to bind otherwise incompatible plastics, such as
the other mixed and contaminated plastics and material from WEEE, into a strong

25 composite is used to form a melt stream which is then profile extruded to produce
useful materials, such as plastics based lumber. The additive material has been
found to also add UV stability and relatively consistent colouration to the lumber.
“The lumber may be relatively farge in cross sectional area and may have textured
surfaces, if required. |

30 In other aspects of invention, there is a method of debrominating polymeﬂc
materials containing relatively violate components such as hydrobromic acid. Ina
preferred .embodiment, the method uses an extruder with a vented barrel to
enable devolitisation of the polymer melt, The vented barrel pefmits devolitisation



the present invention, including a " vented barrel
according to an aspect of invention. DETAILED

WOEBSRIBTI ON One aspect of the present inventiPCI/AB2005/000849
directed to the overall processing of WEEE in a manner
that substantially no material is required to be

di sposed of in landfill. In accordance with thjs
aspect, the WEEE material is processed for exanple by
reducingthe material to flakes then the fl aked
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eplo U@BVWH%?“PQ@ 8\'&5\1@ 1@ 5e eﬂ%}t rgrgultﬁtng ﬁ%gtqué tﬁeiﬂfann %then
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- aci In a preferred enbodi nent, the nethod uses an

ext Uder with a vented barrel to enable devolitisati on
of theipa guntaEr mepdct, (Rbse waltst pdyBeer cencapgaiedt by evaporation to

evolitisation ' t '
205 appiepEaapaney, SR bR @Rl hel) Riedefion of
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m carderapldtes the substantial recyclrng of WEEE The WEEE 100 stream of

material has a wet process 102 and a dry process 101, depending on the neture

25  of the WEEE material.  For example, for WEEE 100 which contains liquid inks,

the ‘wet’ process 102 can be used. 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,

30 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.



evol ution of acidic and toxic brom ne conmpounds during
recyciing by the use of a specially vented nelt

WO 2@50238$5i ng process, as Wil be described i nP@DAB2005/000849
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detail hereinafter. . An extruder having one of nore
vent ports along it's barrel is provided in one

enbodi nent, referred to as a vented extruder. The
vented. ports are connected g? a vacuum punp. A vacuum
of at |east 1 nbar has been Tound to exhaust (nost) of
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stream as will be detailed later herein.

KD

The toner collected may be polished 112 to further separate remnant
material 113 such as plastics from toner 114. The toner 114 may be procgssed
as is described in co-pending PCT application PCT/AU2004/001709, the
disclosure of which is incarporated herein by reference. Otherwise, the toner 114
and the other material 113 maybe recycled into the overall WEEE recycling
process asl 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



RPML for exanple between 20 and 30 RPM not sparking
cutting elenents, and DIP (Dust Ignition Proof) drive
W(bmoamn'smigniti on of the toner and/or any ot hPCT/AU2005/000849

mat eri al s"bei ng shredded. The shredder reduces the
WEEE streamto shards, for exanple 2 cmin width and 6

to 10 cmlong. Sone vacuum or |ow pressure 104 is

applied to the output of thesshredder to extract the
toner dust 105. This toner extraction 105 is conducted
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step after separation of toner 104
P In this reggr% aheI inventors hav% real?sed that {h %gﬁ]y heterogeneous

composmon of toner cartridges and other WEEE waste and their lack of design
25 for recycling makes it is difficult to 'implement fully automatic disassembly and
separation processes for printers and printer consumables.

The commingled and complex nature of WEEE, namely intimate mixtures
of plastics, metals, ceramics and toner dust, makes the recovery of useful
material streams from toner and inkjet cartridges extremely challenging.
30 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 piastics are melt blended (by exirusion)



netal separation 115. Metal separation occurs by
magneti ¢ and eddy current devices to renove ferrous
w@nwsnzasit errous nmetal s respectively. The nmagneCT/aU2005/000849

separation is preferably conducted by a magnetic head

in the formof a roller overwhich the shredded stream
passes. The Magnetic head serves to separate ferrous
metal s. The renai nder of the,shredded nmaterial then
passes an el ectro nagnetic drum separator, which
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onetssmkv\/nllel cl flL.pat st .
Fieder BAPeTRA C@V\gaf’g fiaﬁ'gél %%'lﬁtg thei aha" styrene
ccgyp)q{mm@t(sgm)w rtually any nmaterials with a denS| ty
of 1.0- n.be separa h-densit
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aut 0 t A e % h as toner
Oy e%ﬂplo H’%‘E tP I‘?B’ ofﬁﬁaﬁ %‘e ﬂ%?ote F‘o%‘gerpnl\éggtsb%%grﬁgsﬁ? “on' of
t OiRtless adverd, dgad neovtianicdiearty\kligs.wast e and their |ack
of design. for rec Kk i f£4 culviont O(polyamides),
i npl e NEETNY, 8%’%%5 tlmtcéad %ssa’l'{é,sen‘%'lléit a%d s &gr aroye ‘
pr pepssiemateyr  rolyesters  arfeolynityierer cmrgpmh@la Holyethylene
Co%hgba?a% a?;gsy&?é@' Falf Bt Mind fedVERicsnNaf®! MyloRs a8 family
25 has many members such as nylon 6, nylon 6/6, nylon 6/12, nylon 11, nyton 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
30 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.



of plastics, netals, ceram cs and toner dust, makes
the recovery of useful material streans fromtoner and
w0 ndopae3seartri dges extremely chal | engi ng. El ece€DADUZ005/000849
pl astics streanms can be very conplex since nmultiple
pl astics types are used and nmultiple grades of each
pl astic exist. The inventors further realised that
nost plastics are mutually iqgconpatible wth each
other and that if inconpatible plastics are nelt
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t @B&ntiang the M@ht.&ﬁbﬁ fe'cz@lﬂg WEBEaI’imettbélﬁ'&qlm $ibivaedr, may be
famlies of plastic

dj
d@ﬁglpqdyqquﬂho to ey & ?aéF‘FshE‘ qrmsa%zﬁg c%/ ' en| S@NEEE dotiBonent
Eth | NtheP Hé&inlpﬁ@n dabwndetafie theo lssemm aravitigsi (gnouped into

t st
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f lointer satidoesyfocompatent s. Styrenic plastics i ncI ude,

wi thouf |imtation, general- styrene,
hi gh- |‘E|'16 G pol ystyrene (HI P%‘é&?@%r@%yy

acrylonitril e-butadi ene-'Styrene (ABS), heat resistant

ABS 1 rbonat e (ABS/ 4€nd,

fl ame- B‘?’ Palf\%ﬁg fl ame- retgg%a% ABS and styrenb-
15 acryl oﬁtmmnbarwmatemv&bl ef®.B8 are plastics such as

| ow de hi ghodensist y pol yet hyl ene,
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et hyl eRelyginglgne gaigh dersitgd cop@%ﬁe%s, etc, Polyol efins

are used in non-1oad-bea _png parts such as toner

bottles, covers, small mechanical parts, clips.

Engi neé’niyatyrqﬂ%(gel‘@rsl rureose) asti0ds!-&lich as nyl on

o0 POI ya?ﬁ&?@%ene[tﬂl&)ﬁ E,?@ ate, RPpQLvessers (poiybutylene

tereph ene t er epht hal ate), :
pol yacéBd , heaV| 1y brontnat ed-04t%a@%i cs, etc. Nylons
as a famyy 1074110
PC/ABS | 1.00-1.12
25 Nylon 6 (unfilled) 1.14
' Nylon 8,6 (unfilled) 1.15
Acrylics _ 1.17-1.20
Polycarbonate 1.20
Polyethylene terephthalate 1.30
30 PVC (flexible) - 1.30
Nylon 6 (glass filled) 1.37

Polyacetal 1.41



25 has many nenbers such as nylon 6, nylon 6/6, nylon
6/12, nylon 11, nyton 12. Engineering plastics are
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screws, shafts, drive nechani sns, and fasteners.

Al t hough the toner cartridges contain nmultiple plastic
types it is possible to separate these plastics into
vari ous groups w thin which _}41e plastics are largely
30 conpatible. For instance, 1t has been realised that
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PANEIRY 1®Pgh density) 0.94-0.96 Pol ystyrene
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preferably by being added to a second tank which contains a substantially

magnesium sulphate solution {density = 1.125 g/cm3). -

Depending on the desired separation, the solutions in the tank(s) may be
varied. One of 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 0.01-1.256 g/cm3 as the
concentration is varied from 1 - 30 ¢/100 g of water. '

in another embodiment, the density of calcium nitrate (CaNO3) solution
may be adjusted from 1.2-1.56 g/cm3 by varying the concentration from 5 - 38
g/100 g of water. ' ' ‘

Still furiher, 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 dehsity range 0.01-1.4 are sodium nitrate (1.1-1.3 glcm3) aqd sodium
bromide (1.1-1.4 g/cm3).

. For relatively high density solutions, preferred salts based on cesium, for
example, ceéium bromide (working range: 1.05-1.5 g/cm3), cesium sulphate
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1.41As can be seen fromthe above, a good |evel of
vari ation exists between the styrenic polyners as a
whol e (density range 1.04-1.12 g/cc) and other pol yner
types. Wth this in mnd, the inventors have realised
that density-based separation lends itself well to the
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soI ut ll’onnaé dissesi found thal A%y gxsmgﬁylmpnkm@ngltm@oblﬁomq]eﬂoat-smk
t
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ave salt or other
sbé athievsi tolyield) laestxeabmfl rmanveiy ph@ Hwesictpplysrers. Some critical

%g%la,on %thﬁ%%‘ﬁe el %g éﬁ??‘&e%@ﬁ%@yégﬁbﬁnd to be alummlum

/cnB as th (8
csmeele nyloni palyestess aad pelyolefinam This egichirert of Hecttreaasell a nd

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
other manufactures 123 and 125 respectively. ‘
Advantageously, this -aspect of invention uses a plurality of tanks
containing solutions of different specific gravities for continuously separating, and
recovering plastics from commingled material streams of recycled products.
| Again, reférring to Figure 1, the material passing to the ‘wet process’ 102 is t
first shredded 126, and the shards 127 are centrifuged 128 in order to separate
the liquids 129, such as ink, from the reméining solids 130, The sqtidg 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.
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In anot her enbodi nent, the density of calciumnitrate
(CaN®3) solution may be adjusted from1.2-1.5 g/cnB by

@ 20091128311 he concentration from5 - 38 g/1 00 BCDAU2005/000849
water. Still further, the density of a sucrose

“solution may be varied from1.1 - 1,3 g/cnB as the
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concentration is varied from1l to 60 g/ 100 g of water.
Again, other alkaii metal sahts that nay be used to
achieve density solution in the density range 0.01-1.4
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Thi's epikGdyTRiMs of the streams 120 and 146 enables

L bponine i Ak B Aepyafs e PG B gLt ae

for th MIIQQ%Matlble)Jéﬁd ﬁfayftﬁcwﬁidl, ftg‘ éx;!rrlpteherpnntmg, such as

maeuf a%taycgggs %%d/o?gardlbggrd bo )(D Sﬁr%tfng Pfthe pigment and dye based
inks are mixed together, they form a sludge which may also be used in the
process of obtaining de-dusted toner.

+ Metals — this may be sold and/or smelted.

In another embodiment, the components are reprocessed into a form of
lumber called ‘eWood'. This ‘eWood' process will now 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



Advant ageousl y, this aspect of invention uses a

plurality of tanks containing solutions of different
W@ p@si12ise7 gravities for continuously separati NBCEHAU2005/000849

recovering plastics fromcomm ngled material streans

of recycled products. Again, referring to Figure 1,

the material passing to the 'wet process' 102 is first

shredded 126, and the shards 427 are centrifuged 128

in order to separate the liquids 129, such as i nk,
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The final composite product, such as eWoaod, may comprise:

25 o  The additive material as disclosed herein, and may further comprise (but
not necessarily comprise):
* Styrenics, preferably more than 50%
. various engineering plastics,
. various commadity plastics, such as PP, PE
30 . plastics containing flame retardants, such as BFR

. 'ABS/PC blend, such as mobile phone housings
. PC polycarbonate



plastics itenms Ink - which includes pignment based ink
and dye based ink (which are nutually inconpati bl e)
wapasaedgibe used, for exanple in printing, SuchCEHAU2005/000849
barcodes and/or cardboard box printing. If the pignment
and dye based inks are m xed together, they forma
sl udge which may al so be used in the process of
obt ai ni ng de-dusted toner, tals - this may be sold
and/or snelted. In another efmbodi ment, the conponents
are re q gessed into a formof |unber called 'eWod .
Thi s od' process wll now be described with
ref er emeal(ferrﬁusgancﬁéoﬂnanfemmah t he vari ous WEEE
conpon [ ensified, and then forned
i Nt o tﬁabégﬁgg 5?6@ ﬁk$n Figure 1, the steps in
densi f Fibedgiams | ncl ude, m xing 136 the toner 104 with
sone o Ehe ink 129. The toner is preferably sprayed
ink in order toforma 'de-dusted toner 137.
It. hassthe@rre/fsmad that the toner is liable to be
i berated, (unwantingly) unless it is processed into a
rel ati Y8PPBv- dusted form such as by spraying with
liqui dGigk. The toner 129 may alternatively be sprayed
with other liquids, for exanple paraffin oil. The
de- dust®® toner 137 is then bl ended 138 with ot her
1omad eri ghg and/ or ot her WEEE conponent materials, such-
as the low density material 135 (pol yurethane foan
arfd i sRERPUded 140 into an additive material and then
craushediglgilerydthio a powder - t ype substance, called
dd|t|ve material or masterbatch 142. This additive
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139. THBeAddYq {r%aﬁﬁ%fz’@ﬁchia%at%tﬁ'gﬁﬁﬁ%ggm s uflef T ovether
t WoitH bthBBfAteriBRUESATBLE hatoh 1 240 ahe bb!ttona]l'@ BfHer PeaeHl recovered
DL Wb ity Pl ag) RIS, SR B 95, e
200%tHer inateh@OR proferably 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
oranyoneora combination of those materials, 'and
25 ) 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.
30 In one embodiment, there are benefits in adding the additive material, such
as (toner/ink/PU foam) to produce eWood, namely:



nore preferably substantially 33% Ink or Ink sludge,

preferably in the range of nore than 0% up to 30%
wo-e@si2such as pol yuret hane foam preferably iPCT/AB2005/000849

range of nore than 0% up to. 60% but nore preferably

substantially 33% Plastics material, preferably in

the range of nore than 0% up to 100% but nore

preferably substantially 33%, The final conposite

product, such as eWwod, nmay conprise: The additive

mat er i gl | a8 its 4! rﬂ?&%é&ﬁ%@ér’é T@tﬂgnyﬁﬁbforﬁwﬁbtéewtwmrdtﬁ& If

(but not necessarl eni-cs
pr ef erlﬁ@nypaﬂbbeplﬁﬁ@ﬁ %@%eﬁvﬂendﬁds(bérﬁgﬂﬁ%‘éﬁ‘)l thgn on cooling the
pl astiGowre :ﬁﬁ’é‘sé’ %pﬁ%@ghé ych@'r@&tlﬂaﬁ? ’pr&ﬁ@ﬁ @@uaﬁ‘? hal& low

pI astics contalnin | ame retardants, such ?
ABS/ Panethenigal rrge '8% siRgieReksARyRIoPHITRYIM e Plase ot Weakness

5 PO YCasdARBEH the Fhaoiidbiae (T er rous and/ or
-non-ferrous) gh“n ed circuit boards) . Fibregl ass
Fal t &iwant?@ﬁ@usly q styrgne-@ariaid £PRPIYIRPLRINASY ip Placs\jeher can

Rubber ;dkigui @oﬁ{pﬁ%afﬂier feﬁ“ﬂﬁe%ﬁgugf%n%\‘ﬂe@bh‘é@éé?h\ wydbdl The

have preV|ousIY or med fill ot her ect
presentYRRE aAbIalm CPROIYRY §i% 9% §.C@ﬁﬁpaf'blgze§$d§?%?{ﬂgdme acial

pl ast I&ﬁfaﬂ@t@{sloal beBledH A6 dfferdhiABCIRY ghasban 50% (or
sone other figure
10 o The styrene-acrylate copolymer modifies the interfacial energy between

the different polymer phases, achieves a finer and more homogeneous
dispersion and the mechanical properties of the commingled blends are

enhanced.
e The styrene-acrylate copolymer “improves interfacial adhesion and
15 importantly, reduce interfacial tension, thus allowing the formation of
smaller phase domains. ‘
. The styrene-acrylate copolymer is ‘able to interact with the different

polymer phases and promote adhesion between the phases. The .
optimally sized dispersed phases and strong interfacial bonding leads to

20 eWood with better mechanical properties.
. Relatively consistent colouration
. UV stabilisation properties by virtue of the carbon black that exists in the
toner.

Brominated ﬂamé retardants 144 are extracted in the extruding process,
25 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

30 component materials with brominatéd flame retardants in ‘mind, which vary
cansiderably in both their volatility and thermal stability. Although some very
stable compounds volatilize chemically unchanged, others break down within the



styrenics, as well as the process of obtaining the

material or product. The additive (masterbatch)
wodosnemi7is then fed to an extruder 143, togeP@BAURMOSH00849

other materials 134, 122 and/or 124 and optionallty

ot her material recovered fromthe WEEE and/ or

additional material or plastics sourced externally.

The other material is preferahly granulated prior to

being fed to the extruder. Th& other material may, for

e [ f . substant] al .
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oo R T TRl TRt oS B rome
a retandentsawtilstooe decomgsingoesnidors pﬂx@l polyraad is tieerefore around
20 éfaél él)'r operties of the conm ngled blends are
enharice

he styrene-acryl ate copol yner inproves
i nt er f dbé aquatidhasiating wrtde brominated organics is:

RBr — R"+Br

Br' + Polymer-H -  HBr+ Polymer” equation 1

25 - For many plastic waste streams, recycling may be diffictj!t 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 présent invention, in which the melt is

30 debrominated before blending, the recycled plastic with polycarbonate, the
physical properties of the blend can be advantageously maintained.



importantly, reduce interfaciai tension, thus allow ng
the formati on of smaller phase domains. The

wa@eansamsiacryl at e copol yner is able to interacPCWAURN05/000849
the different polynmer phases and pronote adhesion
bet ween t he phases. The optimally sized di spersed
phases and strong interfaciai bonding | eads to eWod
with better mechanical properties. Relatively
consi stent colouration UV stabilisation properti es by
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~ As noted below, and with reference to Figure 4, an extruder is fitted with a
screw that has a decompression zone or zones coinciding with the vent port or
25 ports along the extruder barrel. At these zones 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

30 scrubbed and neutralized.
The resulting extrudate relatively free of entrapped gases and porosity can
then be further processed 306, such as by beirig moulded to form large
rectangular retaining wall blocks or eWood lumber being sheets of WEEE



that relatively higher processing tenperatures lead to

what is considered to be excessive thermal degradation
wo@tooshesspt asti cs | eading to conconitant properPgI/AU2005/000849

deterioration while tenperatures |ower than 250 deg.C

are considered to not induce sufficient deconposition

of brom nated flanme retardants to gaseous brom ne

conpounds. The ' tenperatureohhus preferred for

deconposi ng brom nated flanme retardants whil st not

daeeFRAS hatkriaPHERY SlbseshtBRY ¥ Riched Widd'@ngf Prigcrasind The
265-270 deg.C. The equation relating to the brom nated .
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PahtrEey shagasrhbPbe teduredmany pl astic waste strearns,
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15t 0 avehagwoodsremd lalskeminithizes krekquanditidsedf plastzsdrom electronics

- extr.ud A d 303 in the extruder to a
tenperg rﬂgg{%@?’feﬁ%?%g%@g. C and preferably 265-270
dexg. C. EAvoodhihich iepasteeiram egcytled Vi iimagriats, slicinas polystyrene
to g vaTy ARy viARhRAE R ARk o HEPIRERR B atural
or ganohargwec irctenpe whtieth lbok angfachrasawvall asxdensiterand structural

opthese gaspss would exit the extruder together with the

melt (or extrudate) and there woul d be a high degree
ofe foaifh&pedatmameopiopprties of eWood are in many ways superior to

‘commercial hardwoods,

e The appearance of e-wood is similar to black‘waln,utvand ebony,

. E-wood has comparable screw and nail retention to natural wood and is
25 flame and 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),

30 . There is minimal dimensional change with e-wood with Increasing
temperature with the softening point being about 96 deg.C,
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of the nelt |leading to a reduction in nechanica
properties of the resultant noul ding. For many plastic
recycling routes may be bl ockePCTHa®82106/000849
t he presence of Brom nated Fl anme Retardants. For
exanpl e, the use of recycled ABS
(acrylonitril e-butadi ene-styrene) as a blend with PC
(pol ycarbonate) is not possibke because the Brom nated
FIl ame Ret ardant causes the PC to depofynerise,
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pP8 Je ipepsent ieRticmar Gﬁﬁm@ abeve dnarpresgntswention provides a

SriethIidUfor dibforhiEtHot P6i§meric materials containing volatile components -
such as hydrobromic acid using an extruder with a vented barrel to enable
devolatilization of the polymer melt. An aspect of invention, in part, relies on a
vented barrel (ie. one fitted with vent ports) to permit vacuum deévolatilization
without foaming of the melt extrudate and without liberation of potentially toxic
fumes into the workplace.

It has been found to he advantageous to apply a vacuum to the polymer
melt through at least one vent port in the extruder to remove volatite 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



maki ng. Many rare hardwoods are inported fromtropical
countries. In recent years, there has been
w@omwsigisiabl e controversy in the woodwor ki ng CPOTYADRA0F/000849
about the ethics of using rare tropical  hardwoods in
scul pture because the market for themis contributing
to deforestation of many parts of the world. E-wood
provi des a sustainable alterpgtive to natural
har dwoods and al so m nim zes the quantities of
plnzeseriat intd flakesedGdc tAnaxtestioe Bmerh gt rasves slenflakes to a hopper -

rra%rl g{)g wl'grﬂ%ﬁ] Q@A@ﬁ% 'ﬁ/ i 4Ijt%qbr e?‘%@&%?\?%ﬁ*% additive

plnaeseriat @s Hmenaldeesrtbeﬂ He bbaded &\htartae flakéssati @ selasted proportion

\,\gfp'rﬁlbeg‘@rfga\?ooﬂee trucférrrB of both |ook and feel, as

ructural features, The
S perf orme@rmﬁ@?tﬁs esovigied eMifodneaoe riane Namtypmvay@s along the

S $ARL! Rfo, bR SOBRR'E! Pledie] GURRAR. Tnd %ﬁmgd%p??ﬁt?e@c\ﬁntho% screw
h430dlbaphaat desampassionl zaae I0rrm®ﬁt4‘tﬂn ptammaie werapperatively
WG it g With Heag&nmgfb y HVpd it Q{éj%ﬂ)nh(ﬁ‘né lﬂﬁrg@éﬁ‘tlﬂr@l At these

appl i caf’i ons I's predom

r &eyRs 41 isemvolatie Wy@fgbm@w é‘ﬂ%”)a@ﬁﬁ wil be exxiracted by the
10 SW&@JM %re%kéz‘ﬁw e @Jb@uhrbdn'ib 213 e%b%ﬂé‘ﬁo% Qﬁ.‘é'éﬁé connected

di nensi onal y onmpar, ed
t yﬁ‘e%, méf"fqtsqi ééfé fea Vashyet pwmn ew @atberrmwcf~rl@ﬁrwm&ewter Ventur

p@umpl &hddpulng; g rot@@' Ak BwnPn@ dAQgioR %mﬁr& BiHef Q@ﬁable means

her e |$Il?m ni mal _ di mensi onal ch ange W t e- wood

i ﬁér"‘é‘ﬁg § KeMpelPaha st wit vt Eng YREEHT r%‘”}ﬁ’orlsrﬂrei?éfpﬂg The
abﬁ%dﬁﬁerg@&ogéhoﬁb l’aC\ﬁatﬁr tw@d1 5 %naloﬂtemgt;mdwtpt bteomhaiuted with
usi ng_car bon romat |eas

16 ¢ TS TRECHUBAEP e FANBTLO L 1645 Lrlemiar Brrpyiiac §pregively
aﬁxmmamm_aowc@np?&.leﬁi Erbm?tge tmtrluéra. ﬂ&ien't'cgkingvﬂad 415 in the

ere the nt _can ake and peel, - WOO .. ,

o Sae T PP - a0 satn St v igtcb i B Witkanplbelb(ag: sodium
wihiydirogidb s toateiitralizeythe @icidicddromin@rqonpoundsiektracted from the vented
@n@@&uently these is little risk of damage to an
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20 reqw r &s nbictitdbeye,ithe aesspltmg@xwacﬁae mvwfetatg!elyﬁt@ wflamapped

agésn!axlsoa[)orosny and can then be passed through a heated head 418 before
being moulded (to any desired shape and/or size) in suitable mould, such as an
open mould 419, |

In one embodiment, the extruder barrel can be viewed as consisting of 6

25 separate zones. As the material flows through zone 1, the polymer begins to melt

and is then partially devolatilized in zone 2. In zone, 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

30 homogenized polymer melt isi 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—rota;ing, intermeshing double screw



mai nt enance when used in many exterior applications,

E-wood may be fabricated so that it has substantially
waooognadsm? struct ure and hence no pl ane of weakP€FaU2005/000849

therefore it will not split or chip, E-wood is

relatively resistant to noisture absorption, bacteria
~growt h and barnacle growth, Wile E-wood may devel op

a weat hered appearance after Jyany years out doors since

it is pignented throughout a 'new aesthetic finish
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m@%@mt& rtﬁ%l/ol?{]é Q:oHp@K@rﬁs %Q%B r@ﬂmo@éﬁ 5@&\%’0@3 %ﬁhm%m may
t ube regultated bm@orﬁnoalngéhmmd n‘@iewﬁ&\e@@ﬁd pelgmerio matgxial, the screw

? ﬂgé%dfﬁ/ SxifBiG" dtra 2 P?@ﬁ'}efbrg S8 Loelrdvd she&D gﬁ&' tt%éé}gture,

akes at a. se ropor |on prior to elrn
oamdw@emasumtwmﬂbth@waetuu@vern@ara@epat@m ded wit h one

20w SO ) apbe i e deptif ot

wi dewvnstreameqf the plasticization section. The second vacuum vent serves to

remove additional volatile brominated components not removed through the first

vacuum vent. Typically the second vacuum vent is operated at a pressure lower

than the pressure at which the first vacuum vent is operated. The pressure at

25 which the second vacuum vent is operated is typically in a range between about 1

and about 500 torr, preferably between about 1 and about 250 torr and most less

than 10 torr. The molten polymer present in the extruder between the first and
second vacuum vents is referred to as the partially devolatilized polymer melt.

The extruder may also be equipped for multistage stripping agent injection

30 (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



410 that has a deconpression zone or zones 411

proxi mate or operatively coinciding wwth the vent port
woroos0eIss7 412 al ong the extruder barrel. At t hPGEADRIWES00849

4 11 the volatile hydrobromc acid (HBr) gas will be

extracted by the vacuum created by the vacuum punp

413. The vent port/s 412 are connected via a manifold

414 to a vacuum punp 413, eijder a liquid-ring punp,

wat er venturi punp, a root punp, a rotary vane punp, a

deaﬁ/lw 2 RUERO® of Atd) BFonfibé iR EhdTBadStrasmvand T & example

St Pou BritisoisiBn o i bromy e nnen Ou AT aicpde) ogpion.
aﬂﬁe dhgSioden ibttmiidé hﬁth@&ﬁ@tﬁloﬁb@ﬁ m&iyttié ﬁé‘wahﬁmaﬁ? ciouwpted into
cuum ast ed to

aPRlc U ARy ondBERs, 4Bs e Binasl, GRS GobRgund from
5 eWEEE ds HBrheittwamall regndunts df Br2l and pdsbiblyvergansbreuidps. The

P i b i ALk g
m '

£, 201 SRR o B CEPUBHE T BPERS 0 dees ot can e
c &ntradiech sbheh pasmm {dor wetgblasticheat de proeebsédB shyedrer monomer

10 bgfn?‘gbl é“ g@{%&ﬁﬁ%&@ﬂy oqesslrt%frgt%f] B%gﬁ?sjnd\‘lfgﬁalﬁétﬁ@a ifR)m' the

e nou as a no

ewgoRpasition tdie pokaceider bbsnheabl dAan (foan v thanedecamposition  of
CORRLSHb f 6 separate zones As the material flows
%%éﬁ%ﬁg1 the polyner. begins to nmelt and is then
parti aWhJ)e dbigolinyentian, &s !Pfeezro desgribef ninz gprnection Wik specific

PRIHEBImdnls Pharbf,CitZ&M Bd uHAEISeEthat Uik tiBEEagableeBFi Hifther

m Xi ng and shearing. Between zones 3 and 4, the
15 vm%@fme(&(t s @apl\catm isn @tqmregi nier CoUeR apX n‘{aé'ét‘qriso\%%‘es or

batib tnéﬂs SOME iflvertion %"&Bﬁn rah' SRdirPgipRRBbfth lirf@ntion
of the pol ymer i s acconp |s e at zone 6 t

he
hGRE draiidingisush) dapartuies |frpm f@emwaé@de?urg @Stcgmeémm known

X%k GUsthPBnt thé&ld:@hv@am 1AE Iaftit6 YhichitBe MVERLIRIerBMY JnE advay be
ext ruder debronmi nate the polymer nelt by

e@PPlirg teﬁh‘?j%%?(‘ﬁﬂ featyres herpinhgigte et 8“51 ngl e screw

| 20 I eci pr ag ahk NEre8Xitr MdsHtionamay NeH @niolRY in several forms without
non-r eci proc 8|o°'lﬁ,g_1textruder co- r ot

i (FERRTHRE FioAyt &t the eszeii @Ia%f\actgpggs Wihe invention, it should
C eNirdErstaddathbNi@ie aboVe aéuoﬁbmasmbwmm\re rdt fodimit the present

RS S Aot Al YSRGS broccy
dlvﬁﬂﬁ&iﬁb $priti and( $dope aff it imventivet s esfirsdeomt th@ Gipparetied clalms.
25 a%%toug cr)ﬁodifiéations and equivalent arrangements are intended to be included
within the spirit and scope of the invention and appended claims. Therefore, the
specific embodiments are fo be understood to be iliustrative of the many ways in
which the principles of the present invention may be practiced. In the following
claims, means-plus-function clauses are intended to cover sfructures as

30 performing the defined function and not only structural eduivalents’, 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



A vacuum vent downstream of the primary m xi ng section
of the extruder is referred to as "the first vacuum
waoees/12@nt i s characterized by the fact that aPCT/ai2a08000849
screw flight present in the extruder between the point
of introduction of the solid polyneric material at the
feed throat and said first vacuum vent are "ri ght
handed" (forward flighted) sgrew flights. At the first
vent port, the screw flights are I ess pitched and
SR EFs SR TInTnd BHIBRESHET sty REoddn ks @aallamd a
vent 1s preferably operated at a pressure between
adoew ark equivaldid sirugt@®st orr, and still nore preferably
inam i isfBo i eBif€ationis takam tansscify
éﬁ?@n?%%%ﬁ@ﬂwﬁ@ Wherl ugdtflindRRWp _

refera an 100 torr. Generall it
Bﬂl@f wesdsice ohslatadhieabikes: (fegeBe SiGRE Ut %%ﬂﬁoﬁe'&tsﬁ?a% figps not
5 SP%QI.uHQ He ﬁfg%&b&t G ddftbon RPbhé BN ndfre biter Yeitwrbs, limegers, steps,
brom ne cohponents present in the starting polyneric
neanepanentseTreWfdde@ok hr ough the first vacuumvent.
The anount of the volatile conponents being renoved at
the first vacuum vent may be regul ated by controlling
the feed rate of the solid polyneric nmaterial, the
screw design, extruder operating paraneters such as
screw speed and tenperature, and the pressure at which
the vacuum vents are operated. The extruder is
preferably equi pped with a second vacuum vent | ocated
downstream of the plasticization section. The second
vacuum vent serves to renove additional volatile
brom nat ed conponents not renoved through the first
vacuum vent. Typically the second vacuumvent is
operated at a pressure |ower than the pressure at
which the first vacuumvent is operated. The pressure
at which the second vacuumvent is operated is
typically in a range between about 1 and about 500
torr, preferably between about 1 and about 250 torr
and nost less than 10 torr. The nolten pol yner present
in the extruder between the first and second vacuum
vents is referred to as the partially devolatilized
polymer nelt. The extruder may al so be equi pped for
mul tistage stripping agent injection (e.g. water) in
order to facilitate the renoval of persistent brom ne
vol ati |l e conponents that may present. It is possible
with the present invention to recover brom ne from
WEEE, as



wel|l as other waste materials, in a relatively
econom cal and ecol ogically feasibleway by the
w0 swbatison of the brom ne fromthe gas stream BCAUZN0O&N00849
exanpl e suitable form by absorption of the brom ne
i.nto an aqueous (hydroxide) solution. The hydrogen
brom de in the product gas nay be neutralised and
converted into salt Under ex0rusion conditions, the
one i nportant brom ne conpound from VWEEE is HBr with
SHHE ICLAWSREFIMNGTHEMYENTIONARE ABFHIIWRE des. The
recovery of this is acconplished either as HBr by. °
adsorption in water {(at pH=1) or by neutralisatj ont .
with dodpedatenk camposiphyaiepioddds BoriRely RaBR BRI I the
CRBREadiEtd of dMBbBEAGSS ToPoSRt) MaRD e é‘&hﬁosmin)/cdr@riaﬁﬁi at
but other gases that Can be extracted such as steam
5 (legstet plastics can be processed), styrene nonomer
(fromgihgageconposition of styrenic plastics),
formal dehyde from the deconposition of pol yacetal,
bi s- pAMSl A (fromthe deconposition of
pol ycagbonate). Wiile this invention has been
described in c?rknecti on with specific enbodi nents
t her ed¥ @Y ONGOf INeRPONRder stood that it is capable of
10 further nodification(s). This application is intended
tg cover any variatjons uses qr adaptat]i f,.t
| Avent BAMPET AR graimedy B e . WPREY P Ry & geglSied doner
i ovienél mwdaendr ang matkriaginsludihg tepar t ures from t he
present disclosure as cone within known or custonmary
practice within the art to which the invention )
pér t ai Asompdsiton amnylaleedipplained or@, whersystheripk iglink sludge, ink
f e Lnb t ind i
15 | i aanEG RS S lyrehed s of Bt PRt g i
departing fromthe spirit of the essential ,
cnar ac | i inted
ader ot SRPPH fr obRfed BYER 1 MlinercoRhing (Avorised) pr
neircuitddardrinatariab speleee alass fivermeteh unl ess ot her wi se
speci fied, but rather should be construed broadly
wthin the spirit and scope of the invention as _
20 d&f i nebl compphiomppeiainee il caims! onvarwhargindbaifeanydenesed ink
and . [ rrangenents are intended to be
[ %gglﬁg%(j%\?m'l‘t |En@'t he spirit and scope of the invention
and appended clains. Therefore, the.specific
egbodi Feispdditfont 8s b&%ih'xt@ﬁgﬁsérﬂpgné f b&aitls ¥Stor 81 wheredi the

the many ways in whic he principles of the present
i woewesition erIpPIREsH lest aydwo phiogRk tar RBRPR ! ai ns,
o5 means-pl.us-function clauses are intended to cover

structures as . . '
. A method of recycling WEEE, the method comprising the steps of:

providing a dry processing stream adapted -to process dry WEEE, to
_provide a first output material stream '
providing a wet proce;ssihg stream adapted to process wet WEEE, to
30 provide a second output material stream. ’
; mixing a portion of the first output stream and the second output stream to

provide a third output stream.



perform ng the defined function and not only
structural equivalents, but also ' equival ent

w@reoaaeastes. For exanpl e, although a nail and BCEHAD20A5/000849
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may not be structural equivalents in that a nai

enpl oys a cylindrical surface to secure wooden parts
toget her, whereas a screw enploys a helical surface to
secur ewooden parts together gqin the environnent of
fasteni ng wooden parts, a nail and a screw are

egui val 8BihodsUakiHeASIn cldRAMD FirBRY/conTpRsing iting Stepius extruding
used in this specification is taken to specify the
pihedkicatit s§paed features, integers, steps or
conmponents but does not preclude the presence or

addltlon of one or. nore qther i_n

sPeps A Bithnshantdaiged gp figie ?f%r o‘f’He %Iq h&_&?ﬁéﬂtﬁut stream
DEShsNGaityEnd BVENTdShbiAMEN A5 FOLLOAS: 1. A feedstock
conposi tion adapted to be used as an input in the

manuf &ct ur®N6f a substantially conposite plastic, the
conpos ti OyeEA@Pr i sing at |east: PU foamtoner i nk or
any one of the above 2. A conposition as clained in

cl ai m*1, V\Béle@}/@iyw@@qeﬁﬁ'&’rm?@”%fe dust ed toner or toner
powder, or IRy R Bdndipflaliang toner. 3. A

ailned ih claim1 or 2, wherein the
ink is ink sludge, ink dye, ink pignent, ink

cqpCcent hitifod 6 JFMAED inblali 72008, Wisesin ahe seadnddiutgt stream
ink. 4. A conposition g,s claimed in claim1, further

c@ﬁﬁpﬁ’sﬁsﬁé‘y(oﬁﬁl‘\/éf‘}’g% ng49fifed circuit board
material, gpch as glass fibre, netal 5. A conposition
as claimed in claiml or 4, wherein the foam toner
and_ i nk or it 14498 f rom WEEE. 6. A conposition as
claimed i nmapyane of claims 1 to 5 wherein the
conmposition conprises at | east any two of foam toner
and/ ore i nk.Metal(8 net hod of recycling WEEE, the nethod

conpri sing ¢ Ydr@l,.ng a dry processing
stream§adap%ég%'ébﬁr9%§enssépg% ' WEEE, to provide a first
out put » mat dRelativeltipwalensity mater:al

11. A composite substantially plastics material made in accordance with the

method as claimed in any one of claims 7 to 10.

12. A material as claimed in claim 11, wherein the WEEE includes styrenics

content.

13. A material as claimed in claim 12, comprising more than 50% styrenics

-gontent,

44, A material as claimed in claim 12, wherein the WEEE includes imaging.

30 consumables.



provi ding a wet processing stream adapted to process
wet WEEE, to provide a second output material stream

woreoosngpsar porti on of the first output stream andI/Abz005/000849
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second output streamto provide a third output

stream 8. A nethod as clained in claim?7, further

conprising the step of extruding the third output
stream 9. A nethod as claifé®d in claim?7 or 8,

wherein the first output stream conprises any one or
dfy cAmvimmsite sultftantialip plesticsMerpdiigtsade. atreagtin part jrom the
' . ' terial. i | ow density
r?hﬁ%gﬁqgg%‘aﬁey& a?é/toﬂ%gf glsgﬂcl: a1| %rér’tee‘{d"yi nclaim?7 or 8,
wherei n the second out put stream conpri ses any one or

CRNMb) e antidiPHiagkis R art from the
Y af RSt Buboric P baskB bre i e ¢ AR o
Rehypobitien 9%'1)‘\/9@6@%&@3 @rial. 11. A conposite
substantially plastics naterial nade in accordance

with the method as clainmed in any one of claips 7_to
1. 140 additiue eraterial made|ahiastin pardram He1aPMRISEPR Phaphene

‘\ing{é;mngg_es styrenics content. 13. A material as
C

aimed in claim212, conprising nore than 50%
styrenics content. 14. A material as clained in claim

1%, Waei@kBntidly piEkbs palstdemptisngi ng. consumabl es’ 15.
A conposite substantially plastics product nade  at

| east 2t l§aplt0 PHERAIEhe material as claimed in any one
of claims 11 to 14. 16. A conposite substantially

p‘{ga.tst Ilﬁxcsufg)tst%%a%}y prfaas%gs 8}od|u %%tmplrigingza rt fromthe .

the composition as claimed any one of claims 1 to 6, and at least 50%

styrenics.

20. A product as claimed in claim 19, wherein the styrenics comptises any one
or any combination of:

) 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%,

. PPQO/PS, preferably in the range of more than 0% up to 90%,

. PPE/PS, preferably in the range of more fhan 0% up to 80%,

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

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

. PC, preferably in the range of more than 0% up to 20%,

. 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%.

21. A product as claimed in claim 19 or 20, further comprising polyamides



wevposist7 on of any one

conposition of any one of clains 1 to 6. 17. An
additive material nmade at least in part fromthe
of claims 1 to 6. 18. PCT/AU2005/000849
substantially plastics product conprising: at |east
50% Styrenics. 19. A substantially plastics product
conprising: the conposition as clainmed any one of
claims 1 to 6, and at ieast 380% styrenics. 20. A
product as clained in claim 19 wherein-the styrenics
rlaS Y. e QolyarmisS, comprises any
gérﬂenf)era @rlﬂnast emrgaaﬁ'g(g%g?@gﬁvgé‘r{eihrgﬁ gf%yup to 90%
Rmemanypm@bmam ‘in the range of nmore than 0% up to

90% PPO'R ﬁg?_,E; &%Fefréﬁy i thd rddR dr Ageteh Uwﬂ@td a6, 0%

up to 90%
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referably in the ran%)g ngéotfa
than 0% upnylen Qﬁwrefqnmwgm the ednge a5 mpere thaniiee PR IHRY 8¢
more than \ DS Srah Yhantook BB t6 e0e
of nor'e thgﬁ{%ﬂg%)ugret?%a/ %%Dtﬁeécgaépr ef erably |n§t he
range of nmore than 0% up to 90% Noryl, preferably in
the r 1% HPort 22, ARfer cémbfrRingsiotyatefings,
pj‘r?gf eﬁggn%dﬁléta'g[?{]a@n%g%be of nore than O%%}?to 90% 2
1. A product as clainmed in claim19 or 20, further

?Erpr 'é'p%u\%ﬁésy ABISRE Relaif 23,0fkkTbinaBe pbbkelits comprises any

erein the pol yam des conpri ses-any one or
anye@bwmhlmoepf Nyl on 6, preferably in the range

of norg th %fék@blg% ﬁ@%ngébﬁr@é}e@haﬁ;o%rupfteﬁaw y in
t he range ‘more than 0% up to 90%

pr ef erabl y HOPE seferpklydn e Fﬁﬁg%of ‘I"?S?? tﬁa}gh%’ pr]sz(?‘f’ 23.
A prodyct q_%;pfé gref@gmwh fhb%ﬁ@el& rére &an (ﬁ%rutphelso%.

conpri si ng . product as I ai

cl ai m €3, \@tberepqulafmSpérqf@?E‘M iRhe SRS 9 @o%n&agné% o to
any conbi. n§0|o n of: PP, preferably in the range of

nore than %upto 50% HDDE, preferably in the range
of nore than 0% up to 50%

25. A substantially plastics product as claimed in any one of claims 18 to 24;

further comprising any one or any combination of:

. additive material as herein disclosed, such as toner, ink, PU foam
dye, pigment, preferably in the range of more than 0% up to 25%,

. Toner, such as develober, StyreneAcrylate, Polyole, preferably in
the range of more than 0% up to 25%,

. ‘Foam — PEV, P(ester)U, preferably in the range of more than 0% up
{0 25%,

. Shredded bladders, preferably in the range of more than 0% up to

25%, - |

. Pu!vevnsed PCB, preferably in the range of more than 0% up to: 25%,

. 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%,

. 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%,



LDPE, preferably in the range of nore than 0% up to
50% O her polyolefins, preferably in the range of

woroos/1238an 0% up to 50% 25. A substantially pPE@EAUZ®S/000849
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product as clainmed in any one of clains 18 to 24,
further conprising any one or any conbi nation of:
additive material as herein disclosed, such as toner,
i nk, PU foam dye, pignent, qareferably in the range of
nore than 0% up to 25% Toner, such as devel oper,

St yr eneAcr gEateer, pRabxslyen thelrahgd althoreitivart 98 upaa ge%%of
nmore than 0% up to 25% Foam - PEV P((%% ter%%@é

pr ef er*abl yPSH: ?wéer?fahgbtharamrﬁr@%%ﬂwﬁ Pt %
Shredded blagsieia, prbfepiuty Althy rdn%etoh RiofPER 094 uFTred%,
than 0% up to 25% Pul veri sed

3 CB, preferabl goln t%(y
range ®of nbelcarbenategreiprably ip thg rangs Rt pgdhan 0% up to B0%,
pr ef erabl ypi r tPoR%
dass fl akgs?rl}’ %@ge{ééggﬁggﬁ%@hogﬁ@%gggz%wﬁ%re than 0%
up to 20% OthdryVEEE cppgenrgnt materfaés ably in the range of
nmore than 0% up to 20% Silicon - silica, preferably
in the range of nore than 0% up to 20% . PET,
pREf erAlirgduch ashelaimedgis grinkdbetor Rainbeiog i IyrePss ggplaggment
P E&du&r_eferably in the range of nore than 0% up to
20% PSUL preferably in the range of nore than 0% up
to 20% poiyacetal, preferably in the range of nore

t ban ORGnihddof 98 lindPWEEEQHeORathed complishigabl y in the

range of nore than 0% up to 90% . PBT, preferably in

the rabfg¥dips WekE mvhmassidhp to 90% Ot her WEEE

Conpon.%ﬂhing&h@ﬁdp@k $nadérial Anprroduingasn outdutediténal ctraam the
e

15 to 25, i.n | unber replacenent.. product. 27. A
ovikeBiem BeS pihipabEe TERbSTE B R I
provi dinagufdEiefing BpsticrioaTrosite ntatdriahfrom athleastrepportion of the

materi al  a roduci ng an output material strea t he
output matenrépstpeam. 9 P m

28. A method.as' claimed.in claim 27, wherein the refining 6omprisesz
. size reduction '
density separation
metal separation
flame retardant removal
toner / ink separation.

29. A method as claimed in claim 27, where the plastic composite material is a

product as claimed in ahy one of claims 15 to 26.

30. A method as claimed in claim 27, 28 or 29, wherein substantially no WEEE
material is provided to landfill.

31. A method as claimed in claim 27, 28 or 29, wherein at least 99% of the
WEEE is recycled.



out put stream bei ng substantially a nunber of
constituent materials, manufacturing a plastic

w@eooposiste material fromat |east a portion of P€TIAU2005/000849
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output material stream 28. A nethod as clained in
claim 27, wherein the refining conprises: size
reducti on density separation netal separation flane
retardant renoval toner / imjg separation. 29. A nethod
as clainmed in claim27, where the plastic conposite

er ipdlyel Qs iti jaBticdniateriels of righiadingsrom
@'t oAZ(t‘n.eltr%géOfgé met htgga?s%gﬁigﬁgg in claim27, 28 or
2WEER theanethad st eiNeWiens AREEE naterial is provi ded
to | angddekbing He WEERElNO Hommat bigé rardei thuschraividing 7 fid8batch
or 29, wherein at |east 99% of the WEEE is
r®8lgEPled. 32. A nethod of separating substantially

pl ast !i:%ﬁ]efﬁhigﬁﬂieaﬁré‘t IG4itbig) infeaé i Gn far firsh NYEEE resuitingnivtsubstantial

conprising the ste of . processin =t
ERRArROGY 20 A AL SRR PP R
mat er i bsedudhly Fhngrsiletdd ssdondabatth meetterial ah a4 seepnd liquid,
first liquid, resulting in subst j ' PRI
FTosainge sttt separt i ol p SRk T BRF RNt ot
anthtgidhsequent |y i mrersing the second batch materi al

in a second liquid, resulting in substanti al

separation of a second material and a residual third _
basch Amtetocahs cBBneddimeaiod2.ashersiai the gpedificoravity ghthe first

RS ISR sGeBh sl ity Btnt BScchbniglial 1 quid i's

pecitTic gravity of the second
liquid. 34. A nethod as clainmed in claim32 or 33,

wher eid& aqi’éﬂgqosfsoé}%i%mﬁ‘ clafin B QB3 ShidremRRESdrtibn i8 foathsink

met ho aimed I n cl'aim34, wherein ionic salts of
a sppadtidrer m ned concentrati on enabl es separation of
WEEE materials with a density substantially

35. A method as claimed in claim 34, wherein ionic salts of a predetermined
concentration enables separation of WEEE materials with a density substantially

in the range of 1.0-2.0 g/lcm3.

36; A method as claimed in any one of claims 32 to 35, wherein the WEEE
comprises: '
‘ s Styrenics (medium density)

. Polyolefins (low density), and

. Engineering plastics (high density) material(s).

37. A méthod as claimed in any one of claims 32 to 36, wherein the WEEE
material has a specific gravity substantially in the range of 0.8 to 1.5.-

38. A method as claimed in any one of claims 32 to 37, wherein the first and/or

the second liquid is an ionic salt solution.



in the range of 1.0-2.0 g/cnB. 36. A nethod as cl ai ned
in any one of clains 32 to 35, wherein the WEEE

w@eoopneses: Styrenics (nmediumdensity) Pol yoP@f/ATIZ005/000849
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(low density), and Engineering plastics (high
density) material (s). 37. A nethod as clained in any
one of clainms 32 to 36, -wherein the WEEE materi al has
a specific gravity substantizally in the range of 0.8
to 1.5. 38. A nethod as clained in any one of clains
330.t 0 ABmethobl @s elaimddhia ddimss, aumerain theliiest @ad/onsedang difdid are
IS .an ionic saéitpaﬁq quti on.39. A nethod as clained in

n

ST THEFE ke e first and/or second liquid are
any one ormagnestuombulpladte golutibn, magnesi um sul phat e

sol ution, _magnesi um sul phat ept ahydrate cal cium
nitrate (C3 S'%F‘Hq?ii‘%ﬁ%eatagﬁ%?%se sol ution alkali
net al esal t Galcisa Inittatd OB sondieai um i ncl udi ng,

caesi um brom de, caesi um sul phate, and caesium 40. A
met hod of ﬁFB‘E@%es‘?Oi‘g‘OBI astic material containing at

| east Br onppat meiaFiage Ret ardants (BFR), the nethod

including the steps of: heati g{%!the pl ast i Cbmat'ari al
to a el ect@d§ PaIRdePAt EASIUNRN BIUAf: HRESBPROIUNGP: caesium

| east part g@phate, dpEQRARSEM. t O gaseous hydrobrom ¢ acid
(HBr), and extracting at |east a portion of the HBr

fromthe heated plastic materia!. 4 1. A nethod as
ch@ai meal mdthal af ProdBssingh eletic nidteries eoataingdy begast Bremipated

o SeApeRRBER) ik eff R SBe g oo © a2

A net hastiagthel pastie thateriat kaa seldbted ftempdreturd, robblifioribe BI& to

reiPed) ool bocSugBab 1 asee hlfobBhe A ankl®, |

cl ai m eiractinigent &iast 4 hertion of thetHR fidBr thediegiadj piastie nateyial.

41. A method as claimed in claim 40, wherein the selected temperature is in
the rénge of 250 and 300 degrees C, and most preferably in the range of 265 and
270 degrees C. °

42, A method as claimed in claim 40, further including the step of:
after extracting the HBr, moulding the heated plastic material.

43. A method as claimed in claim 40, wherein the extracted HBr is subjected to
further processing to substantially neutralise the extracted HBr.

44. A method as claimed in claim 43, wherein neutralisation is performed at

least partially by absorption in water or reacting with sodium or calcium hydroxide.



further processing to substantially neutralise the

extracted HBr. 44. A nethod as clainmed in claim43,
wob@sazisiheutral i sation is perforned at | east Per/AU2105400849

by absorption in water or reacting with sodium or

cal ci um hydr oxi de. 00849 37 45. A nethod as clained in

claim 40, wherein the plastic material includes waste

el ectrical and electronic plgstics, and preferrabiy

H'PS flame retarded with brom nated f | ame retardants,

Sygh ag\r HEGABLE dditedRS d‘léuﬂmft) neergifl abe washic TaBRAl includes

(tetrabronobi sphenol A).
C gkt SlectohErEPROBMIG lagies: ARG A et S T ftaBed with
aBanﬁtHét@{@Sfla?r% Welrliards, 3k, aBDRcABIE Rowl ABS plagte tarded with

em ssions are also extracted. 47. Apparatus
aa'ggi’é\c{tﬁtf@bwé?@ 8™ A astic material containing at

5 | east Brom nated Fiane Retardants (BFR) said

apparatus inc i.ng: .pr,oce mean
of€r at & meih %90%"03 a0e SR AG, "H}eé%fgtaﬁ? m nec1§3 %ﬁé@rn led dipne
S@hd fSah§ a3 RRALAHET, BiasdnprialiiHatio coinpounsigiagnissions are also

instruction set, being adapted to performthe mnethod
a$Xbpeleed in any one of clains 40 to 46. 48 A

conmput er program product i ncI udi ng: - a conputer ‘usable -
medl um_ havi rea e dgorsiHi t least
10 cdput é‘Pp?r@Q%aBﬁ%gQ%[{/g?e ° mg R%gg oné}sgtl)rg medi um >
: f Brosireidd mgmblﬁemdmues&m)g smﬂ app@rgtusonqﬁ%f& i al
cont ai il (. 3 A8 aaBpRE10 et PR ofIBNES ARRtaSpre@HBmined
in assBEq t30

e apparatus of claim47 and a
dahstryatiocestsi ng system 49. A vented barrel adapted to

pr ovi dga@gé SRARIE P Ubufd BR il bAid iubRs 4 sbemg edaptbd to

proces arat us the arrel including neans for
15rrm9rfmgmﬂh@metmd agwtaimedin g cleies I E:, at | east
one vent through which fluid may be extracted, and
nmeans for providing a | ow pressure zone. 50. A vented
ba4s.el facoropuibnnsenram riedighingdidingher ei n t he vent ed

barr el d E&Lb{ﬂ&s‘usabie medium having computer readable program code and

} computer readable system code embodied on said medium for enabling the
20 processing of plastic material containing at least Brominated Flamé Retardants
(BFR) in association with the apparatus of cla}im 47 and a data processing

system.

49. A vented barre! adapted to provide a low pressure zone within a plastics
25 material procéssing apparatus, the barrel including ' '
' means for moving plastics material through the barrel,
at least one vent through which fluid may be extracted, and
means for prdviding é low pressure zone.

30 50. A vented barrel as claimed in claim 49, wherein the vented barrel includes,
at least one low pressure zone proximate at least one vent through which the fluid

is extracted.



at | east one | ow pressure zone proxi mate at |east one
vent through which the fluid is extracted.51. A vented

whaoosa23sas clained in claim49, wherein the | oRCT/AU2005/000849
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pressure zone is provided by a screw, which noves the
mat eri al through the barrel. 52. A vented barrel as
clained in claim5 1, wherein the | ow pressure zone is
provi ded by a reduced thread38i aneter of the screw.

53. A vented barrel as clainmed in claim49, wherein

t d. f | Aivintes! taar@as ciimedin gainr 4Qlewharciaghe tbvf pressute zone is

r ﬁ%é&ﬁe‘%ﬁ%} é‘?crsgw whzéﬁ Ho%és ?%éng%tiﬁgél gl?]rgé% ht%fgﬁwg:g tion
consi sting essentl aI I y of forward flighted screw

f '529 ht (R vehtdd) beﬁFJt hE %mg& gva%iﬁai WiRG8hade Mé@§&@%ne is

of rimar eedi ng ting section;

pll%iﬂfé\t*q1 byaa C%‘étfwétﬁﬂﬁﬂfﬁ@tﬁt elthesomewt r eam of the first
vacuum vent; and (iv) a second vacuum vent |ocated
downst r eam of the plasticization section. 55. An

exx u dérvea@dchaarﬁh%clalme& i Plains49, wheseiaithe fuidise@asuder

screw i ncludes. two or nore | ow pressure zones. 56. An .
extruder as clained in claimb54 or 55 wherein the
vabuunfosiirederadapied felithe renseseseing oF plesticsimaieriglygaid extruder
Prigg&dii@ zones of the extruder screw. 57. An extruder

as claiped in claim54, 55 or 56, wherein sajd fir
o solibnd 4 METIAY Vst 2nd BEBRa. SKUPh @riE, essentially of

bdbmaedflightedtscrwbilighits, pressure and about 10 torr, 58.
s.clained in c wher. t he

d i d
ol arta fi3t Saduit gt &CaLe%LCﬁ"oavgéHF%w%&%”Dfﬂfﬂawsf?%li@g and
atmelr;iﬁrgg:?eoz?a?gngl”rﬁt vacuum vent |sngp§(r)at ed. 593 fAr
0 :
16 pol ynefile. faoBrIRof Redhhialr TRARUEAG S NE iiagedih font

i rindoduci ng a brom nated flanme ret-ardant pol yneric

et er | 62)4' ?%%gg&me %\Mﬂ%e Vel !o%af%d n@oq”r{sﬂegr'?lyofo the 8|astlclzat|on

cl ai ns
section.

55.  An extruder as claimed in claim 54, wherein the extruder screw includes
two or more fow pressure zones. ‘

56.  An extruder as claimed in claim 54 or 55, wherein the vacuum vents in the
barrel coincide with the low pressure zones of the extruder screw.

57.  Anextruder as claimed in claim 54, 55 or 56, wherein said first and second
vacuum vents are operated in a range between about ambient pressure and
about 10 torr,

58. An extruder as claimed in claim 57, wherein the second vacuum vent is
operated at a pressure lower than that at which said first vacuum vent is
operated.



60. An apparatus adapted to process plastic nmateri al
containing at |east Brom nated Fl ane Retardants (BFR),

wa b@sapsar at us i ncl udi ng: nmeans for heating thBCPAES105/000849
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material to a selected tenperature, and a vented

barrel as clained in any one of clainms 49 to 53, and
vacuum neans adapted to extract fluid fromthe heated
plastic material. 61. An appaeatus as clained in claim
60, wherein the vacuum neans is associated with a
vdSuumApmethodefor rameeinbocisdite bemdne cdirpoheste dron6 3. pdlymeric

ARAEALIUHeINANSY indEUnG TheSe6f 61 N di scl osed.
introducing a brominated flame retardant polymeric material into an
extruder as claimed in any one of claims 54 to 58.

‘60. An apparatus adapted to process plasﬁc material containing at least
Brominated Flame Retardants (BFR), the apparatus including:
' means for heating the plastic material fo a selected temperature, and

a vented barrel as claimed in any one of claims 49 to 53, and

vacuum means adapted to extract fluid from the heated plastic material.

61. An apparatus as claimed in claim 60, wherein the vacuum means is
associated with a vacuum pump.

62. A method as herein disclosed.

63. . An apparatus and/or device as herein disclosed.



