- 1 - WASTE TREATMENT APPARATUS AND METHCD Fi el d The present invention
relates to waste treatnent apparatus and nethods, in 5 particul ar apparatus
and nethods for treatnent of waste froma range of sources, including
commerci al prem ses and donestic and multi-occupancy residences, by a
process conbi ning pyrolysis and conbustion of waste. Background '10 A

conmbi ned pyrol ysis and conbustion process, and rel ated apparatus, is known
from WD 2007/ 104954. This efficiently destroys waste, reducing it to ash.

I n operation of the Wﬁﬁé;_%&rﬁgw,&lﬁﬁmdﬂ?si%m@fﬁobﬂ ei n have

devi sed devel opnents r eat ment

achi eved. 15 ,IP 2007-263534 describes a noving bed type gasification
furnace. ef tion of the furnace includes continuously blowing gas into

t he conbu zone directly fromthe gasifier side conmbined with stirring.

This acti gmel presnd ihweritioa R3gest loewdBidh GeBtrhantobpdLBREY ahdr @ethaRfs! iiput i on
in the conbustion zone. Simlarly, it is known 20 to fit an internal
ci rcul & i PRYARNaRParatHe apadnedpdsfonieatoent ebwaste rempr mrge spsiRces,

t enper at ure, diis Fcbh#ﬁérefé; g#érg{sés.ta%ro%?é icaéhoomuﬁ%ccgfpahﬁgréé?a’é?{bteis%yt0
provide alternative, preferably inproved, process and apparatus to' treat
wast e on siprecess cordbimestpyrolasid/amd deanpestiso aif easte. i s 25 an obj ect of
speci fic enbodi ments of the invention to do so for multi-occupancy

resi dences and al so i ndividual donestic residences and conmmerci al

ent er pri s@ackdgbung super markets and restaurants. A further object is to
reduce and/or renove the need for the transport of waste and prevent waste

endi ng! Qup Aagomiifedi pyrolyais| vl agMbosiAn AIACKSY i dNd selpisdnarparatys, felfiewenent s
enabl o gr (L IYG 2EbEM B 0n Ty Sckcnl ek R e e P ving
public conpliance by facilitating the recycling process.
In operation of the process and apparatus, the inventors herein have devised
developments to modify and improve upon the waste treatment achieved.
15
JP 2007-263534 describes a moving bed type gasification furnace. Operation of
the furnace includes continuously blowing gas into the combustion zone directly
from the gasifier side combined with stirring. This action is said to increase the
uniformity of temperature distribution in the combustion zone. Similarly, it is known
20 to fit an internal circulation fan into the chamber of WO 2007/104954 to promote

even temperature distribution.

It is therefore an object of the invention to provide alternative, preferably improved,
process and apparatus to treat waste on site on a domestic and/or large scale. It is
25 an object of specific embodiments of the invention to do so for multi-occupancy
residences and also individual domestic residences and commercial enterprises
such as supermarkets and restaurants. A further object is to reduce and/or
remove the need for the transport of waste and prevent waste ending up as
landfill, allowing local authorities to meet the requirements of recycling directives.
30 A still further object of the invention is to enable greater efficiency in collecting
recyclable materials, improving public compliance by facilitating the recycling

process.



- 2 - Accordingly, the invention relates to a process for waste treatnent
and apparatus for carrying out waste treatnent by a conbination of (i)
pyrolysis and (ii) conbustion (also referred to as oxidation or
gasification) steps, the process and apparatus incorporating one or nore of
t he aspects of the invention described 5herein. Sunmary of Inventions

According to the in ion.there is a i.Cc pr.oc nt,
cach cycr d@stiol HEVERioy Biist o g tErs RRE TRkl et e
wast e to or elaewatgedut ewpsteatrentmént ef/f actomppinatigsi of @) pyrelysastamd (ii)

i ntroducin xygen into the anber . effect .gasifjcatiop of the waste,
and 1 emovi ETRAE0 <R R TRiettes R BmxinateR s AP ohERPSo s, PLCHES ADP at i ng
the wast e afplabatdaSnéd?pOrdiigt éhedasivhbreadl B adSedd S tAeciaysiition tesdrived
invention there is apparatus for waste treatnment is provided, suitable for
carryi ﬁg di®eiPhe net hods of invention, conprising:- a seal abl e chanber, a
waste treatnent zone in the chanber, 20a port for introducing waste into

t he chanber, a port for the exit of treated waste, and a heating el enent,
t he appar 224AMaLY1{IaveHigNns sing one or more air inlets in a wall of the

chamber, %é@o%n#”ic?ﬁw%‘%h@er?fidn heH & _c%’?@cé&% fBPWEsteqrchitinkht, lachppect the

air 25inlets to the source of air at 'high pressure,
comprising:-

10 introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the chamber
to effect gasification of the waste, and removing combusted waste from the
chamber,

further comprising agitating the waste with gas to promote gasification.

15
Also according to the invention there is apparatus for waste treatment is provided,
suitable for carrying out the methods of invention, comprising:-
a sealable chamber,
a waste treatment zone in the chamber,
20 a port for introducing waste into the chamber,

a port for the exit of treated waste, and
a heating element, (
the apparatus further comprising one or more air inlets in a wall of the
chamber, a high pressure air source and one or more conduits to connect the air
25 inlets to the source of air at high pressure,
wherein the apparatus is adapted to agitate gasifying waste with the air to

promote gasification.



wherein the apparatus is adapted to agitate gasifying waste with the air to
pronote gasification. - 3 - Details of the Inventions The invention

provi des processes for waste treatnent,conprising introducing waste into a
chanber, heating the waste to an el evat &d tenperature to effect pyrolysis
of the waste, introducing oxygen into the chanber (typically using air) to
ef fect 5nG0 waste, and renovi ng conbusted waste fromthe
chanber . Dgt y@?ﬁ{h@%?&nﬁgﬁs d out in the substantial absence of oxygen,
nmeani ng Rsan r ; [ t

t enper at Eﬁ%g{ %&Ebg g{@é %rfeogher el?ﬁreg éﬁt co@%ﬁ@iﬂlﬁgﬁgﬁgt%ﬁd by a
conbi nat iném ao:fhambem] beatsng ttenhayeltomraelévatedﬁememturﬁ ta aBectfpyaclysisrofof t he

wast e t hat i NS char after rol he term.conmbustion. as used
herei n r@'ﬁee rTF HQEHQP%WW%N%!(%%W%S WIGAY o HFIRP s Atk 1R e HF G n
tenpey at gorABudtinh ©PthEOoher, W&énﬂoﬂl&h?t ch@bubledng/aste drombsitashambey
flame-free ﬁ@ocess phase. Thi s phase of the process of the inventjon may

al so be P¥ohisis ﬁaf“selrf“?‘l‘:&t‘t BhtrEnWWFarE%‘i 8asenNss. Oh X YaeBa e NS NP PstiCReRer al | y
most |y félﬂ%t a@%pé@%f aisor éﬁ) efdﬂ?ﬁ%alﬁﬂé§ R QRRIY %t%évﬁﬁatréd
s an nay be

such as neta ass tained 1n the cha optionarly
separ at eUerferrorWaSkte rag}hbe Itmusadesirdyedlhym\combirlaﬁen iofi perelsoh cottristibmmbdr has

agrid vvlth es .t Rass but retains larger itens
Sueh 20" SPRIRGR ot ERoN B FRRe AR B ol ee chanber
formog a shelf or part of a shelf, and the nethod can conprl se pI aci ng
wast e e. bags of waste, on the grld rior to treatnen It has been

noted th 9|tﬁr%p57é’FH)MSBﬁn(ﬁ5 HS®h HRFEifdERirmdo dBReoNidatiys %r@@hd%n pif axastes
25deC°”Dﬂ%?er%ﬁs QAP HAYIE EHHIPHURYE Ar¥S LSnRRL R oRy§&5 1 ihput QNI BHE a0t her

substantially flame-free process phase. This phase of the process of the invention

may also be termed gasification and/or oxidation.
15
Treated waste is generaily mostly fine ash, but may also contain materials which
remain untreated, such as metals and glass, which may be retained in the chamber,
optionally separated from the ash. In an embodiment of the invention, the chamber
has a grid with holes through which ash can pass but which retains larger items such
20 as metal and glass. A grid is preferably located in the chamber forming a shelf or
part of a sheif, and the method can comprise placing waste e.g. bags of waste, on

the grid prior to treatment.

It has been noted that in operation of a known machine some items such as plastics
25 decompose or evaporate during pyrolysis and are easily treated but other



itens such as especially paper and textiles tend to accunmul ate in piles,
with the mddle of the pile insulated fromtenperature and conbustion. At
the end of the process, which for practjcal purposes is generally tine
limted, there may be charred remains that have not been fully treated. In
other words, the waste 5 treatnent nmay be inconplete. In a first aspect of
t he i nventtens, suchnas kepeddllyt hapemarschtéxdiesciengrioszesuayiiatatin mjefawite tg@r i ng
conmbust i on.. [ : ' r [ 0 j d

combust i o dPBsT fiE BBk Ryl p bl RNEE R PRl she gy e,
10l eavi ng prodedduagtictaimuptaaticau purpate ds wWgestezallyp tiefee iatitey, shdrst avatyi bél y no
untreated waste, at .the end of the process. Pyrol ysis and conbusti on
appar at us CORTeR; reMRAlse fhat s i”@éz’e&”sé‘ﬁ}’ dftaedha Qi/heraw%%t ghef MR Fent

zone i 5 the Ghamhaay b iMnplER | ntroducing waste into the 15chanber, a
port for the exit of treated waste, a heating el enent, and an agitator. The

i nvention accordingly provides a cyclic process for waste treatnent each

cycle co i.Skng:..- Lot Ci ste | rher .. i . eto
an el evar B o3 aRpRRLTORE DOCRE A sy BL T B TR eb AR
oxygen i nixastdheudhgrcbetbustiorf Tieis tcapasddistaatiucing dhe tibial tiest eeeddfarehevi ng
gasified waste fromthe chanber, further conprisin itati t he te to
pronot e g&STPHEHRR @ﬁ‘?p'Z%T‘_F?é‘ FEPRbA"CBAPPP SO8 a@%a?iﬁgﬂ?%é'auggﬂg’%wi gas,
in pangi cingVa | lRHUBSWCARGUARSofalUnfiESlRIPMRESS!T QréfBEably heushaitRay 89 as to
agitate the waste during conbustion. In one nethod, a pile of conbusting
wast e i n tnteatedninrsate, & the podtatthe/pwgesait ed so as to pronote conbustion of
waste within the pile. Waste is thus disrupted and for exanple sheets of
paper in a pile or waste lying on top of 30 and obscuring other uncombusted

mat eri al iPyralysie@bad dosthugtied sppatatas of fhés dsect comprisés ageatatis phanbegf t he
chanmber has i roved access to that otherw se Qi dden or. obscured mat}]eri al .
a wasie treatment zone in the chamber, a port for Iintroducing waste Into the

15 chamber, a port for the exit of treated waste, a heating element, and an agitator.

The invention accordingly provides a cyclib process for waste treatment each cycle
comprising:-
introducing waste into a chamber, heating the waste to an elevated
20 temperature to effect pyrolysis of the waste, introducing oxygen into the
chamber to effect gasification of the waste, and removing gasified waste
from the chamber,

further comprising agitating the waste to promote gasification.

25 The method comprises agitating the waste with gas, in particular by introducing
gas at high pressure into the chamber so as to agitate the waste during
combustion. In one method, a pile of combuéting waste in the chamber is
repeatedly agitated so as to promote combustion of waste within the pile. Waste is
thus disrupted and for example sheets of paper in a pile or waste lying on top of

30 and obscuring other uncombusted material is or are disrupted so that the hot,
combusting atmosphere of the chamber has improved access to that otherwise

hidden or obscured material.



- 5 - Typically gas blasts are used of sufficient pressure and duration to
di srupt an ash nenbrane fornmed on the surface of the waste pile during
conmbustion. In enbodi nents of the invention the gas blasts are of
sufficient pressure and duration 5 to disrupt the waste pile. Preferably
the disruption of the waste pile by gas blasts exposes uncombusted materi al
fromthe interior of the waste pile togair (oxygen) in the chanber,
pronoting conpl ete breakdown of all conbustible material. The waste may be
agitated di scontinuously. For exanple, a gas blast of duration 10 | ess than
10 seconds or less than 5 seconds, preferably |ess than 3 seconds, nore

pr ef er abl Yydicsigcgasibsts msUsvaﬂzﬁmeérhtqm@bm adp@Irhtish Vo disaupt agasstbl ast s
of at | east 10 seconds or at | east 20 seconds or at |east 1 m nute,

pr ef er abl §neabrRBa oM ortths. sudkaceagf tthei WAStRa P IUried cagbaiiPiwhel needed
accor di ngeftfoHge OB ?‘{eQHvé}{t!o‘?ﬁsth?%;égrms Qre Spéumaént%ééﬁﬂ'@%hd dtrath cgwe wast e
requency of from at

may be agltat ed at a east once every seconds to at
| east Oncto éiseupy tie wiastet e Prefesblyothetdigruptior of trenwasie m@vke/ @gs bestd usi ng

bur st f . apd ; i nut bot h f ffective.
B o oA BB g gt Mo b oA YRR
3 20 at nogehsh: S ofin d et@hamtildmataris.ph

(506. ngSmkPa) agfbdgrrgrat er. gﬁ%pé%ltgégpeﬂ? ??lenﬁdl r%):]trsr@ theprrg': ﬁzd

conprises periodically agitating conmbusting waste material w th bur st s of
gas, pref t

Gombust | on o i 5, 0GB cietcrBbORTy PO RS, S ATURA ¢y
use i fiért legadban sific keamdsi or teg;erthaar@(sapomr&i |prm‘emablmlg$surtmm macnmﬁsThe use
of inert ases r.at her .t han Qir avoi ds i ddi

oxygen 1 o RRE PSS 1 APORS RhyPSam i e P IgES Y el vePPufoTs RBRS: ur e
wi thin thef ap@aétaﬂ@l%ewnwaebahéa)ét Qgr%éc@hhg(brtm ety ﬁhhutegpmféraro@put to

t he chanber. 30 and_probl ens of inconplete conbustion tend not to

ari se durleagt ¢ Iﬁ‘@n@t&ﬁl Q}agtaagsé%orbmaddwou%qq shandydennerded aiCREINg & thegases
may be i nb;%érﬁ I dur dgggr&grw:%dt@wegﬁlgﬁ%gn@ ysi s phases of waste treatnent.

5The i nvention provi I's as apparatus for waste treatnent
accordbng to

The waste may be agitated at a frequency of from at least once every 20 seconds
to at least once every 5 minutes. In use of the invention, we have agitated using
bursts of air every 30 seconds and every 3 minutes, both found effective.
Typically, air is used. Also typically, air is introduced at a pressure of 3
20 atmospheres (303.975 kPa) or greater, preferably 5 atmospheres (506.625 kPa) or
greater. Hence, in specific embodiments, the method comprises periodically
agitating combusting waste material with bursts of gas, preferably from different

directions, so as to promote complete combustion of the waste.

25 In embodiments of the invention gas blasts may use inert gases such as nitrogen,
argon, helium or mixtures thereof. The use of inert gases rather than air avoids
intermittent input of additional oxygen to the system, which may be advantageous
as combustion temperature within the apparatus is generally controlled by
controlling air input to the chamber.

30
Gas bursts using air are typically used towards the end of the combustion phase of

waste treatment as bursts of air during the pyrolysis phase may disrupt pyrolysis



a nmethod of the invention conprising:- a seal able chanber, a waste
treatnent zone in the chanber, a port for introducing waste into the
chanber, 10a port for the exit of treated waste, and a heating el enent,

t he apparatus further conprising one o hore air inlets in a wall of the
chanmber, a high pressure air source and one or nore conduits to connect the
ai r i nl et @andorohlemsoofrineompleds icosbulstiorh tendesefipearisghéuréiontherearkppages us i s

Thero are hronbiafyy BB SISRRE e bl Rayld ] ONRRE cBRMLEAT, (°C.,

be in the drpyrongfis ploasdsasf wastatredtmhenta wal | portion, preferably a | ower
wal | portion of the chanber, being at |east half way down the wall, or in
the bottom of the chanber. 20 They are hence suitably adapted in use to

di rect sai fTh%tinl?%a%%reﬁgggeinttﬁié@éé&pﬁ%ﬁ%th@@or%sﬁfé t@lathesad&drdinyas ds the

bott om of the chanber. or nore inlets in the sides of the chanber

enabl e agiatraeihod df thevinvaetiei dewprisind-one or nore inlets in the bottom of

t he chanber enab] eg%?é %*%’t@?r from bel ow. A conbination of disrupting bursts
of air from di Fref i ons may produce a good result. 25 An appar at us

of the inventi anwagieseatrhest Aoekawttiercimamieerdet ai |, conprises a high pressure
air source In enbodij ments, of the inve%%ion two or nore inlets are arranged

in the side waPIROTRIET BHAIHEINGHYRRHIR MO Bi&FRdMBFYy the inlets are arranged on

opposipe wal | s aort faetHehaabsrirsfed Daktdwhgt s of gas can be input from
alternating sides of the chanber. In preferred enbodi ments of the invention

gas is injected heatibagierne, spray- heads, which spread the gas over a range
of 65 to 180 deqr %ﬁgara‘eu(rjsefﬂ%l%?l é’qrﬁ&rléqu%jo%% gedsesairliNeg & 8NRafliorgRsi onal
pl ane (providing a broad, very at pray,

chamber, a high pressure air source and one or more conduits to connect the air

inlets to the source of air at high pressure, wherein the apparatus is adapted to

15  agitate gasifying waste with the air to promote gasification.

There are preferably two or more air inlets. The one or more air inlets can be in the
form of nozzles located in a wall portion, preferably a lower wall portion of the
chamber, being at least half way down the wall, or in the bottom of the chamber.
20 They are hence suitably adapted in use to direct air at high pressure towards
combusting material located towards the bottom of the chamber. One or more
inlets in the sides of the chamber enable agitation from the sides, and one or more
inlets in the bottom of the chamber enable agitation from below. A combination of
disrupting bursts of air from different directions may produce a good result.
25
An apparatus of the invention, described below in more detail, comprises a high

pressure air source.

In embodiments of the invention, two or more inlets are arranged in the side walls
30  of the chamber. Preferably the inlets are arranged on opposite walls of the
chamber so that bursts of gas can be input from alternating sides of the chamber.
In preferred embodiments of the invention gas is injected through fan spray-heads,
which spread the gas over a range of 65 to 180 degrees, preferably 90 to 120
degrees along a one dimensional plane (providing a broad, very “flat” spray,
35



- 7 - shaped like a fan). The inlets typically enter the chanber at a 90
degree angle in relation to the chanber wall and are then rotated about
their axis such that the "fan shaped spray" of gas is orientated at about
45 degrees to the vertical. 5 A control unit is suitably included, adapted
to introduce air into the chanber periodically via the one or nore air
inlets during the conbustion phase of e process. |In an exanple machi ne,
made and tested, air was input fromtwo jets |ocated on opposite sides of

the chanber, with air being.i t alternately fraomthe jets. Alr was
nput unashaesd b e ot B hraSah e Mpn et o 2edd BebEerndieint  on
of 0.4 seeqafis RetheRhafiber waQTRJIHE thd A Atatd ARAE tHIIr DILSTIH Bat Wel Yfapor K.
In this tinme, approximately 3 litres of air was injected into the chanber
per bur st shaprd spreyueiraas iassignisded shabalidstdagiesstodbeyedimalls, t hough the
met hod has worked satisfactorily with a frequency of one burst every 3

m nutes. 15 This agitation nethod is independent of how the conbusted

mat eri & Ascoetnalvendt fis conthible iobliober adabethtr intecheai gialihtp the obambgr an
auger or with er. flushing or otherw se. I.n typical use cha r fitted
M Th suchPEROHFbEFASHESGR o AR GMERs BHUBe B BuRIStRN g REL ok dhes
bursts whgafeRYEr PPER dxdnipfe PRYEHIKA! h¥dslipamRElRl Washas igsis frétattweajes becone
conpacted and covered in ash, and so do not allow the normal -pressure air

flow to p@setacaer opesiteusidepaf tife okanlken withaiebeingiirput giemately fiom the

articula te.m i f

BE 1 of ont 1o FEE AThAS Toelh bilae A BriBitRbRell RB8RaNR Bdledi€tora e 1
wast e 1beddt1h;ti0ﬁgiﬁ Ormsétmmbl blezp!erfawsa atrictalseanst armnh g@adgtdre&slweamm wuik. trhe sane
ur pose, ut .the gas asts of the .invention have the advant ages, nt er

P ROSS: T tiraraox Bt Lltasst it wonUeHasab (i anambor ok Alig. The

sensi tivi Fr&q&ﬂdgﬂ%%d%% ofk B’éﬁ&t&/ew%%ecgﬁéé,'tﬁéugﬁﬁﬁ mefibcP A4 Wof?k’@d

advant age of air agitation via jets rather“than nmechanically 1Is
hence t hasatisiecterilgméthrviraddaendyofaine miretrevglry donipotesnt s to t he chanber -
these internal conponents being liable to failure. - 8 - In preferred
enbodi nents of the invention a software subroutine is used to control air

bl ast 45 Tyhiscailafion abethoded imRipeddehindiohdwrehe eohibsistaanmpleaie ivfemasde
treatment the software commences checki ng process paraneters. These checks

may be caffPindleshiembeswhthapmeshanioally yRines g fNAUIRE OF WHD YaieoiShise and
are 5 pregpémgkmsgarried out from®60. up to 100 m nutes into the conbustion
phase. In preferred enbodi ments of the invention conbustion checks are
carried out about 70 or about 90 minutes into the conbustion phase. The

software checks that at |east ong of the follown Qcess. paraneters i s
vet: the EnaWiEel ienct FEATERT LRI W S GEk o R e R SRS ur o,
the expt @kcémmueatahighpriegagieobulsis MHostO phdser ist kaphgsieamdefignantred
tenperature and air input during conbustion has reached its maxi mum val ue.

I n enbodi WesesPasts thakhaup/eendnsm Camppeladianduipvsied ieasd, gaf£Retehal anest be
o2t ool B ELSIE R, TN TRILRSR! SORPLBMATLTadblipololl 3L
are i nputingrbyeaepatiodiars Waste hexesuwith naygenaeounte radigapensravhiuch raoes not
lkely t 0efficiently destroyed with the air blasts.
25
A physical disruption of the waste bed through mechanical agitation means may
partially achieve the same purpose, but the gas blasts of the invention have the
advantages, inter alia, of (1) simpler construction of the chamber and (2) reduced
sensitivity to hard bits of waste (cans, bottles, etc). An additional advantage of the
30 air agitation via jets rather than mechanically is hence that there are no additional
internal components to the chamber — these internal components being liable to

failure.



15 be excessively disturbed by the air blasts. Once paraneter checks have
been satisfied the air blast subroutine can be activated. A separate
problemw th a nmethod using catalytic -f-gas treatnent, the subject of an
earlier filed patent application by the same applicant now published as WO

20 2010/ 07@9953erré§ thﬁ‘}dlrﬁérﬁt'srlﬂ thd VRN EiSh )ﬁséo‘-’rt_v@?é%ﬁbiidl@ihé i$ Bséd tebahtrarel y
smal | volume o ysis off-gas generated in the chamber, and the gas may

further mmae’ bi@Stgeﬁ'é’p@ﬁ&‘ﬂ al posetdiarien ipto thedonysias Phere el gastabeatmentyst i n
burst s, ts8ft\HQFﬁ\b§r‘hHHQ%§ acﬂ%cHnﬂg ﬁ%h&éégé%rﬁé‘tﬁ@sﬁﬁgé "é!hfeﬁ éy‘b&ha”ber

during pyr ySI'S SI'S process 1's fundanen aII
endot her mcarrieidn ouhdroswb3a ant ital 12136 rmbs'e;scmt@fthex;zqabusﬂbrprpmabenam drbat the

low and irre r flo S can ne hat pro contro is difficult.
There gra far@(jéﬁmﬁ\fqem{t f&ﬁf‘r@n?"ﬁ?%emtr&{tg? h‘f”i‘ PhageadBiti on,

the | ow a%%f@?reefermﬁjnﬁéﬁ@@ftt% iheritid® é‘ci?ﬁtﬂ%?fon%c!@%'ﬂe tcBﬁerd 6@@@6&&” €
distribution in the chanber is not even. 30 Accordingl further
fk\//vﬁfe

enbodi men’Ocfr atinsitidv@inLitesinte dve dembastigie Phaspr dbesso whecks thatatnent
each cyol & PIR & 8- logicd arokBLY BEHEHIBRShE L BhooRABATESH figRl NS

t he waste evated ect py’ro ySi he was
i nt roduci tearox pgedeienthinedraagiram ésmperadirbetie exdinditae icatalydt redetomastict, and

rem)v g ust ed waste fromthe chanber f rther rising,agitating the
wastel0 BRBibfirsgasioceieatins TamacRRaReRR (it TR Do GATPH Sk had
| ntroduci P&&aeanﬁ%ﬁﬁmma% h rede?ﬁrﬁeﬁtQE‘onHé“‘m}%rntGH%'t RAsPUIObY fHese

Preferably, the net conprises introducing gas, especially air, into the
chamber 1pathmétats pysbby satisfied and mmmf@rr@nﬁmb@dﬁnentsmfﬁmmwman slleddy

sur'ti ci ent g8 R5TsEn Tk BERE ik, THh BB FaR EndRRtnet e i lntlests .
| ntroduct amninglut ahiy wmmﬁdmbﬂétﬁﬁdieduhmngfdrﬂ@t cShditbhd aamh sremuisikeigrioor
oxi dation of the waste is enough to fl ow gas snoot h| y out of the

chanbt? . PP rexcessively ql%tuéhe&d by ghe HABES!S, o ANAE BA@MRISE NGBS BAYE PERBUgh
gener al | ysaiidfie8d e%ﬁugﬁtrs,aef&ﬁﬂe%fanaoeré&ﬁlaféfg.up to 10 litres per mnute per

kg of waste, preferabl rate of u litres per mnute per kg of
waste or at a rate of up to 4 I|tres per mnute per kg of waste. Generally

air |S|n roduced at rate of east 0.5,Litr r t

masto. | nhsEraResta Rt kS o hethon B Cady e FoasToala, felSiued et -
rate Of aaﬁréaﬂléfﬁﬁlébypal@ntzé)péllcbﬁ% H%:efhenbﬂﬁb&apﬁﬂlcéﬂlf n@w%d‘iﬂsh@@%sﬁN@’aSt €
bei ng processed in 3 hours. This conpares with a typical air input rate of

100- 120 | 20197308, is thateduringi thg Ruelyeis mhaseitaprepisaa eclakively paall podtae s .
H gher ra&feé@ R&lélaﬁ 2y g{;é}bé?% eh H Berd gel OE“&%H@?%%QHH&%“B&” In

a specific I'n nore detail ute was ut
for an 8 gnga&ide sbomducallyeandt mayLpassdihrelgy thie vatslyst dor burgts, héue to
25pyrolys| nc&ntro?led and unpredictable expansions within the chamber during pyrolysis.
Note that the pyrolysis process is fundamentally endothermic, in the substantial
25 absence of oxygen. A problem is that the low and irregular flow of gas can mean
that process control is difficult. There may be inadequate treatment by the catalyst
as a result. In addition, the low amount of gas generated in the chamber can

mean that temperature distribution in the chamber is not even.

30  Accordingly, a further embodiment of the invention provides a cyclic process for

waste treatment, each cycle comprising:-



The solution in this enbodinment is thus to introduce a snmall anmount of gas,
conveniently air, into the chanber during the pyrolysis stage. Not enough
is introduced to nmean the phase is oth&-than endothermc. The air is

i ntroduced so 30 as to provide sone flow of pyrolysis off-gas through the

catalyst in a m%euéiﬁgtwabiee%tws chéknééﬂ“ hé&hg HRer Raste ?chém‘iile@éié!@nt age
as the introduction of air - - enables circul ation of the chanber

contents to prismpisairente cftogk pyravgieradtthe evastst intmgucthg. oxygen inte slh%t
further option C
2 Cﬁé}nb‘é'etoaeff&{r&)&@g%m} blﬁhgc‘)&%?e A}E{J}% n \ﬁl&ﬂ%&ggr otgya S phase

Spyrol ysis off-gas. Again nt ion ai’r

i s i ndependent froin rtmv¢Hwnb?erhfuurﬂwerewmedsmgoagitdftmgchlaerbwastelm nproaeié nes
made to date which incorporate the pyrolysis / conbustion nethod, a basket,
grid si m | a#a§! %‘Q@da'ﬁ‘g provide a shelf onto whi-ch waste can be | oaded

in the Cha”berwﬁé‘l‘élﬁ the® PRICELS dﬁ&lses%ﬁ‘é@cﬂfa%ﬁﬂ alrloRie of'%ir ir’\(}ﬁ%@d by

the process, which itens either are renoved ter each cycle or

accumul at e andcrearebereimmopyaw@s several cycles. The tiny particles of ash
fall through the grid but 15the bigger netal and gl ass particles do not and
are retained. A problemis that ash nmay be produced as a "ghost" of the
combust edPrésitadlygtite amthacetamprisesribtrodueiggiday, essauilyi dir, Whtblthachaser | y

acounti at ude PUBHSE TR HoRUE SHEEELD RfeVdr Agiaedy T o AESRIteP a8 and
e s e T

pyrolysis remains endothermic. Introduction of air is not intended to effect

significant combustion or oxidation of the waste, but is enough to flow gas

smoothly out of the chamber. Air flow is related to chamber volume and waste

15 load, though generally air can be introduced at a rate of up to 10 litres per minute

per kg of waste, preferably at a rate of up to 7 litres per minute per kg of waste or

at a rate of up to 4 litres per minute per kg of waste. Generally air is introduced at

a rate of a least 0.5 litres per minute per kg of waste. In examples of operating this

method, air has been introduced at a rate of approximately 10-20 litres per minute

20 for a 8 Kg load of waste being processed in 3 hours. This compares with a typical

air input rate of 100-150 litres per minute during the combustion phase for that

process. Higher rates are used with bigger chambers and higher waste

throughput. In a specific example, described in more detail below, 16 L/minute

was input for an 8 Kg waste load, i.e. at 2 L/minute/kg of waste during the

25 pyrolysis phase.

The solution in this embodiment is thus to introduce a small amount of gas,
conveniently air, into the chamber during the pyrolysis stage. Not enough is
introduced to mean the phase is other than endothermic. The air is introduced so
30 as to provide some flow of pyrolysis off-gas through the catalyst in a more
controlled way. In addition, there is another advantage as the introduction of air



A further enbodi nent of the invention provides a cyclic process for waste
25 treatnment, each cycle conprising:- introducing waste into a chanber,
heating the waste to an el evated tenpenature to effect pyrolysis of the
wast e, introducing oxygen into the chanber to effect conbustion of the
wast e, an a%rggv'- Hg@g; r irsi Ng
agitati ngde'[mel\/\/agl'!)(g”ﬁ?{ﬁﬁégﬁgd% 0 Oé?pd;og]ﬁrg;ﬁ[téélﬂggm I cgtrpgf]éjg\tr/]é&ﬂelﬁ%wré
conpri si ngisdfputiani ng accunul at ed ash produced by the conbustion so as to

di sl odge the ash and urge it towards an exit of the chanmber. 1In one such
met hod, accumul ated ash is agitated by injecting air into the chanber. This
can be aclt igvedureri sptRet ionds@id painphiogvaviess e chamepR@dodraDof thgt | et's
in a wall of the chanber. The asﬁ is disrupted, for exanple the integrity
of a "ghoBYrolysis gi-8REN up and particles of ash can now pass through the
grid. Ash particles 5lying on, say, a piece of netal are blown away and no
| onger prevented fromfalling towards the bottom of the chanber. Air bursts
sui t abl e Again, nteodectat vfreintdunay thapgrolysis plamse sHadepereient of bew diie Bhbse
used to pronote q Iiie conBustion as descri bed el sewhere herein, and one
set 10 of 'HEE ?P@" GFRJBO8Gt h effects. Air bursts for this enmbodi nent,
to di sl odge ash, nmay occur towards the end of the conbustion phase. Air

bursts to pronpte conmbustion may occur fromearlier on, generally fromthe
hal fwHy pHi machines snARsta daterwhigh drcarprratstnegpyreysisustanaistion ofipa

practice : I A | %g%y,- I so
occur aftgggééémrﬁd;?f%ﬁﬁlﬁg? li%\éﬁror{ﬁ gﬁlgé\tg?%‘?@gr\&pﬁ%ﬁg@gf&% g?h)t e c'ﬁanber
cycl e or #® phatmbef aamdcteeaaphge shetfal, gisbs nnyd altlser bemdi sdtotigated by thaot her
enbodi nent _of the .invention, by injecti wat er inpto the chanbe

opti onal | §racEseaniea iamsretties 2t resbeld alfhr LR gl AN aR Y IBHENe PBY ce and
be effect hueredholeMiter Se0BHERGYIeE TRRe 8hy pAHIcRISSof AHERMMGSLR tRE gidbal so be
used after conmbustion has finished. The anmount of water used is preferably

suf f i £ enthgbigaen metahand glassi pariclapdp actandnee etpinedt he chanmber as st eam
none exiting as water. In this way, there is no need for a water drain to
the chanber. 25 Apparatus for waste treatnent according to a nethod of the
i nvent i onAgaroblearis thatash maynbe psodumed e a dgisogtUopiheesominwstdd maste end e t han
one or all of the aspects. of the invention, Accordingly, apparatus of the
nvent i onoai BHAREHE THeGltHeREnGent By oAty HiF HegenBiTiadh U Ao BBt mont s
of the I NKANiABOgh | thePHAY! &b, CREMThaY Nccumulate on top of the non-treated
20 metal/glass or other material and so be prevented from falling through to the
bottom of the chamber and the ash collection point, for example an auger or ash

box.

A further embodiment of the invention provides a cyclic process for waste

25 treatment, each cycle comprising:-
introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the
chamber to effect combustion of the waste, and removing combusted waste
from the chamber, further comprising agitating the waste with gas to
30 promote gasification and further comprising agitating accumulated ash
produced by the combustion so as to dislodge the ash and urge it towards

an exit of the chamber.



30a seal abl e chanber, a waste treatnment zone in the chanber, a port for

i ntroduction of waste into the chanber, a port for exit of treated waste,

- 12 - a heating elenent, the apparatug1f-urther conprising one or nore air
inlets in a wall of the chanber, a high pressure air source and one or nore

condui t's 119oROBIEE methsy, %c&uhﬂ\eﬁé@ abR id Egtaié’&b(}% é’étlr@' dir Ao tHeOdhahssSUr e,

wherein the apparatu5|s Hadapted to a ate gasifying waste with the air
t o pronot dhifagart be &chisived ydnieeting airrair hnr@sgre fr@m@rme phmrmutletsrmfl oor

of the ch o] »a
control e%tr}%a% ﬁ?es ucar?'ql?% JS% '%’ we%@éte% ﬁﬂ)elé grr]é"ht Ftﬁ# 8\5({#1
[ ndependem byokiee m;seﬂdt@artmﬂbsqﬁlm aam niomt paséwmrohghﬁrhlee ,gnalnmsmmmmst he

contro Ui pnent is pro d to 10gperate in at |east two of the
ol | o ng Wis1ae. savq pYPIEs Glameial cuadustn; ey PRE. noh Jflier RIGKSTHES SR ysi s

of waste Té]luk{‘f%m%?@é"’ﬂ\%rbottdxﬁb?tr@(Ehdn$bér”trOdUCEd into the chanber in bursts

during conbustion of waste in the chanber to pronote conbustion of the
waste; and 15(iii) air is introduced into the chanber during and/or after

combust | Oﬁirtbchrsts suitable for this embodiment may have the same characteristics of those
used to promote complete combustion as described elsewhere herein, and one set

10  of bursts may achieve both effects. Air bursts for this embodiment, to dislodge ash,

may occur towards the end of the combustion phase. Air bursts to promote
combustion may occur from earlier on, generally from the halfway point of
combustion towards the end of combustion, though in practice the two phases

may overlap. Air bursts to dislodge ash may also occur after combustion has

15 finished, for example as part of the chamber cycle or as part of a cleaning step.

Ash may also be dislodged, in another embodiment of the invention, by injecting
water into the chamber, optionally in the form of steam. Steam bursts may have
additional force and be effective at lower frequency than air bursts. Steam busts
20 may also be used after combustion has finished. The amount of water used is
preferably sufficiently small that all is evaporated and exits the chamber as steam,
none exiting as water. In this way, there is no need for a water drain to the

chamber.

25 Apparatus for waste treatment according to a method of the invention can
comprise air inlets for various purposes, combining more than one or all of the
aspects of the invention. Accordingly, apparatus of the invention, for waste
treatment in any of or in a combination of embodiments of the invention, is
provided comprising:-

30 a sealable chamber,

a waste treatment zone in the chamber,
a port for introduction of waste into the chamber,

a port for exit of treated waste,



di sl odge accunul at ed ash. Preferred apparatus, already made and tested,
conprises two or nore of said inlets. It is also preferred that the control
equi pnent is programred to operate in ﬁgat | east three of nodes (i) to
(iii). I'n a further apparatus of the invention, air and water inputs are
provi ded, hence said one or nore inlets are connected to an air supply and
to a water sup@ hRealing eleieerlont rol equi pment such that the or each of the

one or nore in iﬁ‘njeqp At Ol duyc ! r ter
into the charrbgfr\é, %gﬁgg\}\ﬁirfuei n tﬁ@@'@%%ﬁegﬁ?‘g‘)&%ﬁ* i’?@@% !‘ogp\rﬁ%lgrogr%% to
oper at e i n nodehdingr, whiigki presadreraii sounce ravduciesl or maetdoedoisaideonnkoti ng

and/or after cgnbustion tq, di sl odge accunul ated ash. 30.The conbusti.on
phase of (he pABELLIEE PR SPUGET! 2ihaLNE HHOT LR YDEreio e SHRETALIS Swhi ch
floatssw thin bbﬁpt@ﬂﬁ@’é@ﬂat@%sﬁf?iﬁg%&@ﬁﬁth&hé ait t8prénbteCaatifationcamased

fol |l ow ng physical disruption of the waste, e.g. b&l\@hl gh pressure gas
bursts. This a§RecnmaghHdeist Reatedtinl 3 ¥@llaeidllod ofhihe praniedraspi PPE sy ed
out of the gas Lt (] i{eTolAv-Tox ; 1 he
catal yst. Met aln)ﬁaglre I%’E%eéégﬁ%e% I té?%lﬁcﬁrr?pﬁ}gwgsed bLFa{"ﬁWrg\%gﬁ?\gr‘ésﬂngve
thus far been onabtkeot thei ardent nbre midts abh indepeatsntty be esedriacintrabdiuchacan

wi t hstand the heat,, t rature change - 13 - and corr.osive nature of the
ash over repeaf 9 tgﬂa%eb%yélngswn%{eg} i’?%FPEﬁOESW'BH‘%‘E % rPégS?fﬁ‘UBH?ﬁ’ gﬂ is
therefiore to fiohkeste st 88t tWel dTah&fvlloneid matlesepar ator such as a cycl one
filter. 5 Accordingly, enbodinments of the invention can provide a cyclic

process for waéi it ieditirttcedeidn thgceharabripHENS PYrolysis r ofd sty IMd8ee i nt o
a chanber, heaych?rgbgpe waste to an el evated tenperature to effect pyrolysis
of the waste, I oduci ng oxygen into the chanber to effect gasification of
t he wast e, and(iieaimisi infyoduacsidt inéxd theashanber in bursts during combustion of waste

in the chamber to promote combustion of the waste; and
15 (ii) air is introduced into the chamber during and/or after combustion to

dislodge accumulated ash.

Preferred apparatus, already made and tested, comprises two or more of said
inlets. It is also preferred that the control equipment is programmed to operate in

20 atleast three of modes (i) to (iii).

In a further apparatus of the invention, air and water inputs are provided, hence

said one or more inlets are connected to an air supply and to a water supply via

~ the control equipment such that the or each of the one or more inlets can
25 independently be used to introduce air or water into the chamber, and wherein the
control equipment is also programmed to operate in mode (iv) wherein water is
introduced into the chamber during and/or after combustion to dislodge

accumulated ash.

30 The combustion phase of the process of the present invention tends to generate
ash, which floats within the chamber and the concentration of ash can be
increased following physical disruption of the waste, e.g. by high pressure gas
bursts. This ash can damage the catalyst and is thus preferably filtered out of the
gas exiting the chamber prior to contact of the gas with the catalyst. Metal or

35  ceramic filters can be used but the inventors have thus far been unable to indentify

suitable metals or ceramics which can withstand the heat, temperature changes



10 fromthe chanber, further conprising agitating the waste with gas to
pronote gasification wherein pyrolysis of the waste generates off-gases
whi ch are passed through a catal yst tei1Benove one or nore noxi ous

conponents thereof, and wherein the off-gases are filtered using an

inertial s@BajoRoliveldte dfahe @Rhafkr Ripdai®d dhahbefartss. WA thhefehedaitishy st .
Enbodi nents of the present invention also provide an apparatus for waste

t r eat ment Of Hisvestionyis therefers ibfikerchamssr using anvigsttial seeARRIRUCAO#Eai n t he
chanber, gyagﬁ fifté}r i ntroducing waste into the chanber, a port for the exit
of treated’waste, a heating elenent, and a catal yst 25 the apparatus
further conprising an inertial separator between the chanber and the

catal yst. ,The jnerti epar at of the present jnvention may be a settling
chanbes . BEPRIh e ERRE Al her uemtReb b BRde F kPR PR Bt ren o
of the inyeatrhemt, dactiPcEd®dtbmbHeial:-col I ector such as a cycl one separator is
used. Suitable cyclone separators for use in the gresent i nvention include

si ngl e- cycl oneindi®gHeiagonastemintoi gl ehapbebneaiimhrtae ovesiendo sait oplavrigdai r
fl ow separat or f.er L. pent el ' ' ycl one
separator is ugeg(ﬁé}agfﬁﬁt:éf%ﬁ;%t e(g %'gfégrtgeg%%%ﬁaéﬁt@;@g#geée ezdr Qg{%retgghave a
particul ar advemdrager &s effbetygasificdiien of thé wasisednbotdmdving gasiied agdstér om

the o gas and mx off-gas with air fraoma separate air supply to go into
the oW alyst - BB iebibes PutiotcGPEPISHBo BRI 1S HeSE Dkl o 1
described in Ué@n&ﬁb%siﬁ@ﬁ%'ﬁﬁéraﬁw W%I?éi@ dfhipke nwase! g@ﬁer@fefs Bfigdseem t he
chanber and receives an air supply for catalyst air and has an output to
suppl y which are passed through a catalyst to remove one or more noxious
components thereof, and
wherein the off-gases are filtered using an inertial separator prior to contact of the

16  off-gases with the catalyst.

Embodiments of the present invention also provide an apparatus for waste
treatment, comprising:-
a sealable chamber,
20 a waste treatment zone in the chamber,
a port for introducing waste into the chamber,
a port for the exit of treated waste,
a heating element,.and
a catalyst
25 the apparatus further comprising an inertial separator between the chamber and

the catalyst.

The inertial separator of the present invention may be a settling chamber, baffle
chamber or centrifugal collector. In preferred embodiments of the invention a
30 centrifugal collector such as a cyclone separator is used. Suitable cyclone
separators for use in the present invention include single-cyclone separators,
multiple-cyclone separators and secondary air flow separators. In preferred
embodiments of the invention a single-cyclone separator is used. Centrifugal

separators such as cyclone separators have a particular advantage as they can be



5 filtered, m xed resultant gas to the catalyst. In preferred enbodi nents
of the invention filtration of off-gases using an inertial separator is
carried out in conbination with the use of high pressure gas bursts (as
descri bed above). An inertial separator nmay al so be used when air is

i ntroduced 10 into the chanber during the pyrolysis phase of waste
treatnent. This filtration nmethod is i ndependent of how the conbusted
material is renmoved fromthe chanber,_w@qther mechanically using e.g an
auger or with water flushing or otherwi se. 15 Cenerally the process

conprises introducin ste. into.a chapber, h i_ng the.was t

el evated t eﬂ?)eéi?%#ﬁF%Wgﬁs&forﬁy?ep?ﬁgig%agq n}%‘ﬁ%%gf@g a\'%‘%’é%ﬁ?ﬁ)ﬁ@%xygen
into the changepply doefd atd thorbiagist. ppatatthef wapaticulandmbedimant @f dbherbust ed
waste fromthe chag’oer. %mer%efltg It he el evat ed@lé%n%ﬁr afur eto effefct 20
pyrol ysi s cAreens PeTHo80 i BeroosPWr PORPESS-& af EFlygP 051985 9B m 400-
{he more s ova Cont am pant o oSoerated w b Sandard pyrolyee unrte or
form t hem t@{eée S8 re&ngrB@?S%Pﬂ escta?%Y'Fguri ng that substantially all waste,

ot her than recycl abl e conponents, can be treated. Hence an advantage of the
invention is 25 that treatnent of of ases can be carried out with reduced

Of f S ¢ : .
on-site eniBspBirsTedTaBOQAINENI<I he é’??ﬁé‘g%ﬁ diatios obo8raasss |Upngr FhsaiEl 700C,

mor e pr ef er ablayathr 9 ¥hrlA-0u MlSombiRatnSREChE iuSe @FRQH B LrOjad Hi@sRI(@sess,
the system operates at about 550C. 15 - preferably at |east 500C. In

typi cal opedeEclipRd aboved Appaeailseraratohmay Alkanbe vRed WheN AARBFOdUSSheat ed

to the Ryr ohishg chaBel diritodne ByfoRliSiast of fbieitRAuAuy, and then combustion
is carried out as the next "step”w'thout specific separate heating or

cooling of the chanber. Heat generated by conbustion generally maintains an

> el evated ﬂﬁ{!ﬁﬁfaﬂfﬂrn?et%& W MEE&%@%@B%@@%Q%B%@E@Q rHQt%ﬁal' o
content may slightly increase the tenperature so chanber heaters are

gener al | y tfeométe dfdmiziur Wingtheombosanicatly ublegte. @ an dger enviliedatar dashing
chanber by &%?ﬁérﬂ;%emcf gases through a radi ator or a heat exchanger and
recovered heat can be used for other purposes. Chanber tenperature can al so
be contdblled by controlling flow of air 10 into the chanber. Generally

chanmber tenperature during conbusti.o gloes not, rise abov 8q100 an
preferabl y Fieralio e HesLFomeies MHeIIRIRSE B ¢ iﬁ%aﬂ'&%l Jrétng gﬁ%se can
vary accor diaxge tto0 amaslegated| iemperatare to Bffect pyrolysis of the waste, introducing
oxygen into the chamber to effect combustion of the waste, and removing
combusted waste from the chamber, wherein the elevated temperature to effect
20 pyrolysis can be from 200-700°C or from 350-700°C and is typically from 400-
700°C. Operating at these temperatures tends to avoid formation of some of the
more noxious contaminants associated with standard pyrolysis units or form them
to a lesser degree, whilst ensuring that substantially all waste, other than
récyclable components, can be treated. Hence an advantage of the invention is
25 that treatment of off gases can be carried out with reduced on-site emissions. The
pyrolysis temperature is preferably from 500-700°C, more preferably from 500-
600°C. In a specific embodiment of the process, the system operates at about
550°C.

30 It is further preferred that combustion is carried out at elevated temperatures,
typically 300°C or higher, 400°C or higher, preferably at least 450°C more



with alimt dictated by chanber vol une. Apparatus of the invention are
general ly 15 designed for use both in donmestic and nul ti-occupancy

resi dences and snmall comrercial prem ses but also in |arger, comerci al
settings. Waste nmay enter the chanber at anbient tenperature. The chanber
is then sealed and the heaters are activated to heat the chanber to the
operating 20 tenperature. Waste may enigr the chanber at an el evated
tenperature, for exanple if there is little or no chanber cooling since its

| ast oper féf?%bl TQ%&Q?@@?(?. i@tgé@%ﬂo?ﬁg{iﬁgoﬁgﬁl aPBYratld 686 iRferfton. th

operation eratur n aters are activated to reteurn t he
chanber tohambepisrtaated)ta dreppym@iysisetendEraturappaokysisss madedaodt arestheh t o

date, this heating. phase from agbient, typically takes 2-20 m nutes,

br ef er abl GoBBRGI LERDS0 il s e BReHEP RTINS 2 B B0, e
requi r ed, cdhIRgCOHRIRE EhatabsiMeHengenrhieBEbP fconristoh yehBaallghaRRedins |4h use,
it is found that off-gases can evolve in fractions as the tenperature

i ncr eaSeselgMatedhiesnnesatyes MathEY the WestrupDd deneadinge P d8uAIPEIe eonteBt t ai n
toxic 30 &%g%ﬂgﬁﬂ{ ﬁcréb%E%HéXer‘HPQ?Suﬂé g%ofkﬁ]d’nkt&té}rﬂéé?erggi‘gggﬁgraﬁl9 tyyREHSH ! al

pyrol ysis u gher tenperatures, OW ng rapi I ng. ocesses
carri ed odturinghcappastanu$ieat cehde mysoveddrorg éhe chhimpec bynmaissieg ol dases t he

waste at the elevated te rature for -16- 10-90 i nut.es ferably for
20-60 m ntGuh 7 (S8R A DA R b IeeNE o BRln s 51 J8Fs phase
has a rouglippsdd Ohdrber ihigdrbRile can also be controlled by controlling flow of air
10 into the chamber. Generally chamber temperature during combustion does not
rise above 800°C and preferably not above 750°C or 700°C.

The duration of the pyrolysis phase can vary according to waste volume, in turn
with a limit dictated by chamber volume. Apparatus of the invention are generally
15 designed for use both in domestic and multi-occupancy residences and small

commercial premises but also in larger, commercial settings.

Waste may enter the chamber at ambient temperature. The chamber is then
sealed and the heaters are activated to heat the chamber to the operating
20 temperature. Waste may enter the chamber at an elevated temperature, for
example if there is little or no chamber cooling since its last operation. The
chamber is then sealed and may already be at operational temperature; if needed,

the heaters are activated to return the chamber to an operating temperature.

25 In apparatus made and tested to date, this heating phase from ambient typically
takes 2-20 minutes, preferably 5-10 minutes, being dependent on the operating
temperature required, the chamber volume, and volume of waste in the chamber.
In use, it is found that off-gases can evolve in fractions as the temperature
increases and this is believed to result in reduced production of certain toxic

30 components, notably dioxins and fluorins compared to industrial pyrolysis using
higher temperatures, following rapid heating. Processes carried out in apparatus of

the invention generally comprise holding the waste at the elevated temperature for



In sonme enbodi ments of the invention intelligent timng systens are used to
5 control the length of the cycle. These systens can nonitor the
tenperature of the off-gases being produced and adjust the cycle duration
accordingly. Use of these systens inproves the power efficiency of the
process. In one exanple, a control systemnonitors the tenperature of the
of f-gases or of the |oad, such as via.#@gthernocouple | ocated proximal to
the waste in the chanber, and triggers 10 comencenent of combustion once a
predet er myaag hﬁﬂ@%&?@%f@r@ﬁxm 3p@e! nftmdcs SRS sﬂ)écif]ﬁc,e% ;Téﬁ't anetder
exanpl e, a control sySstemnonitors the tenperature of the off gases from

t he chanmberocsd, tkayralyss pbapehas arreugidyg 40roippedddratian.pr e- det er m ned | eve
(say 300C-400C) initiates the end of the conbustion and, optionally, the
begi nni ng of cooling and cl eaning of the chanber 15 by introduction of

wat er (as|sypeiheaidireendt tHRNARetio® Nhicligehs thangtdyistedhs tdhe usdide tdf
cool i ng) of the chanber, and once_this reaches or approaches the natural

cool i ng r §0elrelfthe fenatih gt cyaddielhessi syisianes cAR nepmitopthe empsyatuse oA her
option i s .k [ j i ;

Ut 1 ci enel AT ghes, BieBup2e 30 KRS e RTaFRu ARy LBt |
an exanpl sygiémshmpronesntheqrovegrezféiciengy phthsi prwceshdnappaexdaroglei 8 eatrolp with
a preprogramed rol ysis, phase, ba on. the cha r vol,unme and .

anti ci pat é}ﬁsqgg‘t U%'tgrfs t?’F?et alure, Qigﬁ%ro EEE L’ &ﬁﬁ‘eplr‘?gges%@ B8 up
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Lbsence. of CBIGR CRBPN ConTaTRR! BES SR B GRibes, AR AIS lhe) e £ ¢ e
into the ghamhehdichitsTohbdtioARRBS Adppekel y 200-500C on entry. Entry of the

air initiates conbustion of the residual waste within the destruction
chamb@P. 10 No external heat is applied at this stage but the heat fromthe
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for this PaUppSE thexasy te ditbnedessed whiie hese jrgayndier aetedP Sychdbet fised
herein to t i : nd.
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di sl odge medinméhtsespdudllyl vhkal legyélablehmaasidl ag sreséitesedraBemetdld dr not
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Wast e gases produced by pyrolysis and / or conbustion are suitably treated
to renpbve noxi ous conponents, dependi ng upon the em ssions standards
required to be nmet in any given application. 30 - 18 - Gases can be passed
t hrough an aqueous agitation system to assist dissolution of gases. Gases
can be bubbl ed through the solution, optionally containing softened water
and optionally containing additives toqpronote dissolution of the 5 gases.
Gases may al so be passed through a water scrubber. Not all gases may be

d! SS.OI ved IA q tgg};'igalsgde%fi %ﬁﬁ‘% éé&airgtugr\ﬁggtrer&qertsmgg ddnbicidl ghé%ﬁgr élju!l tered
W thin a gas eani'ng chanber. catal yst can act ‘as a gas cl eaning
chanber, &l liceiy dxalgd,aibedchyrabereamtien Heses! teaboot 5505Cr Ubbeoff-gabes net hod

al so may conpri se, di schargi.ng undi ssol ved gases into t sewage system
Cence. " n AR U ARV O Fre Moy e adk AR YGe g Bbes gt e oo e
di ssol vedghBe$addlice0neE thE} ArdlEelnt Bi grelib@rhincbethrédid e has@ed sttt o the

sewer. Theése gases then pass up the soil pipe to vent through venting
st acks 5 TRwitghed effedusinbapigelypisodinde dntredusglsintntheachgmeer et ©¥s rated

odour] o5 4Bl BSHERILY pACRRARE 09 G R e pART AR BORY O

t hough w ? I'ontng catalys noxi content™
gener al | y suiestgniiaiby.in ltine ebbediensingxygeh, dihés theverdsised toeophitlse hgating adial yst

it is preferred to filter off-gases.usjng an inertjal arator prior to
cont act ofNgl REMiited 5‘5%@%9 W‘irﬁbgrh@"‘ééﬁ Q{ §§?r9X'§@QﬁE‘M @é@@qgﬁco%ﬁﬂ{‘}&i s
desi gned pfed9RRichEs ASHbIMRM SRS reHbal Wastd @itRRRE HeStrSctRin dHpniRgrocess

are di sposed of into the sewer. Conbusted waste can be flushed fromthe
chanbdf wiNohextatret heahisr apliethas thist grge DUt the baattdmi iedyralyssiageis as

Fl bohes aldgEle Rehebdftatbntarhe AaraaRylo HaF ™ SRR P 20
ef fici ent airfowaedatieeendsofl et copblstivg phess) Gad digpgeisnpicaitaedeptiaiy e for

users. There is_reduced risk of residue i %t he chanmber which is unsightly
or has unpPBRESHAN. dAGWhIleTyastg s presant treChariRe Pfpulexcseds ARE BE MRt oduced

into the i b Di i ari J 30
' @}Zﬁﬁfﬁoﬂkﬁgé‘ér"hﬁa Hd mWRltbredbr fhh@ep&iaegg,emlérﬁ@ﬁ%mg&&[onbwa@% _

heated to superheated steamas it passes throu iping. In this
way tHé wist agitated heatasdribed hireeinlds ipretioteefylicccambussiobyarncheeasica rirndieatasht .

Also, t hewgg%n‘g{s E[hé Sen%.o%ﬁéjn itrrlle rgea%d(i)lﬂgafs d];ooprs Bel%?v),(torc fylg%noéontfgr?t' rises
above (depending upon the monitoring adopted), a set threshold the airflow is shut
off as combustion is considered finished for that cycle of operation. The residual
waste, now largely ash can be agitated with air and/or water to help dislodge ash

20 so that it falls to the bottom of the chamber and is not retained on the grid. Ash is
then removed from the chamber. This can be during combustion, e.g. using an
auger or after combustion e.g. by and auger or by flushing with water. Non-
combusted material is retained by the metal grid, this can be removed for recycling
or left in the machine for another cycle(s). Some pyrolyzable material may require

25 two or three cycles before it is completely destroyed.

Waste gases produced by pyrolysis and / or combustion are suitably treated to
remove noxious components, depending upon the emissions standards required
to be met in any given application.

30
Gases can be passed through an oxidation catalyst, fed with air, preferably heated

air, to destroy noxious components by oxidation.



- 19 - An oxygen supply (generally as air) is preferably |inked by piping
to the chanber and arranged such that in use oxygen is supplied to the
chanber via the piping. Water, if supplied to the chanber, can be supplied
to the chanber via the same 5 piping. Flowrates vary with factors

i ncl udi ng chanber size. Air input during pyrolysis can be as low as 5
litres per mnutes. Air input during cegbustion of a |large | oad may be from
50 to 1000 litres per mnute. W have operated enbodi nents with air flow
rates of from25 - 200 litres/mn. 10 For all aspects of the invention, the
chanber volune may vary; suitable chanbers volunes are in the range from

0. 01 - 5. GasBs gqandiepatded fhromgHan BaueBud@gdatidrosysdeme &1 nesislygiesalniiers nor e

referably,in the range from Q. - 0.30n8, ,. especi.all rom0.03 - .0.20n8
BT o s o 00b.5seh: RS ettt T B0aR e BBkt betioRh aRtteinds
0. 14nB havgftdeen wauscass bplibyallesdisining daditvesl pRsmotev@Bidiotion of mew
illustrated in the follow ng specific enbodiment with reference to the

acconp&ny DA Gafesdnanhairpikenpasser ghrovgs RovatenseehbaaiNG adidageamaybe

appar at us o i H\ﬁﬁaﬁ i . is and

conmbust i ogglg%hgas”lég]\égﬁlg@héﬁ%gﬁé g%%esc e?gtg;é%gf(%gglsﬁm fégayWWhgv %ég a

lid, heatedansignghapaipel Aheatadyss candadiaas agoas gesinangi thapobér, aadcanagl yest f or

of f-gas tr a _heater to heat, air f%%ﬁt*ne cat as 25 .scrubber
e

at nent lys a

and 3 heaPlAGRUrHHSUEA™ 8 HOAPSErem i oioPH OEhe B MBS viSh THEAEBRE et oq
from ex hau@bha@_ﬁq(? YidigdolvetPydsdsahtocthe deivage apstepiMiatided it e eribaaResnt! S
optional. The I'id of the processing chanber is opened and a waste | oad of
appr oXOmafiégrpdexhaust gases that have not been dissolved in solution or retained within

the filter are discharged into the sewer. These gases then pass up the soil pipe to

vent through venting stacks. The filtered exhaust produced is substantially

colourless and odourless, principally consisting of carbon dioxide and carbon

monoxide, though with a functioning catalyst the carbon monoxide content is

15 generally very low.

In embodiments of the invention comprising a catalyst it is preferred to filter off-

gases using an inertial separator prior to contact of the off-gases with the catalyst.

20 In specific embodiments designed for domestic and such uses, all of the by-

products of the process are disposed of into the sewer.

Combusted waste can be flushed from the chamber with water, wherein the water
is introduced into the chamber as superheated steam. In use, the steam cools and
25 cleans the chamber and flushes away the ash residue of treated material. This is
convenient and efficient. The chamber is left looking clean and hence more
acceptable for users. There is reduced risk of residue in the chamber which is
unsightly or has unpleasant odour. To carry out the flushing, water can be
introduced into the chamber via piping in walls of the chamber, the water being
30 heated to form superheated steam as it passes through the piping. In this way the
water is heated to the desired temperature by the chamber heat. Also, the

chamber is cooled in readiness for a next cycle of use.



30 Kg enters the chanmber (which is at anbient tenperature) and is placed on
a grid towards the bottom of the chanber, The |id is then closed and the
chanber is sealed. - 20 - The chanber panel heaters are activated and the
interior tenperature is raised to between 500-550C. Air is input to the
chanber fromthe start at a rate of approximately 16 L/mnutes to fl ow

of f-gases snoothly fromthe chanber andgto 5 pronote even tenperature
distribution within the chanber, the catalyst bed is heated with air from
the bl ower to about 550-600C and the emtted gases are passed through the
catal yst. Air input to the catalyst is initially about 200 L/ m nute,
rising toASOOX){gemsuplp@ thenerallylds aineisprretasalsly liaked tiyepipingdbyibé chpimiee | ast s

for approximate After the r ol ysi hase  has. c | eted the
Lot er ol Cahe anbef s Ehab e H i aXhgdn & SR R 08 YBeRE Vi BB

i ncr eased Wiptet,af alslied1d0hb/ dHambee, Ea bter@p«pﬁe@laé it cha@pebuist thersapha@se. 15
Wth the introduction of air, the waste Lﬁg{l\ns to gl ow. The volune of the

wast e decP@iR@s Flgm FRIPS \@Jpiwil fctosaidUsina chHanpesosizn. A sinbri gHFHRY

vol une. TB?% ONASL Bah DCOOYRY LES [ifed phfhinlitb8 EARSRY ut%mhwg @&ﬁb@%{oﬁ'&f’-’éate
levels in e systemincrease duri ng the air injection phase. | gaseous
exhaust s Mrgepkmademayhlbeu@'hnﬁ(ﬁ(l e t@@Qlljrss DarimgutteVéborinyst cpargibase,

t he conbusting. mss i.s agitat h,pressure blasts of air,

al t er nat eF{Z‘*P%BW?'E} %@l?'rﬁ%‘”&%@s rPHbfgﬁ?ﬁSgF’% é{ﬁlln bei ng injected every
mnute in 0.4 second blasts at 7 bar (7 at rmspheres (709.275 25 kPa)), the
anount of air injected being approxi mtely per blast. This agitates the

mass dfd pPoAbeseedtalof thaimastiorprine vbaﬁlbaévelh@eerwaydw seitaRIphaMbsHs phase,
simlar aggﬁ;?&é 5're in tHé?g %ate bqpae 5aéd}n$ Qﬂéf&@@y{?@n’?% —0phhe f%{'d or

accunul at on to met al dro s to
bot t om of dbmesbdnaymaeumts more preferably in the range from 0.02 - 0.30m°, espemally

from 0.03 — 0.20m° or from 0.04 - 0.10m>. Chambers with volumes of about

0.06m° and about 0.14m> have been successfully tested to date.

15
The invention is now illustrated in the following specific embodiment with reference
to the accompanying drawing in which:-
Fig. 1 shows a schematic diagram of apparatus of the invention
20 Example 1

Waste is processed by pyrolysis and combustion in a sealable chamber shown
schematically in Fig. 1 having a lid, heated using panel heaters and having a gas
exit port, a catalyst for off-gas treatment, a heater to heat air for the catalyst, a gas
25 scrubber and a heat exchanger to heat air entering the chamber with heat
extracted from exhaust gas. Water input for cleaning and emptying the chamber is

optional.

The lid of the processing chamber is opened and a waste load of approximately 8
30 Kg enters the chamber (which is at ambient temperature) and is placed on a grid
towards the bottom of the chamber. The lid is then closed and the chamber is

sealed.



-21 - \Wen the conbustion phase has conpleted the air injection is turned
of f, the gas exhaust valve is closed and ash is renoved fromthe chanber
whi |l st the chanber is still hot using an auger. The systemis ready for the
next cycle. 5 Exanple 2 Waste is processed as per exanple 1. At the end of
t he conbustion phase, the |iquid exhaust valve is opened and water flows
through the same tubes as the air, aroypd the outside of the chanber and is
i njected as superheated steam The 10 steamis initially injected in a
series of pulses, then as a constant stream The pul ses are of duration 150
- 300 mlliseconds, then 500 - 1000 m|liseconds every 30 seconds then

cont i nuoughg chvanibar panel nedtess, ashastivhitee avad the ihBariomit@npemuae iappiseditoat el y

2 I/mn. 15 The initi t bl ast t. t ds.th
chanber Mgy SORSRRES AR InElclm i e  Aamc b 4L 4 GRS O  her e
bei ng no \Sé?bﬁfx:rﬁﬂttel%méi LARRRAS &N How! SFRgaRR an)bﬂ'ﬂ&hﬁén{ﬂ% asdmsett apdtough to

t he exhau and cl'eans the internal faces of th nber. The steam has a
cool i n§ ePrapeteopveméeppaimbee, dightpusipn emtmwh@xcpfmﬂ@ry the ratalys be is

i nternal r r 19 0 st eam
i njecti onﬁq%g}sé%c@hglagrt fefém ﬂ‘% ﬁgg}éggénag) angsp(r%sé% sgsﬁeﬁm%g&%f B%Qés taPé; next
cycl e. Anpassebimpaughothe catedyst. t hat has not been deconposed by the cycle is
held in a drawer, and can be renoved and recycled. Exanple 3 25 Waste is

processed by pyrolysis and conbustion in a seal abl e chanber shown

schemat i calid ipitofhd cat%l;’%@}é' iRBiafly bbgut TRt At el PSin§ 3B 8LO NaAlRIS dansy havi ng
a gas exit port, a catalyst for off-gas treatment, a heater to heat air for

the cd@al jha prosesmanddhepyelysimphaseieats fexaprriognately 4b@inuées. entering t he
chanmber with heat 30 extracted from exhaust gas. Water input for cleaning
and enptying the chanber is optional. - 22 -

After the pyrolysis phase has completed the external panel heaters are turned off

and air input to the chamber is increased up to about 150 L/minute for the
oxidation / combustion phase.
15
With the introduction of air, the waste begins to glow. The volume of the waste
decreases further, typically reaching around 5% of its original volume. The waste
is converted to a very fine ash. Smoke and particulate levels in the system
increase during the air injection phase. All gaseous exhausts are passed through
20 the catalyst.

During the combustion phase, the combusting mass of waste is agitated by high
pressure blasts of air, alternately from opposite sides of the chamber, air being
injected every minute in 0.4 second blasts at 7 bar (7 atmospheres (709.275

25 kPa)), the amount of air injected being approximately 3 L per blast. This agitates
the mass and promotes full combustion. Towards the end of the combustion
phase, similar agitation is used to dislodge ash that had piled up on the grid or
accumulated on top of untreated metal or glass, so the ash drops to the bottom of
the chamber.

30



The lid of the processing chanber is opened and a waste | oad of
approximately 8 Kg enters the chanber (which is at anmbient tenperature) and
is placed on a grid towards the bottom of the chanber. The lid is then

cl osed and the chanber is sealed. 5 The chanber panel heaters are activated
and the interior tenperature is raised to between 500-550C. Air is input to
the chanber fromthe start at a rate opqapproximately 16 L/mnutes to fl ow
of f-gases smoothly fromthe chanber and to pronote even tenperature

di stributi hj t

from the MovLLe sohabdfioPdRiRE e SnPRIE Rlat BibdiRnde 12h8 S M Bed g
t he cat al mhaus%}\nalwenpldodsred ar’mbaﬁatsaleymveda‘romltmé ﬁhdambabfvhﬂstzm r<]:I313mb:eut e,
rising to.8 L/ m nute during the process t epro ysi s phase | asts
for approXi ﬁ‘ﬁlt@ WSW@‘?ﬂﬂ‘ﬂﬁ%s? q Sy# Fb'? f%@@yﬁ%ﬁ IS S‘X'Bﬁase has conpl et ed

t he external panel heaters are turned off and air input to the chanber is

i ncreased up to about 150 L/m nute for the oxidation / conmbustion phase. 20
Wth the Bxempled ion of air, the waste begins to glow. The volune of the
wast e decreases further, typi cally reaching around 5% of its original

vol une. The waste is converted to a very fine ash. Snoke and particul ate
| evel s i aniEtessl@tcm‘es'se@mm ehampig 1. et taérerichbfetttei combpbsioe. pmlsle glaseous

haust | wh t d th ai
For the cladRyRfapsGhe SnrgeasHayaied ToHp JugHobHES sains BLes dsituc oo
into the %%U@Hsmeoau@mssf méeﬁémﬁaﬁ&hé OMbERe QQ%QFérHeBPéd thant ofhow ng

process paraneters are net: Ot he chanber is not hotter than 6000 the exit
of t hdOcastgaysts rre%ailvomacﬁdm ahgstriesr oft dses dben s ai epstant sticwen.chzgrber i s

at 150 L/ PAL ) he air
bl ast _ subPHREP qEe PLoddion 288G B nTHESRnRe oAUl e ot e s st ™.
5ai r i npuB0tsedoneds thamantinsoushd waefbr iy niinoteshiwtds), the water is injected at

approximately 2 I/min.

15 The initial steam blasts dislodge ash, urging it towards the chamber exit. At this
stage all steam can exit the chamber as a gas, there being no water output.
Subsequent steam both flushes the ash out through to the exhaust, and cleans the
internal faces of the chamber. The steam has a cooling effect on the chamber, and
after approximately 1 minute the internal temperature of the chamber drops to

20 below 100°C. After the steam injection has completed the lid opens and the
system is ready for its next cycle. Any incompatible waste that has not been

decomposed by the cycle is held in a drawer, and can be removed and recycled.

Example 3
25

Waste is processed by pyrolysis and combustion in a sealable chamber shown
schematically in Fig. 1 having a lid, heated using panel heaters and having a gas
exit port, a catalyst for off-gas treatment, a heater to heat air for the catalyst, a gas
scrubber and a heat exchanger to heat air entering the chamber with heat
30 extracted from exhaust gas. Water input for cleaning and emptying the chamber is

optional.



air flowto the cyclone is increased to maxi num a conpressed air punp is
activated for 14 seconds, punping air into a 0.7L tank connected to air
injection points within the chanber, air pressure in the tank reaches about
7 bar, 10a valve connected to an air injection point is opened for 400
mlliseconds then closed, after 4 seconds the valve is opened again for 400
mlliseconds, this is repeated j%ye times with the sane val ve and the
air tank is enptied, the air tank is then reconpressed as above and the

process | eat anber
is gr adual%lhﬁ@n%rtﬁggfggéeﬁﬁ‘b ?E%F&e?i%éﬁ?%& a?@ \ﬁg%tﬁlé\%aii 8P§%r|5%mﬁ%§lé(ﬁ§; t he
process pgadrtes heathdnze gwhitesie aarenbi@ht tteh@eaamré)lamilsqm&xrewbm Aegris again
activated as above. 20 Towards the end of the conbustion phas

agi t at i ontqvéargs dhe twttams pb e chambehathaid Bither d CLFﬁeGna'ﬂqwgh ﬁamgrsr is
accunul at gd;gp top of untreated netal or glass, so the ash drops to the
bott om of %e chanber. 25 When the conbustion phase has conpleted the air
injectidon is turned off, the gas exhaust valve is closed and ash is renpved

& ready 108 T RERLRe TRy Ao el boiid the)feriSFldHindRufi e el R, "L o
pil e of 96smden BEOEIO°@nAihad ipureiogkie charibgr fidre Wl stanast faorratedoby a

mesh basket whjch was suspended within the chan:g‘ The chanber of the
appar at us 2BRERIEYalh LRSI Mo - 93sEsrtBPHANY HPanbeeshampgy and to

appr oxi MahelHot€S6BH ferhplafdta! dideBlbflon within the chamber, the catalyst bed is
10 heated with air from the blower to about 550-600°C and the emitted gases are
passed through the catalyst.

Air input to the catalyst is initially about 200 L/minute, rising to 800 L/minute during
the process, and the pyrolysis phase lasts for approximately 40 minutes.

15
After the pyrolysis phase has completed the external panel heaters are turned off
and air input to the chamber is increased up to about 150 L/minute for the

oxidation / combustion phase.

20 With the introduction of air, the waste begins to glow. The volume of the waste
decreases further, typically reaching around 5% of its original volume. The waste
is converted to a very fine ash. Smoke and particulate levels in the system
increase during the air injection phase. All gaseous exhausts pass through a
cyclone where they are filtered and mixed with air for the catalyst before being

25 passed through the catalyst.

70 minutes into the combustion phase a software subroutine checks that the

following process parameters are met:-

30 the chamber is not hotter than 600°
the exit of the catalyst reactor is not hotter than 680°C

air input to the chamber is at 150 L/minute.



5 The waste treatnment process was conputer software controlled and
proceeded in the follow ng manner:- Upon starting the run, the catal yst
was first heated by a flow of hot air, and 10t he chanber was heated up to a
maxi mum of 120C as neasured by the air tenperature in the top section of
the chanber. Pyrolysis Stage 15- After approximtely 30m n, as the catalyst
bed had reached 380C, the chanber tenpegature set point was increased to
350C, and air was injected fromthe chanber bottomto a flow of
approximately 25L/mn (the air trickle air flow). These conditions were
mai ntai ned for 30mn. 20 Gasification Stage The tenperature set-point
was i ncr edyed dlbph86Ss parathdtbes arel satisfied thenpir iast subroctied isoactivateaaad | y

i ncr easi nq i ? air flowb 20.%ev§ry 20s until its 25maxi mum of

appr oxi rrat%‘?i?'%’ﬁlﬂ/ﬁ?ﬂs C3USERYE: " This condition remined unchanged for
70m n (during which there was constant air flow). After 70mn: (1) the
tenperature set point of the chanber was increased to 550C and (2) the air
bl ast s Ssequenceéirdtrttethe gmberds sequasdy twodbtidence operated as descri bed

in exanple 3, W t,[{gns el digns ROInEXSERY & Rfximum,

a compressed air pump is activated for 14 seconds, pumping air into a 0.7L
tank connected to air injection points within the chamber,
air pressure in the tank reaches about 7 bar,

10 a valve connected to an air injection point is opened for 400 milliseconds
then closed,
after 4 seconds the valve is opened again for 400 milliseconds,
this is repeated five times with the same valve and the air tank is emptied,
the air tank is then recompressed as above and the process is repeated for

15 the opposite air valve.

Air input to the chamber is gradually increased back up to 150L/min. The software
again checks the process parameters and once these are met the air blast
subroutine is again activated as above.

20
Towards the end of the combustion phase, air agitation is used to dislodge ash
that has piled up on the grid or accumulated on top of untreated metal or glass, so

the ash drops to the bottom of the chamber.

25 When the combustion phase has completed the air injection is turned off, the gas
exhaust valve is closed and ash is removed from the chamber whilst the chamber

is still hot using an auger. The system is ready for the next cycle.

Example 4
30

Apparatus of the invention was loaded with catalogues having gloss paper sheets.

The catalogues were placed in the exact centre of the chamber grid and had A4



-25 - 1. the conpression tine was set to 18s (having an initial pressure of
7bar) 2 the main air punp was cyclically reduced to around 3 0 % of maxi num
(by closing an air valve) and, in principle, increased by 5 20% every 20s.
Whenever the air flow reached maxi num it was reduced again to 30% and the
air blast sequence started. That resulted in about one doubl e sequence
(that is, once fromeach side) approxiprptely every 3 mnutes. 100 mn
after the start of the air blasts (170m n since the start of the

Ouasi fication . . . | . q _
neaters aginarsiShEdBkninh 3FoRE BF BRI REBLL.ER e IRbHEST RS Hegfd®
sw t ched ofds. fotipetibyga IrhesiNbagretl whicasvah euspaideer witkinpieeascharebarat Thal | y

reached 440C, actjye cooling with water injectign would have started, but
this was ST8PPERC H%Fatt“g Uéﬁf’dM@%:ﬁ%@R?"Hﬁf‘%’V 4t03}‘?8“ I”O'QEﬁmgllcf'aWS%{’ and

appr oxi MaghoxkRAHE 74 i Reerh8mget ure to cool enough for the chanber to
be opened - in the 250- 300C range. 20- The basket was then lifted out and

the coMtents that remained in it - that is, |load remains that did not

ano. comars et BRabHEn IHLAR Bes SORAIT N oRlrn AT RoBRReR 00

wei ght of tife @AkgingtrhatnéS i s, a reduction in mass of 83% Also, the
"cat al ogue shape" of the pile was significantly disturbed with only a snall
charred core of each sheet. Conparative Exanple

- Upon starting the run, the catalyst was first heated by a flow of hot air, and
10 the chamber was heated up to a maximum of 120°C as measured by the air

temperature in the top section of the chamber.
Pyrolysis Stage

15 - After approximately 30min, as the catalyst bed had reached 380°C, the
chamber temperature set point was increased to 350°C, and air was
injected from the chamber bottom to a flow of approximately 25L/min (the
air trickle air flow).

- These conditions were maintained for 30min.

20
Gasification Stage
- The temperature set-point was increased to 480°C, and the main air pump
was switched on, gradually increasing its air flow by 20% every 20s until its
25 maximum of approximately 150L/min was reached.
- This condition remained unchanged for 70min (during which there was
constant air flow).
- After 70min: (1) the temperature set point of the chamber was increased to
550°C and (2) the air blasts sequence started.
30 - The air blasts sequence operated as described in example 3, with the

following exceptions:



30 Apparatus of the invention was | oaded wi th catal ogues having gl oss paper
sheets. The catal ogues were placed in the exact centre of the chanber grid
and had A4 dinensions, formng a pile of 96n-imin height and had a wei ght
of 4kg. The grid - 26 - was forned by a nesh basket which was suspended

wi thin the chanber. The chanber of the apparatus used was approxi mately
43cmin internal dianeter, and approxipgtely 75cmin internal depth. 5 The
waste treatnent process was conputer software controlled and proceeded as

per exanple 4, h r j [ i-cal i for
this run and no giiv'\?%%l %%&Eggg@hr@ﬁgmﬁggm}g@% Qﬁ&@gﬁﬁgﬁ%l gg&rr%:ahié% in

t he basket after trémanent was reduced from 10 4.0kg to 1.1kg - a reduction
in mass of 73% sQ, the catal ogue pile essentially retained,i shape,

W th s ndivi dual <helles TaRogh BABPe ASLEY R R LR c BrEvdt v B 68 on
the outside, due topaxinia {b@yaési_ﬁ @5 Bir VENR)Cat! ingpendidlk eindpshsed by

additionally "swollen"” (that is with spaces between individual sheets),
and, w¥en opened, tBRe%ceyaryod0sedtherenasttheosifioneeasheg] mekinitar itatas

materi al. The out si [¥:Telp egho, 1 I S f r agi whi ch
col | apsed upon touc%ﬁu%% élag%&ne‘;t i%@l/(’hg'ggcem%r%\}/i ae% ??@%ﬁén%%av\a@tﬁé by
pyrol ysis and conbussutied iraalbudmperddubte $equethoeri{thas &, oP0e fronR&ach €lda) ns

1. Acyclic process _for .vvaﬁte treat nent, each cycle conprising:- introducing
waste into a chanbe?PPTREUFIAIRY SVRE WAEPUeE o an el evat ed temperature to

effect pyrol.yshgphint BReM@RE Btart OF rtAE UG Bl Y IROMIMEMckh@eCh@pber e t 0
effect gasification of the waste, and renoving treated waste fromthe
chanbé, gasification stage), the process automatically timed out and all the heaters

and air pumps (but not the air blower into the catalyst) were switched off.
Cooling

15 - Normally, as the chamber temperature naturally reached 440°C, active
cooling with water injection would have started but this was stopped
manually to allow checking of the load.

- It took approximately 100min for the temperature to cool enough for the
chamber to be opened — in the 250 — 300°C range.

20 - The basket was then lifted out and the contents that remained in it — that is,
load remains that did not simply fall through the bottom of the basked

during the run — were weighed and compared.
Following waste treatment the remains on the basket had a weight of 0.69kg, that
25 is, a reduction in mass of 83%. Also, the “catalogue shape” of the pile was

significantly disturbed with only a small charred core of each sheet.

Comparative Example 1

30 Apparatus of the invention was loaded with catalogues having gloss paper sheets.
The catalogues were placed in the exact centre of the chamber grid and had A4

dimensions, forming a pile of 96mm in height and had a weight of 4kg. The grid



further conprising agitating the waste with gas to pronote gasification.

2. A process according to claim1, conprising introducing gas into the
chanber at a pressure of 3 atnospheres (303.975 kPa) or greater so as to
agitate 10 the waste during gasification. 3. A process according to claim
1 or 2, conprising repeatedly agitating a pile of gasifying waste in the
chanber so as to pronote gasification_of. _waste within the pile. 4. A
process according to any of clainms 1-3, conprising agitating the waste at a

frequency I t Y e Y 5

i it o, KesroAed 58 mEF Ba kA M ER (AT SlepriRy WAL (R The

conpr i seschambebofhprappesstuaased dvasgapmormatay dledi imgntraaliametegyy asd ng

i ntroduci ng [%as inf 075 he. c.hfmbelr q%h a pressure of 5 atnospheres (506.625
kPa) or gPERPEMAGNAPIHINGIG ARG wast e during gasification. 25 7.A
process according to any previous claim conprising periodically disrupting
gasi fying waste material with bursts of air so as to pronote gasification

of thedwadte waste rgatment pipgrEsavas coBPUiRaSPEVRIRERMHENE] anerPreapedadas out
the met hodeOb, 4040k, RORLIE, thd RirfeofiBRESSWAY e dhatid PR iEaib T this

run and no air blasts occurred.

The weight of the load remaining in the basket after treatment was reduced from
10 4.0kg to 1.1kg — a reduction in mass of 73%. Also, the catalogue pile essentially
retained its shape, with individual sheets recognizable, but having turn completely
white on the outside, due to a fine layer of ash. The catalogue pile had additionally
“swollen” (that is with spaces between individual sheets), and, when opened, the
core of each sheet consisted of black charred material. The outside of each sheet

15 consisted of very fragile ash which collapsed upon touch.

The invention hence provides treatment of waste by pyrolysis and combustion,

and apparatus for doing so.

20



a waste treatnent zone in the chanber, 5a port for introducing waste into
the chanber, a port for the exit of treated waste, and a heating el enent,

t he apparatus further conprising one or nore air inlets in a wall of the
chanber, a high pressure air source and one or nore conduits to connect the
air 10 inlets to the source of air at high pressure, wherein the
apparatus is adapted to agitate ga5|fy?29 waste with the air to pronote
gasi fication. 10. Apparatus according “claim9, conprising two or nore
air inlets, 15 11. Apparatus according to claim9 or 10, wherein the one
or more ai%!aiM$ets are in the formof nozzles located in a | ower wall

por ti on of; 1, e AR BFocsBe iyl ARheRAdor G ARIR iR vl | or [ ¢ he

bottom of the ¢ aratus according to any of clainms - 11,
wher ei n t he onétmduginge vaiste |In10etas caambadabeatmg rthaswaste & ractelavatedt hi gh

pressure oward i f terl o e t

chanber. tt empgra ‘ﬂga@r zﬁéﬁggé cﬁ’SdP 5%% qmtr}o(ap? gr%xg/ggﬁgﬁgég%ﬁ é‘%b%g
control5 ume efféét gdihtich bbthenhastd@r&i mnﬁo\rnﬁg tretifee whstathem perdreiteal |y vi a
the one or nore air inlets: par at us ﬁhcordl ng to any. of _ clains 9-14,
wherein in use lﬁ?hencempﬁ'fsmsoﬂgiféans Hi%wf"ﬁt@ W fo %rtonéptﬁrgégg'ﬁ?téorbf at | east

3 at nospheres.

2. A process according to claim 1, comprising introducing gas into the
chamber at a pressure of 3 atmospheres (303.975 kPa) or greater so as to agitate

10 the waste during gasification.

3. A process according to claim 1 or 2, comprising repeatedly agitating a pile
of gasifying waste in the chamber so as to promote gasification of waste within the
pile.

15
4. A process according to any of claims 1-3, comprising agitating the waste at

a frequency from at least once every 20 seconds to at least once every 5 minutes.

5. A process according to any of claims 1-4, wherein the gas comprises air.

20
6. A process according to any preceding claim, comprising introducing gas
into the chamber at a pressure of 5 atmospheres (506.625 kPa) or greater so as to

agitate the waste during gasification.

25 7. A process according to any previous claim, comprising periodically
disrupting gasifying waste material with bursts of air so as to promote gasification

of the waste.

8. A process according to claim 7, comprising periodically agitating gasifying

30 waste material with bursts of gas from different directions.



30 - 29 - 16. A process according to any of clainms 1 to 8, further
conprising introducing a small anount of air into the chanber during
pyrolysis. 5 17. A process according to claim 16, conprising introducing air
into the chanber during pyrolysis in an anmpbunt sufficient to pronote snooth
flow of off-gas fromthe chanber but sufficiently small that the pyrolysis
remai ns endot herm c. 18. A procegg according to claim16 or 17,
conprising introducing air at a rate 16°6f up to 10 litres per mnute per

kg of waste. 19. A process according to claim18 conprisin |ntrodUC| ng
air at a Pate &ppai@t%m qutt@‘ ér§aBB?ntanﬁtP?€Yb‘§r°q3dh%F“ Q¢ of aRy 0bglaMnpr ocess

accordi ng 4t,8 1.8 or conprising introducing air at a rate of a
| east 0.5 Iltr’eshg}e ﬁ1 nute per kg of waste. 21. A process according to

any of clains aseala®ladibribert, o 20, further conprising agitating accunul at ed
ash produced by t ation d| sl odge the 20 accunul ated ash
and urge it toé/é(ﬁf eﬁﬁa@?rﬁ “Gfey ”EB‘ %?;\ar% 22. A process according to
claim 31, conpeipsirttgr woﬁatlhggvééfélrﬂ@qmamw ash by injecting air into
t he chanber at the accunul ated ash.

a port for the exit of treated waste, and

a heating element,

the apparatus further comprising one or more air inlets in a wall of the

chamber, a high pressure air source and one or more conduits to connect the air
10 inlets to the source of air at high pressure,
wherein the apparatus is adapted to agitate gasifying waste with the air to

promote gasification.

10.  Apparatus according to claim 9, comprising two or more air inlets.

15
11.  Apparatus according to claim 9 or 10, wherein the one or more air inlets are
in the form of nozzles located in a lower wall portion of the chamber, being at least

half way down the wall, or in the bottom of the chamber.

20 12. Apparatus according to any of claims 9-11, wherein the one or more air
inlets are adapted in use to direct air at high pressure towards gasifying material

located towards the bottom of the chamber.

13.  Apparatus according to any of claims 9-12, comprising a control unit
25 adapted to introduce air into the chamber periodically via the one or more air

inlets.

14.  Apparatus according to any of claims 9-14, wherein in use air is introduced
into the chamber at a pressure of at least 3 atmOSphéres.

30
15.  Apparatus according to any of claims 9-14, wherein in use air is introduced

into the chamber at a pressure of at least 5 atmospheres.



25 23. A process according to claim 22, conprising injecting air at high
pressure fromone or nore outlets in a wall of the chanber. 24. A process
according to claim 21, conprising agitating the ash by injecting water into
t he chanber at the ash, optionally in the formof steam 30 - 30 - 26.A
process according to any of clainms 1 to 8 and 16 to 25, wherein the
tenperature to effect pyrolysis is frogy400-700C. 5 27. A process according
to any of clains 1 to 8 and 16 to 26, conprising carrying out gasification
at a tenperature of at |east 400C. 28. Apparatus for waste treatnent
according to any of clains 9 to 15, conprising one or nore inlets | ocated

in a wall 1gr flhogbcess bberahgnbainy sfadisinne t®B, hthERcenipgiskigsinfeansaged to
an air supply via control equipnment such that the inlet can, or each of the

inl ets cam@ shdkpaadeiefla) infethgsd@mberidafing BYEBYHs-r i nto the chanber, and
wherein the control equipnent is progranmed to operate in at |east two of
the foll ow ng nodes: - (i) air is introduced into the chanber
duri ng Hyri@l ysiAs podcesas becardinghéo 1daiohatthecorhprigling uingodbidéingasir eixtd ithg t he
chanber; i [ uring

. is introd d into .th h i d
gasi fi cat COAMBET &A@%%S'Yfﬁ'y{sswe"“%ﬁ%gﬁg&%} ﬁ%?%?g’réé’ggfo?%ghﬂgﬁ)%&t('?Sfﬁ'gaﬁ/ast e;

and from the chamber but sufficiently small that the pyrolysis remains endothermic.

18. A process according to claim 16 or 17, comprising introducing air at a rate

10 of up to 10 litres per minute per kg of waste.

19. A process according to claim 18, comprising introducing air at a rate of up

to 4 litres per minute per kg of waste.

15 20. A process according to claim 18 or 19, comprising introducing air at a rate

of a least 0.5 litres per minute per kg of waste.

21. A process according to any of claims 1 to 8 and 16 to 20, further comprising
agitating accumulated ash produced by the gasification so as to dislodge the

20 accumulated ash and urge it towards an exit of the chamber.

22. A process according to claim 21, comprising agitating the accumulated ash

by injecting air into the chamber at the accumulated ash.

25 23. A process according to claim 22, comprising injecting air at high pressure

from one or more outlets in a wall of the chamber.

24. A process according to claim 21, comprising agitating the ash by injecting
water into the chamber at the ash, optionally in the form of steam.

30
25. A process according to claim 24, wherein the amount of water is sufficiently

small that all is evaporated and exits the chamber as steam, none exiting as water.



(tii) air is introduced into the chanber during gasification to dislodge
accunul ated ash 20 29. Apparatus according to claim 28, conprising two or
nore of said inlets. 30.Apparatus according to claim28 or 29, wherein the
control equipnent is progranmed to operate in all |east three of nodes (i)
to (iii). 25 31. Apparatus according to any of clains 28 to 30, wherein said
one or nore inlets are connected to ansgir supply and to a water supply via
the control equi pnent such that the or each of the one or nore inlets can

i ndependently be used to introduce air or water into the chanber, and
wherein the control equipnment 30 is also programmed to operate in node (iv)
wher ei n wager iASpid@teégmcemurigwtt@ atnlyeofcdﬂamﬂaem usi sy gasiof P& atvherein dhe

di sl odge accunulated ﬁEESS@ess for waste treatnent

accor di ng l€BPaRAMrEfo & ﬁPtrﬂ‘r’r‘i'yﬁ'é '%frﬁ%l“ conpri sing: - introducing
waste into a chanber, heating the waste to an elevated tenperature to

ef fect pyrolysis of the wast e, introducing oxygen into the
5 27. A process accordlng to any of claims 1 to 8 and 16 to 26, comprising

carrying out gasification at a temperature of at least 400°C.

28. Apparatus for waste treatment according to any of claims 9 to 15,
comprising one or more inlets located in a wall or floor of the chamber, said one or
10 more inlets connected to an air supply via control equipment such that the inlet
can, or each of the inlets can independently, be used to introduce air into the
chamber, and wherein the control equipment is programmed to operate in at least
two of the following modes:- '
(i) air is introduced into the chamber during pyrolysis of waste in the
15 chamber to dilute off-gas exiting the chamber;
(i) air is introduced into the chamber in bursts during gasification of waste
in the chamber to promote gasification of the waste; and
(iii) air is introduced into the chamber during gasification to dislodge
accumulated ash. V |
20

29.  Apparatus according to claim 28, comprising two or more of said inlets.

30. Apparatus according to claim 28 or 29, wherein the control equipment is
programmed to operate in all least three of modes (i) to (iii).
25
31.  Apparatus according to any of claims 28 to 30, wherein said one or more
inlets are connected to an air supply and to a water supply via the control
equipment such that the or each of the one or more inlets can independently be
used to introduce air or water into the chamber, and wherein the control equipment
30 is also programmed to operate in mode (iv) wherein water is introduced into the

chamber during gasification to dislodge accumulated ash.



5 chanber to effect gasification of the waste, and renoving gasified waste
fromthe chanber, wherein pyrolysis of the waste generates off-gases which
are passed through a catalyst to renove one or nbre noxi ous conponents
t hereof, and wherein the off-gases are filtered using an inertial
separator prior to contact of the 10 off-gases wth the catalyst. 33. An
apparatus for waste treatnent according4to any of clains 9 to 15 and 28 to
31, further conprising a catalyst and an inertial separator between the
chanber ar}g t hGA Sr%%glsy%r waste treatment according to any of claims 1 to 8 and 16 to
27, comprising:-
introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the
5 chamber to effect gasification of the waste, and removing gasified waste
from the chamber, wherein pyrolysis of the waste generates off-gases
which are passed through a catalyst to remove one or more noxious
components thereof, and
wherein the off-gases are filtered using an inertial separator prior to contact of the

10 off-gases with the catalyst.

33.  An apparatus for waste treatment according to any of claims 9 to 15 and 28
to 31, further comprising a catalyst and an inertial separator between the chamber

and the catalyst.



