Wast e Processing Apparatus and Met hod Technical Field
[ 00001] The present invention relates to the treatnent
wo@tooatiziegT pal solid waste and the |ike. BackgrpunuSmwbe/016773

the I nvention [00002] The present invention relates to
systens and nethods for treating process material -

and, nore particularly, to systens and net hods for
treating municipal solid waste material, nedical waste
material, reclained paper and the |ike. [00003] As a

result of | NeLS8TraG3iR Addfailh shaMdinbls and more
stringent environnen regual ati ons orts have been
made to reduce the volunme of process material, such as

Techrlw'F‘FélHal solid waste ("MSW) and paper materl al, such
— as newsprint and other reclained and recycl ed paper
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the li incinerating it or recycling it. [00004] Systens and
lﬁethods have been devel oped to break down such

Backrmte i eflor qii sposal, or in the case of paper
—%9@%@@%——%%, i nsul ati on. [00005] An exanpl e of
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into the drum and_a spiral rib or t npunt ed
(00003 t 1R FasbiltaH iNeTaasing SR qf Iandfids ?a@' n‘g%ﬁégrmg@at in an

upstream end of the drumalong the I ength of the
envirenrigntalgeguiefions: &ffeEs have hper maéiedféé%d%éae vAlupesof gogeess

No. 5,1 19,994 that describes a
material, such as mummpal solid waste ("MSW") and paper material, such as

newsprint and other reclaimed and recycled paper products as a step in the process
of disposing of the material, either by depositing it in landfills, incinerating it or
recycling it.

[00004] Systems and methods have been developed to break down such material
for disposal, or in the case of paper products, use as insulation. |

[00005] An example of such a process and device is U.S. Pat. No. 5,190,226,
which discloses an apparatus and method for separation, recovery and recycling of
MSW. The apparatus includes a rotating drum which is fed at an upstream end by a
reciprocating ram, a steam source which is connected to introduce high temperature
steam into the drum, and a spiral rib or flight mounted within the drum to transport

material deposited in an upstream end of the drum along the length of the drum.



steam treatnment vessel held stationary, preferably at

an angle to the horizontal. [00007] One of the
walt@adymat ages of the arrangenents of the pri oPCHUS$2006016773

that portions of the waste product charge in the

vessel becones conpacted, either passively by

mai ntai ning the vessel at a fixed position with

respect to the horizontal, or actively through the use
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par anmet er s ggerature éﬁressure or tine) had to be
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of the processed product (i.e., particle size,

chargeﬁelbgta?ﬂee%t@rﬁ%fmm e geam E@atﬁ\e@bﬁn‘d&m‘%d processi ng
gener ally) varied with batch to batch. This made an
[00008E c dviwthes Alisadvaniage of e rriariayt i thaginsior pyriempiaad metbeds do
for the treatment of waste less than efficient. )
not allomofon ¢y mast agvaintagiepus icontrel andgiistebviion ofgeetay pleceskinto
able to deternmne the heat capacity of a given charge
the vesstl, andtils gfficient drepsiente tieywasie gbargermass. tIhedditionggach
requi renents for effective treatnent of that charge,
chargeiaf wastieproductstwith marydaits iIsenstueritedand thereby in its heat capacity
and in its energy requirements for effective treatment. {n methods of the prior art,
either the process parameters (temperature, pressure, or time) had to be varied with
each charge of waste, or the consistency of the processed product (i.e., particle size,
moisture content, degree of break down and processing generally) varied with batch
to batch. This made an economically and technically viable industrial process for the
treatment of waste less than efficient.
[00009] Accordingly, it is also advantageous to be able to determine the heat
capacity of a given charge of waste products thereby to determine the energy
requirements for effective treatment of that charge, in order treatment can be carried

out with higher efficiency.



out with higher efficiency.[000010] One nethod of
attenpting to reach achieve nore efficient treatnent

w0 g00dasepi bed in U S. Pat. No. 6,397,492 and i PODUSES6/016773
the continual supply of steam during |oading, while
si mul taneously rotating the vessel, so as to break
down the waste during |loading to a material of roughly
uni formdensity, so that the sane mass of waste is
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welght; afideqnstituents: he vessel and seal ably cl osed to al | ow

ressurization of the vessel; a steaminlet for
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5,1126,363; 5,253,764; 5,190,226; 5,361,994, 5,427,650; 5,407,809; and 6,397,492,

all of which are incorporated herein by reference.

Summary of the invention

[000013] The present invention includes an apparatus for processing solid waste
products, the apparatus comprising a rotatably mounted cylindrical vessel having a
first end, a second end and an interior surface, at least one end terminating in a
hatch that may be opened to allow access to the interior of the vessel and sealably
closed to allow pressurization of the vessel; a steam inlet for injecting stem disposed
at one or both ends; a plurality of substantially straight blades protruding from the
interior surface of the vessel, and each the blade extending substantially the entire
length of the vessel, so as to be capable of transporting waste material from the

bottom of the vessel toward the top of the vessel, and releasing the waste material to



| ength of the vessel, so as to be capabl e of

transporting waste material fromthe bottom of the
woemsabisboward the top of the vessel, and rel eBSI/N§206I@16773

waste material tofall to the bottom of the vessel; and

at | east one actuator for noving the vessel between a

position wherein the first end is higher than the

second end and a position wherein the second end is
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. The vessel further includes at |east one door or
horizomfa}, gRd aosifion; whireindhs seeendends direpted; ypward ombihet ne
. vessel for |oading and unloading the waste charge,
horizoffgllch nay be transported to the vessel by a conveyor
or other traditional neans. [000016] The apparatus
[000014h ciheonessal mayhRe stppontest inranyastien {as alows Higmoysment. It
those known and used in the art, such as trunnion
is preferretyihabine vesseldrassupported &y e hingadbfvicgemrpainiabopt whiehtit
systens or a "spud" ring. Any stable nethod of
may be otoaefing t he vessel at a controlled speed woul d be
suitable. The rotation of the vessel however nust al so
[000015¢ e wessel fadbemninocludesal legstramegdomnior bgtchher sinilanmer(s jo
as described herein. [00001 7] The arrangenent of the
accessthadeterionaf thbeessel riloading and enloadinglthe waber ctizlrge, avhich
such that there are essentially no surfaces agai nst
may beviracspdriee to hise gyessaf byvasbaveyoo duother traglitibraloneans.
conpressed laterally during rotation of the vessel;
[00001i6] €The apparatds ireiidesra means feelrotating the Vessg), such asithosei s
of the vessel; and that an open central
known and used in the art, such as trunnion rings and rollers, or chain-driven gear

O

and sprocket systems or a "spud" ring. Any stable method of rotating the vessel at a
controlled speed would be suitable. The rotation of the vessel however must also be
able to accommodate its movement by the actuator(s) as described herein.

[000017] The arrangement of the blades and the interior of the vessel preferably are
such that there are essentially no surfaces against which the charge of waste
products may become compressed laterally during rotation of the vessel; i.e., in a
direction parallel to the longitudinal axis of the vessel; and that an open central
region is provided through substantially the entire length of the vessel (i.e., the
treatment space of the vessel). Such an arrangement permits portions of the charge

of waste products to be transported from the bottom of the vessel toward the top of



region is provided through substantially the entire
| ength of the vessel (i.e., the treatnent space of the

weemsals97 Such an arrangenent pernits porti onsPCf/US1066/016773

charge of waste products to be transported fromthe
bottom of the vessel toward the top ofthe vessel, and
released to fall to the bottom of the vessel through
the pressurized steam environment as discreet

the vasé%lr gtgiq\éeeig%/%e!got\évffgf Z. te%;g?c?&t R v%@s,eil BroGaS et gt8ssurized

on Wt respec to the steam
steam @WSOMAIAS BiebfHEEW iy Sty potich] 18 s 18 sliffce
area of ghiaaston BB FSspRRt Rine St A smmarf WP 6 RBREET (G PRET
[00001312%8@%'833&1@%5% E%w%b%ﬂh%@ﬁ@%%h? %ﬁé@éﬁ%@h‘ the
acjacentisits o diads onverRgdewetenrrtnentsp Be VBRE, Lthis

upon rotation, with respect to the portjon.qf the nas
variatioon itihprefened ihategch biade bemiovifed with g sight st qlondts Tergtn
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respeckitotive pmiibrusfetde masston therelatively lowes epg ob thegade s Inyisy
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regard} heBlademare ligitytwidted suchvtiabands oiafiiacent biasigs dhat

[ 000020] The steaminlet(s) is/are provided with steam
converB¥ =pé emiSTetIvly fram tdnatanatier adlpteads obadieeemrivarasdhat

novenent of the vessel. The steam conduits may be any
divergé aRtWisteTRédrdaineamatiogr i ate for the transmission of

hi gh pressure steam The conduits are flexible or
[000010 NEHeM SR ePiM\Hate naviyt of theiShineiohatdcferisties bbihese known and

articulated joints to accomodate the novenent of the
used ity BiES&t, in Mehsadfdeingdesidgried towontain laegk gyantities of matter (i.e.,
several tons) and to hold those contents under pressure.
[000020] The steam inlet(s) is/are provided with steam by steam conduits that are
adapted to accommodate movement of the vessel. The steam conduits may be any
conduit material appropriate for the transmission of high pressure steam. The
conduits are flexible or otherwise provided with sufficiently flexible or articulated
joints to accommodate the movement of the vessel, and are typically controlled by
one or more valves for selectively introducing steam into and out of the vessel during
the processing of the waste. The steam may be provided at any location along the

length of the vessel, and several arrangements are known for providing a number of

steam inlets along the length of such a vessel. However, the simplest arrangement



one or nore valves for selectively introducing steam
into and out of the vessel during the processing of

W0 b@oashe. The steam nay be provided at any | BCHUBZING/016773

along the length of the vessel, and several
arrangenents are known for providing a nunber of steam
inlets along the length of such a vessel. However, the
sinpl est arrangenentis to provide steaminlets at one
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actuators, which nmay be provided in pairs disposed
second erghand a\pebifion whereinghe seepandsmd:is bigherihandhe Hriend at
center of the vessel. The actuators may be for )
such airatetsonaseto He capmblenefdealing @l chasgeaf selidyiaste prodygtarigrosed
those commercially avail abl e under the name Joyce
thereinCaixamples fay ncudekydréulbegateators@ridoneehanies ssew actuators,
commercially available fromDuff-Norton of Charlotte,
which ivay be pPavioéd mepaifsCiiSia@el raspectipgin oateiibensige of &
i nclude | oad sensors independent of or associated with
gravitatibieal @ehteabdthes)essdin g Hecmduaterssoay bedyr ibstante, dingar ype
capabl e of sensing and recording | oads of the
mechafR@nédrewactysdepsilich @&sihose atomtmaiciaily\axailable under the name

Joyce ComDrive from Joyce of Dayton, Ohio, and those commercially available from
Duff-Norton of Charlotte, North Carolina.

[000022] The apparatus may also include load sensors independent of or
associated with the actuator(s). The load sensors may be of any type capable of
sensing and recording loads of the magnitude typically associated with waste
treatment vessels of the type of the present invention.

[000023] The apparatus optionally includes a microprocessor or PLC controller
associated with the load sensors, the microprocessor or PLC controller having
programming instructions so as to determine the load distributed within the vessel,

such as at the position of each of the actuators. The microprocessor or PLC



treatnment vessels of the type of the present
i nvention. [000023] The apparatus optionally includes
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havi ng progranmm ng instructions so as to determ ne the
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position of each of the actuators. The m croprocessor
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absorption per mass of a charge of waste products
Claracalifai ned in the vessel.

[000026] Most preferably the apparatus has load sensors associated with or
independent of the actuator(s), the load sensors adapted to determine the mass of a
charge of waste products contained in the vessel, and a microprocessor or PLC
controiler having programming instructions so as to determine the energy absorption
per mass of a charge of waste products contained in the vessel.

[000027] The apparatus also inciudes at least one motor or other means for rotating
the vessel. The motor(s) may be connected to the vessel through appropriate
driveftransmission means. For instance, the motors may be connected to drive
sleeves that surround the vessel, as shown in the figures. Typically, the motor and

drive means will be mounted in such an arrangement so as to move along with the



[ 000027] The apparatus al so includes at |east one

nmotor or other neans for rotating the vessel. The
woreientsy7 may be connected to the vessel throuPgir/UusS2006/016773

appropriate drive/transm ssion nmeans. For instance,

the notors may be connected to drive sl eeves that

surround the vessel, as shown in the figures.

Typically, the notor and drive nmeans will be nounted
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s”pp°&3§ar atus with Tip-Leveling Actuator Only [000028]
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second end is higher than the first end. Aﬁgar at
transpartinig wagte materdal Emthef@fqoghgfsth@yp?sel toward the top ofu ﬂswe

vessel, and releasing the waste material to fall to the bottom of the vessel; and at

least one actuator for moving the vessel between a position wherein the first end is
higher than the second end and a position wherein the second end is higher than the
first end.

Apparatus with Agitating Leveling Means Only

[000029] Yet another variation of the present invention is an apparatus for
processing solid waste products, the apparatus comprising: a rotatably mounted
cylindrical vessel having a first end, a second end and an interior surface, at least
one end terminating in a hatch that may be opened to allow access to the interior of
the vessel and sealably closed to allow pressurization of the vessel; a steam inlet for

injecting stem disposed at least oné of the ends; and at least one actuator for



[ 000029] Yet another variation of the present

invention is an apparatus for processing solid waste
w@e@daztes] t he apparatus conprising: a rotatabP@T/US2006/016773

nmounted cylindrical vessel having a first end, a

second end and an interior surface, at |east one end

termnating in a hatch that may be opened to all ow

access to the interior of the vessel and seal ably
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therefrom.

[000031] Typically, the solid waste products are moved from the bottom of the
vessel to toward the top of the vessel and allowed to fall in a series of discreet
portions through a relatively low density region of the interior of the vessel.

[000032] It is preferred that the vessel is rotated without substantial compression of
the charge of solid waste products along a direction parallel to the central
longitudinal axis. It is also preferred that the charge of solid waste products is
actively leveled while the vessel is being rotated, or that the vessel is agitated while
the vessel is being rotated.

[000033] Another preferred aspect of the present method is that the solid waste

products are transported back and forth along a direction parallel to the central



[000032] It is preferred that the vessel is rotated

W t hout substantial conpression of the charge of solid
worwba2ppbduct s al ong a direction parallel to PEEUS2006/016773

central longitudinal axis. It is also preferred that

the charge of solid waste products is actively |evel ed

while the vessel is being rotated, or that the vessel

is agitated while the vessel is being rotated.
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anot her preferred variation of the nethod of the
into thé wessiel using aphmpriatesvalvesand pressone refeasbaysieasge of
solid waste products is neasured while the vessel is
[000036ptlatanother areferrep vadationl of thmethver ghth@ reentisr) thy niaks
charge of solid waste products is
distribution of the charge of solid waste products is measured while the vessel is

rotating, and, optionally the energy absorbed by the charge of solid waste products is
measured while the vessel is rotating.

[000037] The method of the present invention may also feature measuring the mass
distribution of the charge of solid waste products and measuring the energy
absorbed by the charge of solid waste products while the vessel is rotating, and
determining the time required to treat the charge of solid waste products from the
amount of energy absorbed by the charge of solid waste products over time. This in
turn allows the operator to halt the treatment of the charge of solid waste products

after the time determined to be required to treat the charge of solid waste products
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measured while the vessel is rotating. [000037] The

met hod of the present invention may al so feature
wore@sueiony t he mass distribution of the chargepof/usmoé/aic773

wast e products and neasuring the energy absorbed by

the charge of solid waste products while the vessel is

rotating, and determning the tinme required to treat

the charge of solid waste products fromthe anount of

from {0 ShiBnPORAHEDGP abRorbIF b BiY Sfarde pPetidaie bhodlcfibifcr®
e S0 AR BB B BRI
from (0 HfifGpicestict fr PR ’§°&P@E§'¥§252¥ AR p?]:)duct s
100005 Tnk PRy nd B A2 pbettlfveiRh Are fhiantages
over pgabasf%'ﬁg%ﬁgé%&%bel"gﬁ'cqor%& aEhiderneTle ARobRet g mpye the
s TS o TR RS

. _.solid waste products from one end of the vessel to the
!nten%@H@Pgementéﬁ'?@rfeaﬁqf%ﬁwfﬁceaM%@g@%ﬁ@@nﬂmwﬁ%éheur e
surfaces di sposed J?erpend| cular to the | ongitudinal
ongltugtn@ afs af e yesseb| AEen @saﬁﬂreﬁomé%wmqﬂ
ression of portions of the waste product charg

portions gEféﬁtWéﬁée preduet ghacge mrevanding dimpeldeient a@cbfsmnleteatreatment
those portions. [000039] The apparatus and nethod of

of thosehpofiipeSent i nvention in contrast pernits the
formati on of a zone that extends the length of the

[00003%]s $be apgaratusarichmethod dfdaeipresentrinventionda castnest permits the
initiation or shortly after the start of treatnent.
formatidreoia actesthatf extapdafhedengthof dfe vdseelyeleraling thedoad pnor to

take portions of the waste product charge and
treatment ndtation ef ghordy aiet therstanh df ddtment. 'Eme bladeallof thehr ough
this I ow density zone, w thout
apparatus of the present invention take portions of the waste product charge and
successively raise them and allow them to fall through this low density zone, without
substantial compression of any portion of the waste product charge, such as is
brought about by transportation of the charge along the longitudinal axis of the
vessel, or by maintaining the vessel in a titled position with respect to the horizontal.
[000040] In addition, the apparatus and method of the present invention allows both
the load and temperature of zones within the vessel to be monitored, such that the

Brief Description of the Drawings

[000041] Figure 1 is a perspective view of an apparatus for processing solid waste
products in accordance with one embodiment of the present invention.

[000042] Figure 1a is another perspective view of an apparatus shown in Figure 1.

11



substanti al conpression of any portion of the waste
product charge, such as is brought about by

wo ec@adpwpt ati on of the charge al ong the | ongi t Bdi/ngt006/016773
axis of the vessel, or by mamintaining the vessel in a
titled position with respect to the horizontal.
[ 000040] In addition, the apparatus and nethod of the
present invention allows both the |oad and tenperature

[ooooﬁ]ei‘@pf‘e} P E}d%stsﬁéﬁahe\ﬁ?\%'of R ResBPRE: bfa&ggm%%@ hhste

Description of the Draw ngs gure

procuds i RSt e EBliort Br AR Bt iielloR, o mont

[OOOO%{A Ofﬁglr'epé & élg%%ezggéc‘we v{egp&oaﬂppﬁégﬂ&é?% o\cl{%ésfsri]ng solid

! pers _VIEWO _an ap ! .
vasi S ABBERAE S oG8R B et
S g T N L
e LR W

resent pnvention. [000045] ,Figure 4 is a plan yiew of
1000085 Ei§he A/ Crass SeeRTRUew RS tis Nassel a6 PecBeBg ol faste
accordance with one enbadi nent of the present
produgt jir AeGaspangeowitinees embgdiment of thepreseddneddipnon vi ew
of the vessel for processing solid waste products in
[00004dc bioye@ & aselerpafic efifbwastadrecessingfysiane with which the
invention. [000047] Figure 6 is a schematic of a waste
presemfripedion mpyshe vsed, dpr proogasing salid waste erpductsiB eredanes
be used, for processing solid waste products in
with one eotbedimentwif the preeseriribiefitioant of the present
i nvention. [000048] Figure 7 is a schematic of a waste
[000048]oFigers Mis 3 gehamatia ofra wasteprodessingeaystem with aviichothenay
be used, for processing solid waste products in
presertdoentian ceaybe hsexdh dorhmocessingdialid iwasié prddeictsrin senordance
i nventi on.
with another embodiment of the present invention.

[000049] Figure 8 is a longitudinal view of the cylindrical portion of a treatment
vessel, and shows an alternative embodiment of the present invention wherein a
plurality of straight blades are used in the vessel.

[000050] Figure 9 is an elevation view of the cylindrical portion of a treatment
vessel, and shows an alternative embodiment of the present invention wherein a
plurality of straight blades are used in the vessel.

[000051] Figure 10 is a perspective view of the cylindrical portion of a treatment
vessel, and shows an alternative embodiment of the present invention wherein a
plurality of straight blades are used in the vessel.

Detailed Description of the Preferred Embodiment
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[ 000049] Figure 8 is a longitudinal view of the

cylindrical portion of a treatnent vessel, and shows
wa@arooalitwpnat i ve enbodi nent of the present i nvePtT/082006/016773

wherein a plurality of straight blades are used in the

vessel . [000050] Figure 9 is an elevation view of the

cylindrical portion of a treatnent vessel, and shows

an alternative enbodi nent of the present invention

000084 5ot iy PlacH B AR G oS B,
sl RIS Ot i B o

iLnventiop wherein a plurality of straight blades are
be the b?@td“f’ﬂep}?ée‘gfessel . Detailed Description of the

P .red Enbodi t [ 000052] | d M th th
I e MM R MO
snys 8 1) e a5 6 S8 SoRAS: B o s

FOOOOSS] . The invention relates to a process for
others fragyRrnicipahaciicewastsi(VMSYY ek convertisigdiaper. SargPaargood

density materials such as gl ass, plastics, netals and

waste,.e&éq@rqSﬁeleoﬂneéagdfspe?«ﬁaﬁmﬁéﬁ%mhgbrqca%a&r@a@nekﬂ) and

converting paper, cardboard, food waste, etc. to a
[0000543% dtigerer ssaniexapele &f pn@pparatysoter srasessipg splid weste
materials. [000054] Figure 1 shows an exanple of an
productpipacsogante withraneeansbediment ofdhagrasenpinveniears i n
accordance with one enbodi ment of the present .
[000055h Fgriednshdweoa 6 atablyi rgaurded cylindiicalavesselat bavigg adicatead,
cylindrical vessel 1 having a first end, a second end
a second énd mndrandntevior sunfdcac at least dnezard terrainatiolg irea hatchta thgt
in a hatch 2 that nay be opened to allow access to the
may be openddio alibwt dueese fsthk intedorsefdha bésset bod sdatablyalldsed to
pressurization of the vessel. It is preferred that the
allow presstrizatiavef the lvassHh. His preferred that the vessel have a hatch on
either end such that the vessel may be opened to allow access to the interior of the
vessel and sealably closed to allow pressurization of the vessel the charge of waste
products, and so that it may be loaded one end and removed at the other end. This
may be done by using a ram that méy push the treated charge from the vessel by
extending through the vessel.
[000056] Also shown in Figure 1 is a steam inlet 3 for injecting stem disposed at
least one of the ends, and preferably at both ends. Steam inlet 3 may be connected
to steam conduits (not shown) so as to introduce and maintain steam pressure into
the vessel.
Figure 1 also shows a plurality of substantially straight blades 4 protruding from the

interior surface of the vessel, and each blade extending substantially the entire
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ei ther end such that the vessel may be opened to all ow

access to the interior of the vessel and seal ably
webwsaeiehd al | ow pressurization of the vessel PEBEUS2006/016773

charge of waste products, and so that it may be | oaded

one end and renoved at the other end. This may be done

by using a ramthat may push the treated charge from

the vessel by extending through the vessel. [000056]

entn 7 AR b B B eliely AL AR Begle aleltrom e
votor bt BB 8 e RS Rl e Yo materia

jnt.,roduce. .and mai,ntain steam pressure into the vessel.
fall t°%?&9?@"ﬁ°fefﬁ§éfe§%ms a plurality of substantially

oono Tl 45 LV BT PRl B L
' I
o v e e et . Y5 B onl R AR

vessel toward the top of the vessel, and rel easing the
motor @R gfher ﬁ‘iﬁaéﬁif%'l")@%'"ﬂéﬁ? Ve¥$ehe bottom of the vessel.
iﬁ(})OOOS?] The vessel may be rotated with resPect to
[000028] pERe motarts) fomeay etheswisgherconpeptipdiip the eesse! theudhi cal
sl eeve drives 6. The apparatus al so includes at | east
appropiiade gove/traosmissiesrmeans Sushoas tosIPeka) by ieechaliy gepelt.
[ 000058] The notor(s) 7 may ot herw se be connected to
[000039] eTynicallyl thehmotayland siive praaas avillibe wrguntethigriushiam
nmeans, such as to sprocket by a chain or belt.
arrandefG00 50 ps Tg phaval dlgng with theomovemeant efthe vesashitselhisuch e by
nounted in such an arrangenment so as to nove al ong
being wicuhtedhen aoveveabte fedme Besuppardiay the sedske]. such as by
bei ng nounted on a noveable frane 5 supporting the
[0000803sEpper T4 @otionUpipetur is suppqrted bylower frarteuportion 8 that
supported by lower frame portion 8 that
includes fulcrum pivot portion 9. Also shown in Figure 1 are the mechanical screw

actuators 10 on either side of fulcrum pivot portion 9 that move the vessel 1 between
a position wherein the first end is higher than the second end and a position wherein
the second end is higher than the first end. This movement allows the operator to
balance the ioad of the charge of waste products both before and during the steam
treatment. Balancing the charge of waste products during the steam treatment
permits the operator to render more uniform the heat transfer to the mass, such as
by removing cold spots that may develop in the waste charge mass. The actuators
10 may be linked in tandem across frame 8 by drive rods 11 that are driven be
respective electric motors 12.

[000061] The actuators 10 may include Joad sensors to determine the state of

balance of the charge of waste products as originally loaded. Should the charge of
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i ncludes ful crum pivot portion 9. Al so shown in Figure

1 are the nmechani cal screw actuators 10 on either side
wW@R00baRwPUM pi vot portion 9 that nove the vessPCT/1IS2006/016773

between a position wherein the first end is higher

than the second end and a position wherein the second

end is higher than the first end. This novenent allows

the operator to balance the | oad of the charge of

waste mﬁh?tsme%%ﬁﬁnggi@b@ 6&@6 e gec%bh'?ﬁitn&l*]Sa&h % actuators

al'ancing t wast e products

10 may'té 488 IdVARAAR WERRATI EviPidbABNL SRBEFSAH b&ti-and-

nore unirorm transfer tot

o B S, Sk B iy Rt
shift mggs&@ﬁb@@qoﬁ% Jgsgﬁ'ie ?%r%‘?%é’ﬁ’iéﬁ’g? (5%%@%? %[S (driven
informdfo ' i digFessol B H#@ ontpl iR bk lstef BT B Gohy
RS ENE T ER R A e

| oadi ng, the actuators 10 may be used to redistribute
to the @Wéatpbsad to even its bal ance, either through

dforth oscillation or through rapid Ltation
10000635 Tawrsd ke SoRus GREEONRNESR CUAECal Vaseh] Aith the Fre
position wthin the vessel. The | oad sensors_ nma .
end ralspa Willdespasi 49 B1eSECORH SPHesUcHrA% WOUd e dhe pPeies esoasing
PLC controller that is provided wth programm ng
the vesseswith dhe aidwfinpuiconeayor 8. Mhisasitiondnay gsAder useéﬁa
to' provi de feedback instructions to the actuators.
dischafggoihe 6wsteprpgiustsiafter eatneiontadiachage capvemosd4, or to urge
cylindrical vessel 1 with the first end raised with
the charge of wasteoproducts doward the gecensdcendis oxder to 1eeel tirgeload of
position for | oading the vessel with the aid of input
waste pmduetsaduring . pratessingoshhe positionyof yessel Jenay eficewse be varied
di scharge the waste products after treatnent onto
along tiiesahge giepasitionsyfoom hdrizantal tto any gegle between the maximum filt

angle shown in Figure 1, and its corresponding opposite.

[000063] Figure 1a is another perspective view of an apparatus shown in Figure 1,
showing the discharge or second end lower than the input or first end.

[000064] Figure 3 shows, using the same reference numbers shown in Figure 1, a
rotatably mounted cylindrical vessel 1 as depicted in Figure 1 with the first end and
the second end at about the same height such that the vessel is horizontal. This
position is typical of those at which the vessel would be maintained during operation,
with relatively small adjustments being made to urge the charge of waste products

toward either end in order to level the load of waste products. This view also shows
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the charge of waste products toward the second end in

order to level the | oad of waste products during
wWeeweassdPhg. The position of vessel 1 may of CcRUF/ES200€016773

varied along the range of positions fromhorizontal to

any angle between the maximumtilt angle shown in

Figure 1, and its correspondi ng opposite. [000063]

Figure la is another perspective view of an apparatus

e s 2B IR oo ) e sy o g e
treatedémgg’l@éarq&ﬁd?%hé{b%t sane reference nyrrber s shown in

aro ably nnunted cylindrical vessel 1 as

f°°°°6§ﬁ37‘<§iﬁ% PO i bt et B
o o UL A o A
L e
ol e A

exi atch fo the treated ste r.oduct
IOOOOG@i al*’ g § B oegiudinl pinssepionigna e Yo SiteBiopl an
w of the rotatahly nmounted cylindri caI vessel 1 as
pr ocesa@g.seiléavasﬁﬁ PIOguEts in a%QrHa@%W%EB%S"&?QW%@ééh%”rteﬁent
respect to the first end, such as may be necessary to
inventigi s e SR leagfingg Fom the fiaires 1t9<5\ﬂ83f and tekeniajaiig lBed
in order to level the | oad of waste products. [000066
- 5 of Figyjarde FHaure Zishemyihernioling oterss of thediades suckwsdiBar-hisd)
vessel system for processing solid waste products in
shown i Etgui @ @ crpsstsastien sleng dnnn%nfz affFigure 4pranskaiso shows that
invention, using the sane lead |lines fromthe Figures
neighboring gaips afbladesk eonvergmaltérhatelystoward oppasitg @nds 4f the vassel.
5 shows the angling of one of the blades such as 16a -
This view@)scsstows ihat tiegueseel Ingnadditiersily eotripoine dustogedriicad 2
-2 of Figure 4), and al so shows that
sections at either end to assist in loading and unioading the vessel, and to help

maintain portions of the charge of waste products oriented in the portion of the
vessel provided with the blades for agitation. Figures 2 and 5 also show that the
blades are preferably slightly twisted such that ends of adjacent blades that
converge are twisted away from one another while ends of adjacent blades that
diverge are twisted toward from one another.

[000067] Figures 8, 9 and 10 show views of the cylindrical portion of a freatment
vessel as described herein, and shows an alternative embodiment of the present
invention wherein a plurality of straight blades are used in the vessel.

[000068] Figure 8 shows a longitudinal view of the cylindrical portion of a treatment

vessel 20 in place of vessel 1 as described herein, wherein a plurality of straight
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nei ghboring pairs of blades converge alternately
toward opposite ends of the vessel. This view al so

W@ hwes2t6bat t he vessel may additional ly conpriBE&I/US2006/016773
frusto-conical sections at either end to assist in
| oadi ng and unl oadi ng the vessel, and to help maintain
portions of the charge of waste products oriented in
the portion of the vessel provided with the bl ades for

blades 39'id agécf & th i@ﬂé{]?’ﬂ% ﬁ%ﬂe?2@|a?@nﬁﬂﬂﬁdt%ﬁﬁwd%aph@%ﬁﬁng

ocko 7R R A A e M BB e
R e ey
s BRGSO BR gL, onc Shove

roooosYf Eiciird 'a%'eac“??s%}éffe?‘afﬁfe@%t‘*é‘i ihanBa(eiior b .‘t‘r%?fjrw@oie%?el
e S Bl T o i e

ity of stralghtbla 21 is used in the vessel.
holdmgﬁhe bbad@&e’s By fPw HSIIAL S4TA57 33ndi vi dual  mount i ng

ackets 22 that serve to hold the bl ades 21 away from
000079}1 thgqrg r104¢ arRekepesyve miegmféh% CY‘%‘dHC%‘LPé\ﬁ?'thRfe?]trP?fﬁ’lﬂ“t
line 8 -8 of Figure 9. The nounting brackets 22 may

vessel 30 sanchehqveinr Rhanta aePiynabtyofistaight bprderd 1 agd deeintinged

herein. [000069] Figure 9 is an elevation view of the
bracketsyd3 neldingdhe ptades @1 awaydram injenmsrsurfaeg 281 20, and

shows in phantoma plurality of straight blades 2 1
[00007 4 dFiguse 6t is agschenakio 0f a M@steopracessinthsysieraddth which dheay

frominterior surface 23. [000070] Figure 10 is a
presenpiaveniant inag beiused ofor prosessing sdlid waste. ppoduydts in adcoedance

treatment vessel 20, and shows in phantoma plurality
with onefersttadiinght ofithe gessedt thvantiibmtbahpermitsionaekay steath flow

hol ding the blades 2 1 away frominterior surface 23.
through the vessel. This figure shows the various components of a system designed
fo provide the vessel with steam, and the ancillary components of the preferred
embodiment. This figure also shows the positions of valves and gauges using
standard indicia, such as control valves, check valves, thermocouples, strainers,
pressure gauges, motors and pumps.
[000072] Figure 7 is a schematic of a waste processing system with which the
present invention may be used, for processing solid waste products in accordance
with another embodiment of the present invention that permits two-way steam flow
through the vessel that may be provided in pulses. This figure also shows the
positions of valves and gauges using standard indicia, such as control valves, check

valves, thermocouples, strainers, pressure gauges, motors and pumps. This
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[000071] Figure 6 is a schematic of a waste processing
systemw th which the present invention may be used,

WO o0062BEESSIi Ng sol i d waste products in accor dBTESW06/016773

one enbodi nent of the present invention that permts
one-way steam flow through the vessel. This figure
shows the various conponents of a system designed to
provi de the vessel with steam and the ancillary

schem%t%&?ﬁ@é anek gﬁ%ﬁz@f LERRERIhAPPRIE8RIam, Paktrculdrgur e

ows t I't1ons of val ves and gauges using

superh%%t?ﬂ Al 118 :ﬂﬁgﬂrevid g ghplﬂéescfb%é Qbsit oY e preb&tknvention.

ves, t’hernocoup sfral ners, pressure gauges,

[00007§P‘rﬂ[e§/ié%€7£dopﬁggr%s 499@9% vmé:é'tcﬁfémuggétﬁ/eaptﬁﬁmmﬁ £Hd it

wast e proceSsing syst the present

o BRSPS P B e
TR AL P Dt o
e T B

hﬁ@é val ves ‘tjher nocoupl es, strainers, pressure
theloaég lon prBseNitedand punps. Thi sschematic provides an

exanpl e of a systemthat pernmts, stea articul arl
[000074] Hi6 2iale0 SPQHR AN ESADBI NGl Top P Des HeCtPrel @
vessel of the_ _present invention, [0 Qoz"?;]e The xi ZEB of
waste progustechargeas itvaridapreal onge lsvelaswinip theevessehbs £6€
only, and it wll be understood that the vessel m@é be
waste priodieicherge leayes agege e68PaR% 15haPeyedtedcdi that @ ateamyesgian,
make | esser adjustnments in the |oad distribution
extends thelegath efite vagsel thigughwhich strcersiMenraTtions9f the waste
relatively rapid or slower and/or repetitive,
productieyill paisa @sdbe Nesseb rotates. dtiis pefersed fad theniptagior. phtheorspel
Figure 2 also shows an exanple of a line 17 )
be substaptialydiad obstrusturegpessinting wesacesghatiaretnot Ralpgantiallyi ¢
woul d appear once |leveled within the vessel 1. The
parallel to the central longitudinal axis of the vessel.
[000075] The operation of the vessel can be appreciated from the cross-section of
the apparatus shown in Figure 3, Figure 2 showing vessel 1, interior surface 15 and
blades 16a — 16d.
[000078] The blades may be straight and substantially parallel to the longitudinal
axis of the vessel, or, as shown in Figure 2, preferably may be angled such that
neighboring blade pairs (.g., 16a and 16b) converge toward one end of the vessel,
while successive blade pairs (e.g., 16b and 16¢) converge toward the opposite end
of the vessel, as seen in Figure 2. The straight blades permit portions of the waste
charge to be raised vertically and dropped vertically as the vessel rotates. The

angled blades as described above further cause an alternating side-to-side
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wast e product charge | eaves a zone of space 18 above

it such that a steamregion extends the |length of the
waeemsaliebhr ough whi ch successi ve portions of tPET/VMARNE016773

products will pass as the vessel rotates. It is

preferred that the interior, of the vessel be

substantially free of structure presenting surfaces

that are not substantially parallel to the centra

moven*oe?)tﬂ o %b%ﬂ#@%#/e ?ﬁhﬁmgfof Elfée\ﬂgﬁé %gérgg[ 88 %;?ésggpr%tates

era € vesse preci romt h
s AT P i s
such t@sﬁwdeié%éq@%we Bpftonp 3Pt PERPLOA ST BAEhES 3"

1e vessel, or, as shown in Figure 2, preferably may
compaB 09l ed such that nei ghboring bl ade pairs (e.g., 16a

oo B BB A b Bt ey
rousk Py SRS oo s S ognh S5 upl e e

vessel, Ak t%éw‘%%%‘c?n@%é‘é%ﬁ%f st storf RN OB ARy fed

descri bed above furt her cause an al ternatl ng

into thesversel fo8) the iradingend,en @ﬁ@&éﬁﬁ’%ﬂﬁww Bfgceé?'nﬂrﬁ’éessure
wast e charge, as the vessel rotates, al | owi ng

is reached, cteamvaaybe allewed tofescape ﬁt@ﬁs,vqssehlatcg et%sqharge sleagn
angle to the vertical such that the successive

line. portions are noved gently fromside to side w thout
conmpaction. [000077] After the vessel is |loaded with

[000078h €T hehtemperattiranand pregsweuftis vassel areanonitarediandihiediew of
the charge was | oaded is shut, steamis introduced

steam isorepiutabed tojkdeptibe phacese wgibin, pradetetmi@ed grecdssingosnges
pressuri zed. Fresh steam may be continuously fed into

(typicathheroupsidl pi ratrd0Dhiegressdf )n g henadssealrisl rethtedrata predetermined
predet erm ned processing pressure

speed (depending on the size of the vessel), and after a predetermined amount of

time (typically 20 to 45 minutes), the pressure is released and the processed waste
is removed.

[000079] The temperature of the charge of waste products may be monitored by
thermometers or thermocouples disposed along the length of the vessel. The
temperature readings are taken and applied to determine the temperature of portions
of the charge of waste products. The thermometers or thermocouples may provide
signals or information to a microprocessor or PLC controller that is provided with
programming instructions to access the temperature at each thermometers or
thermocouples, and to provide feedback instructions to the actuators. This

information may be used as feedback control to the actuators 9 in order to adjust the
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is reached, steam may be allowed to escape the vessel
into the discharge steamline. [000078] The
wo eovpaewsbur e and pressure of the vessel are noPCT/OsBd6/016773

and the flow of steamis regulated to keep the process

wi thin predeterm ned processing ranges (typically

around 50 psi, at 300 degrees F). The vessel is

rotated at a predeterm ned speed (dependi ng on the

S j ons
charg e el P R o B e R e T

of the LRk GERBE AR \ErcliE Fsatbaliiehe i o PEShtaih 30RY1O]

rge of waste products nmay be

S e S
ooood 3858 o S AHhRRE b R o o
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used as feedback control to the actuators 9 in order
the wagte RIGAUSE OB ar ge of waste products within the
vessel so as to increase heat transfer to portions of
[0000§ 1} eThehiafermation frose behenameters oribermepouples PAL AlSO ben
order to maintain overall efficient heat transfer to
used to Heterminajihedieahabsaspiiproenasticneaeing shargeooluatie prodicien
charge of waste products nmay contain a wi de variety of
heats gp initiallyu ghissallasvscthe aperserdor papieiopranegsen & Rk eentroller) to
wat er, etc. Each charge of waste products presents its
extrapolate theznergy needs/fonthat thangefof wagteoprofects whp] kasascypon &
required an overall heat absorption of the mass in
comparisde of the peat\iiamefea profil, 4 tisoaleteradnarthetapproximate qualitative

constituent make-up of the charge of waste products, and thus allow the
determination of the treatment time necessary to treat that particular charge.
[000082) In operating the vessel of the present invention, the vessel may be tilted so
as to present the input hatch 2 upward with respect to the horizontal, and to allow a
charge of waste products to be placed into the vessel with the aid of conveyor 13.
The hatch 2 is then closed and the waste products 17 charge (see Figure 2) may
optionally be leveled by a reciprocating action of the actuators 10 prior to introduction
of steam, or upon initial introduction of steam.

[000083] Once the hatch 2 is sealed, steam is placed into the vessel through inlets
3 and/or 3a to provide a pressurized steam environment in the vessel 1. Examples

of systems used to produce and inject the steam are shown in Figures 6 and 7.
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the waste products charge. [000081] The information

fromthe thernoneters or thernocouples may al so be
wais®d/1twotet er mi ne the heat absorption over tiPET/ES20061@€16773

charge of waste products heats up initially. This

all ows the operator (or a mcroprocessor or PLC

controller) to extrapol ate the energy needs for that

charge of waste products and, based upon a conparison

[000084) trhe vBs&d) 1tis %F@rf Rtatll Shi ki blh@e@'léé’-—q%ﬁﬁép%@ﬁ?%g? in

approxi mate qualitative constituent make-

Fig urééef@f- Qm gkt t9aise fﬁ%thﬁgfé%?he RESe bR J:r?é’é’gé g? Jfram the haftom

eternfnation o treat ment "tinme nece
to t Mk SM | r tin éh
o the ci7be i8S Aa BieRrBRase it B to0BT R0 Yh oo
td . ] AU h 2 ward wt
steam riABAmeft 8 of RIBNER BN denSiy (8 IndlBbte ot Riiiplocthy the
: a i the vesse|l with the
waste JfGAGE 17 248 ' Rndia " THE 215 o Son Tt Yol esine Wase
Xy ct.s 17 charge (see Figure 2) may optionally
produ%tgs!ﬁg%lpggawn% &'PB?%&% ng action of the actuators
Lar,.to introduction of steam  or upon initial
roooogs), Fheindgali SnedineSpe dursien Neber oHiAdes teHundios as a
. . Seal ed, st gam IS g@aced into the vessel through inlets
stiringsappaAtys Y hoMmpgsnisineat andriexdaie ithe wasieamricallyisngdiorent
. ip the vessel 1. Exanples of systenms used to produce
horizogialy, )t leasionsepeningte laskbans qipcharge wastes(i.gndatches 2
7. gOOOO_84] The vessel 1 is then rotated and the bl ades
and 23, ¢ speqtlg@yk. dheonisat stpucturep at-theuenenirgs-ent@nce ghe input of
rai se portions of the waste products charge 17 from
the wastrepiogetsshare ard therisshargreofitbe dreptedamaite Emeseaitnigtizes
themto fall through the a zone of the steam
also s@i¢te BiaiRiAN the werste inl the icorlyal hotdwontairepion dfithevessehathe
space not occupied by the waste products 17 as seen in
vesselpngybe titted Iy its longitedinabaxisawitls réspecbiothe haszortel pusition for
products 17 shrinks during the processing.
effective waste loading into the vessel by the gravity force. This tilting may also be
used during the processing to level the waste products charge.
[000086] According to the invention, steam inlets are connected to one or more
saturated or superheated steam supply and to a steam receiver. In this way, the
vessel is pressurized and depressurized from one or more openings. Each opening
may be provided with a pressure lock and bidirectional steam flow conduits and
valves. The apparatus may also include an optional steam vacuum pump at each
opening for rapid depressurizing of the vessel. Rotating union valves may also be
included to enable steam flow in- out of the vessel as the vessel is rotating or tilting.

These features are shown schematically in Figures 6 and 7.
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[ 000085] The cylindrically shaped vessel 1 has a
nunber of blades to function as a stirring apparatus

wo o00koewgeni ze heat and circul ate the waste vePCT/U8100§016773
and/or horizontally, and at |east one opening to | oad
and di scharge waste (i.e., hatches 2 and 2a,
respectively). The conical structures at the openings
enhance the input of the waste products charge and the

[ooooaﬁeiSE@Een‘s @bt éﬁéeaﬂarcﬁ@a gloMRAgESendERe SEthBHcH N ©Sar’| SO

to nalntaln e waste in the central horizont al

connecF&gfoot egfa %@tﬂ)’ﬁ%%et%c-[%emﬁé S}o nifertdl Withth iP\)é vekSel

axis wt respect to e hori zont al

is non—@‘ﬂ%n{q éP gS{rlB[l e%fapsﬁifh%%&‘é’@éltsendrﬂ@ﬁﬂap Gxik ”léllﬁgdorﬁﬁdlgﬁ’lﬁﬁﬁén of

ravi I's tilting nay be used

waste .ﬂgﬁgf. g ?,gﬁ%g%cor d@thsv,séﬁeﬁ 183G RA e S

00 rng to e |nven I on, steam

accordgy ”ﬁi@ﬁ%é@@éﬁi’?g Eﬁ% ob B R o2t atel o

toooosh] i e beptel b ﬁ@ﬁﬁﬁ@%ﬁ\&%ﬁﬁ ”*i%i*ﬁf"e%d‘ Ajeqine e
changd pagmpatRie: t%@a& T S AR L
temperpiiie %S%%Qw&%é’é‘%q 5oy cfh%%%ﬁ?qon‘vﬁﬁ?oﬁ%’?fﬁﬁveqﬂ'm”%n

val ves al so i ncl uded_to_enabl e

homoggRUSMpREtiER Bdhe a@saq#e%%&e@lba% Sore %g%?ngv coffioler
tiltin These features are shown schenatlca

may ingluge PAC G MRIREPPIOGSOUERR acsaal GERTHm A xReral e gnbigad
to or independent of the actuator(s) and connected to

sensors Apd previde faedhackieentipd tathe VRESe! rofalion apd dia asliaiors 19
within the vessel is non-uniformy distributed al ong

repositidneandaredistribute thel waste ghargeilaad amrealingd dersefficignt erﬁe%ﬁ'ng
waste in the vessel is attained by rotating the vesse

[000088 I is prefatred dhks thex heated and poessarized vesse! ikratalgd t he
reference to load cell signals. [000088] As the vesse

bidirectiarnaaly eand athe constantrasvariable speecthdepensting on the wastertype. fe

attain homogenous heat transfer during the treatment cycle. As the waste shrinks
due to the pressure and temperature, the volume of the waste charge decreases.
The open space, such as the volume of space 18, increases by shrinkage in the
vessel and serves as a hot region to provide heat treatment to portions of the waste
charge that are raised and allowed to fall through this relatively low density region.
This provides most complete and efficient exposure of the waste to the steam
environment.

[000080] This temperature data may also be used to determine the overall
absorption of energy over time which in turn allows the operator to characterize the

waste products qualitatively (e.g., in terms of overall makeup of organic matter,
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change in tenperature of the waste products charge

over tinme. A plurality of tenperature sensors nay be
waeeewd12wIsend feedback to the control to achi eR&T/US2006/016773

honbgenous tenperature in the vessel. The feedback

control systemand controller may include PLC or

m croprocessors that accept data fromthe tenperature

and | oad sensors and provide f eedback control to the

paper, Y557 B e BT A o A ory
oA St il

rection

compleds BedehbSn T s rfiand piy &Y SRl e RBRE B HELEH e
s kA AR i

ynme of the ste charge decreases. The open space,
througggcs{lgrggtqﬂ,'l@qm Re of space 18, |ncreases by shrinkage

he vessel and serves as a_ hot ion to provide
(000083 A § FRSMTGRE SESAT CHITISaIE GATIEHBIS RIOPSS, FIOBE Maar

are raised and allowed to fall through this relatively
deVelopoWQj@r%‘lol!Ciln“\”é'@ﬂ the. regysied wasie witlsth dgee RRE Of BNosp gaps
efficient exposure of the waste to the steam
or perferalipn® AAyrhe prrvided dothemiades (prgferaklyneardae Bterigcedatween
be used to determ ne the overall absorption of energy
the blades6a i-@dandtheiintetior surface das sedh e.goplades debtapd 16d
characterize the waste products qualitatively (e.qg.
havingi perfosations @hd gaes alelspectively) taollay @‘@rﬁl\@dgmtotremapa@fdhe
etc.) through pre-determ ned data on waste product
bottomcafrtbe vessehasd thenstirting mesichanismeardrthp chanbet keepsrtbe studge
time a given charge of waste products will require to

at the battoph ef thepressels Shigmayhaise bendarenzy using theeymbantiigr ed
and fed back into the control systemto determ ne a

arrangément e infRigures @ss $0nFhapgrfomtioho sihedn auFigost 2 awdylafso
or through a signal to the operator.

be used in the straight blades shown in Figures 8 — 10, and the mounting

arrangement shown in Figures 8 — 10 may also be used with the blade type and

arrangement shown in Figure 2.

[000092] Due to the fact that the amount of sludge would vary depending on the

steam type and quality, superheated, dry steam, may be used in place of

conventional saturated steam to reduce the amount of siudge.

[000093] Also, during rotation of the vessel, the thermocouples determine whether

the waste products charge has developed relatively cold regions, such as through

the make up of the charge itself, or through compaction, that is retarding the rate of

heat transfer to that region. If a relatively cold region is detected, the vessel may be

tilted and/or oscillated by the actuators to redistribute the mass along the length of
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[ 000091] As a result of steam condensation during this
process, sludge may devel op, and to avoid m xing the

W0 e@yated’ waste with the sludge, one or nore ge@EEUS006/016773
perforations may be provided in the bl ades (preferably
near the interface between the bl ades 16a - 16d and
the interior surface 15; see e.g. blades 16b and 16d
havi ng perforations and gaps, respectively) to allow

oe bl NP A SRR
unbal g%g,qge%tctqﬁncgrs?ﬁ%} t;ﬂm{%r‘r?é/o}n B4t ﬁ%' vesn%]' t§ ﬁ%@%triiﬁkfseothg%ass

y us 'ng arrangene
[ - enll B ' ' ' may
atong [edehdlh of e ¥soef B Fay OB Beldh G RSt Sef o 5
- and t yount i ng ar.r [ [ gur.es, 8 -
micront oerRgre ity DBt AR Tl el R i PalaoRs.
rangenent shown .in Figure 2. [000092] Due to the .
rooood]  FHIBAER e, &SR e B 8ot e WaRR P ates S hE AT g
. the steamtype and ality, er heated, dry steam
relativey $VERY ARIBIIRC 3loadhe fenabihobE VesH dlfibg PEAce3s BB et hat
to reduce the anount of sl udge. 00093] Al so, during
the bladss ¢ gRledP raise PREICRS of t'%%‘éla%ﬁé}’ ﬁ[’Fglfg%ﬁl' ge fdt&r i ne
whet her_t he waste products charge has devel oped
substanéialiyt yritormivedistabriedi alorg thelength of thervesgel. aRd taallew tese
_of the charge itself, or throu%Q conpaction, that is
portionsdpslegrenrd thieughsd eclativahelew density zene eigatashand egirdained f
a relatively cold region is detected, the vessel nay
along the lengthof thentieaimeps volumgrdhayyesseb actuators to
redi stribute the mass along the |ength ofthe vessel.
[000094] sthe tilting hiyobpeint istriieferabiy locpted Rl thescartiar efegravityetowi se
becones unbal anced, the actuators may tilt and/or
balancedbeé Weight af herizarndal glosttionragdits indlibeithe vdseehatsa adjosigble
the length of the vessel. This may be done through PLC
bidirectionalraviglecresative taiits hopzartalgmsitonobiechanica linear actuators,
conjunction with the thernocoupl es and actuators.
chain systems, hydraulic actuators, pinion rack systems, and scissors systems, etc.
are types of mechanisms that may be used in providing the tilting movement.
[000096] This system therefore prevents and dynamically rectifies unbalanced loads
and any other sources of localized compaction of the waste products charge, and
allows efficient treatment of the waste products charge by creating and maintaining a
low density zone through which individual portions of the waste products charge are
passed with increased efficiency and without compaction of portions of the waste
products charge as occurs in other treatment vessel systems with active transport
systems or vessels that permit portions of the waste products charge to remain

compressed or in a state of hon-uniform distribution.
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[ 000094] Through the action of the actuators, the

wast e charge can be naintained relatively evenly
wale@bnetsat ed al ong the length of the vessel duPCTysS2006/016773

processing, so that the bl ades are able to raise

portions of the waste products charge that are

substantially uniformy distributed along the Iength

of the vessel, and to allow those portions to descend

ooooski e HTk Sob Gl R0 il e B g
oSl LB P S
o S ol 5 o R 5 b
scope e e 'Irﬁféﬁfl?ﬁ s he Sty o e daimeon

rack systenms, and scissors systens, etc. are types of
below.nmechani sns that may be used in providing the tilting
movenent. [000096] This systemtherefore prevents and -
dynam cally rectifies unbal anced | oads and any ot her
sources of localized conpaction of the waste products
charge, and allows efficient treatnent of the waste
products charge by creating and maintaining a | ow
density zone through which individual portions of the
wast e products charge are passed with increased
efficiency and w thout conpaction of portions of the
wast e products charge as occurs in other treatnent
vessel systens with active transport systens or
vessels that permt portions of the waste products
charge to remain conpressed or in a state of
non-uni formdi stribution.[000097] It is apparent that
whil e specific enbodi nents of the invention is
di scl osed, various nodifications of the apparatus or
paranmeters of the process may be nade which will be
within the spirit and scope of the invention.
Therefore the spirit and scope of the present
i nvention should be determ ned by reference to the
cl ai ns
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bel ow. What is clained is: Apparatus with Straight

bl ades and Ti p-Leveling Actuator 1. An apparatus for
W@e@6As®ITg sol i d waste products, said appar at BGT/US2006/016773

conprising: a rotatably nounted cylindrical vesse

having a first end, a second end and an interior

surface, at least one end termnating in a hatch that

may be opened to all ow access to the interior of said

What ;é%'f&gﬁ,ledqu seal ably closed to allow pressurization of
sald vessel; a steaminlet for injecting steaminto at

Appara8id St ight 92065 SRt Pin-1vBling Abfubibrof substantial |y
—E‘)——s‘%—a &5 Brotrut g "“fllrtﬂom sald interior surface

1. An Qﬁb%a??iu‘g ¥ a‘?'%%s r?d“golﬁie\ﬁgbt? gngtl.ﬁ{sg‘gﬁldgdbg)%\féeigg g?mprising:

ant i e entire S SO as

T S o e
mteno??lgrfé(% g?l%'agp?ﬁc? nd\'f’e?hﬁ?aggéfﬁ é?xlatéhotpg%E}I Bg leléﬁeg % E\f&m/

d ves one actuato

acoes§ b feeSt b ERheTaBfReeafl cisgldd Jud S0 ERRE

id salg second end is higher than said first end. 2. An
Sald Va¥iFar at us according to claim1 wherein said plurality

t, t I t, d bstanti al |
» s AR e o AT ]S S0l
a pnuré?a'%x,8§$qqs?ér§%ll@%%%égtﬁ%g%a"ef%gw@g349%‘“%@(5%@"% jurface of said
confi gured such that adjacent pairs of til ades .co verge
vessel, 3iid each saiddhliade exigadipg s%a'«tanteﬁélyém entye lepgth 5h gpigvggsel

accor di nt]:] to claiml1l wherein said plurality of
s0 as e eapabiePf tfargpodingiwvaste material from the bottom of said vessel

toward the top of said vessel, and releasing the waste material to fall to the bottom of
said vessel; and

at least one actuator for moving said vessel between a position wherein said first end
is higher than said second end and a position wherein said second end is higher
than said first end.

2. An apparatus according to claim 1 wherein said plurality of substantially straight
blades are substantially paraliel to the longitudinal axis of said vessel.

3. An apparatus according to claim 1 wherein said plurality of substantially straight
blades are configured such that adjacent pairs of blades converge toward opposite
ends of said vessel.

4. An apparatus according to claim 1 wherein said plurality of substantially straight

blades are twisted such that ends of adjacent pairs of blades that converge are
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bl ades are twi sted such that ends of adjacent pairs of

bl ades that converge aretw sted away from one anot her
wobkicba2eptds of adj acent bl ades that diverge arBCTVMAENE06773

toward fromone another. 5. An apparatus according to

claim1 wherein said blades are provided with

perforations. 6. An apparatus according to claim1l

wherein said bl ades are nounted so as to provide a

twisteBRAGSY fR6Hh PRt vm.@%as af adjaeéﬁi Bl Vﬁth&fdlwgteaﬁg

An apparatus according to claim1 wherein s

Mlstehqa\%m‘)ﬁ@m%%{o rconprises a palr of mechani cal

screw actuators sposed respectively on eit her si de

5. An %&vgéﬁ%@éﬁ@r&i% El§|m Q‘?Mfe?ém%falcﬁ Ged/5% })Vldé

aratus according to |t on y con'pr sing
perforla?iarqs, sensors adapted to sense the |oad on either side
e gravitational center of said vessel. 9. An

6. An BRI Sody 'ﬂé% Bt B TR SR Rl o
PLC
provih BpaihetiRRD SaEr wals A A HSEF I Beeg s s as <o
7. An SRR Scgviing ada%aa%ranaaawﬁaﬁaawnp SRbtg pomprises o
i of e o 3P RE HeSLS L epab e Sk s AALEE
at ar at us ac ording to claim1 additionally
gra"'@@ﬁﬁl%nﬁgoﬁsﬁi@u??’r 8ty of therrmcoupl es di sposed al ong
the length of said vessel par at us accor di nfg
8. An @Bpéﬂaﬁﬁﬁ%@f ¢aate claiml I%?’dt@'eﬁﬁw @qm@ﬂsmgﬁoaﬁ §59%§§§'@P ed to
or PLC controller associated with said plurality of

sense; e east e pittesy, sidapithaidsa iptional sepier of sail geesdht r ol | er

havi ng progranmmi ng instructions adapted to calcul ate
9. An gpparg ording to claim 6 additionally comprising a microprocessor or

PLC controller associated with said load sensors, said microprocessor or PL.C
controfler having programming instructions so as to determine the load on each of
said at least one actuator and adapted to signal said at least one actuator in
response to changes in the distribution of a charge of waste products contained in
said vessel.

10. An apparatus according to claim 1 additionally comprising a plurality of
thermocouples disposed along the length of said vessel.

11. An apparatus according to claim 10 additionally comprising a microprocessor or
PLC controller associated with said plurality of thermocouples, said microprocessor
or PLC controller having programming instructions adapted to calculate the amount
of energy absorbed by a charge of waste products contained in said vessel over

time.
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of energy absorbed by a charge of waste products

contained in said vessel over tine.12. An apparatus
wa@eweofelieny to claim 1l additional ly conprisi ngPCDES2006/016773

sensors associated with said at | east one actuator,

said | oad sensors adapted to determ ne the nass of a

charge of waste products contained in said vessel, and

a m croprocessor or PLC controller having programmi ng

instructions so as to determ ne the energy absorption

per mass of a charge of waste products contained in

12. AﬁaFFaMﬁ%S@icor dikdg foelah 1TEaGé\|'tlbrﬁwly\&mpﬁlsId§;\46‘a\d sBRsdrs ee
through Low Density Zone 13. A method of

assodited WihisAl §abhst oedctudtondbialicad Serdoreadfited @a/aétarrame
central longitudinal axis, conprising: |oading the

the m¥§§§f3é cMbrgB oF viRee ﬁ%dgsts%emaméaaﬁ tsﬁldWééngC Eﬁd al ong the

bottom of "sai d vesse the vessel having a plurality
t aid
microffocBstT of EI Gantrolef Rl pRRImIRhER f“%zﬁs%{ﬂ@d;
deterfHe AR RGO Y rfndsn o Bnal oS pRRARR Sontained
msal&@é& Yessel rotating said vessel so as to cause said

harge of SO|Id vvaste products to be noved fromthe
vessel

13 Agresﬁ@&ﬂ%rops%“@q‘?@fd \g%?t 8@@@@% aﬁ?%%éwia“@i’é il
t he vessel and unl oading the processed

|0n9“&§5@§£§#&bﬁ#ﬁ%w& 14. A nmethod according to claim 13
loading tﬁe vesse wit?\ ey Eﬁaer('e of gohrdovtvgsftg %ralgucps a%ng’ th%stt)o otn|1 gl’ said
vessel, the vessel having a plurality of substantially straight blades extending from
said interior surface of said vessel and each said blade extending substantially the
entire length of said vessel;

sealing the vessel;

introducing steam into said vessel;

rotating said vessel so as to cause said charge of solid waste products to be moved
from the bottom of said vessel to toward the top of said vessel and allowed to fall
through said vessel so as to maintain a low density region of waste substantially
along the length of said vessel; and

thereafter depressurizing the vessel and unloading the processed waste therefrom.
14. A method according to claim 13 wherein said vessel is rotated without substantial
compression of said charge of solid waste products along a direction parallel to said

central longitudinal axis.
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conpression of said charge of solid waste products
along a direction parallel to said centra

wo eovgiteisdi nal axi s. 15. A method accordi ng to cpPei/ms286/016773
wherein said charge of solid waste products is
actively leveled while said vessel is being rotated.
16. A nethod according to claim 13 wherein said solid
wast e products are transported back and forth along a

1. A&}ﬁf %téc‘?;'& ?A&rﬁmemr&n &Rl Ogé gf'}%ug%sﬂ%‘h@ﬁbé is

e sal sse being rotate

acivef TR 10 Sof gy C ol ¢ et
16. A biRacssRidl, dapt T AEERE Sae ¥t RBRdlOs s i g
transptpﬁrﬁ bARR el MEPLd o ePucH BRI B 3HREREA! FRaRif v

. ordrn cl 13 additionally conprising
whrle ¥8§§%3§ {"F{Qgﬁ‘%@dm stribution of sai d charge of

soI I d wast uct s_and rreas rin ener absorb
17. A RS ORIRG 10 IR 37 MICIRG PRI SCDH YRl BiRRhEieals froved
vessel is rotatln and the time re
from the BORRIRO! SEICHESRANE ARATALR [ap AUBARLVERSSHAR Il Abin 2
anount of energy absorbed by said charge of solid
series\Qf gissreat porians. over tine. 20. A nethod according to
claim18 aqldrtron_all conpri sj hal ti ng the treatnment
18. A wethasl arcerding & @Jam@,é wiegin said pﬁg@ﬁ’ﬂdﬁ supgrheated steam ne
determned to be required to treat said charge of
introdasidi ig puisssdntorsaitlivassef.r om t he anount of ener gy

absorbed by said charge of solid waste products over
19. A methad according to claim 13 additionally comprising measuring the mass

distribution of said charge of solid waste products and measuring the energy
absorbed by said charge of solid waste products while said vessel is rotating, and
determining the time required to treat said charge of solid waste products from the
amount of energy absorbed by said charge of solid waste products over time.

20. A method according to claim 18 additionally comprising halting the treatment of
said charge of solid waste products after the time determined to be required to treat
said charge of solid waste products from the amount of energy absorbed by said

charge of solid waste products over time.
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