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designed to operate in a diesel engine only, where it is injected into the diesel engine
combustion chamber with compressed, high-temperature air and ignites spontaneousty.
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designed to operate in a diesel engine only, where it
is injected foto the diesel engine conbustion chanber

wWOoRMk/08mapr essed, hi gh-tenperature air and i gnPCBEAU2005/000344
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O further issue with existing thernolysis systens is
that fuel produced is often of a variable standard and

| acks a tol erance to such fuel inconsistency. O
particul ar concern is the property of the
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nol ecul ar structure of the gaseous material is
altered; andf) transferring gases to condenser neans
W0 200808189and separate the gaseous material i ntBCT/AU2005/000344

fractions to format |east one type of useabl e fuel
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into the nelting nea s However preferably the waste
material is subject to prel-i4vi nary processi ng whereby
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30 material into fractions to form at least one type of useable fuel.

The pyrolysis chamber may include an auger to remove accumulating char from
the base of the pyrolysis chamber and allow continuous feed of molten waste material into
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mechani cally renoved fromone or nore pyrolysis
chanbers by use of one or nore augers. This automated

chanber to performa . sem -continuous operation
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chanber after a particular batch i$ elimnated.
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In a further preferred aspect, the invention provides
for a process for the thernocatal ytic conversion of

process uses at |east four pyrolysis chanbers which
receive nelted waste material by selective operation
of a piam fold system having a correspondi ng nunber
of inlet pathways. The mani fol d systemis preferably
pre- heated, optionally using hot exhaust gases from
filgr ineentingprecest may pyododeyfhelghdt iy aubaatialheyufvalehttéale diesel fuel

RGO dRaH SheEabloaSsiaptgsh to automatical ly feed

each of four pyrolysis chanbers in dim In a further
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may be a heated 4-way mani fold. The manifold may
direct nelted waste to one of four pyrolysis chanbers.
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be neutralised, for exanple, by purging oxygen and
ot her air-bom oxidants fromthe chanber by the

‘introduction of a gas. The purge gas is preferably

sel ected fromthe group consisting of nitrogen,
helium or other inert gases or conbinations thereof.
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faor rocess wherein the.pyrolysis, ch ,_heati .

iy B PLOSGE® alhe bRl Ao Pel v B P o prpgitold
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waste (plastic) material before delivery into any of
the main pyrodysis chanbers, for exanple, by use of a

whodosnglsy7 i n-feed systemto affect a greater fPCT/AEDDS/000344
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therefore the efficiency of each pyrolysis chanber.
Furt her advances are nmade by maki ng the novenent of
material into the catalytic tower a sem -continuous
operation. This seni continuogws operation is in part
achieved by: Directing nelted waste naterial into a
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uni f or m tybpﬁxsdo&“npceasraﬁm interhe aligetsion BrhératitdbR chdber i al s
and pyrolysis; improved fuel consistency; and

r educt T #iPeteofdpyation slee o ﬁ@%wfme@cﬂr gpprptements to the
revmalwromsasldablmadgxemﬁd i system cl eani ngThe above
advant,ﬁTges result in the expansion of the throughput d

pr oductied¥oessae prsgeipted mpparagy of Setprrsend iiventionheve been found to

] sy@wlém)icom‘%pﬁﬂﬂmfalbmapmtagay from 10 tonnes of

25
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wast e Ia tics. Active cgﬁl i ng i ncreases each chanber

cycl e uatign orelimipatigh eig ot e Plastisdpedgiagh t o
appr oxJ ”P:fo?t!er}{ngzthé HENGIER &t th%sprﬁln%%rd?y%{sl cgzgn’tgeP % full operating

chanbe )temperature;

» achieving 100% molten plastic feedstock capacity prior to prime chamber
operation commencement - this maximises the volume of material in each
chamber before treatment cormmences;

» improved uniformity of temperature, heat transfer to materials and pyrolysis;
e improved fuel consistency; and

¢ reduction in the effort and time required for the removal of charring and in
system cleaning.
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i ncreasing the capacity of the systemto process p to
12.5 tonnes per 24 o period, yielding approxinmtely

of lights per 24 hour period, ("li.ghts" being a type
of white spirit (light hydrocarbon)). BRI EF

DESCRI PTI ON OF THE DRAW NGS Furt her scope of
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apparent fromthe detailed description given
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FIG 6 illustrates a diagrammatic overview of a thermolysis system ﬁth major
features according to a second preferred embodiment of the present invention; and

FIG. 7 illustrates a diagrammatic overview of a desulphurising system.



and 3 an overview process 6 and plant set up for
converting waste plastic to diesed fuel using a batch
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process operation Waste plastics in their origina
formof plastic sheets drans, rolls? blocks and fl at
pi eces are placed in a stockpile 1 1 and noved via an
underfioor variable speed pamy conveyor 13, through to
a granuktor 12 to reduce the size of the large itens
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feedstock materials or contam nants then fall to the
bottom of the chanber 26 to create a carbonaceous char

bui | ds-up on the pyrolysis chanber walls, wherein it
acts. as a thermal insulator and | owers t he heat
transfer to the plastic waste material. Char is
therefore renoved by suitablé neans, such as being
continually scrapped off by rotating blades so that -
basbtemhtcedm@ameamumhw es Ady diflerkiab e &iebed WoaCke group
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then drawn through into a catal ytic converter reaction
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to 220 Deg.C or greater -using the exhaust gases from
the furnace of the selected pyrolysis chanber 26. The
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than C25 and reforns chains shorter than C6. There is
conversion o al pha-ol efin chains (1-al kenes) to
saturated al kanes. The catal yst ensures that the fina
fuel has a carbon chain distigi bution in the range

C8-C25 and peaking at Cl6 (cetane). The nsta

catal ¥Ee5 ety Ths £ Hérﬁtdﬁivﬁl ahfb%gw%a% ol oowmepfemn

ceram.cs or e tes in sha te
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liquid fuels, in this enbodi nent internedi ate tanks
32. The fractionated fuels is then piped to a

waeemsosBoge 38, noting that nore than one centPCT/AY2005/000344

may be necessary depending on the production vol unes.
The centrifuge renoves carbon particles, water,
annonlun1hydrOX|de and ot her contam nates that nay be
present in the fuel. The fuedl is then punped to

qual ity assurance tanks (QA) 39, fromwhich it is sent

réoR1aIP USsed LRfOGR It @ Bk ml can&idd Ak g&'%ﬂ ¢ongLh dosing pump to
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- Jj ght fraction wth boiling points | ess than 160

peint giepifisatiecount s for about 5- 7% of t he

t her [ 4o f.uel bl & bel

condgggpée o lﬂﬂant% ag% rEBReTeE ({P\Mﬂéheég f\lelg Ahgé secgg)dlt
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drefarelily omne-at ke 6l iSehibr 4 relpvard siifobRapedificaporpefthtandard This can

tJt: aglmv%d tb? Q%ﬁno%%%"ﬂ bio OII'IIBD |o§th thglﬁ %qurhﬁl 1.103: %&Z‘Egﬁﬂ'oﬁ 5-7% by

eavl er

ensu
T A CFOIRE  CETRBTHS) PRt VAP R e nermolyals disel
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which accounts for about 5-7% of the thermolysis fuel (se€ table below).



not less than 61.5 0C. Table 1. discloses the full
distillation range data [in accordance with Anmerican

wEomsesi9T or Testing atid Materials standard ASTIVADI®F/000344
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for diesel made according to batch process descri bed
above (and regul ar diesel fuel i parenthesis): Initial
boi ling point 141.5 deg.C (190 deg.C) 5% recovery
154.5 dcg. C (210deg. C) 10%t%covery 172.5 deg. C (240
deg. C) 20% recovery 209.5 deg.C (250 deg.C) 30%

r ecoé%?ig?ggég%éioﬁ GofekRA5in08E 16) 84D WordeMMEEY BT Ghebsecond

deqg. . 50% r.ecoye 282. 5. ; : o5 is
90y B oy o Sty Cpiop ot L BuEehela
29% b ©lghtOCaB I vhertaty ICyoBO9T heekehiietry sepraisd %@5 e beavier
(33BndBUnGle HA%E RAACENCIRRLRsS #B1GehBAG! segfig) 19besints,
recgover r’%é 5 deg.C (360 deg.C) Final boiling point
§91'§‘?S%8i§%8.' "3SO deg. C) Recovery ' 98% (98.5% Loss 1%
(O 5% Barmgw@tyl idscloss dibegrull Ostilatkarahge datddin heposlandet with
t.he .boi Lin i [ a ‘ ' ke &BR made
e Ty 00 RLbgRaR el Ly BRTRPONGL TR 264
aprprdigdo batchprpeestes b AYRE (BF reer el pelp BYFES=Chn

be enpl oyed as part of the thernolysis process of the

i NvenkitAMboidgpo@pendtedeh@ condetigedeg@) | s (not shown)
at a fgheverpper at ilfys tdenfer at ur €10 BessChr event i ng

- conden®atdconeryof t hé73.5 ghg€r fracBdez.Ghd al | owi ng
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t hese2@®hexvitery car r R0OH demCt he ga@58tdez@m to the acid

scr ubB®s re@dveghd subBskfdentl y to (298deg-€) gas burner 40.
(ii) M rdcorgrst he f 280.5idee€he pri BEPYEHY) recovery tank
33 by5@%respvery heat i28%5 fdegfd t hr olf§A 9¢%e) heat exchanger
coi | s60%recovirys way 20 deg§nt frabPdpethn be taken O T
whi | e7@heecprencess i287-F dsabng. Th&RE&Thg coils use

hot wBR%recepr evert07- ettt fg i n t £B585Ebm of the tanks
but h8e%gesaveval fI¥id HLat tra igsélf’g' {1) may be used
to ke8Peraaveanks aroarf¥e80- 100 ,“R@.de% Under these
condi Fitatkelingipginf | gHE-S\AegGur s ge PP Ash of £ .

Because the venting of flammabl e hydrocarbons to the

at nosphaveryi s not VNGB i n many countries, it

i spreflessabl e and mal¥d@-8%y in some countries to send

t hese Baroghetricgenslng t §250a0f f gas burner 40 or to

ot herwi se capture them for disposal , recycling or use
as | | 9lbuli6bhige od o Aloh QiAo o nibir Ao idThull Bflecknitently
p&?r%aesg ?he ﬂasahn;yiant 0? the Ifu%l, Ian{? orl1enor gneo?ct orfJ 2 n%&%gr of tline strategies can be

employed as part of the thermolysis process of the invention:

(i) Operate the condenser coils (not shown) at a higher operating temperature thus
préventing condensation of the lighter fractions and allowing these them to carry on in the
gas streamn to the acid scrubber 34 and subsequently to the off gas bumer 40.

(i) Heating the fuel in the primary oil recovery tank 33 by running heating fluid
through the heat exchanger coils. In this way the light fraction can be taken off while the
process is running. The heating coils use hot water to prevent waxing in the bottom of the
tanks but hot thermal fluid (heat tramsfer oil) may be used to keep the tanks around 80-100
deg. C. Under these conditions the light vapours gently flash off. Because the venting of

~ flanumable hydrocarbons to the atmospbere is not permitted in many counttes, it is



health d safety reasons in many countries, it is
technically possible to do so provided suitabl e

whembosrsand safety practices are folio wed. Eaptir/ati2ase00344
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above techni ques for renoving the unwanted |i ght
fraction can be used individually or in any

conbi nation thereof. Thernolysis process mass bal ance
As an exanpl e of the use of 16he present invention, the
followi ng details are provided by way of exanple only

@retfa@olé ameﬁh!thh mssoﬁ@t:odnm& tg %éh@'ﬂﬁetsé'\l(%ﬂ E&as b&i&%%fug_a\? Sblméler
lghglf\# Q‘R’Béﬁ Cf’%ﬁr@%em?f% 8%8%%@?95’ & Ear elﬁt ock made
by t h@uﬁ @Iltﬁ(hlgﬂ 'itQQ ﬁ&%eﬁﬁﬁ&f £ PYcdPAANBAS RAGHs Rfcelithfiges for

R M e B #pogéa;ro‘% 9%3&%?‘?7&%39 P o,9p pprovided
’28%1’%961‘3916%36% W‘(‘JPP)” Ho¥9ds pol ystyrene (PS) *

Nt U1 Bl 099 g CULIREEPAASHng 1.y B U1 o e

WVIQ‘BHHMGW&&W@TD@@%%W%l ght kg 3-5% (W) char
rﬁséhg&ﬁmmget“em%; %gia{]gn fromcentrifuge = 10 kg

Remai ni ng, approxi mately
8 250 Ak Gin | dixrtyilel of G ude dd.18k p%eﬁhﬁdéﬁﬁ@ﬁ e Glbwakg details are

i?%%‘%gé* o] SRR e i onyd il S PERARTS it s

yithe rJlsi\moonlated water fromcentrifuge = SS L x

0. 9 Wﬁa&%‘ % gﬁ%& DRIHARE L URE! © PR ARG of prdoebed
ket e sk 3%893" ¥ i b BRSSO G Fgetion

feedstl_ommm@pﬁ\fmonsuner PE contai ni ng cont am nat es,
the solid residue portion of the feedstock would be
expecietttkp of @outindusizist wadiey cangriogdit ofh 5% emilisttybdie (PEX 8%

tﬂag,py‘g?ﬁg@e(pp)r&,apmwﬁwéﬁsbﬁuge woul d al so be

expected to increase as the contam nates are expected
to cont ai riNanmaless fnhfugiacatouhet 156 Giroo2E¥se’d wi t hi n t he

chanber ..Ohfitrgas pfPPa kg g g Mai Nl y saturated
short - CB @gdr ocar bons i ncl udi ng net hane, ethyl ene,
et han% @#EB ene, propane, n-butane and iso -butane e

gas COn'ﬂosl'otl'S%rNd‘nrcgﬁﬁeﬁgaﬁl'e%ﬁ 1 REhRkPE; 1 S: Nox 198
PPM 4 "3_59 (Wt) char residoe
»  Waste fraction from centrifuge = 10 kg (carbon, tar and water)

s Remaining, approximately 8,250 kg liquid fuel / 0.81 SG produces yield of
10,185 litres

e . Removal of 6% of light fractions in process produces on “spec” diesel fuel
of nett. 9,574 litres.

* Amnoniated water from centrifuge = 88 L x 0.9 (density) = 79.5 kg
»  Scrubber waste stream = < 3.3 kg (neutralized by NaOH)
Notes: :

* The above mass balance is for clean PE/PP/PS feedstock. If the feedstock
is post-consumer PE containing contaminates, the solid residue portion of the feedstock
would be expected fo be at least 5% by weight of feedstock. Also the waste portion from
centrifuge would also be expected to increase as the contaminates are expected to contain
water which would be processed within the chamber.



SOx < 5 ppm Tenp. 438 deg. C H20O content- 13% dust
density 0.06 g/ nB SEM - CONTI NUOUS THERMOLYSI S PROCESS
- Wou@eogmsd? enbodi ment of the invention wll nNoWE&EAU2005/000344

described wth reference to Fig. 6. The theixpolysis
chanber and down streamtrain are purged by an inert

gas, like nitrogen, through pipe line 109, Nitrogen

CEW b e supplied froma ni{yogen generator or from

gas bottl es. The nitrogen is managed b y a nonitoring
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101. he by. a conveyor or
auger 102 o %% Q?%ftrﬂ’é %Sﬁﬂrﬁ@f%t(‘))s The plastic is

t hen conpmaxsed by thel&&rmrmer and delivered into a

5 pre-heat eql;cg{xtruder ba‘r:lg-‘*3 m104 (heated steel barrel
with scre The barre s jacketed 132 and heated
vi a heati ng“wedi um \Nhl ransfei xed fromthe
heating mé#iQuenigeissel 13O. The heating medi um vessel
130 cont aidus dansitedi um 0.06 kenDdi |, that is delivered to
t he heati nNHJ acket 132 of the barrel via the heati ng

OB Il l@mwlﬁésdﬁlﬂﬁoﬁ’éﬁﬁ um vessel 130 | s
heat e fr 0 ein u
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n%lg{f?eéfhﬁ ﬂlgméyswwbarﬁ@w@l owet%@n trm@mezwe@ mmﬁgngas, like

netrégedl, thabegityine lins 1690 Nﬁtﬂiicr&bdiﬂg: sipplied forh @hﬂidgerng@zf:ratoh er
Sﬁ&ﬁ@és‘b@ﬁl’eg §nd ﬁ&oéeﬁﬁsnﬁ&mgédr 5%% hpgrea&ﬁle §Bfle Bla %h&

t t
BRI PE BT Rt f TRl Col ass?;‘ft. no
15 t hr OUg'Bist?e ﬂaxa@(dmmw He@v&@@%w ﬁeaﬁélnv&héﬂﬂﬁlhu a@gﬂo%ix Sithe
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PY7QhY Sk dge of the blades 108a. The blades 108a substantially span the inside
diameter of the chamber and extend up the walls 107a of the chamber 107 slightly
35 protruding beyond the liquid level of the melted in the chamber 107. The operation of the
agitator 108 assists to eventy distribute the heat throughout the molten plastic.
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chanber 107, raising it to between 370-4250C At this
tenperature, the plastic becones gaseous. The reaction

carbon chain lengths to randomy break into various

| engt hs. A subsequent reaction occurs i the catalytic
converter 118, the short carbon chain |lengths reform
and further breaking of |onger chains |engths occur,
such that the dlstrlbutlon is in the range of Cto C25

and PEak] Adnidh e b 1000E-ROBEW aborb iy Sobee
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tower 119, where the gases are condensed in their
var i olike ffoantd myrsysisEaes piosdei fibatthe natilgivssondet@r DiSab ttees
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di esel oil operation, is |ocated downstream of the
internmedi ate tanks 129, The centrifuge 125 processes

W b@so8189and renoves a y or virtually all sol i PIGI/An2D05/000344

water contained in the oil. However, as wll be

descri bed bel ow, desul phurisati sn a desirable process
to renovesul phur contam nation f the fuel, requires
chenical process rather th3% the af or edescr i bed
physi.cal treatnment. The centrifuge 125 delivers this
mluid it furtherQuimbéd ty ofkss trrosemperatisgintedRdlianh emnles 129y The
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&at plastics have inherent nolecul ar
ruc ?sengis%ﬁ gffect yield rates. For exanple, 1000

k g ofTH¥iviRek @hRRBtatCdepdnaét dn biaktd: typb@%% gifpaskagttthave

‘ gaﬁax)entuﬂl@ufi?st&&ﬁre%ﬁ%e‘?f\%t%l&‘ﬂe?m S50kg of char 125 of
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gas -
For exanple,1000 kg of mixed plastic(printed film, waste packaging, ete). Yields
the following output:



825kg of liquid fuel / specific gravity 0.82 = 1006
litres of ligi fuel, o O litres of lights 946 litres

wo@boodiogrset oil fuel Energy 250 kW bx of powerPCBAG006000344
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natural gas for heating. DI ESEL DESULPHURI SATI ON
PROCESS Summary Referring to Fig- 7, a

desul phuri sation process renoves inorganic sul phur by
wat er wash and cycl one separflti on, and organi ¢ sul phur
by oxidation acid adsorption. Detail Diesel fromthe
Storage *Taikz ¢xd@) is mxed with water, aod punped

into a hydpecysiepe Separator (201) The punp is a

hi gh- shear qvi d a hi ree of
ni xi ng of %N%% ?efhz,gfﬂ’&%?f?e%‘flgcgr —m%ﬁ'ﬁ‘%ﬁg’éluﬁdﬁu‘% he
di esel & e pr QMg of ghtai cr o- droplets of water, and
thus pass int 644 heesbidikseldl el phase. The Fydrocyclone
renovesg.sybstantially all of the water, and hence the
i norgani ¢ sul phur. Renoval of organic sul phur
conpounds:bekaamhﬁp@ﬁxby oxi di sing themto polar
conpoungs n usceptlble to adsorption
ont o zegllte % 3%%3 d% onal gaseous oxi di si ng
agents are proposed - ozone and oxygen. In the ozone
OPIESWI. DESELERSRISA BRI RGEEGY @ conventional Czone
Generator and m xed into the diesel stream In the
oSymREryopt i on, oxygen is mixed into the diesel stream

after |ch eFoxygﬁ ggdlcals are generated in the st
ream efﬂ%‘g A8t 7> HAEP REGHAEONTERART THRRRSINOSERNC Siphpr by water -
oysesh erfscyclond sepasitiont anfl erpgin swiphupbypexidationpanaliddergtion.

-Adﬁwp§trean1(202) to allow the oxidisation reactions to
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-proceed to conpletion. The stream then passes through

a SDlekd} Bo@@he @@éﬁdl’a% @06)2@ Fhxethyih Q'ialtcet? éﬂcﬁ%g&ﬁ’edﬁiﬁ@ l ong

A5t d oot QRO Ve ohve % 4tiethevitwe e it Aonjcoadish
clsest ek minige of wamtp@d digsel. Zewpdnicecotpporids inBicediete] papmemt in

tﬂﬁfc@ktﬁdspmmwm sal tmbpdsﬁntd etk l?rSter ﬁfﬁs%sf%e H%Q&Jd&ga
(USRS LA Eiall5 LT OF 1 DAHOkna 1oR Al 195830 sg]é,zjﬁl phur

conpoun ar e’ adsor and
henRendveniveenit suphut &ﬁn@bﬁﬁ@d aoﬁie{fﬁ%moximi

th
f&ﬁgﬁﬁgﬁs v@?cg{a{eﬁﬂéﬂ%ﬂ%lep%{cgg?%ﬁﬁho%ﬁnzo zcollug lri)@gc%d]“ﬁo 5;%1%%&
R AT SRR Bt o P 83 e 5o ORopthe gas i
Bupplied bk conzgntiog:k 08ne (Boérplaandmiizdd into tediesdtstase. In the

r B @ptidnl SVghtis RibRa b Sk BRAM R éﬁ {viulcﬁtﬁleg Bxﬁ%@n filicals

%@%ﬁ% uceéﬂéfrom %me%lof)tl‘gﬁ?’sfirla%%@ g?%@ Cb"g’rﬂi’ ‘ﬁ%t\yrggm

BEieaengh q fimipe bynsevdded dgwngtigam (208 )aiafve e dxidisation feantions
Fp grocégd to completion.

QB?_

The stream then passes through a silica gel Guard Bed (203) which serves to prolong
the life of the more expensive zeolite beds. Two zeolite absorption vessels are provided
(204 A/B), each consisting of a bed of zeolite beads. Diesel passes through one vessel
whilst the other vessel is being regenerated using ethanol. Polar organic sulphur
compounds are adsorbed onto the zeolite beads, and hence removed from the diesel
streawmn, which goes to storage. Lean ethanol from tank 207 is pumnped through the
regenerating bed, desorbing the polar sulphur compounds from the bed before collection
in the Rich Ethanol Tank (205). Sulphur-rich corapounds are removed from the ethanol



200. Diesel storage tank 201. Hydrocycl oi xe separ at or
202. U trasoni c chanber 203. Reaction pipe 204. Silica

w@edosgsmet bed 205. A/B Zeolite absorptjo vesseCT/208005/000344
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Ri ch ethanol tank 207. Ethaiiol Still 208. Lean

et hanol tank As the present invention nmay be enbodi ed
in several fornms without departing fromthe spirit of
the essential characteristidds of the invention, it
should b e understood that the above descri bed

@tﬁ’@ﬁﬁby‘&ml&}o\%ﬁfzmhagbmt{m (206). & BHREASARILNENARis |
R L S S

|mufpa{eha@g@,af§eﬁlgn;ed in the appended cl ai ns. Various
nodi fi cations and equi val ent arrangements are intended
t o 3@ |nclilmeldstqm&$mnh the spirit and scope of the

i nvention ag ﬁ’ pended clains. Therefore, the specific
e i menty’ PG 8 SR der stood to bo illustrative of

thepany YWAYS.Li0ahbgh the principles of the present
i nvention may be practlced In the follow ng cl ai ns,
medds- pl uRehainspipon cl auses are i ten ed to cover

structures_as performng the defined function and not
onl¥*st r uctlise & WHAPHAl ent's, but al so equi val ent

st r%gtur eSyp 2Lt Wﬁ&ve?slﬂt hough a nail and a screw m

not estructura I'val'ents in that a nail enploys a
cytaoadr i C&hchSdtt[ahaQ@kto secure wooden parts together,
whereas a _screw enploys a helical surface to secure _
V\oo?(%ﬂ partlenelstlt her, in the environnent of fastening

gn partgﬁ and a screw are equi val ent
st ruct ures. z%nprl ses/ conprising” when used in this

gL gf De etd HaigedterRT e g A R pe g apd
rifer dbo ot dwecmbbde anbadisents an¢ ae éo Bmit shegpesentdoveptore niless otherwise
Gp&ied, bl eheed sﬁbhmem tdnSthued @anh@mlp e Eplﬂl @l scope of the
q ev%ﬁ rolnb:ilesld% \ﬁ‘fej] o, e e:{ g&%%t aln 8@' o]ﬁfs Oz_nl_%h% él')ixsplm Sgciu?valent
éﬁﬂ‘tgﬁ@ﬁé% arg sﬁw&@%tbe Terlydredwishin the spirig el sceng ofj theinvention and

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

S p eci éé ?f%‘ adkr&@nt' ﬁvénﬂ&? &1@?{ 50 enBGhdd ¥ JDGaPhLESE Wftﬁmﬁ fde:pamng

illustrative of the many ways in which the principles of the present invention may be
practiced. In the following claims, means-plus-function clanses 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 paxts 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 pot preclude the
presence or addition of one or more other features, integers, steps, components or groups
thereof.”
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18 Dust collector 19 Blower 20 Force feeder 2 1 Hot
nmelt feed 22 Hot nelt manifold 23 Nitrogen nonitoring

waelews0g7827 Nitrogen storage vessel 25 NitrogenPCT/AU2005/000344

generator 26 a,b,c,d, Pyrolysis chanber 27 Burner 28
Furnace 29 Catalytic converter, (catalytic reactor) 30
a, Condenser 3 1 Chiller unit (water tower) 3 2

I nternedi ate tank (operatiZ® tanks) 33 G| recovery
tank 34 Gas scrubber 35 Caustic nmake iip tank 36

Caust ienviRt RF 10TRDKaBH plait@BicEbidanth rdfreieith ik uge 339
Qual ity assurance (QA) tank 40 OFf gas burner 4 1

St or agéltPéWFécﬁFQ"kRQ?t ator Itemlist for Fig. 6. 101
Fl ui di dedcdnepper 102 Fl ake delivery system 103
Cramren 3 Q4. Hat,,el t extruder 105 Hot nelt line 106 Two

way val 10,7 rolysis ch.anber 107a Chanber wall 108
Agi)/t at (}¥ %\/Ietals coritaner y

15 Magnet

16 Blower

17 Fluidised 8ilo

18 Dust collector

19 Blower

20 Force feeder

21 Hot melt feed

22 Hot melt manifold

23 Nitrogen monitoring device
24 Nitrogen storage vessel

25 Nitrogen generator

26 ab,c,d, Pyrolysis chamber
27 Burner

28 Furnace

29 Catalytic converter, (catalytic reactor)
30 a, Condenser

31 Chiller unit (water tower)

32 Intetmediate tank (operating tanks)
33 Oil recovery tank

34 Gas scrubber

35 Canstic make up tank

36 Caustic water tank

37 Lights tank

38 Cenirifuge

39 Quality assurance (QA) tank
40 Off gas burmner

41 Storage tank

42 Agitator

Itern list for Fig. 6.

101  Fluidised hopper
102 Flake delivery system

103 = Crammer



10

15

20

25

30

108a Agitator blades 109 nitrogen line no Furnace 1 1
1 Gas burner 112 Char renoval auger 113 vessel for

w@osasmsdng char 114 Hei ght detector 115 Fur naB@I/AU2005/000344

exrtaust flue 116 Exhaust flue to catalytic tower 117
Heati ngj acl cet 118 Catal ytic tower 118a Catal yst
plates 119 Distillation colum 120 Process piping 121
Ol recovery tanks 122 Gas Z8cr ubber 123 Non
condensabl e gas line to furnace 124 Lights tank 125
Cent ri fefgeHeP6el@httwlnk 127 Mass storage 128 Pyrolysis
gas pi pgs 123 haigjeedi ate tank 130 Heating ne ium
vessel 1. Heat i ng, medi um pi pi ng 132 Heating
j acket 1%i FEO" A HI'Scess for the thernocatal ytic
conver $§onPpblyaghamlsrgani c materials into reusable
fuel s, 1@nMkishengatlne steps- of: a) delivering waste
mat er i t Iting means to forma nolten materi

8 1 QofnulEl | : .
al; b) _heatin fl(ijmalten waste material in a
pyrol y$ éﬁﬁ‘ﬁ‘ﬂz’? %S effect pyrolysis of said material
into al¢fasedygendingte in a substantially oxygen purged
and pregsurgmeentroll ed environnment; c) transferring

resul tipg 40 a catalytic converter .neans
wher ei nzthg nol'ecul ar structure of the gaseous
mat er i a1% i SPHIrFRvE] aveer

113 wvessel for containing char
114 Height detector

115 Furnace exhvaust flue

116  Exhaust flue to catalytic tower
117 Heating jackeet

118  Catalytic tower

118a Catalyst plates

119 Dastillation column

120 Process piping

121 Oil recovers tanks

122 Gas scrubber

123 Non conderrsable gas line to furnace
124 Lights tank

125 -~ Centrifuge

126 QA tank

127 Mass storage

128 Pyrolysis gas pipe

129 Intermediate tank

130 Heating medium vessel
131 Heating medium piping
132 Heating jackeet



d) transferring gases to one or nore condenser neans
to distil and cool gases into fractions to form at

wo e@snsmpe useabl e fuel. 2. A process accor di nBCT/au2005/000344
claim1, wherein said pyrolysis chanber does not
include said nelting neans and step a) is carried out
in a separate nelting apparatus to the pyrolysis
chanber of step b). 3. A prBtess as clained i claim1
or 2, including the step of receiving said nelted-
V@ag Material in the or each pyrolysis chanber by th
sel ectiv peratl nof arm oldsste
corregp efg Hie i cin@ocia ?C‘B’é({; gn e OF%“'S materials
ea@mtpglﬁ@ﬂuyls,ucsmemmb?stemofA process according to
cl ai mal ordeBverith Gt hakfidlth mﬂﬁxhg&ﬁd:a&s plfoddeiolked nRRE anf

5 a pl ug?l | tlﬁ:g iy ?a\{ci Wo¥edh %a&@éﬂ%&%&? uﬁ gfl@iy RAQERS So  effect

| ncl.u ernate use

°faf‘“‘1 gaiepalonie 32asoys; sipte é"oatsﬂ*é*fa“ ﬂ&/?i‘fygé‘al"ﬁged and
Wmﬁwson@oﬁdﬂambmems cool ed while another of said

pyrol ygi s t%@f@i% SeduftRBSTaGE %o g%@%@ JIRIBE! Rloards WheRdihOhe

catal ytic ﬁ% reer rocess accordi ng to

cifielpia strye eﬂsﬁou%mg?%lsgymffger ating each saijd
10 pyr o|§i i s el Speedren aaReE pondgnsst meaRs fdistil @nd cool gases
tin@rfsbiims &l fond atdeseme sseawlé feli al from one or nore of ‘

sai d pyrol A(%ko%es@ f&@éstacﬁﬁestotcﬁuﬁ fl‘ewﬁé‘ézﬁl ki | 'p?rol?y@i@ \e%&b@f does not

. 0cess .accar,
R e R et B 698 B g o e
, cmmlw@ch@m‘eerefstqd@h pyrol ysis chanber after conpleting
15 transBerrah pafcegas eRinfedimsthir NGt X inchldideltes &b Ofvedefving said

fxgélﬁd-%*s@'ré/&%;ﬁl ﬁPxﬂX o E&g rp%%? cha?nbeﬁb;g 011%% ﬁh@%ﬁ%ﬂ%ﬂ] O a

apy, one of t rece al ns, |
GBI SRS & ROURRGIERSPo PF B4 HLF: GRmAR (o he Or tach
pesalyysdhemednanber during the p-yrolys s process. 8, A

- oceas aCR%Edébs@ gcaoﬂmcgcta glgan7s or\@h%&aﬁ s4ifl Eyﬁfy@lﬁ’ ?&fnbe:r is one
20 m*%@amﬁ% 5 PR Ehthery B4 sil Bstsn duchios® B AR i S
sl ByRolygis @h&glg?r a leapt gie GEp Hme a% &t epnef saig ﬁﬁ@}yw@a@rbers is

t tvelep rvddiedivothec bAisalg , pyrddglsudinmberé ansére Zagtbus material to said
‘ nagmgc&%&@mg odgl ng char from the internal wall of

t he “or each roI cha e I,N he p
process by>®: %f‘) ?@’6 A, g dmg\ e%f ﬁ%tg’@re&chémd
25 1 pyreliysd mbwmemrxderméo alfovecyclie @asfdrrdg’f gaseous-matrgisl foom one
Obt rAdRE 65 s@hw@@m dﬁdiﬁtﬁﬁé th e ERMNticRBMEEDMBEOVE Char
from the 0}-& ?o% AP T RA sé/%' &E%FR@ %re%@ii%éal %c%d%%réh Ytep
th g/ ti proces I\“]] c
%ﬁ%@w it e, P BvTihpie RS ek B skt gaseous
nehsteothateriat ﬂnereéore pssanf catalyyic chebérieemeang. t he pl astic
30 materizal tg pRcBRlabdoRnd @M Bone of the preceding claims, including the step
of mechanically removing char from the or each pyrolysis charuber during the pyrolysis
process,

=
-

8. A process according to claim 7, wherein the step of mechanically removing
char from the or each pyrolysis chamber during the pyrolysis process is cartied out by use .
35 of an auger.
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we@bdosos78pyr ol ysis of said materi al

c) transferring the nelted plastic material to one or
nmore pyrolysis chanbers; d) heating waste material to
i nto a gasePUBAB2ME/000344
in a substantially oxygen purged and pressure

controlled environnent; e) transferring the gaseous
material to a catalytic converter neans wherein the

mol ecul ar structure of the gaseous material is

altered; and f) transferring gases to condenser neans

to cdol afdr@epaebgingheagaseofite pRtelingtdlainglifluding the step

éﬁ'ﬁﬂlw &ﬁy H{éloﬁ@ﬁ@ G’EBI i‘r&ﬁ‘%fe ithl%a]t \M@lem@%;e Hﬁ%@ﬂ) Pﬁ‘ol&%? lchamber
&.ﬁ‘ln ,&ke%r QLSS aLcct%r di nﬁ t0,,any one of the precéedl ng
el arms P rur T RECSTHY A BHEr el i mi nary step of
commilRut i fgprasess grasanding: ip whyine Aewirreis theor wadhesidagitatort bas one
frandrb bladatadapitth egontithusiPrddodd thak Gon! tHE oL QY 81rSkQD Bmber
Rl cﬁﬂﬁ% Lal mﬁsﬁg goc%gsesel fuel s, said plant
I ncl ydi ng: éz#é% nJ%lngjneans for breaking said_ .
pl astl§c MRPEICPSE fEOF the Goparsion e Platts matarialsrinto (diesehdijelsiimgluding
Wesmps off i or receiving and nelting said particul ate
pl as materjal ; c yroi ysis chairiber for
r eceitbblgﬂ’dcl?i”élﬂfeéﬂaﬁf“dé?t?‘@l PetRI I MRAS M sai d nel ting
Means) wadfcHing HeGn¥ il i | ocks) L.
t he c?warrber n? r gm t h@é%@?ﬁ%%%%?&%%lﬁ%% pérgorli e chifiirs;
ai r- gghmpgms&anmdﬁm Mf@ﬁbﬁpws msmirﬁat&mm)aﬁ{] gebbuks B_ﬁae in
4 BbERRUES b e R HAALAL ? i) heat sai
nol t en: ﬁ a’gg?ng;uﬁ%t eri gl gg% 0 %?lﬁgl}:etg%%wogﬁgg s of said
pl asts) gansiringi the gaseams anagaipb wUS csilpficccdnRerter means wherein the
SblbalR ik of i SadRusnBardinl #aidred ke and _
pressurecontroll ed envito joaesnt; d) catalytic
conv d trasfemiaa sxscs pe ratdenser hemns @oeblvad agmrate the kass@is dmaterial
RSRRIdS tdPbAsiICadBhehadruhiglghy the nol ecul ar
structure of said gaseous material is altered; ande)
condddserArpeasss zopengity ent anerof deipreediog olinas fhrther including
58 PRl M CIRBI R BASCOMINRE U Aotk Maorbl B! J0BSulate

ormat |east one type of useable fuel. 14. A plant
accdrding to claim 13, wherein said plastic tnateria
i's vaste Apleal forl theBshvediofl oPYhdicYditdial ihldiddelaRel@8aid plant
ﬁ&ﬂ%ﬁ-to renove accunul ating char fromthe base of
sard pyrol ysis chanmber and allow continuous feed of -
ol t @fcoRin@fiting niEHnS Fdr Bleakifd QiSihsHe RMRAYSb PatiBAND Y atter;
and continuous production and delivery to said
cat abywelingweape Forrecsdanamdaicitgwisad gatedats plabtastatagial ;
materyal ., 15. ., A plant according to, claim1l r 14, )
wher 8 o ctdined B SEERE O Bladis Bl deve gut melting
mepRs: e dpeplysis sharales aparative tdper at i ve to renove |i t
fractions.fr sai d.cracked gaseous terial. 16. A .
pl ant ac C%F%Fﬁlﬁ.%ﬁﬂﬁ%gl‘?&g“&%eﬂ%ﬁg%o PﬂfgiS’f'%Qm%r"é‘?q‘Tn“
sai d fiewy seid mypolysigrehainberdy et intrsiuetion of & sedodgising gas; and

if) heat said molten plastic matenial to effect pyrolysis of saicl plastic
material into a gaseous state in a substantially air-borne oxidant-free and pressure-

controlled envirourment;

d) catalytic converter means operative 1o receive and crack said gaseows plastic
material whereby the molecular structure of said gascous material is altered; and



17. A plant according to any one of clainms 13 to 16,
wherein said catal ytic converter conprises a series of

whe@kosisef ace area internal netal plate catal yBEHAU2B5/000344

A plant according to claim 17, wherein said pate

catal yst is selected fromthe group including

ceramcs, zeolites, the silicates of iron Fe3+, cobalt
Co2+, nickel N 2+, Raney ni @el, manganese M)\ 2+,

chrom um Cr 3+, copper Qu2+ and/or their m xtures or

t he ca) adndsiseddiddnd bperatil® to Acde) sdopBid &bintte caHD@RKEAGREDNS
{ el A0HER RO RS oo RGRSSRAM Pl ant of any

one of,  the, precedi n%né: at. 1's sul tﬁbl_e for,uyse

as a dffteseft PEE| 20005608 40 Clamt LicWhwen sadiRlesti dpaifna) 15 waste
wireterid! and sridipyielpdis chemberbedwled dnalugey teguicvaienhulatng ¢her from

5 ding$ele oFual 8%%@519 A tRPRA AbR doRBudl Ha VIt r¥fte B mbterial
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A1§to3?aﬁ) '1)9?01%1313 ‘chamber and continuous production and delivery to said catalytic
converter means of said gaseous plastic material. .

15. A plant according to claim 13 or 14, wherein said condenser means
includes a selective low-temperature condenser operative to remove light fractions from
said cracked gaseous material. A ' .

16. A plant according to any one of claims 13 to 15, wherein said melting
means is a hot-melt in-feed system.

17. A plant according to any one of claims 13 to 16, wherein said catalytic
converter comprises a series of high-surface area internal metal plate catalysts. '

18. A plant according to claim 17, wherein said plate catalyst is selected from
the group including ceramics, zeolites, the silicates of iron Fe3+, cobalt Co2+, nickel
Ni2+, Raney nickel, manganese Mn\2+, chromium Cr3+, copper Cul+ and/or their
miktures or the catalyst MCM-41, ‘

, 12. A substantially carbon based fuel product produced by the process or plant
of any one of the preceding claims that is suitable for use as a diesel fuel.

20. A fuel according to claim 19 wherein said fuel is substaptially equivalent
to the diesel fuel standard specified as Australian Standard AS 35701998,



