1 PROCESS AND PLANT FOR CONVERSI ON OF WASTE MATERI AL TO LI QUID FUEL FI ELD
OF INVENTION 5 The present invention relates to the field of processing
plastic and preferably waste plastic material into new products, which
have val uabl e and useful properties. In one aspect, the present invention
relates to a process for converting plastics to liquid hydrocarbons,
particularly diesel fuel. It will be convenient to hereinafter describe the
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Thermoly51s refers to the dissociation or decomposition of chemical compounds
by heat and, in particular, is a process that has been described whereby plastic waste
material is converted to liquid fuel by thermal degradation (cracking) in the absence of
oxygen. Plastic waste is typically first made molten within a stainless steel chamber under

25 an inert purging gas, such as nitrogen. This chamber then heats the molten material to a
gaseous state that is drawn into a catalytic converter and cracked to form carbon chain
lengths of a certain desirable range.

Hot pyrolytic gases of the desired carbon length range are then condensed in one
or more condensers to yield a hydrocarbon distillate comprising straight and branched

30 chain aliphatics, cyclic aliphatics and aromatic hydrocarbons. The resulting mixture is
roughly equivalent to regular diesel fuel after the placement of additives and the
implementation of other minor downstream processing actions.

Diesel fuel is a blend of hydrocarbon compounds known as distillates that are
heavier than gasoline but lighter than lubricating oil. Diesel is a mixture of straight-chain

35 and branched alkanes, cyclic saturated hydrocarbons and aromatics. Diesel fuel is
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 spontaneously.



35 and branched al kanes, cyclic saturated hydrocarbons and aronati cs.

Di esel fuel is designed to operate in a diesel engine only, where it is

injected into the diesel engine conbustion chanber with conpressed,

hi gh-tenperature air and ignites spontaneously. 2 Conversely, gasoline in
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process according to another aspect of the invention this issue is addressed below. In
addition to this set-up limitation associated with batch processes, the physical size of the

existing chambers greatly limits the batched throughput capacity of waste materials.

Of further issue with existing thermolysis systems are higher frequency clean out

30 times of chambers, poor heat transfer within the waste feedstock itself, increased process

time per chamber load and also the expense and fouling of consumable catalysts. The

final issue is the quality of the final fuel product including a measure of diesel fuel’s

ability to reduce wear on contacting solid surfaces found in some fuel pumps and
injectors.

35 Of further issue with existing thermolysis systems is that fuel produced is often of
a variable standard and cannot be used in engines and other machinery that lacks a
tolerance to such fuel inconsistency. Of particular concern is the property of the fuels
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waste materials into reusable fuels, comprising the steps of:
20 a) delivering waste material to a melting means to form a molten material;

b) heating said molten waste material in a pyrolysis chamber to effect
pyrolysis of said material into a gaseous state in a substantially oxygen purged and
pressure controlled environment;

c) transferring resulting gases to a catalytic converter means wherein the

25 molecular structure of the gaseous material is altered and wherein the catalyst is not
consumed or poisoned;

d) transferring gases to one or more condenser means to distil and cool gases
into fractions to form a majority by weight of the converted product diesel fuel.

In another aspect, the present invention provides a process for the conversion of

30 waste organic plastic materials into diesel fuels, including the steps of:
b) delivering the comminuted waste material to a melting means;
¢) transferring the melted waste material to one or more pyrolysis chambers;

d) heating waste material to effect pyrolysis of material into a gaseous state in a

substantially oxygen purged and pressure controlled environment;



I n anot her aspect, the present invention provides a process for the
conversion of 30 waste organic plastic materials into diesel fuels,
including the steps of: b) delivering the comm nuted waste material to a
melting means; c) transferring the nelted waste material to one or nore
pyrol ysis chanbers; d) heating waste material to effect pyrolysis of
material into a gaseous state in a substantially oxygen purged and
pressure controlled environnent; 3a e) ggansferring the gaseous materi al
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20 In another aspect, the invention provides a plant for the conversion of waste plastic

materials into diesel fuels, the plant including:
a) comminuting means for breaking said plastic material into particulate matter;
b) melting means for receiving and melting said particulate plastic material ;

¢) pyrolysis chamber for receiving molten plastic material from said melting

25 means, said pyrolysis chamber operative to:

i) seal the chamber from the environment and to purge air-borne oxidants

from said pyrolysis chamber by the introduction of a non-oxidising gas; and

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

30 controlled environment;



material into a gaseous state in a substantially air-borne oxidant-free and
pressure- 30 controlled environnent; 4 d) catalytic converter neans
operative to receive and crack said gaseous plastic material whereby the
nol ecul ar structure of said gaseous material is altered and wherein the
catal yst is not poisoned or consunmed; and 5 e) condenser neans operative to
recei ve, cool and separate said cracked gaseous naterial into fractions to
forma majority by weight of the converted product diesel fuel. The
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exchange fluid such as steamor, nore preferably, oil. The condenser neans
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differentially condense different fractions of the gaseous product fromthe
catal ytic converter nmeans to select one or nore fractions suitable for use
as a fuel. For exanple, the condenser neans nmay include two nore
condensers capabl e of condensing fractions at different tenperatures or
ranges thereof. In a preferred aspect, the condenser 20 neans includes a
condenser for obtaining fractions suitable for diesel fuel and |ight
fractions to be utilised or disposed of. In a preferred aspect, the

i nvention provides for a process for the thernocatalytic conversion of
waste materials into reusable fuels, wherein nelted waste material is
directed into one or nore pyrolysis chanbers that are capabl e of

i ndependent operati on.



25 In a further preferred aspect, the invention provides for a process for
the thernocatal ytic conversion of waste materials into reusable fuels,
wherein a plurality of pyrolysis chanbers operate independently to all ow
cyclic transferral of gaseous material fromone or nore pyrolysis chanbers
to a catalytic converter nmeans. In a further preferred aspect, the

i nvention provides for a process for the 30 thernocatal ytic conversion of
waste materials into reusable fuels, whersein a plurality of pyrolysis
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25 In a further preferred aspect, the invention provides for a process for the
thermocatalytic conversion of waste materials into reusable fuels, wherein a plurality of
pyrolysis chambers operate independently to allow cyclic transferral of gaseous material
from one or more pyrolysis chambers to a catalytic converter means.

In a further preferred aspect, the invention provides for a process for the

30 thermocatalytic conversion of waste materials into reusable fuels, wherein a plurality of

pyrolysis chambers are used alternately at least one at a time so that one pyrolysis

chamber is able to cool while another pyrolysis chamber is able to transfer gaseous
material to a catalytic converter means.

In a further preferred aspect, the invention provides for a process for the

35 thermocatalytic conversion of waste materials into reusable fuels, wherein one or more

pyrolysis chambers are actively cooled after completing transferral of gaseous waste
material to a catalytic converter means.



The process thermally degrades (cracks) plastic waste in an oxygen free
environnment inside a pyrolysis chanber, pyrolysing (cracking) it into a
gaseous state. The hot pyrolysis gases nmay pass through a catalytic
converter. The catalytic converter may include a 25 nunber of catal ytic
surfaces. Preferably, the catalytic surfaces conprise alloy plates and,
nore preferably, these catal ytic surfaces characterised by not being able
to be poisoned or consuned. Two reactioms occur in the process. A first
reaction involving cracking occurs while the plastic is heated and a
second reaction breufigthsheprefetred rrspeqpy thel nvestiqyapesvidesofir agtprodess bt dle
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substituents
inside a pyrolysis chamber, pyrolysing (cracking) it into a gaseous state. The hot pyrolysis

gases may pass through a catalytic converter. The catalytic converter may include a
25 number of catalytic surfaces. Preferably, the catalytic surfaces comprise alloy plates and,
more preferably, these catalytic surfaces characterised by not being able to be poisoned or
consumed. Two reactions occur in the process. A first reaction involving cracking occurs
while the plastic is heated and a second reaction occurs when the hot pyrolysis gases
contact the alloy plates. The gases are then cracked and reformed to form carbon chain

30 lengths of a certain desirable range.

Hot pyrolytic gases of the desired carbon length range may then be condensed in

one or more condensers or, more preferably, in one or more distillation towers, to yield a
hydrocarbon distillate comprising straight and branched chain aliphatics, cyclic aliphatics

and aromatic hydrocarbons. The resulting mixture is preferably roughly equivalent to

35 regular diesel fuel after the placement of additives and the implementation of other minor

downstream processing actions, such as the removal of particularly light fractions. Thus



20 conmbinations thereof. In a further preferred aspect, the invention
provi des for a process wherein the nelting neans is a hot-nelt in-feed
system The nelting nmeans may be | ocated prior to the pyrolysis chamber.
In a further preferred aspect, the invention provides for a process wherein
the 25 catalytic converter consists of a series of high-surface area,
internal netal plates that are the catalyst. The plate catal yst preferably
is selected fromthe group including cergmcs, zeolites, the silicates of
iron Fe3+, cobalt Co2+, nickel N 2+, Raney nlckel manganese M)\ 2+,
chromi um Cr Be invepipe pracassman grasiuce sl thapiscubstartiadly qamivalsat i1 (stdioveiigh . | n
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modi fy the pyrolysis chamber.

In a further preferred aspect, the invention provides for a process wherein the

25  catalytic converter consists of a series of high-surface area, internal metal plates that are

the catalyst. The plate catalyst preferably 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 Cu2+ and/or their mixtures or the catalyst MCM-41.

In a further preferred aspect, the invention provides for a substantially carbon

30 based fuel product produced by the process of the invention, the fuel including carbon

chains in the range of length C6 to C25. The substantially carbon based fuel product

preferably includes carbon chains in a range peaking at length C16. Preferably, the

substantially carbon based fuel product that is substantially equivalent to the diesel fuel

standard in Australia, specified as AS 3570-1998. Reusable hydrocarbons and reusable

35 fuels include liquid hydrocarbons. The fuel product may be stored in a storage vessel.
The storage vessel is preferably a storage tank.



carbon chains |onger than C25 and to reform carbon chains shorter than C6.
The catalytic converter is preferably heated to 220 C or greater. The
netal catalyst will preferably 20 'crack' paraffinic chains |onger than
C25. The catal yst preferably ensures that the final fuel has a carbon
chain distribution in the range C8-C25 and peaking at Cl6 (cetane). The
catalytic converter is preferably heated by exhaust gases fromthe furnace
of one or nore of the pyrolytic chanberg. Simlarly, the hot nelt chamnber
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cool i ng one
g gases from the furnace of one or more of the pyrolytic chambers. The non-condensable

25 gases may be directed to the furnace for burning.

In a further preferred aspect, the invention provides for a process wherein the

condensing temperature is not consistent across all elements of the condensing system.

The upper condensing coil is preferably run at a lower temperature than the lower

condensing coil, for example, to separate the light fractions from the remaining fractions

30 best suited for a middle distillate composition. The separation of the light fraction may be
carried out during the thermolysis process.

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

Advantageously, the invention provides a new process that has the capacity,
35 compared to the prior art, to greatly increase the throughput of waste plastic stockfeed to
produce liquid hydrocarbon fuel that is of a consistent quality. This throughput is



pyrol ysis chanber while another pyrolysis chanber is able to maintain
operation to continue to transfer gaseous material to a catalytic converter
means. Mechanically renoving waste char fromone or nore pyrolysis
chanbers 20 by use of one or nore internal augers or other suitable neans.
Further aspects of invention relate to various perfornmance inprovenents to
the overall process as disclosed herein. The process and associ ated
apparatus of the present invention have lgeen found to result in one or
more of the foll ow ng advantages: 25 reduction or elimnation of nmanual
handl i ng of ptitnerilylaabieves Hyedd snatlokt by whioh weste syckfived isipteparegicad debvaged infthe
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the art 15 from t hi sORRERtIN t@cpogg@@rqoﬁfqnéfqy gaseous material to a catalytic converter

means.

e Mechanically removing waste char from one or more pyrolysis chambers

20 by use of one or more internal augers or other suitable means.

Further aspects of invention relate to various performance improvements to the

overall process as disclosed herein.

The process and associated apparatus of the present invention have been found to

result in one or more of the following advantages:
25 ¢ reduction or elimination of manual handling of the plastic feedstock;

¢ shortening the time taken to get the prime pyrolysis chamber to full operating

temperature;

e achieving 100% molten plastic feedstock capacity prior to prime chamber
operation commencement - this maximises the volume of material in each

30 chamber before treatment commences;
e improved uniformity of temperature, heat transfer to materials and pyrolysis;
e improved fuel consistency; and

e reduction in the effort and time required for the removal of charring and in

system cleaning.



Further disclosure, objects, advantages and aspects of the present
application may be better understood by those skilled in the relevant art
by reference to the followi ng draw ngs of preferred enbodi nents which are

given by way of illustration only, and thus are not |imtative of the
present invention, and in which: 20 FIG 1 illustrates a diagrammatic
overview of a thernolysis systemwith myjor features according to a first
preferred enbodi nent of the present invention; FIG 2 illustrates a plan

view of a plant layout of a thernolysis systemaccording to the first
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20 FIG 1 illustrates a diagrammatic overview of a thermolysis system with major

features according to a first preferred embodiment of the present invention;

FIG 2 illustrates a plan view of a plant layout of a thermolysis system according to
the first preferred embodiment of the present invention;

FIG 3 illustrates an elevation or side view of the plant layout shown in FIG 2;

25 FIG 4 illustrates a gas chromatography chromatogram chart indicating the relative
proportion of carbon chain lengths within normal diesel fuel. The Y axis of this chart
indicates the quantity;

FIG 5 illustrates a gas chromatography chromatogram chart indicating the relative

proportion of carbon chain lengths within diesel fuel produced by the thermolysis system

30 of the first preferred embodiment of the present invention. The Y axis of this chart
indicates the quantity;

FIG 6 illustrates a diagrammatic overview of a thermolysis system with major
features according to a second preferred embodiment of the present invention; and

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



reduced plastics are delivered (for exanple, by conveyor, auger or bl ower)
through to a fluidised holding silo 17. Although a variety of nmechani sns
could be used to transfer the plastic fromone place to another, delivery
inthis preferred nethod is achieved via a blower 16. A dust collector 18
associated with the holding silo 17 collects excess dust 20 created by the
action of the blower 16. Al operations just described are prelimnary
preparations and may or may not be conplgted outside the normal operating
times of the general thernolysis system di scussed bel ow. BATCH THERMOLYSI S
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i nsul at or ameparaivas snd ey lve anayt md e fcempleted Qumdqoﬂhaslpﬂnal\ﬂ@slta@ngrﬁﬁ@ﬁ phthe Char

is therefor néﬁm\éﬁﬁblws Stchpdis8ussRIBow.SUCh as being continual ly scrapped
off by rotating blades so that |iberated char accunul ates as a friable

fine bl ack RANGE THRERMOINGSESIROCES e pyrol ysis chanber, wherein it is

vacuuned out b .
y To begin the thermolysis process, granulated waste plastics are drawn from the

25 holding silo 17 via a second blower 19 and force feeder 20, into a hot-melt feed system 21
including an extruder, which melts the waste plastics to a suitable temperature for
adequate liquefied flow into a heated melt distribution manifold 22 via heated pipes which
maintain adequate flow rates. The distribution manifold 22 is a valve operated system
allowing distribution of liquid waste through four separate outlet pipes which each lead to

30 a separate pyrolysis chamber 26a, 26b, 26¢ or 26d. Although the description is made with
reference to four chambers, it is to be understood that the present invention is applicable
to any number of chambers, designated at feature 26 herein. The chamber receiving
liquid waste is preferably filled to 80% capacity with liquid waste and then sealed and
atmospheric ambient gases are substantially purged through the introduction of a

35 preferably nitrogen gas blanket. Nitrogen is sourced from the nitrogen generator 25,
through a nitrogen storage vessel 24, according to a nitrogen monitoring device 23. The



hand after each batch. However, as will be expl ained below with reference
to an 15 alternative continuous process, an auger positioned at the base of
t he chanber can be used to periodically renpove accunul ated char. To effect
faster input and output of waste material, active cooling is achieved by
cooling the inside of each chanber with N2 fromthe N2 line, and external
cooling of the chanber by the burner fan blowi ng air around the chanber

i nside the furnace, which is 20 used on &ach of the main chanbers 26 to
reduce the cooling tinme fromthe standard (prior_  art) 12 hours to a

maxi mum ( f ogas heedptoaprgenthepptoroseherisf gashmay rfbginissnbe selegteddliena | the grpghi ng
faster turnasaisity bEkolRel) od Bthepinee @ases oy cdrebiamtibnt kiersvdxt . Cool i ng may be

i npl enented by fan or by other suitable cooling means known in the art.
Wth a system of Eagh pysekysisichunbesys siuptddnsidearbeatiag 201 sush pea fispacsp8rith on,
one or 35 hwatuedlabeumerRY. P@ns@thcabisappliat & by thelintearal pymmattiecofdas es
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pyrol i sed gasgsiodicelly fearove neounilitedelglh. i nto a catal ytic converter reactl on
tower 29 where the as components are thernolytically cracked. The
catalytic reacti dne @vﬁéﬂ%@%‘o@ﬂd&%@ﬂ@f@sﬁéﬁeéﬂﬁ‘t@ﬂa p‘l“‘éltV§§091ﬂft¥elsfaP]€)‘ﬁY%ﬁi by
speci al cat adqlf&fgahenﬁtsﬁb oﬁlehcﬂychailfﬂber with &, frém phealNe fingraad patiral oodthgsd thdat
the hot pyr %}aﬁ'ﬁ%? bg}gﬁee atnoérB cpﬂ'l% dﬁﬁfhbexx fﬂsﬁ@)ﬂﬁe”ﬁl%@ac@ O\QBl@Htis ar ea
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al pha- ol ef i pn@gm&gédgffag'o@%a}ermm& &aﬁg@m {ablAERe aFhe catal yst

ensures tha uel “has a carbon chain distribution
With a system of at least four pyrolysis chambers available for operation, one or

25 two chambers may be set to operate and deliver pyrolytic gases to the catalytic converter
29. While one or two chambers deliver these gases as required, the remaining chambers
may be prepared for a subsequent batch of molten plastic input from the hot melt system,
thus allowing a semi-continuous operation and fuel output as a result of staggering the
operation of the chambers. The valved heat distribution manifold 22 may be used to direct

30 molten plastic material into any of the chambers as necessary to allow for system
operation in a semi-continuous manner.

The next chamber in sequence of operation is pre-heated to between 170°C-220°C
while the liquefied feedstock fills the chamber to 80% capacity. Upon completion of
filling, the selected main chamber temperature is raised to between 375°C and 420°C and

35 the liquid waste plastic in the sealed chamber is made gaseous by pyrolysis at this
temperature causing at least partial breaking of carbon chain lengths randomly into
various lengths.



in the range C8-C25 and peaking at Cl16 (cetane). The netal catalyzers are
made of nmetals including NN and Cu, or ceramcs or zeolites in shape of
punched plate and wire nmesh type. The other catal ysts include MCM41 and
the silicates of iron Fe3+, cobalt Co2+, nickel N 2+, Raney nickel,
manganese M\ 2+, chrom um Cr3+, copper Cu2+ and/or their 15 m xtures. The
catalytic plates nmay be made from any one of these netals, or a

combi nation thereof. The catalyst is pref®rably not consuned or poisoned.
The catalytic tower 29 uses technol ogy known in the petrochem cal industry
and all det ai I c@h@wmhsgi ghdes apr deesdresn dhrouge inte sc tatalytic owevertar ecapiidsl i cl y
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froma caustic la a osmgapI)r% mauntalnll%gl
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one centri f fgeighByadiend)enessae three cooling coils in the second condenser 30a and these are
25 cooled with cooling tower water or water chiller units 31 . Water flows through
preferably three coils run co-current with the direction of pyrolysis gas flow. At each coil
position there is a catchment tray and a bubble cap so the hot pyrolysis vapours must flow
through the condensing coils.. This allows efficient condensation of the pyrolysis
condensates. Cooling tower or chiller water also flows to some of the seals throughout the
30 line to keep them cool. In particular, seals that are most advantageously cooled include
the agitator seal on the agitator shaft 42 and the seal on the chamber 26 inspection port
(man hole) in the chamber lid.

The remaining non-condensable gases (NCG) not condensed by the 8°C

condensing coil are piped through to a gas scrubber 34 which supplies mildly basic water

35 to scrub out the acid, neutralize the remaining NCGs and render the gases suitable for
incineration by the off-gas burner 40. Alternatively, the gas may be recycled to a burner in

the furnace as necessary. A caustic water tank 36 supplies alkaline water which is



dependi ng on the production volunmes. The centrifuge rempves carbon
particles, water, amoni um hydroxi de and ot her contam nates that may be
present in the fuel. The fuel is 10 then punped to quality assurance tanks
(QA) 39, fromwhich it is sent to mass storage tank 41. Carbon chain

| ength distribution The resultant liquid fuel is not a "pure' conpound but
a mxture of straight-chain and branched al kanes, cyclic saturated
hydrocarbons and aronatics consistent with a 15 prem um diesel fuel
conposition. The finished cleaned fuels are piped to a storage tank 41, for
later distr tégulangruos&y W tatc fleans caodivi mblentp m:ﬂm(%)emeh dosizg fenlid ng

requirement g I{Ygl%lng%ré&n%wﬁ %\ﬁé ﬁftﬁgg%sﬁgwgfeggﬁg 3gnd 5, thernol ysis diesel

made by t he B4 process ‘as descri ove regul ar (conventional)
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poi nt of the t he&ﬂ@kéﬁﬁftaﬁu %H‘ﬁﬁleﬂuelt i9 n@pé’vﬁlré]’%m oarf-but Phdftelcal |sﬁra1lgﬁt élﬁlrfit

| east 61.5C or a rel evan ni_jmum sp i.cation of . stan qard
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achi eved byabRipcheg alk ﬁ‘?eépSY‘tliCth‘Hf‘teg Hgdch%apnq AL AFIRAtCY Ctoﬁéls'tf”&tew%ﬂ a
(appr ox.155- gRariym diekghic) corhpositionadbefdishgl ylearedeBslarye piped ta  stordge thnkght s

fraction fr e er e 3 hi,&ya b t he
i ght fract ?g]n%(\% a:%é}bglgﬁ%%bgofﬁkt zﬁllloesssﬁlte%ﬁyn%(l)%%ﬁ%g e Bievﬁ?lcﬁuegi?ggg]ﬁ% for

?bout 5- 7% BHuEeRether nol yS| s fuel (see table bel ovv) 15 The |i ght
racti ons conden 8C .cqndepsi ol | t S er
30a are treated g@gﬁ?%‘%‘f ?Hcleﬁg%nﬁ%sa&a%&g ﬁ" Olggls dleefﬁl 1%%&’@% ngéﬁ%s
streamis piopesd as degeribedy hb@et@dwemawﬂq@m\@nmnaﬂ)sdlgﬁebm havm‘@ﬁemagﬂtyée e
separ at eg f gé%r@h&&ﬁatbgt% 1'1}95'(GCfS Tﬁ@&gﬁl&ﬂﬁcﬁr&nﬁt@?m gﬁ@& 'ﬂﬂg@@ﬁﬁﬂ‘éf e diesel
fractions (di r emel.n a{, (ﬁECIer % ROiNL S,
with respect 1o the proportion of hydrocarbon chains 0f various atbon chain lengths. To
perform as diesel fuel, the inventors have found that the fuel must be substantially rich in
chains with a carbon chain length peaking around C16 (i.e. cetane). With reference to Figs
4 and 5, the carbon chain length distribution curve for regular diesel and thermolysis
25 diesel produced in accordance with the present invention respectively are shown. It is
important to note that a higher proportion of light fraction (especially C8, C9, C11 and
C13) is demonstrably present in the thermolysis produced fuel shown in Fig. 5 compared

to regular diesel shown in Fig. 4.
Flash point modification

30 To meet the relevant standards for transportation diesel fuel (e.g. AS3570-1998), it
is necessary to increase the flash point of the thermolysis diesel to above 45°C - 53°C,
preferably up to at least 61.5°C or a relevant minimum specification of standard. This can
be achieved by removing a proportion of the light fraction in the fuel (approx. 5-7% by
weight). It is accordingly necessary to strip the lights fraction from the thermolysis diesel.

35 This is achievable by removing the light fraction with boiling points less than 160 Deg.C,
which accounts for about 5-7% of the thermolysis fuel (see table below).



not less than 61.5 C. Table 1. discloses the full distillation range data
[In accordance with Anerican Society for Testing and Materials standard
ASTM D86] for diesel nade according to batch process descri bed above (and
regul ar diesel fuel in parenthesis): 10 Initial boiling point 141.5 deg.C
(190 deg.C) 5%recovery 154.5 deg.C (210 deg.C) 10%recovery 172.5 deg.C
(240 deg.C) 20% recovery 209.5 deg.C (250 deg.C) 15 30% recovery 245.5
deg. C (265 deg.C) 40%recovery 270.5 deg C (270 deg.C) 50% recovery 282.5
deg. C (285 deg.C) 60%recovery 290.5 deg.C (295 deg.C) 70%recovery 297.5

deg. C (310 deg. CTh@ngﬁp%aEﬁ&BV&ere&Qa ia Be%of §°836bridiemkifgd cod A5 thecRu&idy

321.5 deg. C (345 de é recover 3‘%811?% 3.?%}8 %%%ghtg%m{gﬁgmms
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poi nt of 2 Wé‘f to %Pr? tﬁ%tu[é? hﬁ%’?%crgafg%ns %’alrﬁ{%l §e?n+th(r%{<’a§% %e{l 213?% (ﬁcan be
enpl oyed aanﬁd&sStlmh&ltﬁe%Lhernol ysi s process of the invention: (i) Operate
the condenser coils (not shown) at a her operating tenperature thus
preventing condensat i dablofl. tdwlq’ﬁegﬁbfélful?r@é’ﬂl%@fs g et di AgpordrBse Viitem t o

carry on i nAbfficaP&pciety ?(ﬁ‘mféﬁng hgdaffatbrRkr sthikerd XS PNAdD3EP S8Rk Maded the

of f gas burner 40. in t cover
tank 33 by fEATdiRgiore Pﬁ‘bceﬁsl S O@WBBYFQQ%‘"% Ff‘guﬁég{es%ﬂ} é‘hé@?nth?ﬁsl Inyt his
process is runnlng. The

way the1bpight fraction can be taken off while the
t anks

heating coils usgnmgomg%mrto pﬂ(—:gv@égtc waxi ng (qgo aggecgiot tom of the

but hot thermal gd/% gﬁat trang (@ ) nay to keep the tanks
Vi

around 80-100 d der t itions t vapours gently
flash of f. Becau?g’/ r%co nt i ng% rgarrmabl %ﬁg rbons to the
at nosph

p %e is no precoveryed in Countries degC)

40% recovery 270.5 deg.C (270 deg.C)

50% recovery 282.5 deg.C (285 deg.C)

60% recovery 290.5 deg.C (295 deg.C)

70% recovery 297.5 deg.C (310 deg.C)
20 80% recovery 307.5 deg.C (330 deg.C)

90% recovery 321.5 deg.C (345 deg.C)

95% recovery 332.5deg.C (360 deg.C)

Final boiling point ~ 348.5 deg.C (380 deg.C)
25 Recovery 98% (98.5%)

Loss 1% (0.5%)

Barometric reading  102.5 kPa

In order to shift the boiling point range to a higher temperature and concomitantly
30 increase the flash point of the fuel, any one or more of a number of inline 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
preventing condensation of the lighter fractions and allowing these them to carry on in the

gas stream to the acid scrubber 34 and subsequently to the off gas burner 40.

35 (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 transfer 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

40 flammable hydrocarbons to the atmosphere is not permitted in many countries, it is



preferable and mandatory in sone countries to send these |ight gases to the
of f gas burner 40 or to otherw se capture them for disposal, recycling or
use as light fuel. (iii) Although it is not permtted to process flanmable
liquids in centrifuges for 5 health and safety reasons in nany countries,
it is technically possible to do so provided suitable health and safety
practices are followed. Each of the above techniques for renoving the
unwanted |ight fraction can be used indjgszidually or in any conbination

t hereof . Thernol ysis process nmass bal ance 10 As an exanple of the use of

t he present prefevabid armhmandagory b bané cgyntiets 4o bendahese lighbgasee® thy offeps byrner
exanpl e onl y gnd oEﬂ&?wise\éﬁﬁﬁﬂe%em %r%&l’ r@%cﬁﬁ%@iﬁ fised liakt faeing |inmited by
the fol l owi ng: MASS BALANCE FOR THERMOLYSI S PLANT - PER 1000kg of processed
cl ean feed st ock(iinddtHoygh itds bat pérmtaicessoass fanimaglet liquidseinasspieidiges for he
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0 o _pol ypr en an o pol ystyrene *
Nat ur al gasS‘Ftﬁgle?’ﬁ%H’aac‘g %ff?%%rlaal:ce%gre@%‘?ed;loo m3 Nitrogen gas = 1.7 rr%% X
4 =6.8 nB 20 2. pCWTRHSHotO1etRINAToFRAR ISR SniaS&Blight Bvctie @Atekiged). T
3-5% (W) Cﬂééﬂﬁgﬂlduﬁl was%ﬁi%éactlgn fromecentrifuge = 10 kg (carbon, tar
and water) 7 RG\" PSP BRIHEL Y™ 8250 kg liquid fuel / 0.81 SG
produces y'gh&n‘ﬁﬁ%sis?,rojcstlrﬁ%slﬂaﬁdlﬁﬁ Renmoval of 6%of light fractions in
process produces on “spec” diesel fuel of nett. 9,574 litres. Amoni ated

wat er fnom cent r Af ugeexante lof xhéd uSe (fl éles iptegynt=inyéntionk the fominmhdetailmgtee
stream = < agugi&%g BaYrakdd ofl ANa@dindiidatesst t5 bd Behsabaye veasslihiaddance
ke d

is for cle PS feedstock. "If the feedstock is post-consuner PE
cont ai ni ng N4P&s, the solid residue portion of the feedstock would

Bgr te,xgﬁC]E fg t OC bﬁmﬁsf EQZ;%N@J@’% W‘gl'};%igtlggfysf{??ﬂatm K. PER 900010 M@t @ sed
cont ani nat eg]eaé’rfge‘i&ﬁ‘é}%@@%ew%oghs & ﬁttcg ipﬁoce???)ég%ﬁlélgq%ﬁ%%s%% g)?gheebiéﬁ%ﬁl Eiolg essed
wi thin yhe chanberyATERIAL INPUT
10,000kg of post industrial waste, composed of 55% polyethylene (PE) 28%
polypropylene (PP) and 17% polystyrene (PS) *
e  Natural gas for furnace burner =75 Gj or 2100 m*
e Nitrogengas=1.7m*x4 =68 m?
20 2. OUTPUTS

e 10-15% Non condensable gases | by weight kg §

o  3-5% (Wt) char residue

e  Waste fraction from centrifuge = 10 kg (carbon, tar and water)

e  Remaining, approximately 8,250 kg liquid fuel / 0.81 SG produces yield of
25 10,185 litres

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

e  Ammoniated water from centrifuge = 88 L x 0.9 (density) = 79.5 kg
e  Scrubber waste stream = < 3.3 kg (neutralized by NaOH)
30 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 to 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

35 water which would be processed within the chamber.



17 O f-gas conposition is mainly saturated short-chain hydrocarbons

i ncl udi ng net hane, ethyl ene, ethane, propylene, propane, n-butane and

i so-butane. 4 Flue gas conposition fromoff-gas incinerator is: 5 Nox 198
ppm SOx < 5 ppm Tenp. 438 deg.C H20 content 13% dust density 0.06 g/n8
10 SEM - CONTI NUOUS THERMOLYSI S PROCESS A second enbodi nent of the invention
w Il now be described with reference to Fig. 6. The thernvolysis chanber
and down streamtrain are purged by an ipert gas, like nitrogen, through
pi pe line 109, Nitrogen can be supplied froma nitrogen generator or from
gas bottles. Theinitr Ofegesi sompositen lvy reainfynisetordtety dhevtichain Mydrpsapanh

control  15;caRiMehetRhife, BRFIcRO LS DroddRPrapsheth Hatabt endRObuBhE.CT S.
Plastic flake (<I5mR) is del i ver ed by any neans into the fluidized silo

101. The plasti i f| akkeigas tdrepositadronppifegas orwisyaser isr auger 102 or bl own,
to the crammer 103. The plastic is then conpressed by the crammer and
delivere8 into a pre-Neated extrudel98mpmel 104 (heated steel barrel with
screw). The barrel 10 ixs j acket ed ;g% and heated via 20 heating nedi um
which is transferred fromthe heating Redi um vessel 130. The heati ng

medi um vessel 130 conTamps a nmedi u38ldege€ oi |, that is delivered to the
heating jacket 132 oh he barrel vja, the heating nmedium piping 131. The
heati ng medi um vessel 2YFONENT hoat eidf%romthe hot flue gases being
exhausted fromthe fugpagenst}O vi a gsbamsy flue 115. The plastic is nelted
inside the barrel between 120-280C. The nelted plastic is forced 25 al ong

by the rot afEMI-CONTINTOUSWHERMOLYISES PROEESSi recting the nelted plastic
through the hot nelt line 105. The line is pre-heated by electric or other

means i n case of Acsskondembedimgnt efhwhedmyention woll way Yafessribes with ieisrepsg (e
W: I t not e;(Fi%t. 61 IThe thérRlyBischramber agyddvampireahi thin atk peged by he ot gaseliked
Chanber 15 JoPHG: 2%’3%? E‘P% el ?‘ﬁpﬁgﬁé‘%ﬂ%a@ﬁ%ﬁ%‘@?f*ﬁfﬁ‘é‘iﬂ s BOF gt Yo S s
30 chanber , frg@ugas| Bptilasn *’%&tfﬂgég 13 %el%ia‘?ynﬁé’%@l@flg%l CVICE I REd eoé‘r 0
200- 270C5by catireet PhGrand computer $istsm arh?giimd:t@ eontpillges | c begins to flowinto
i nai de the. pyr ol RS BHersssmesyis Efwnti hueey Beanito Btidie 986%alng o
cl ose tol er phsti fidkeas then ¢akise bysesonvirer wahiger 107 ar biownhie bhgraserer 1037Thihd
the edge of pfafie BRAQSMP&Sed TckRlAttas: AHAGRIiSebE trad b ipad-heatainarutiérebaimab i de
104 (heated steel barrel with screw). The barrel 104 is jacketed 132 and heated via
20 heating medium which is transferred from the heating medium vessel 130. The heating
medium vessel 130 contains a medium, like oil, that is delivered to the heating jacket 132
of the barrel via the heating medium piping 131. The heating medium vessel 130 is
heated from the hot flue gases being exhausted from the furnace 110 via exhaust flue 115.
The plastic is melted inside the barrel between 120-280°C. The melted plastic is forced
25  along by the rotation of the screw inside the barrel directing the melted plastic through the
hot melt line 105. The line is pre-heated by electric or other means in case of cold starting
through a two way valve 106 (this valve will not exist in a single chamber system) which
directs the hot melted plastic into the pyrolysis chambers or single chamber 107. The
pyrolysis chamber is situated within the pyrolysis chamber furnace 110. The pyrolysis
30 chamber, usually manufactured from stainless steel, is pre-heated to 200-270°C by the
burner 111. When the melted plastic begins to flow into the chamber, the agitator 108 is
activated. The agitator 108 rotates inside the pyrolysis chamber 107, the blades of the
agitator 108 having a close tolerance clearance between the walls 107a of the chamber
107 and the edge of the blades 108a. The blades 108a substantially span the inside
35 diameter of the chamber and extend up the walls 107a of the chamber 107 slightly
protruding beyond the liquid level of the melted in the chamber 107. The operation of the
agitator 108 assists to evenly distribute the heat throughout the molten plastic.



35 dianeter of the chanber and extend up the walls 107a of the chanber 107
slightly protruding beyond the liquid level of the nelted in the chanber
107. The operation of the agitator 108 assists to evenly distribute the
heat throughout the nolten plastic. 18 Wen an initial charge of
approxi mat el y 1000kg- 2000kg or approximately 50% capacity of nelted plastic
is received in the chanber 107, the furnace 110 tenperature is caused to
rise to 500-650C, thereby transferring agditional heat inside the pyrolysis
5 chanber 107, raising it to between 370-425C. At this tenperature, the

pl astic Eecolrres g@éﬁgﬁsmﬁ'&hﬁla&@a@% AppRoxaiatehie 1 UORELA000kE of hprsotianyrdy 40%r e
causes the plastic.carbon chain |engths 1o i S
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|18n9t hi_ Qccél{amgég%mtr@i?fngti?ﬁ) l%‘g\'%éﬂ Purimeci At t}gs te{ﬁﬁ)efﬁm@‘?ﬂﬁfpl@c thecdi@s and
peaki ng a cet ane ressyre inside c . i
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e catalyst 1s not consuned or i sqned. .The cat.alyst to ai ns
a series of OpEHpagde O%CBFegB?lggla? ﬁﬁn‘ﬁftﬁgu%%ﬁdnit e(:falljlgle\ré\%tgjetr%;%n%\sgés}l,d
zeol i t es) tpeakiiglat CAbésctafe)i ron Fe3+, cobalt Coe+, nickel N t+, Raney
ni ckel , manganese M\ 2+, chrom um Cr 3+, copper Cue+t Rheni um N ckel

and/ or their m xThe pressre ingwledhe ahapaher NP rizes miemally abRsbAMEsPRsTGde 4198 ne
Mat eri al ) igaraThé bioRisk @Rtiakmadqipntla foRepkatiintherahatbat $0f thr8ughl the ipsth
ordered to degree,, so tha ke ar rhay:s; 0 ' SE¢14 Neh
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changi ng t heatalgsigs hotofonsyraed enpoisaned rbheeaiplast towpiel 1§ RIIBT 2 S¢S R RMS s
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anor phous Si This.feat uk together with i C i PO i 2fup to
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] acket ) usua nuf.act ure ro st al nl ess, stee
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the cat 2Dysby PEM, S6RD agavapor 2¢0Mtion. By sharging thedenath af thel tame teymglgcylee
posi tioned idd v&i?ﬂﬁt oft A€ ch%gne@'és&l b bénBASE o tﬁylsf&ith}i@taao a {)& @ht ﬂll_?_eﬁu&llpaf fhet 0
maxi m se contac ar ea . . e ne ates a.
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25 The catalyst tower 118 is housed in a jacket 117, (usually manufactured from

stainless steel), through which exhaust gases from the furnace 110 are diverted through a

pipe 116 to heat the catalyst plates 118a to 220°C or greater. The metal plates 118a are

positioned so that the hot pyrolytic gases must take a torturous path to maximise contact

area and time with the metal plates 118a. The hot pyrolysis gases react with the catalytic

30 plates 118a. The metal catalyst of the plates 118a cracks carbon parafinic chains longer
than C25 and reforms chains shorter than C6. There is conversion of alpha-olefin chains
(1-alkenes) to saturated alkanes. The catalyst of the plates 118a ensures that the final fuel

has a carbon chain distribution in the range C8-C25 and peaking at C16 (cetane).

The reformed pyrolysis gases proceed from the catalytic converter 118 to the

35 distillation tower 119, where the gases are condensed in their various fractions. The
distillation tower 119 operates in its known form. The various fractions of liquid exit the
distillation tower 119 via process lines 120 and enter oil recovery tanks 121. The fuel oil



(1-al kenes) to saturated al kanes. The catalyst of the plates 11 8a ensures
that the final fuel has a carbon chain distribution in the range C8-C25
and peaking at Cl6 (cetane). The reforned pyrolysis gases proceed fromthe
catal ytic converter 118 to the 35 distillation tower 119, where the gases
are condensed in their various fractions. The distillation tower 119
operates in its known form The various fractions of liquid exit the
distillation tower 119 via process |ines;gl20 and enter oil recovery tanks

121. The fuel oil 19 |liquid is further punped to one or nore operating
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i's into the pyrolysis chamber 107. The auger 112 extracts the char from the chamber 107
and empties it into a char vessel 113 for removal afterwards. The agitator 108 continues
to operate to ensure that all of the char is evacuated from the chamber 107. When this is
complete, the semi-continuous process commences again from the beginning.

30 It is noted that the operation of the condenser 119 is substantially the same as for
the condenser 30 included in the batch system as described with reference to Figs 1 to 3.

Thermalysis mass balance

The values of yield are dependent on plastic types as different plastics have
inherent molecular structures that effect yield rates.

35 For example,1000 kg of mixed plastic(printed film, waste packaging, etc). Yields
the following output:



conpl ete, the sem -continuous process commences again fromthe begi nning.
30 It is noted that the operation of the condenser 119 is substantially the
same as for the condenser 30 included in the batch systemas described
with reference to Figs 1 to 3. Thermalysis mass bal ance The val ues of
yield are dependent on plastic types as different plastics have inherent
nol ecul ar structures that effect yield rates. 35 For exanple, 1000 kg of

m xed plastic(printed film waste packagpmg, etc). Yields the follow ng
output: 20  50kg of char 125 of off gas 825kg of liquid fuel / specific
gravity 0.82 = 1906 | s0ueesfcbr liquid fuel. 5 0 60 litres of lights o 946
litres of diesel oil fuel Energy 250 kWhr of power 303G of natural gas
for heating. 10°Dl ESES ¢S{R4HURI SATI ON PROCESS Summary Referring to Fig.

7, a desul phuri sati ongPQCEFGuIFIRY §ediMOLERR) 683 L 1B0&itrBYoMRfuld fuebash and
cycl one separation, an rgani ¢ sul phur by oXidati on and adsorption. 15

Detai| Dbesel fromthe St@lkitgs ofdights(200) is mixed with water, and punped

into a Hydrocyclone Sep ; ] punp is a high-shear type in
order to provideoa hi gh q%géﬁéggga%#?fﬁﬁgﬂof wat er and di esel. | norganic

conpounds in thvergyi esel are present in mnicro-droplets of water, and thus
pass into the bul k mater_gpase. The Hydrocyclone 20 renoves substantially
all of the water® and2HbkWérth@oweor gani ¢ sul phur. Rermpval of organic

sul phur conpoundg is ?ﬁ%i %HHQ¥QQﬁh%E§h§9 themto polar conpounds, which
are then susceptible to"adsorption onto Zeolite beads. Two opti onal

gasgous16ﬁidising agents are proposed - ozone and oxygen. In the ozone
option, the gas Is i entional Ozone Cenerator and m xed
into the di B E%tl}@ﬁﬁﬁ%g%é§hg§%ﬁ%§ti on, oxygen is mxed into the
di esel stre fter which free oxygen radicals are generated in the

stream by neans of ultrasonic sound waves. In both options,
Referring to Fig. 7, a desulphurisation process removes inorganic sulphur by water

wash and cyclone separation, and organic sulphur by oxidation and adsorption.

15 Detail

Diesel from the Storage Tank (200) is mixed with water, and pumped into a
Hydrocyclone Separator (201). The pump is a high-shear type in order to provide a high
degree of mixing of water and diesel. Inorganic compounds in the diesel are present in
micro-droplets of water, and thus pass into the bulk water phase. The Hydrocyclone

20 removes substantially all of the water, and hence the inorganic sulphur.

Removal of organic sulphur compounds is achieved by oxidising them to polar
compounds, which are then susceptible to adsorption onto zeolite beads. Two optional
gaseous oxidising agents are proposed — ozone and oxygen. In the ozone option, the gas is
supplied by a conventional Ozone Generator and mixed into the diesel stream. In the

25 oxygen option, oxygen is mixed into the diesel stream, after which free oxygen radicals
are generated in the stream by means of ultrasonic sound waves. In both options,
sufficient length of pipe is provided downstream (202) to allow the oxidisation reactions
to proceed to completion.

The stream then passes through a silica gel Guard Bed (203) which serves to

30 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
stream, which goes to storage. Lean ethanol from tank 207 is pumped through the

35 regenerating bed, desorbing the polar sulphur compounds from the bed before collection
in the Rich Ethanol Tank (205). Sulphur-rich compounds are removed from the ethanol



sufficient length of pipe is provided dowstream (202) to allow the

oxi disation reactions to proceed to conpletion. The streamthen passes
through a silica gel Guard Bed (203) which serves to 30 prolong the life
of the nore expensive zeolite beds. Two zeolite absorption vessels are
provi ded (204 A/B), each consisting of a bed of zeolite beads. Diesel
passes through one vessel whilst the other vessel is being regenerated
usi ng et hanol. Pol ar organi c sul phur coppounds are adsorbed onto the
zeolite beads, and hence renpoved fromthe diesel stream which goes to

E t gr age- Lg_ﬁfbaﬁi Bﬁmﬁﬁtﬂlﬁﬁ@{m} anketRAho1 i%illp(al‘)ﬁ)]?d\ tsb]pﬁtmgigch hﬁdr?&rb@gemwml I is ng
ed, desorbing t ol.ar, sul phur conpounds omthe. r ection
inthe Ri chm@gWEngg%&ﬁw°%96%§%h%§ﬁe U?yﬁP%%B%%ﬁ%%gHH@ggggegﬁﬁéggd fromthe
et hanol 21 tream F$tidd ation in an Ethanol Still (206). A

RAbpERDS BBl T bigl:

sul phur-ric stréamis produced fromthe bottom of the stream

and nay Be re-jagged i npthe Py SEGHK as fuel. Equipnent |egend for Fig. 7. 5
200. Di e?el s€g§age tgﬁE Eggg. Hydr ocycl one separator 202. U trasonic

chanber  203. jggact i ofy@ioRfcléseparatorca gel guard bed 10 205. A/B Zeolite
absorption vessel 206° R ch ethanol tank 207. Ethanol still 208. Lean

et hanol tank Aot he pUasRsticichMebdri on may be enbodied in several forns

wi t hout departing 15 fromthe spirit of the essential characteristics of
the invention208t shoRk4ttibe pipeder st ood that the above descri bed

enbodi ments are not to limt the present invention unless otherw se
speci fi ed, but20dat her S8ikagtlgubel tednst rued broadly within the spirit and
scope of the invention as defined in the appended clains. Various

nmodi fi c0i ons 28hd equiBZeslite absorpiivgeivesst s are i ntended to be incl uded
within the spirit and_scope of the invention and 20 appended cl ai ns.
Therefore, th&08peci fRichethsveltBts are to be understood to be
illustrative qf the ny /S in which the principles of the present

i nvention nayzgé prgE@?@ggﬁﬁln the follow ng clains, neans-plus-function

cl auses are i nded o cover. structures as perform ng the defined
A8 ont y LS gk

function and only equi val ents, but also equivalent

structures. For exanple, although a nail ng. a.screw not. be structural
As t}rlreppresent 1nvent1%n may ge em%ogleg n severaln}%%ms without departing

15  from the spirit of the essential characteristics of the invention, it should be understood that
the above described embodiments are not to limit the present invention unless otherwise
specified, but rather should be construed broadly within the spirit and scope of the
invention as defined in the appended claims. Various modifications and equivalent
arrangements are intended to be included within the spirit and scope of the invention and

20 appended claims. Therefore, the specific embodiments are to be understood to be
illustrative of the many ways in which the principles of the present invention may be
practiced. In the following claims, means-plus-function clauses are intended to 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

25 equivalents in that a nail employs a cylindrical surface to secure wooden parts together,
whereas a screw employs a helical surface to secure wooden parts together, in the

environment of fastening wooden parts, a nail and a screw are equivalent structures.

“Comprises/comprising” when used in this specification is taken to specify the
presence of stated features, integers, steps or components but does not preclude the
30 presence or addition of one or more other features, integers, steps, components or groups

thereof.”



25 equivalents in that a nail enploys a cylindrical surface to secure
wooden parts together, whereas a screw enploys a helical surface to secure
wooden parts together, in the environnment of fastening wooden parts, a
nail and a screw are equival ent structures. "Conprises/conprising” when
used in this specification is taken to specify the presence of stated
features, integers, steps or conponents but does not preclude the 30
presence or addition of one or nore othep2features, integers, steps,

P A YR T W ol S e
Conveyor 5 13 G anyl atppistid ¢oblepidd S contai ner 15 Magnet 16 Bl ower 17
Fluidised Silo 10 1%8 %6?15 }%?I | ector 19 Blower 20 Force feeder 21 Hot
melt feed 22 Hot mel’t n@niPord 15 23 Ni trogen nonitoring device 24

Ni t r ogen®st or age vd3seCraBU¥pE r ogen generator 26 a, b, c,d, Pyrolysis chanber
27 Burner 20 28 Furldac®&@4s Gaitaihgtt i ¢ converter, (catalytic reactor) 30 a,
Condenser 31 Chill s upifgntmvater tower) 32 Internediate tank (operating
tanks) 25 33 Q| H%co¥ﬁg%é;ank 34 Gas scrubber 35 Caustic nake up tank

17  Fluidised Silo
10 18 Dust collector
19 Blower
20  Force feeder
21  Hot melt feed
22 Hot melt manifold
15 23 Nitrogen monitoring device
24  Nitrogen storage vessel
25 Nitrogen generator
26 a,b,c,d, Pyrolysis chamber
27 Burner
20 28  Furnace
29  Catalytic converter, (catalytic reactor)
30 a, Condenser
31  Chiller unit (water tower)
32 Intermediate tank (operating tanks)
25 33 Oil recovery tank
34  Gas scrubber
35 Caustic make up tank
36  Caustic water tank
37 Lights tank
30 38 Centrifuge
39  Quality assurance (QA) tank
40  Off gas burner
41  Storage tank
42  Agitator

35 Item list for Fig. 6.

101  Fluidised hopper
102  Flake delivery system
103 Crammer



36 Caustic water tank 37 Lights tank 30 38 Centrifuge 39 Quality assurance
(QA) tank 40 Of gas burner 41 Storage tank 42 Agitator 35 Itemlist for
Fig. 6. 101 Fl uidised hopper 102 Fl ake delivery system 103 Crammer 23 104
Hot nelt extruder 105 Hot nelt line 106 Two way valve 5 107 Pyrolysis
chanber 107a Chanber wall 108 Agitator 108a Agitator blades 109 nitrogen
line 10 110 Furnace 111 Gas burner 112 Char renoval auger 113 vessel for
containing char 114 Height detector 15 2315 Furnace exhaust flue 116

Exhaust flue to cat@alyti 7 Heating jacket 118 Catal ytic tower
118a Catal yst pl at e@hzo Pioltgr?élgﬁgsxttﬁu?} ation colum 120 Process piping 121 G|

recovery tanks 1240&as Hamgtle

106  Two way valve
5 107  Pyrolysis chamber

107a  Chamber wall
108  Agitator
108a  Agitator blades
109  nitrogen line

10 110 Furnace
111 Gas burner
112 Char removal auger
113 vessel for containing char
114  Height detector

15 115  Furnace exhaust flue
116  Exhaust flue to catalytic tower
117  Heating jacket
118  Catalytic tower
118a Catalyst plates

20 119  Distillation column
120 Process piping
121 Oil recovery tanks
122 QGas scrubber
123 Non condensable gas line to furnace

25 124 Lights tank
125  Centrifuge
126 QA tank

127  Mass storage
128  Pyrolysis gas pipe

30 129  Intermediate tank
130  Heating medium vessel
131  Heating medium piping
132 Heating jacket



123 Non condensable gas |line to furnace 25 124 Lights tank 125 Centrifuge
126 QA tank 127 Mass storage 128 Pyrolysis gas pipe 30 129 Internedi ate
tank 130 Heating nediumvessel 131 Heating nmedium piping 132 Heating
jacket 24 Clainms 1. A process for the thernocatal ytic conversion of waste
organic materials into reusable fuels, conprising the steps of 5 a)
delivering waste material to a nelting neans to forma nolten material; b)
heating said nolten waste nmaterial in a pyrolysis chanber to effect

pyrol ysis o& said material into a gaseous state in a substantially oxygen
purged and B? sure controlled environnent; c) transferring resulting
gases to a catal¥tic Aopmeafs's dor theahemwicatalytin cohreersidd offovastudrganis tmaiataly e of

the gaseous,| eﬁ%a!b?el %" nqusﬁl tﬁlé'lg[ rel n the catalyst is not consuned
or 0|soned ransterri SEs one or nobre condenser neans to distil
p

and cool 9gases #nto ¢1¢lta/@tlng>wgstt: matcmalrﬁoa melfiog megnsyp fops gimtoligh niakesial;

converted producg di eﬁ@a‘ﬂné Ugld nfoltef REQE GRsterd CAN Q' ol"y@is Cé}éhi%l,to WREE! N
sai d pyronS|s chanber doées. nat 15 include said means and Step a)

is carried BHPYSIH caf %aéfbéliaé?r@ Bt ¢ mgseapp At s 2t %lbﬁtﬁ@tlallpfngyg.pén&q#a%r of
step b). 3.prAsspfea@gsll@bertirohmest; in claim1 or 2, includi ng t he step of

d | ted t. t th h ha
he el oot i ve. opd at | BH-BFISE TyimEcreC b Aesitttal RumBE0mTaLn SREHb tne. or
nmore i nflet qnalehuﬂalystmwlrbmf the gasavins n2@enmy riplajteied andawhe@ein the cAtabysodeast

accordi ng tg) 4%éP %d wherein said pyrolysis chanber is one of a
plurality of pyrolysis chdnbers and said process includes the alternate use

of each said pydol ystiranstaianbgdsesto ansas masp gondenser maaps sodistand sael gafessai d

pyrolysis CRgiBRkisnd ® foﬁﬁ’@ ln?a‘jjorw 'bgl MR bIRE cOfvedl BrddnEQli¥R] fiechanbers

transfers gaseous nateri al
g 2. A process accor(img to claim 1, wherein said pyrolysis chamber does not

15  include said melting means and step a) is carried out in a separate melting apparatus to the
pyrolysis chamber of step b).

3. A process as claimed in claim 1 or 2, including the step of receiving said
melted waste material in the or each pyrolysis chamber by the selective operation of a
manifold system having a corresponding one or more inlet pathways to the or each

20 pyrolysis chamber.

4. A process according to claim 1 or 2, wherein said pyrolysis chamber is one
of a plurality of pyrolysis chambers and said process includes the alternate use of each
said pyrolysis chamber at least one at a time so that one of said pyrolysis chambers is
cooled while another of said pyrolysis chambers transfers gaseous material to said

25 catalytic converter means.

5. A process according to claim 4, including the step of operating each said
pyrolysis chamber independently to allow cyclic transferral of gaseous material from one
or more of said pyrolysis chambers to the catalytic converter means.

6. A process according to any one of the preceding claims, including the step

30 of actively cooling the or each pyrolysis chamber after completing transferral of gaseous
waste material therefrom to said catalytic converter means.

7. A process according to any one of the preceding claims, including the step
of mechanically removing char from the or each pyrolysis chamber during the pyrolysis
process.

35 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 carried

out by use of an auger.



25 catalytic converter neans. 5. A process according to claim4, including
the step of operating each said pyrolysis chanber independently to allow
cyclic transferral of gaseous material fromone or nore of said pyrolysis
chanbers to the catal ytic converter neans. 6. A process according to any
one of the preceding clains, including the step 30 of actively cooling the
or each pyrolysis chanber after conpleting transferral of gaseous waste
material therefromto said catalytic conygerter nmeans. 7. A process
according to any one of the preceding clains, including the step of
mechani cal | y r enﬁvi ngAgiracest aaiordihetocanyame lof merméqeﬂing adimshiacluding ithegstéph e
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t he pyrol ysdmrmtbeemlylss reegess duseiian bgitalere of an auger 25 9. A pr ocess
according to any jene 9&‘ 25 B RS Etgclﬁﬂr@wﬁfhm{efﬁ%é'@t @&bhtsla&l g»gtanr%s one

mechani cal I'y drs o ront internal wall of the or_ each
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10. A procea@ua@ﬁ@equﬂggﬂ@ hﬁyﬁg@mcﬁﬁerern the or each said agitator has
ve c ar fromthe or .each

bl t t sl
ggsolgsrgnoﬁanbgffs 3 §§F$a%§%gﬁ 3 EY 69%? %ﬁ@@@??mff¥mm%1%rocess

accordi ng tmmﬂkmbﬁbMumherein t he condenser neans is a distillation colum.

10 12. process ccopd i £ ysi s
chanber e\ros about Abfaﬂages%fcgka ogzoeé\fsgﬁlgglcg’rg Wt ﬁfseggu? IT tf\tlr\flqg)yer nS%It he
heating is d@nﬂ@tﬁ@@wmﬂQﬁmenperature of betmeen about 350C and 425C. 14.

A process for thes Conxemtae afatore n@%' Qaitliefhabd hRtIRaGAESELoddueled at a
including 15 the ste vering the conmnuted waste material to

b)
a melting neameau63otb%mseeﬂwphﬁﬁt@én%é¥ €d waste material to one or nore
pyrolysis c hanberzs ;A paecbd 1o theeheersiBh ©F pRbtid @atefifle ¢ito @ikell ek ciding
naterlal5 &W seous state in a substantially oxygen purged and
pressure envrronnent 20 e) transferrrng t he gaseous material to

a catalytrc cony, %Q%ﬁgﬁﬂﬁﬁﬁ aﬁ%n a §§1%%8| ?ﬁﬁrgé&%re of the gaseous

material is aIte
¢) transferring the melted waste material to one or more pyrolysis chambers;

d) heating waste material to effect pyrolysis of material into a gaseous state in a

substantially oxygen purged and pressure controlled environment;

20 e) transferring the gaseous material to a catalytic converter means wherein the
molecular structure of the gaseous material is altered and wherein the catalyst is not

consumed or poisoned; and

f) transferring gases to condenser means to cool and separate the gaseous material

into fractions to form a majority by weight of the converted product diesel fuel.

25 15. A process according to any one of the preceding claims, further including
the preliminary step of comminuting or granulating the plastic material into particulate

matter.

16. A process according to claim 14 wherein the condenser means is a

distillation column.

30 17. A process according to claim 14 wherein the pressure in the pyrolysis

chamber is about 1.08 bar.

18. A process according to claim 14 wherein the heating is conducted at a
temperature of between about 350°C and 425°C.



consuned or poisoned; and f) transferring gases to condenser neans to cool
and separate the gaseous material into fractions to forma majority by

wei ght of the converted product diesel fuel. 25 15. A process according to
any one of the preceding clainms, further including the prelimnary step of
comm nuting or granulating the plastic material into particulate matter.
16. A process according to claim 14 wherein the condenser neans is a
distillation colum. 30 17. A process acg®rding to claim 14 wherein the
pressure in the pyrolysis chanber is about 1.08 bar. 18. A process
accordi ng to cl ai9n 14Awiexteonthichenhesidn of plasticmagttiels egtoatiesal fuelsnped plaot e of
bet ween abog%héggc and 425C. 26 19. A plant for the conversion of plastic
materials into diféesel fuels, said plant including: a) conm nuting nmeans

for breaking sai i At Lol ) ) ting
means for recei v%ndghg%%hﬁne%@' F%{:}S fglla]?rglﬁ%g% ?‘?{ﬂ?ggﬁ%ﬁr&%ﬁt&?’%?g%eﬁaﬁc)

pyrol ysi g chanbep) f8fing Gfcthy/foP BcBRAdSMAd RhdBdd GidFr@dlat pla@daRtis ;mel ting
nmeans, said pyrolysis chanber operative to: 1) seal the chanber fromthe

environment and §OpRdlygR eahRPITHe resivilanhdlted Md¥i6 ahatefidlr Pbiyisiatd eleddiiper by
the introduction of a Pon-gxi Ei Si n]I% .‘ga%);_ and 10 ii) heat said nolten

pl astic mat BFS SEGPEPHESCOHYIPYIPEFEYDHI said plastic material into a
gaseous state in a sufst Lally air-bor i -fre . SU e-
controlled envir onnenﬁ;seﬁg%ﬁ%gl?aé’?bf iﬁrgmtg%ﬁ\r}g\r/?&eﬂrlg%géﬁé Eoog%rggg }rf\?)ré) o&{rl(gaéltesl ve
and crack said ghemcais gyrelgsis chanthgt by thelintwiticedyyofi dieonnenidising ges; 9nd uct ur e of
sai d gaseous material is altered and wherein 15 the catalyst is not |

poi sonedOor consuned; ilhherterid srdien sdastieassrid pler effeoy @Yty He08iseld, Plagll  and

separate said cragkgsl dRSEOMSous IS PAdubktahitalfyTaACHdrAE Sxitight fiR¥eing pragh@s ty
by wei ght of the coni/gc[ted roduct diesel fuel. 20. A plant according to
cl aim 19, wher ei $Pn&gfl ‘}?}}Vé@gin@nﬁ’rateri al is waste material and said

pyrol ysis chanber, i ncl udes an auger to renmove accumul ati.ng.char from.. 20
the base of sai G(E)pgﬂtagy% F%HVSﬂ%rn’Bl ?nsa(FPﬁraéllvng%r%CS}Ytei otieks %é(g EBFOULP Y

pl asti c matmnierhl wherely thaimblpyula sprsttsrechfaatiegasent waatal iveltgepamtiwbereon and
del 1 ver ¥t o83 hy 6k Rbofloidbned SPURGLRL, JRANS Of said gaseous plastic

mat eri a
e) condenser means operative to receive, cool and separate said cracked gaseous

material into fractions to form a majority by weight of the converted product diesel fuel.
20. A plant according to claim 19, wherein said plastic material is waste
material and said pyrolysis chamber includes an auger to remove accumulating char from

20 the base of said pyrolysis chamber and allow continuous feed of molten plastic material
into said pyrolysis chamber and continuous production and delivery to said catalytic
converter means of said gaseous plastic material.

21. A plant according to claim 19 or 20, wherein said condenser means
includes a selective low-temperature condenser operative to remove light fractions from

25 said cracked gaseous material.

22. A plant according to any one of claims 19 to 21, wherein said melting
means is a hot-melt in-feed system.

23. A plant according to any one of claims 19 to 22, wherein said catalytic
converter comprises a series of high-surface area internal metal plate catalysts.

30 24. A plant according to claim 23, 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 Cu2+ and/or their
mixtures or the catalyst MCM-41.



21. A plant according to claim19 or 20, wherein said condenser mneans

i ncludes a selective | owtenperature condenser operative to renove |ight
fractions from 25 said cracked gaseous material. 22. A plant according to
any one of clainms 19 to 21, wherein said nelting neans is a hot-nelt
in-feed system 23. A plant according to any one of clainms 19 to 22,
wherein said catalytic converter conprises a series of high-surface area
internal netal plate catalysts. 30 24. Aplant according to claim 23,

wh [ id pl | is.sel ed . i ncl udi ceram cs,
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ni ckel , mangdmese M\ 2+, chrom um Cr3+, copper Cu2+ and/or their mxtures

or the catal yst Mo 4 . i i erein the
condenser neans 1S a &jpsl?lﬁglf%% (?18%& @%)@B%%%ﬁgrg{nthgﬁeg%{g%g%ﬁ%?#to claim
19 wher ebn ehambsr saboutd .0&barhe pryolysis 5 chanber is about 1.08 bar. 27.
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to heat said nolten plastic material to between g(g;géﬁéggc and 425C. 28. A

subst ant i al fyheabsasoRoksRIastc srteril Sybrtvesiy baut ey rocess or plant

of any one of thgg pregedbaghtiliica®oh badedifge] produsbprodiiced byske pdces o plasd

fuel. 10 29..A fuel .accordi .ng 0 ci ajg.m 21? Xlnter ein sai.d {)glel 'S

subst ant i al PRASQAF 9LIS freceige claimsythakis suifably oL e AT A Besshi¥el £ ed as

Aust ral @n St and28.d AS fR8l7@c&@8) to claim 28 wherein said fuel is substantially equivalent
to the diesel fuel standard specified as Australian Standard AS 3570-1998.



