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products suitable for recycling and/or disposal in an environmentally safe manner. All of

the above relate to the removal, capture, and treatment of air pollutants contained in the

treated materials, such as volatile organic compounds (VOC’s), to render them harmless to

the environment

Fossil carbonaceous materials are finite natural resources, and these materials are
rapidly being consumed. The world is also facing many environmentally significant
problems associated with the depletion of such fossil materials, particularly petroleum, for
the production of energy and petrochemicals. A variety of solid, liquid, and volatile
organic compounds associated with petroleum extraction, transport, refining, and
manufacturing operations have been and are continuing to be released into the
environment. However, the release of carbon dioxide into the atmosphere during the

burning of fossil fuels is the most significant environmental factor.

The use of fossil fuels has added tremendous quantities of carbon dioxide and

organic chemicals to the atmosphere. Since this carbon dioxide is being released from
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plastics, gl aggoiREAlifonnieARd c¥R3heRcind Mliay & Ehrth¥8 BieSitodudiBn GRA ishesmi C
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and vol URBlume of unused and discarded waste. The diverse pulp and paper materials contained in

MSW would also provide a significant quantity of renewable biomass that can replace

fossilized combustion fuels and chemical feedstocks. The ability to reduce the volume,

decontaminate, and sterilize biohazardous wastes allows environmentally safe recycling

and/or disposal of such materials.

MSW includes, but is not limited to, cellulosic and noncellulosic materials such as
office wastes, business wastes, institutional wastes, industrial wastes, residential wastes,
diverse pulp and paper materials, inks, glues, plastics, glass, metals, food wastes, and yard
wastes. The cellulosic components (e.g., diverse pulp and paper materials) account for a
relatively large portion of MSW by weight, and particularly by volume. Therefore, there
is a particular need to recycle and utilize  the cellulosic components to reduce the

amount of MSW disposal, both by weight and volume.
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yard wastes, and food wastes) and even chemcally altered biomass (e.qg.,
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than either mass-burn or RDF incineration facilities.

Some attempts have also been made to cap and recover the gases from MSW
landfills for energy production. Landfill gas recovery and use reduces the emission of
greenhouse gases that would otherwise be emitted to the atmosphere, particularly VOC’s
from household and industrial chemicals contained in MSW and the methane and carbon
dioxide from the anaerobic digestion of the putresible materials in MSW buried in

landfills.

Carbon dioxide from the incineration of chemically unaltered biomass (e.g., wood,
yard wastes, and food wastes) and even chemically altered biomass (e.g., diverse pulp and
paper materials, leather, rubber, and some other polymers of plants) does not result in a net
increase in the concentration of carbon dioxide in the atmosphere, unlike fossilized

biomass. The recent biomass, as opposed to fossil biomass, is renewable, since growing



increase in the concentration of carbon dioxide in the atnosphere, unlike
fossilized biomss. The recent bionass, as opposed to fossil bionass, is
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sufficient carbon dioxide into new bionass to essentially recycle the

at nospheric carbon di oxi de produced by their eventual decay or conbustion.
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societies. Therefore, if plant biomass is to be effectively used, it nust

be rapidly degraded. Wody biomass is a hard substance that provides few
poi nts of ent Myorder to hetebie todh By uelnzymesyabtaplantdriobes as@ replasement &8s to t he

conposi t I ecul es. The I and paper .industry has.alre devi sed ways
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and environmentally safe means to break down plant biomass to its basic substituents, but

the process is too slow to meet the demand for raw materials in industrialized societies.

Therefore, if plant biomass is to be effectively used, it must be rapidly degraded.

Woody biomass is a hard substance that provides few points of entry for
chemicals, enzymes and microbes to gain access to the composite molecules. The pulp
and paper industry has already devised ways to at least partially break down the structure
of woody biomass through mechanical size reduction and chemical treatments, but the
desired end products of this industry must retain a fibrous consistency with tensile strength
and rigidity. Additional treatments are necessary to transform these diverse pulp and
paper materials into a homogenous cellulosic product suitable for inclusion in various
composite materials, such as fiberboard, concrete aggregate, plastic lumber, etc. and
drilling fluids, or for the final breakdown of the composite molecules into other useful

products, such as liquid and gaseous fuels, chemicals and fertilizers.



conposite materials, such as fiberboard, concrete aggregate, plastic

| umber, etc. and drilling fluids, or for the final breakdown of the
conposi t ewpwBeslies i nto other useful products, such as IPCquaisdy/sigd gaseous
fuels, chemcals and fertilizers. 4 WD 03/035970 PCT/US01/ 50049 The
princi pal and nost abundant type of organic material of plant biomass is
the structural conponent called |ignocellulose. This material is conposed
nostly of three distinct biopolyners: cellul ose, hem cellul ose, and
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the pul p per f.or varied us s have relled
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process, the dry fluff is used as RDF for direct combustion to produce energy.

Another so-called “wet” method utilizes a device called a hydropulper, which is
the equivalent of a large kitchen blender, to shred such materials suspended in a large
volume of water. This is a popular method used by the pulp and paper industry to reduce
the particle size of such material so that it may be recycled into the manufacture of new

pulp and paper products.

These methods do yield pulp and paper products of a fairly uniform size, but none
of these methods is intended to, nor do they, alter the physical and chemical structure of
the basic lignocellulose component of the pulp and paper materials to facilitate their
inclusion in composite materials and drilling fluids or the intercalation of chemicals,
enzymes, or microbes into the structure to bring about a more efficient and complete

breakdown of the polymeric molecules comprising the fibrous materials.



inclusion in conposite materials and drilling fluids or the intercal ation
of chem cals, enzynes, or mcrobes into the structure to bring about a
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conprising the fibrous materials. 5 WD 03/035970 PCT/ US01/ 50049

Bi ohazardous wastes, such as |aboratory and nedi cal wastes, also contain
significant quantities of diverse pulp and paper materials comm ngled with
a variety of other conmponents, including food, plastics, glass, textiles,
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sterility, ichis .pLOS. 5 kPa pressure wth saturated steam (1Z21C) for 15
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by regul ator engi e nore.rigorous steamtreatnent (e.q... higher
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assurance of adequate treatnment prior to landfilling in a t]ﬁl ca,!gbsanltary
(2228

| andfi || follsvedrbyilargfill disppsalopjsewitary angfills. h Sughsferplizaban isstypisa

i nproved pr.ocesses fQ r rm i terials into
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conditions for sterility, which is 103.5 kPa pressure with saturated steam (121°C) for 15

minutes without agitation. Although this procedure has been deemed adequate by
regulatory agencies, more rigorous steam treatment (e.g., higher pressure and temperature
for longer time periods with agitation of the wastes to achieve a more uniform heat
transfer) would provide greater assurance of adequate treatment prior to landfilling in a

typical sanitary landfill.

Accordingly, one objective of the invention is to provide improved processes for

transforming diverse pulp and paper materials into a homogeneous cellulosic product.

Another objective of the invention is to provide processes for the volume reduction
of the diverse pulp and paper materials and of other components, such as plastics,
contained in commingled wastes, such as MSW and biohazardous wastes, which

facilitates the separation, recovery, and recycling of a variety of components contained in
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bi ohazardous wastes, which facilitates the separation, recovery, and
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SUMMARY OF THE INVENTION

The present invention is a method for treating diverse pulp and paper materials
from waste paper and commingled wastes containing such materials, including MSW and
biohazardous wastes, to produce a homogenous cellulosic product that can be used without
further modification as a solid combustion fuel, refined into additives for inclusion into
composite materials and drilling fluids, or converted into other solid, liquid, or gaseous
fuels, chemicals, fertilizers and other useful products. More specifically, the homogenous
cellulosic product derived using the present invention is concerned not only with depletion
rates of the finite sources of fossilized biomass materials and reduction of the generation of
excess carbon dioxide and organic chemicals released from the burning or consumption of
such fossil materials, but also with the reduction in the volume of unused and discarded

MSW and biohazardous wastes. Various aspects of the present invention provide methods
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The most abundant and cheapest sources of diverse pulp and paper materials are
waste paper and MSW, with MSW often containing 50% or more pulp and paper materials,
both by weight and volume. While this invention is primarily designed for using waste
paper, it is also capable of utilizing MSW and biohazardous wastes as a source of diverse
pulp and paper materials for transformation into a homogenous cellulosic product to be
used as a solid combustion fuel, as an additive for composite materials and drilling fluids,
and for the chemical, enzymatic, and microbial conversions into fuels, chemicals, and/or

fertilizers.

The present invention thus contemplates a method of transforming diverse pulp and
paper materials, including wastes containing such materials, into a homogenous cellulosic
product that is an ideal additive for inclusion in composite materials and drilling fluids and
an ideal feedstock for chemical, biological, and/or thermal conversion to yield a variety of

fuels, chemicals, fertilizers, and/or energy.



paper materials, including wastes containing such materials, into a
honmogenous cellulosic product that is an ideal additive for inclusion in
conposi t ewpaB@sival s and drilling fluids and an ideal feedsrask/fono

chem cal, biological, and/or thermal conversion to yield a variety of
fuels, chemcals, fertilizers, and/or energy. 8 WO 03/035970 PCT/ US01/ 50049
Di verse pul p and paper materials are abundant, cheap, and renewabl e

mat eri al s made from woody bi omass that have al ready undergone extensive
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enbodi nmen e present I nventio I ncl udes t OW ng Steps: (a)
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steaminto the vessel while agitati the materials; ur.ging gases
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vessel i thepnedwnrienl degimposition. sat urating the materials with steam at

sufficient t e rtr%%ls%nemation process, according to one embodiment of the present invention,

includes the following steps:

(a) feeding diverse pulp and paper materials into a vessel;

(b) introducing steam into the vessel while agitating the
materials;

(c) purging gases from the vessel while agitating the materials;

(d) capturing said gases and treating the gases to render any
volatile air pollutants present in the gases harmless to the
environment;

(e) sealing the vessel so that the vessel is pressure tight;

® saturating the materials with steam at sufficient temperature
and pressure to expand the physical and chemical structure
of the materials;

(2) depressurizing the vessel to further enhance the physical and
chemical expansion of the materials; and

(h) discharging the processed products from the vessel.



and pressure to expand the physical and chem cal structure of the
materials; (g) depressurizing the vessel to further enhance the physical
and chemvoaB/oedpansi on of the materials; and (h) dischar@cagsohsoopr ocessed
products fromthe vessel. 9 WD 03/035970 PCT/ US01/ 50049 The process of
the present invention is environnentally conscious, in that it allows any
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present i.nventiaon n_al ter jve transformation process according to the
pr esent f‘?ﬁ} %eff’&ﬂ(? oﬁ‘gﬁlﬁsreltf@ Eg&LlCKSé foll owi ng steps: (a) feeding diverse pulp

and paper materials into a vessel; (b) sealing the vessel so that the
vessel is pressure tight; (c) injecti n(t;_ steaminto the vessel while

agi tating t heAserdinelys ong ghicstnfithepressyt fyention 18 fo HnRroys the nanagement agd

t enper at ks g : glre in
t he rangg&gﬁphg%éﬁ& 6%?5%5%{390%1 ggggglt}%tﬂ%go&%ggp? g{e{a%%%é@ﬂgg%ﬁ&a?ggﬁ and
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would be emitted during the transformation process of the present invention.

An alternative transformation process according to the present invention, comprises
the following steps:

(a) feeding diverse pulp and paper materials into a vessel;

(b) sealing the vessel so that the vessel is pressure tight;

(©) injecting steam into the vessel while agitating the products;

(d) saturating the materials with steam at a temperature in the range of
about 140°C to about 160°C and at a pressure in the range of about
275 kPa to about 450 kPa to expand the physical and chemical
structure of the materials;

(e) depressurizing the vessel to further enhance the physical and
chemical expansion of the materials;

§3) capturing any gases released during said depressurization and treating
said gases to render any volatile organic compounds and any other air
pollutants present in the gases harmless to the envifonment; and

(2) discharging the processed products from the vessel.
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(e) depressurizing the vessel to further enhance the physical and chem cal
expansion of the materials; (f) capturing any gases rel eased during said
depr essurwpasioase’and treating said gases to render any vecCatisbesmagani c
conpounds and any other air pollutants present in the gases harmess to
the environnment; and (g) discharging the processed products fromthe
vessel. 10 WO 03/035970 PCT/ US01/ 50049 Like the previous process, this
process may further include the step of purging gases fromthe vessel for
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step cangi¥s figgethe Vel BRI sBreceAsPRT 2 qltRd aboyeat ?%tvaﬁerdugag FFtRIAESS at

hi gher t ) T t I ’ togall rRirdi stes
gﬂ&%%fayatiﬁﬁess %i’“ghﬁ%ﬁb Quch TRAYIR G 4R Hniflp P il p%r%ﬁg_ t%%u@

bei ng processe yie genous celtulosic eedstock W a nore
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d b d to. d f th '
Cooking 1 he. prbfie BosaitcERoERaE | Rt San Bt oc R hf bRk
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captured, an I'n any devices pur poses are wn in
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preferably the discharging step includes the step of.screeni di schar ged
pr oduct s 233ehREOLIGERPRINE AR PTadids, aaf gonfesa te A6 TR G ¥t @AY ng

these | @(?IQ% s%h‘ﬁ%e\ﬁb@ | dnH) @ Bitfer ?&ﬁgé{ﬁé that ReJoBERLACaSedpdrAfurds'aBHRS OF mat i on
process. It 1Is also esirable to separate any renai ni ng noncel | ul osic
conponent 80°Ck ofh¢ baptareloff nbmkensabpr amduwnsondensable components during the

depressurizing step aids in cooling and drying the processed products. The VOC’s and

other air pollutants may be collected, captured, and treated in any devices for such

purposes that are known in the art, such as thermal oxidizers, adsorbents, etc.

If starting with MSW, preferably the discharging step includes the step of screening
discharged products, thus separating larger sized cellulosic products and returning these
larger sized cellulosic products to a second similar transformation process. It is also
desirable to separate any remaining noncellulosic components from the cellulosic products
by any suitable process, including screening, ferro-magnets, eddy currents, air
classification, etc. If starting with biohazardous wastes containing needles, scalpels, etc.,
termed “‘sharps”, preferably the cellulosic product containing said sharps would be
subjected to a fine grinding device to render said sharps harmless prior to using the
cellulosic product containing said sharps for any subsequent use that may require facility

workers to come in direct contact with said product.
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by any suitabl e process, including screening, ferro-magnets, eddy currents,
air classification, etc. If starting with bi ohazardous wastes contai ni ng
needl es, woaBpad93) etc., terned "sharps", preferably thePcalusol/s®ie
product containing said sharps would be subjected to a fine grinding
device to render said sharps harm ess prior to using the cellulosic
product cont ainj i ire
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03/ 03597 freizl WiBhds/coOfding Hiverse pukprantl peperahdtenalnsd nadepatmyesse a plurality

of process vessels, .each capable of  treating wastes tai nj di verse
pul p and "PEsEINSiefa (e rePbClbecrmtss o & e BiCibeCicits e,
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any two of” said vessels and to facilitate the transfer of the
depr essuifiori any pressarnzed vessal émgnyprthersigssel bat hasdsen prepargd yorohppurgigssien t hat

has been epared f the purgin te of ~the pr Ss...Th the ..

depr essuP?glﬁth%‘}?s%t ié?ﬁ (r'i}fe (gel% 5‘3%5@?11 %ﬁ%/mggoﬁes‘éet%sgg& f:bceour?ﬁ#l?ds%cco 1elShpur gi ng
step of @wpw@EiRgktephbf bEotbetiéfahé phirdity ¥£6Eedls. Thberahsfans(fiagh plesdurgh
pressure steam and heat froma pressurized vessel into a vessel containing
wast es asteamiiingd heatdrom apesspaizat yeschintp ayesd sAetainingvases Atambit agn| v
conserve , - Ld 1 i .zat] - ressurized
Vossel . SrRgh qrldhm FpReil Bkt BLEh iy OFREREE dherk P RIeB ek C08!

pr essur e demrsssahizativa ofalsd mressufizabvndsssitke niess of thiervgatérivapomingssstean
differential that pronotes the flow of stea fromtg.e hi gher pressure
vessel t §nteHBe thedeyer RfF%E?u‘feése\]/é%‘g‘é(P?tesr‘ﬁicgn(gPFeé’efeSP IngdAB A PRSSSEA to t hose
skilled 'dﬁféré}ﬁ%a@ﬁfat prdtdtdsQhd NEw ot sle@nrond RETIRARS phddsHOWELERI RBower
condensati on of a gaseous vapor. The processed products froma plurality of
process yessat seissl. dTkis kffegasiwkl dnvwa ththosd skslidddn viesart|due amthe@driobled to a
comon sggar ati.on systemfor, re Overrfré of various non- cellulosic conmponents
for recy FSTREFeih ValHe PR corlensalion Sf B SAIFSUS VAN ul osi ¢ product (when NBW
or bi ohazardous wastes are processed). Larger sized cellul osic conponents
are al so separated and recovered to be processed a second tinme to conplete
the desired {lhapsicessadprasincts frosor dlungity of pieecss vesselstis fischasgaddropeadh des a
process g

se;[icrl %stsglg rarqgi Q(%lv%iyc\a/ trosaecogxlljnllgn separation system for recovery of various non-
cellulosic components for recycling in addition to the homogenous cellulosic product
(when MSW or biohazardous wastes are processed). Larger sized cellulosic components
are also separated and recovered to be processed a second time to complete the desired

transformation.

Accordingly, the present invention provides a process of transforming diverse pulp
and paper materials into a homogenous cellulosic product which provides a renewable
substitute combustion fuel that can reduce the dependency upon fossil fuel materials and
correspondingly reduces carbon dioxide production from the combustion of fossil fuel
materials; provides a means of reducing the quantity of unused and discarded wastes; and
provides a means to capture volatile organic compounds and other environmentally

damaging gases from wastes.
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and paper materials into a honogenous cellul osic product which provides a
renewabl e substitute conbustion fuel that can reduce the dependency upon
fossil fuwboams®dre als and correspondi ngly reduces car bonPdirasods049
production fromthe conbustion of fossil fuel materials; provides a neans
of reducing the quantity of unused and di scarded wastes; and provides a
means to capture volatile organi c conpounds and other environnental ly
damagi ng gases fromwastes. 12 WO 03/035970 PCT/ USO1/ 50049 BRI EF

DESCRI PTI ON OF THE DRAVBRGZF BEGCRIPTEONM OFcHERIRAWINGS of a process vessel
used in accordance with the present invention; Fig. 2 is a partial,
cross-sectional viewof Fig. 1 taken along line 2-2; Fig. 3is a schematic
view of the processgyespgla @héBaticatew Bf @ pfdckdd Vegsel D& ihiaBEbrddnics with the a
schematic view of the process vessel oriented in a discharging position;
and Fig. 5 is mesehowvefzont i n accordance with one enbodi ment of the present
i nvention. DETAI LED DESCRI PTI ON The nethod for treating diverse pulp and
paper materials and wastes containing such materials for producing a
honogenous cel | ul osFig. @ Bdysiktidlhabsscreridial visabfFegnenahkean alovg linead?y; known
sui tabl e vessels. However, by way of exanple, the discussion regarding the
nmet hod of the present invention will be related to the process vessel as
shown in Fig. 1. . S j s 4 : |y

desi gnated 10, incf€1é29ﬁqﬁ% ?ﬁ%??%évO%E%J£§ﬁ§§§%$§ﬁ?%ﬁ%dé g?@‘ end 14,
except for a eesitioml | y di sposed penetration port 16, which 1is connected to
a rotary union 18 for steaminjection and/ or depressurization. The

opposite end 20 of the vessel 10 includes a doorway 22 for introduction of
the materials to b prpEeseRenQel REMEISREs YaAEQrRhtedn a@ﬁ@hefrgi'hg

di scharge of the proCessed products. The “doorway opening 22 may be 't he
sane di anet er m@sittohgarsy| i ndri cal housing 12.

Fig. 5 is a flow chart in accordance with one embodiment of the present

invention.

DETAILED DESCRIPTION

The method for treating diverse pulp and paper materials and wastes containing
such materials for producing a homogenous cellulosic product that can be used generally
with any known suitable vessels. However, by way of example, the discussion regarding
the method of the present invention will be related to the process vessel as shown in Fig. 1.
As shown in Fig. 1, the process vessel, generally designated 10, includes a cylindrical
housing 12 with a closed end 14, except for a centrally disposed penetration port 16, which
is connected to a rotary union 18 for steam injection and/or depressurization. The
opposite end 20 of the vessel 10 includes a doorway 22 for introduction of the materials to
be processed into the vessel interior 24, and for discharge of the processed products. The
doorway opening 22 may be the same diameter as the cylindrical housing 12.

Alternatively, the cylindrical housing 12 may be tapered to a smaller diameter 26 for large
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Alternatively, the cylindrical housing 12 may be tapered to a snaller
dianeter 26 for large 13 WO 03/035970 PCT/ US01/50049 di aneter vessels for
econoni cawoand3ivechani cal reasons related to the door clo®arasansho4mei ght
thereof. The door 28 is preferably conpletely detachable fromthe vessel 10
to allowfree rotation of the vessel 10 about its horizontal axis (line

2-2) in glthes v@ssg g& gﬁ&?ncgf &Qéh@hféﬁrx%%s%ﬁ&‘%@@dﬂi&@g&bP&osu?éInﬂier wi th

t he door attac osed as gener al shown 1 n or wmth the
door 28 opipht thetkofletThe dedr 181mtpresfhmh&y)conimeﬁe1¢@iatacﬁﬂ)le frnml uhd @sssal Ketoond
shown,

penetration port 30 his con ecIed ro (n

but sim P]i‘? E’Ge i@ﬁ‘thrb‘?fltﬁ?]éesé?}gloﬁ?’%t1 Oélz%tﬁ{ a"\}%lil\?gtz Al eéthg\ﬂf’)locqgfﬂée vessel
10 i ncl uges cAherQISkwRESRREHISn, "fthedkitly Ble\dof @@ﬁtta%h@d’\ﬁﬁd c1O8ed QéRerhily Fi 9. 2,
the vessel interior 24 is preferably egw pped with two or nore hell cal

fl1ights SwhatFigr dvarveié thhdoent§ openland detachsd (tlhteshvwgbeﬂ"hﬁ(domﬁﬁ:l udi ng the
cl osed end, 14 a he ta ere prese nunher noft fl |Ights is

d
Geterm nouRe » ROpa BEadBRSH Bire SNt i alsa RofkERa1n 4 5Dy R 0Bt st e

posi ti onggh @AUCtbIBRMr the KMRACIT 20keEValé @iabshow)e THerveusdl €0 aittiRleobn t he
vessel interior 24, for exanple, two flights would be 180 apart, four

fights mmrdor@ﬁéu@rrphﬁg/@h/es(g@twhpwm a single fight is 90 apart from an
adj acent flight. The flights are attached to the interior walls of the
cylindrical housing 12, the closed end 14, and the tapered end 26 (if
present) and weuheéwi &dF@t e, tianagssk] tdteridrdi iz prifahblgpegsipped with 2wo 2y mofde

opti mum hei ght of the fl ghtsfromthe Il to 8the horj zontal axis and
the frebelisabilights 34thatdmveme thy Gibige lceﬁéthv%ﬂtﬁ‘ﬁs%\fﬁ d d@?lélflﬁgﬁé‘ad@?%ietn cally.
Dependi ngl} M4 {hrég er&Ha P [f prdent y*l‘h@ﬁiﬁﬂlﬁélof tﬂ%ﬁé QY etfmirth thﬁéBasis"iﬁ”

equal |y di spose spargl ng’ l'ines (not shown) be attached to the
i nteri or thealebsebiatriveer cankditheifi glaa wob ol e pvgxtrbﬁeabcqladilsmnhﬁwm\ﬁaclyothemomed to

the exterior wall of the c rlc ou5|n pen ns into the
|t ert or hegiretmtarptre e Rl Ao 24 o Tonbley S preblsene Pk ARt

inj ected fdlﬂtf@hisfwodldma@afrﬁ{ e@EucH M8t Mﬁlg% fightlid 90<T aﬁnsmﬁghrag abérﬂ@ﬁ%‘}ﬁom d be
parallel to the horizontal” axis or alternatively onbined with the helica

f1i ghti nghe Rghtsaroattagthhé to @em@mmwﬂs@f\ﬁhﬁnﬁnémaéﬂloumng b2 th%ﬁaﬁf@qiilé l i nes

;? eg{ ovi ?2 dq{{'e t\égergg (Y 26 {1 Srrenseln %twoqu P A Eowar Solf'{zgntgd ax1§ {h%th' al is

2). The optimum height of the flights from the wall toward the horizontal axis and the
frequency of the spiral along the length are determined empirically. Depending on the
length of the cylindrical housing 12, at least two equally disposed sparging lines (not
shown) may be attached to the interior wall of the cylindrical housing 12 or alternatively,
attached to the exterior wall of the cylindrical housing 12 with penetrations into the interior
24 of the cylindrical housing 12 through which steam may be injected into the interior of
the housing 12. The sparging lines could be parallel to the horizontal axis or alternatively
combined with the helical flighting. Holes or other penetrations would exist in the

sparging lines to provide high velocity steam injection when the pressure differential is

great.

The vessel 10 is mounted in a frame, generally designated 33, that allows rotation
of the vessel in either a clockwise or counter-clockwise direction about its horizontal axis

(line 2-2). The frame is capable of being pivoted to allow the door end 20 of the vessel 10
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The vessel 10 is nounted in a franme, generally designated 33, that allows
rotation of the vessel in either a clockw se or counter-clockw se

di recti orwewewssdre s hori zontal axis (line 2-2). The frameCraSoapmid e of
being pivoted to allow the door end 20 of the vessel 10 14 WD 03/035970
PCT/ US01/ 50049 to be raised such that the vessel 10 maybe tilted at a

pr edet er rq ddd%neR abb9s | 0adi ng

wast e na?a em%l&&? tggtggggeesjsgge ?éo%%aé%tbg%#&hat tﬁe avessel may be
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whi I e al poyigng, 'Eli%tzﬁérgfﬂ% tﬁéprok&@é’&‘mht@nﬁl@ewﬂﬂlé mmﬁh@ne‘@ﬁ%‘lymlﬁé‘ﬂne%ﬁéemm tilt
angl e above and bel ow Rorizontal would be determ ned enpirically.
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hori zont angl e of gﬁ Wit h resn
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oor end 20.
The opti Kémd Bd de%r@ml&np@ﬂwl@ bmt@l[ﬂmwem sy &sMi10ingalrnked inTheravesmey 10
further includes a neans of support (generally shown as 33) to allow

r ot at i onbp positienedreithenherizontally af at@cﬁxe%r@ng@ 9f rr@xpéwﬁmrésneﬁtgt%qs hpHgorfalssel 10
along its_h | ude
means of &ﬁg‘ er-Qi,n htﬁxétﬁe%fofc’mee'ﬁ 1%)15 l({rﬂe?tﬂamstﬁg?o bé t] ll?g@é%gé{l}gﬁor bel ow
hori zont @ked @rﬁglabvb&rdrt&tdeminynedtempaﬂxdamw the unit to be nounted horizontally
or at a fixed angle fromhorizontal as recited above while sinultaneously
allowing rotation in either direction. The vessel 10 further includes a
means of rot at[*hQQeésgl @ﬁlﬂﬁér 19&1(1@%‘& ﬂ@an%'f%bﬁtﬁ%éné?ﬁlf%(ﬂn%@g?{d/allba\f' abl e
in rotational spee rom about to about 10 m wth the optinum
rotation rapnm'dinchithemgtapomiemscmgl togreveat Oetieg of the dressabl O along Ity horidvatalloor 28

of the vess uld ow the vessel 10 to berot te

rot ati on&K's n?ee%g} OH%SP”F%“? ‘Hgtal‘% ’6%?)46 @%anﬁﬁgﬁupé’ro 8%%8“'“!\-’? 1E’r""abl Y,
the door gl Q36 Se tIRIEESve? b%BWJhQnQﬁteﬁ%ﬁHlt@hﬁhyel?etb%ﬂbﬁztth@uﬁﬁ fwd he vessel
housi ng 12. The closed end 14 of the vessel 10 includes a centrally

di sposednpan@ddmrlz@nalbwnatﬁﬁixedehgie(ﬁtomh@aoé?ahai ltcyltw atpva whilear y uni on 18

that all glv\lgul‘;[angou\ég/ a%feowmg rotta 101131€fn o ﬁeeftd?r%ictﬁorfl e‘l’ﬁe ¥ssel 10 further includes a

means of rotation in either direction which shall be continuously variable in rotational
speed from about 0 to about 10 rpm, with the optimum rotation speed during processing to

be determined empirically.

The door 28 of the vessel 10 should allow the vessel 10 to be rotated in either
rotational direction either with the door 28 open or closed. Preferably, the door closure

member 28 should be completely detachable from the vessel housing 12.

The closed end 14 of the vessel 10 includes a centrally disposed penetration port 16
connected externally with a rotary union 18 that allows the vessel 10 to be rotated in either
rotational direction while being connected to a stationary conduit for delivery of steam or
for venting the vessel 10. The stationary conduit may be of flexible high pressure
construction to allow the vessel 10 to be tilted while connected to the stationary conduit.

The penetration port 16 on the closed end 14 may be connected internally with the
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rotational direction while being connected to a stationary conduit for
delivery of steamor for venting the vessel 10. The stationary conduit
maybe of WDegiokd920 hi gh pressure construction to all ow t hepeagasel/sm® t o be
tilted while connected to the stationary conduit. The penetration port 16
on the closed end 14 may be connected internally with the 15 WO 03/ 035970
PCT/ US01/ - r gl [ ' : £ QF : e
e R A G
doorway #ido theweksel oferidn@4sane di aneter as the cylinder housing 12 or a

smal l er diameter for |arge dianeter vessels in which the door end 20 of the
cylinder housing 12 is conically tapered. A snaller doorway nay be nore
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detachable fromthe vessel 10 to allow rotation in either direction wth
the ol ottt apnisaTebegt of sPelid e ok hehes o difimite! G5l gt

centrall }h\déi?ﬁﬂ%%’cil_iﬁtetx@ﬁiovﬂ'mw&oméfb@ﬁlb&_gﬁ.Ofl‘hb B6orw@y2GE cafrally a vent
val ve generally designated 30. A rotary union (not shown, but simlar to

18) may dispescdand srmeddasethand feeldn giameatsrat Tharclpwire memben28 winrefarabhe vessel
10 to rotate j i.fh regti il e : condui t
for col FE&¥ F{oeﬂy %ftac\? gélg(rﬂson?&ee‘;a%gseem%oaalfoh%g%\?agﬁg qr\}tglﬁk\l/% %@ﬁ@g‘pﬁfl ntr oduct i on
of mat er ke hienkler P8 oResdetreinoved.t Aepenessdn (it 16 heenedbalispeed in2Be i s

opened or preferablﬁ renpved, and the vessel 10 r{g,y remain_in a horizontal
repose ofloSHE EIeatbep S fordhe pennertionee! & yepbyalys senerallyflesignated sRget &fined
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position as best shown In he vessel 10 Is tated 1'h the

di r ect i onlldvhdic @5sel he thmitite al eifliegtiréatign 3dhilercounatesl ta arstivsayfcondwt orance of
mat eri al s f\vvay féomthe door way 22 ane\%éﬁt ward the closed end 14 of the
vessel 160leaNpR efwparselrasedaid tsvent Y may be introduced into the
vessel 10, if deened necessary, either prior to or concurrently with the
introduction of the material to be processed. The anobunt of water added is
dependent uporFor frerodocisenuefonatonale it bagfroedsecd intat the ivegsel 1), ithe yessd deeredf  The

wat er adgseo%erque or pr}gtterart])?ye rden%o%e ,eana%ea\pésgel%tn?ary’ re%ggl ih rEthso,rizontal repose or

preferably may be either fixed or tilted to a predetermined angle above horizontal with the
doorway opening 22 in the raised end position as best shown in Fig. 3. The vessel 10 is
rotated in the direction that 25the helical fighting 32 provides a means of conveyance of

materials away from the doorway 22 and toward the closed end 14 of the vessel 10.

A predetermined amount of water may be introduced into the vessel 10, if deemed
necessary, either prior to or concurrently with the introduction of the material to be
processed. The amount of water added is dependent upon the moisture content of the
material to be processed. The water added does not need to be potable water, and thus
contaminated water and even sewage sludges may be used as the wetting agent. A
predetermined weight of the solid materials to be processed are then introduced into the
vessel 10 while simultaneously rotating the vessel 10 in the above described direction. A
low flow of steam is also simultaneously injected via port 16 as the materials are

introduced into the vessel 10 to provide lubrication to the rotary valve 18 but also
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contam nated water and even sewage sludges may be used as the wetting
agent. A predeterm ned weight of the solid miterials to be processed are
t hen i nt rwowsmssdTmt o t he vessel 10 whil e sinmultaneously PoeratSongposhe
vessel 10 in the above described direction. A low flow of steamis also
simul taneously injected via port 16 as the materials are introduced into
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the vessel 10, the noisture content of the solid materials to be processed
shoul d benchtreatmasttofzm/&wrw|lghnowmmetheaﬁbl y in the range of 20% 60% by
wei ght. The introduction of solids is continued until the predeterm ned

wei ght of material has been introduced into the vessel 10. The vol une of

t he vessel i nPdbi Wrint2dddctibh @do e vesRt UitRembistirh eonvamtof tiasodidiradteridls | vary
with the density of the material. Steam introduction and vessel rotation
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appropriate neans to ect t e vapors and c ensate to emtted. The
vessel 1ﬁasrtaa¢nn1ﬁrmiuned mtcathlawesszbm allThe mipnme)fdhe \msm‘létttanﬁrbwzzleﬁmddmr the tilt

angl e of the, vess 10 is dto i lxe reget erm ned angl e
above hoP?Ci‘BWEigﬂ tg%r aﬁF%E@%‘%‘iﬁ Yﬁf@'&‘fl%&hea?nsftﬁé’ %F’“ nd>€#Bam
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in the closed end 14 and into the vessel interior 24 via the high velocity
openi ngsthen reflecedpadgealed.1 i nes, if present. As the

The vent 30 on the door 28 is opened and connected to an appropriate means to
collect the vapors and condensate to be emitted. The vessel 10 may remain in a horizontal
repose or preferably either the tilt angle of the vessel 10 is adjusted to or is fixed at a
predetermined angle above horizontal for processing. Rotation of the vessel and steam

introduction are resumed.

Steam is introduced via the penetration port 16 in the closed end 14 and into the
vessel interior 24 via the high velocity openings in the sparging lines, if present. As the
steam is introduced into the vessel interior 24, the steam simultaneously transfers heat and
moisture to the vessel 10 contents (waste materials) and saturated steam purges and/or
displaces the air, vapors and other gases within the vessel 10 and its contents. This
heating and purging step is continued until the purged gases escaping the vent 30 on the
door reach a temperature above 100°C , and the vent 30 is then closed. The vessel 10 is

continuously rotated and steam is continuously introduced via a steam pressure regulator
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steamis introduced into the vessel interior 24, the steam sinultaneously
transfers heat and npisture to the vessel 10 contents (waste naterials)
and sat urwDed/osveam purges and/or di splaces the air, vapecs/usadswiher
gases within the vessel 10 and its contents. This heating and purging step
is continued until the purged gases escaping the vent 30 on the door reach
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the vessel... The desired m xing action within the vessel interior 24 is for
the heli g5¥1ng|ag¢1§hqa,gnggcthnda1&13g,p e e ¥gssel i al s near the vessel wall up
and toward the closed end 14 of the vessel 10, but as the vessel 10
rotates, the material is also rolled and spilled over the edge of the
f1ighting andThatid:s'sredmixmg agtiaww&tiaimthc wesgtl interiax %Sp'heﬂle helicag fighting &2

st eam thus ex t he er| al.s th . heat and
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In the purging and heating process, absorbed moisture within the diverse pulp and
paper-materials to be transformed and additional moisture from the condensate provided by
the injected steam both displace entrapped gases and act as a heat transfer conduit. After
the purge vent is closed, steam injection continues, and the temperature of the water in the
material increases above the boiling point of water (100°C). The water eventually makes
the transition from liquid to vapor, which is effective to permit the heated water to expand
into a gas that is about 22 times the volume of an equivalent weight of water, within the
materials, opening up the materials and greatly expanding the physical and chemical
structure of the materials, thereby, producing a cellulosic feedstock product of great
surface area, which is open to air for faster and more complete combustion, open to liquids
for inclusion in composite materials and drilling fluids, and open to chemical, enzyme, and

microbial treatments, for producing fuels, chemicals, fertilizers, and other useful products.
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material increases above the boiling point of water (100C). The water
eventually nakes the transition fromliquid to vapor, which is effective
to perm twohg/obwat ed water to expand into a gas that is @oemsSoRdse nes t he
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provi ded ahncopiesesspd oorestlalpsicasetias.t he transformation of the diverse pul p
and paper materials into a honogenous cellulosic product, the desired
product is easily separated from any oversize cellulosic product and any
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rotating e vesse i nmul taneously maintaining t pressure for at
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rotated at a rotatiqnal speed in the range of ahout 0 to 10 rpm wth the
Opt | mum (22 BT P BEHT G TRN P vessRl, B Setpa RS rafptdnabRsPE BLiney

i nsul at ed,eg8ebout ORE 1@%@@%&9&%&&&&@%&?&6&&%‘ dMfflcant il the maxi mum
pressure of about 450 kPa Is reached, and then the steam 7injection may be

di sconti nued, but the m xing would be continued for the desired tine

period. This rirr(é? f continuous .m xi.ng W or, Wi t.hout continuous steam
"o ection 1 Perarydoith o sty ep bt rng et el R b cach

equi | i brichamkd WA 188 Hakim@h pr&aiees iidu@aso RPSisabahvland the thonkeant s are
uniformy mxed and transfornmed into the desired product with the
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provide a period of time for the contents to reach equilibrium or uniformity of
composition--a state when the contents are uniformly mixed and transformed into the
desired product with the combination of agitation, moisture and heat. After the desired
equilibrium period, the vessel is depressurized via the vent 30 on the door 28 while
simultaneously and continuously mixing the contents to achieve as much heat and vapor
loss as possible. As the steam atmosphere in the vessel is expelled, at least a portion of
both the free moisture on the surfaces and the absorbed moisture in the contents within the
vessel 24 are also vaporized, which both cools and partially dries the materials. The
vaporization of the absorbed moisture in the cellular and capillary areas of the cellulosic
materials causes a further expansion of the physical and chemical structures of the
materials due to the 22-fold increase in the volume of liquid water upon conversion to the
vapor phase, thus further enhancing the transformation of the diverse pulp and paper

materials into the homogenous cellulosic product.
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generally represented schematically in Fig. 5 for exanple, the processed
materials are preferably discharged onto a neans of conveyance, such as a

bel t conveyor As defiérally dpsaerited bolRhditdlly ihFig ITveeantile, deyproessadich as a
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for separation based on size. The particle size of the cellulosic product may be determined
empirically based on the desired end use of the cellulosic biomass. Very few cellulosic
materials, other than cotton textiles, woody plant biomass, or lumber contaminants, are
found in the processed material that are larger than 5 centimeters particle size. Typically,
about 80% of the cellulosic biomass will be obtained in the less than 2.5 centimeters screen
fraction. Preferably the screening process would take place with a heated air stream
blowing over the materials to achieve further drying. This would be particularly effective
in an enclosed rotary trommel with a hot air stream blowing through it. Contaminating
materials from a mixed waste stream, such as MSW or biohazardous wastes, that are larger
than 5 centimeters would typically include ferrous and nonferrous scrap metals and cans,
polyethylene terephthalate (PETE) plastic containers, polypropylene (PP) plastic films and
molded products, miscellaneous textiles, rubber, leather, and wood, and these materials
may be sorted manually and/or mechanically for recycling. If an intermediate screen

fraction of less than 5 centimeters, but greater than 1.3 centimeters is obtained, this fraction
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materials, other than cotton textiles, woody plant biomass, or |unber
contam nants, are found in the processed material that are larger than 5
centi net ewe )pasvicl e si ze. Typically, about 80% of the ceClraisossw4bi omass
will be obtained in the less than 2.5 centinmeters screen fraction.
Preferably the screening process would take place with a heated air stream

e ! ! \ . . ;
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pol yet hyhgﬁ Ht&y sl hewtRESRledkdf hivarie9 v ahal fleked BOMY PERRYIANE ( PP)

plastic fi n® and mol ded products, miscellaneous textiles, rubber,
| eat her , tempbratosdbutsatidified 982 mixesk plagtic masaygs e teroperaigradionpgd elow dresr

nmechani cal for recvcling. |If an internedjate.s j of | ess
Thance < Breisnesftin G5fe a0 osblaaiBn o e IRAL IhF iR BEBTRA1 WaRAD O | ©2
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cent i met &ryfatsecheisorfed Buereghelolly produetst HE the desired hewagenens e¢lluloHiet i on woul d
consi st . I . j } : ol , including
amor phouBrotighs & o8 G B8 RrimBrefQleRoke £3; STRhmPLEBhbSnl b, L0, 101
nmel t ed aimatdralopwede ds iserated frpertat noreellblosic sompondntsetel eaioas mespdsyshast i ¢
mass as the tenperature dropped bel ow their . nelti ng??poi nts during

depr essufi fl_étkP' B %‘fd rgqqgewgsfgreqeprogmlqgﬁé Fheingiuging L F‘%?rtﬁ%s el |'ul osi ¢
mat eri al §%bes'e§\gérn'tt’gééagof5 Qlﬂﬁrogés\éfd RiateRHls Rr BRHbRRREN B hAE AasStionsHne Materials

may al so Into recyclable products. I'f the desired honogenous
cel | ul osisevergddiffierent biagchtppodweseks ¢ be tepravessed tagether axa eingle batebn Theemikt@e- 5
centi neter | p and paper, .materi als uld be,separated fromthe

noncel | uPGel o8 SoRRRPSI S FoRRissR TRPROUSThY Jarow s iRrseatiaklcy
recover egdrdd@bts! §0h Q8 RERuB thebidld, MBhfelbud Melakd ek d f1@sies, hiked calbbglads a
subsequent batch of unprocessed materials or conbining with sim/l ar

f ract i onsulietosts., eredusrtathedi siadl valemp andepmppasiiwagdlorspmgf these sencsHulgsic

tep may el rate SOt iR, Tecyel abl e products: such as

ferrous netals, nonferrous netals, m xed plastics, m xed col or gl ass

The smallest particle size fraction from the screening step which would typically be

less than 5 centimeters, preferably less than 1.3 centimeters, from a commingled waste
stream, such as MSW and biohazardous wastes, would typically be contaminated with
significant quantities of broken glass, ceramics, plastic items, and amorphous aggregates of
mixed plastics, and minor amounts of ferrous and nonferrous metals. Most of these
contaminants may be removed by various means, such as a stoner or air classifier,
preferably using a hot air stream to dry and suspend the homogenous cellulosic product in
the air stream. The heavy fraction from this step may also be sorted into recyclable
products, such as ferrous metals, nonferrous metals, mixed plastics, mixed color glass
cullet, etc., or due to their small volume and composition, these materials may be discarded
in an inert landfill. The smallest particle sized biomass fraction from the initial screening

of the processed materials, preferably that has been further processed to remove the

noncellulosic contaminating materials, is the homogenous cellulosic product.
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cullet, etc., or due to their small volume and conposition all or sone of
these noncellulosic materials may be discarded in an inert landfill. The
smal | est wearoBiosiveo si ze fraction fromthe screening step wercthusaosiogo
typically be less than 5 centineters, preferably less than 1.3
centinmeters, froma comm ngled waste stream such as MSW and bi ohazardous
wastes, would typically be contam nated with significant quantities of
broken gl ass, ceranics, plastic itens, and anorphous aggregates of m xed

pl astics, andAmiahermatrotmisforafatibe praves wilidesosifnglar piosessyesdebas sowin inf t hese
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usual | y about a an algout 150C. By conducting this optional purge
step at sitstaniiglheidenticaber the preeessaecitmlraborgreptept ¢hat Hpalierativeoprogesst he VOC' s
and ot her entrapped Tgases occur s, t hus resullki ng .in 1t he re%m)val of a
greater PrOpLHEBACE PR BTCA Y PEE W LYK ai gl? YoM PSS Serial s bei ng
proc esse@om@leﬁe@y ordtttell RO I Bfert £IVE Yafd fUfBatiod ppb@8d theGANE’ stindRkticky Of wat er
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resul ti ngotentizl alrgeblytantubat vewild optingialy pe eantiened diming an paslier Pures seripe

tent. T f the .al iVe. Pk b ially id i cal
ot he pFetged ateag S5n0e R PRETRE 2l Cornaive process

Preferably the residual moisture content of the processed cellulosic materials is

significantly less than 65% by weight, and more preferably is less than 50% by weight.
High moisture content has adverse effects on many possible processing steps subsequent to
discharge from the vessel. As an example, moisture contents of the cellulosic product
higher than 65% by weight are more or less “self-adhesive” and tend to form into compact,
dense spheres which are difficult to dry and air classify, rather than retaining a loose,
“fluffy” texture, which is a preferred objective of this process. Additionally, when the
moisture content is higher than 65% by weight, the smaller cellulosic particles tend to
adhere to other cellulosic particles making the resultant particle size larger than desired for
screening. High moisture content cellulosics also tend to adhere to noncellulosic
components present in commingled wastes, such as MSW and biohazardous wastes,

making such materials less desirable for recycling.
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occurs at a specific tenperature and pressure range. If the optional purge
step is conpletely omtted fromthis alternative transformation process

t he VOC sweand/ostdher potential air pollutants that woul d epriuseakdoy be
captured during an earlier purge step are captured for treatnent during

t he depressurization step. Preferably the residual noisture content of the
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and nore pref Igﬁ% ﬁg"qP%%}lgg)gg%)ﬁ%ln Eldgzrgté &e(fég tl. ° Hi ghum)i sture co%tent has
adver se eafd distribution theonghpoisthe diversp poltpesdipagershatpsals whsacfaeititat¢saheidi schar ge
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desired transformati on. However, after the equilibration step, several
steps mapropeotes the EYRROEAtoR of AGAIHPRA Suustyng af LMAFEATAES ReleW W@i ‘gﬁﬁFe@m&g n

possi bl e, {500} E&k%n{?%?%%§iﬁgn%%}1%6f &t etd. NEh' SV pOrAdn QR ANEY mdiEe Step in
an alternative transformatioh process to capture and treat VOC s and ot her
pot ent i ahfieriprogssihg blaotshaatesahb irgisfornatiopef titewoeHulasids ine e dlatfr withhan pur gi ng

during the heat-up step, ,thus SO rqi ignifican t er _vapor,
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evapor at g8hBfuct (lebsSthia 0% RekiuREh ¥ ERRY) Hay B siGte@ for ekBInlbd Aériceqpar t ment s,
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Using a prototype process vessel similar to that previously described by way of
example herein and operating under conditions as disclosed in this present invention,
experiments have shown that a wide variety of volatile organic compounds (VOC’s) are
present in MSW from both residential and institutional sources. Experiments have also
shown that relatively large quantities of these volatile air pollutants can be removed from
such wastes and captured for treatment as a result of processing such wastes using the

method of the present invention.

For example, in one series of experiments in which several batches of residential
MSW were processed, the total quantities of VOC’s (U.S.E.P.A. Method 8260)
recovered from processing ranged from about 3,503 to about 15,294 milligrams per metric
ton of MSW (i.e., parts per million). The resultant homogenous cellulosic product
contained less than 5 milligrams per metric ton, thus indicating that over 99 % of the

VOC’s present in the MSW were removed. When the purge step was included during the
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a hot air stream air classifying with hot air, etc. The evaporation of
retained noisture after processing also enhances the transformation of the
cel lul osiwe mBns7@ fluff with extensive surface area whi lPeTaiSoubtoaneousl y
cooling the products. Furthernmore, a cool, dry product (less than 10%

noi sture by weight) nay be stored for extended peri ods of tine wthout
odor or n
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using th of the sent .i nvention...For ne s f
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pur ge stepo“@mnnﬂsu@lmndmrengetﬁttethaﬁazdﬁoaa/\mgm PCT/ US01/ 50049 heat up
phase of the process, the VOC s recovered fromthe purge step ranged from

about 674 to about 5,678 mlligrans per netric ton of waste (i.e., about

19 % to about 63 %t
A of a}rg) ob dlﬂ% £ R MW R CH devBral bRPRULE3 % Lo

about 81 % wergén?/%lco?/x S éﬁ&@é " 8epr essurlszatl o% set eg th Oe t ot al

VOC s r eomviartiedal MSW ﬁrem;irbaegwdmsthpmtalrtmanmtmestocﬂnVOéJEm(lH SFIPA. %’Iaﬂmde li sted

h b P.A Al though ab t.atal VOC
o cover bRy A dm skt PR AR Jobae £oSH S50 5P il B aous
VOC s W%ﬁetﬁ&t%ﬁ\é?mvctpél Pattst i ﬁnﬁfoﬁp Tme%u%ﬁ%h% Ll ¢all@ssit pRjdutie

hi gher tenperature processing (e.g., about 150C) is nore effective for
renoval ofnty@al kess thaml NMewitligeams pemendtooen, thesrpwliceting dwt evertI9doplithge st ep

during t %é"g%}eserﬁ i kh SﬁS(’\?W%re’ remove(F nR’Vﬁen i g ;())llxjrtge step was included during the

heat-up phase of the process, the VOC’s recovered from the purge step ranged from about
275 to about 1,483 milligrams per metric ton of waste (i.e., about 1.7% to about 8.8 % of
the total). The remaining VOC’s (i.e., about 91 % to about 98 %) were recovered during
the depressurization step. Of the total VOC’s recovered, 6,201 milligrams per metric ton (
about 18.5 %) were listed as hazardous by the U.S.E.P.A. Almost 98 % of the total
VOC’s were recovered during the depressurization step, and more than 88 % of the
hazardous VOC’s were also recovered during this step. This again clearly indicates that
the higher temperature of processing (e.g., about 150°C) is more effective for removal of
VOC’s from MSW than the lower temperatures of the purge step during the heat-up phase

(e.g., ambient to about 100°C), and this is even more true for the hazardous VOC'’s.
In another series of tests, using a prototype process vessel similar to that previously

described by way of example herein and operating under conditions as disclosed in this

present invention, it has been shown that the method is also effective for sterilization of
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100C), and this is even nore true for the hazardous VOC s. As anot her
exanple, in a second series of experinents in which several batches of

i nstitutiwoal3/ob88w were processed, , the total quantities ®CTMOCI/S0049

(U S.EP.A Mthod 8260) recovered from processing ranged from about 3,126
to about 85,763 mlligrans per netric ton of MSW (i.e., parts per
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about 10 €én nore rue ar dous anot her

seri es ofact@stich assoardguﬂ vraerscet denyipe cpfitata®at pakagihg sindilbal cdnfighiagbn that
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condi t i oAY aabameg%tom P‘We TRiQn an&rthese%t%tlmrémqt gratment gfficagyeehiShown t hat
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greater than six |og (> 6 Log(err)) mcrobial inactivation of bacteri al
spor es ( Bfithelwastes am@mcdyhepmqu jtepsn) duig (e tspistanaprdessrige to thlftal | enge
condi ti ons .cal wast The

i cal., of f d i th
process B?ntﬁgh%?%tggﬂ?t %%ﬁesglgtﬁn}fegl\f\fgft SEO gﬁovutles aﬁaltlongl 1mprovemen over

traditional steam sterilization systems that typically release steam, heat, and foul odors
during and after operation. The present invention eliminates such releases, particularly
with respect to odors (VOC’s and other air pollutants) by employing a ventilation system

that directs the off-gases to a treatment process.
Having described the invention in detail and by reference to the drawings, it will
be apparent that modifications and variations are possible without departing from the scope

of the invention as defined in the following claims.

What is claimed is:
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i nprovenent over the traditional steamsterilization process, since in a
static autoclave heat transfer is primarily by conduction rather than

di rect stwamsosiwact. This is due to factors such as | oascansonsmye
density, containnment packagi ng, and | oad configuration that act as
barriers to steam penetration and thus directly inpact treatnent efficacy.

Th d f t§e . :
i 1 uencd on UhBeRRE PR Al AP ARy KR dREAR PR SRoeRal V0T

t he pr eseéltulosivpptdiarosipekinhalie stepsoft 0 st eam penetrati on of the waste are

elimnated since the wastes, particularly.pul p and paper materials are
finely macer ati&efling VF‘iSFHPfﬂ%tﬂaﬁg%‘?tgn?%}r&%ﬂegﬁs that all of the

cormponents o, a6 et iRfothEVERAW M IcRERAGRANE Matdrpdd during the
treatment process duée to the continuous agitation. The present invention
al so provi des pacgitig gasesafromtine vassstgmpuglyevent valydiwhilsragitaingthemnstetals;i zat i on
systens that t&ﬁi cal | treI.ease steart]% hgat and foul odars dud'i ng gnd
after operati SO, tEealifE S $ATEE Fy FendeT 4 YSfalile Ugamc compginds and any
parti cul gtteYair pbllitarkte pRA|&I ih theQ8shatriless;s and ot her air pollutants) by
enploying a ventilation system that directs the off-gases to a treatnent
process. Havi feplide e vesead se Hhat theweprel Srpressuigdight;l and by reference to the
drawings, it w.ll_. . . t i, Ed i riat

possi be’ i ¢ ot B RSEAL b Rn RS cra) AR RIS AR AU ER ol | |
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1. Anmethod for treating diverse pulp and paper materials ta produce a

honmogenous céPIPrﬁﬁfSB@F’@gg?eo‘éﬁﬁE@cl tQ Biihes thﬁ@pgy%%am&%aglﬁépm%%fe pul p
and pape'ihe’lﬁ&t@ﬁﬁl?'a%di nto a vessel; introducing steaminto the vessel while
agitating the nmat’erials; purging gases fromthe vessel through a vent val ve

whi | e agit ati digchdrgingulieeprioedssed prodpdtsifromghanehs¢lr eat i ng sai d gases to render
any vol atile organi c conpounds and any other air pollutants present in the
gases harml ess; sealing the vessel so that the vessel is pressure tight;

tsat urati gg t hghBReldda) 210t 1NwRErEATh&netieh i e® Mhc I REPIY QéplbeclaRdyiREessur e
0 expan
cellulosic components of the processed products from other components.

3. The method of claim 2 wherein the step of classifying includes the step of

separating the cellulosic components based on particle size.

4. The method of claim 2 wherein the step of classifying includes the step of

separating the cellulosic components based on density.

5. The method of claim 2 wherein the step of classifying includes the step of

separating the cellulosic components based on both particle size and density.
6. The method of claim 1 wherein the method further includes the steps of separating
larger size components of the processed products and recycling the larger size components

through the vessel for more processing.

7. The method of claim 1 wherein the method further includes the step of introducing
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t he physical and chem cal structure of the materials, while agitating the
materials; depressurizing the vessel to further enhance the physical and
chem cal weopansi9on of the materials; and di schargi ng thePprasess®do
products fromthe vessel. 2. The nmethod of claim 1l wherein the nethod
further includes the step of classifying cellulosic conponents of the

Process eﬂlepst[ ﬁ'&% tflé 8%&?%@?%63@%@(%?1 21%;% gepcog? \4 Q@l %Eﬁﬁﬁé Mve?éei)iélm éd\’\’h erein

the step of classifyin separating the osic
conponenpspdd asedtiabnfop plifgirgd gased frem te sethvel vassdipdionfo whhngnh2 vedsel forn t he
step of classifying inc|udes the step of separating the cellulosic
corrponenfr§at81§§b‘bftbﬁn@éﬁﬁ@ijst‘iﬁthIB.theﬁ?éo Y95 of claim 2 wherein the step of
classifying includes the step of separating the cellulosic conponents
based on both particle size and density. 6. The method of claim 1l wherein
the nmet h8d f uThkerctiododficties 71 Whersings method dptheatinahgrdes Ither sjeps of idisshayrgmgonent s

f th d duct d . i t he | i t th h
Lhe vesSBIOCFoPd RIACt gubedthing 2 PR dY s Veser e Sorinet SREVEUPSEHRS net hod
further koeldieIarshecoriRRet floft §iR4llée botlporkatsMOIBHRIRI IR Red1dpdd 50049

the steamfromthe depressurized vessel 1nto a second vessel containing

di ver se paugg camgongsapwoyshita igasll anefod thepiessplhg gases from the second vessel
prior to sealing the vessel for treatnent of the materials within the
second vessel. 8. The nethod of claim7 wherein the nmethod further includes
the stepy, of dhsafedicdi T@laiprioekas@dhPsanctatiSstép ocouesata tefperapireiinahety of
the vessels into a comon conveyed stream separating |arger conponents
from snaFange of ahayh AddGstojahort &0k r eam and recycling the 1arger conponents
t hrough at | east one of the vessels. 9. The nethod of claim 1l wherein the
saturating step occurs at a tenperature in the range of about 140C to
about 160G 1Qhe Hechodadfletadmaf whérainrthd samdreting step beussadtiarpaessng is tlgrangeur s at

a pressug?agorlllt51}15ek1§§1tnoga%outolsoalgpggt 275 kPa to about 450 kPa.

11. The method of claim 1 wherein the pulp and paper materials have a moisture

content of about 20% to about 60% by weight prior to the step of introducing steam.

12.  The method of claim 1 wherein the temperature and pressure are maintained for a
time sufficient for the products to be uniformly mixed and transformed into the

homogenous cellulosic product.

13. The method of claim 12 wherein the time is in the range of about 30 to about 60

minutes.

14. The method of claim 1 wherein the vessel includes a common opening serving as
an inlet and outlet and the steps of feeding the diverse pulp and paper materials into the
vessel and discharging the processed products from the vessel are both accomplished

through the common opening.
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11. The method of claim 1l wherein the pul p and paper materials have a

noi sture content of about 20% to about 60% by wei ght prior to the step of
i ntroduciwgospgzam 12. The nethod of claim 1 wherein the rerpsoasure and
pressure are maintained for a time sufficient for the products to be
uniformy mxed and transfornmed into the honogenous cellul osic product.
13. The nmethod of claim 12 wherein the tinme is in the range of about 30 to
about 60 mnutes. 14. The nethod of claim 1l wherein the vessel includes a
comon opéni nFhs erethaipfataimadt wirdrein tiencessal inadtdeamslo phmost mpsnafy f eedi ng t he
di verse pul d.. r erials into the vessel and discharging the
processegioﬁgffgﬂﬂlgﬁgﬁﬁ}ﬁ?%%?g&f whpeh agiates g&%%?l? PGt pfoﬁ}‘%ﬁ'gh t he
comon openi ng. 27 WD 03/ 035970 PCT/ US01/50049 15. The nethod of claim 14
wherein the vessel includes two or nore internally nounted helical
flights, 16he bt atcitioyd affclavmi IShwhayeindherotation of thehetind fhaptein praditrstion 16,
The net hod of ,cl ai({n éﬁ wher ei n {ﬁhe QOtc%}nin?orﬁ ofemtnhe helical flights in one
directi oﬁauste,%ﬁ?égo u| proafagyvsay S € away PNt he common openi ng. 17.
The met hod of claim 16 wherein the rotation of the helical flights in a
second direction causes the products to nove toward the comon ogpening.
18. The f#t hodhemeghash ohclam ifeyiareindhgrofation of thehebigy)fHels it 2 preoRd ti 1 t ed
such t hat,. i i i.14 nermt the products to
fall out hg%&ﬁ%lecﬁggg?& &%@&p%h%&rf@? ﬁ’l(%%i t§? ggrlnléﬂl%% ?%.m\a\g'er ein the vessel is

capable of being tilted such that the comon opening is positioned to
permt the processed products to fall out of the vessel.. 20. The t hod of
claimi1 Wher el efrﬁéh%]t%fﬁ?%‘f‘_ l&e‘ﬁl?eég@ﬁlﬁ VGSHY 1% W@g%ggg?mgﬂ&tﬁia@é $ﬁé£st ep of
recover | @W;%E%?gﬁﬁd@ﬁio%@% hdt pehifit WRSR6ductsd falT bR dhdadsqf claim 1

wherein t recovering steamfurther includes the steps of
condensi ng the steam and treati ng any condensable pollutants to render them

2? re ;ﬂmeis ﬁ&f)ﬁ 3 'e J n %&rﬁgc{dg cba(f?rfn l%l \gllle%i%i tﬁ\gq\?ersgél s éarf)gbl% to‘t:’\ Bei?lfg f1teq E rthaﬁQhé he

common opening is positioned to permit the processed products to fall out of the vessel.

20. The method of claim 1 wherein the step of depressurizing the vessel includes the

step of recovering any steam remaining in the vessel.

21.  The method of claim 1 wherein the step of recovering steam further includes the
steps of condensing the steam and treating any condensable pollutants to render them

harmless.

22.  The method of claim 1 wherein the step of recovering the steam includes the step of

recycling the steam.
23. The method of claim 1 wherein the step of depressurizing the vessel includes the

steps of cooling and drying the processed products, and capturing any volatile organic

compounds or any other air pollutants remaining in the vessel.
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recycling the steam 23. The nethod of claim1l wherein the step of
depressurizing the vessel includes the steps of cooling and drying the
pr ocessedwproamsmdres, and capturing any volatile organic cecpasadsoogr any
other air pollutants remaining in the vessel. 28 WD 03/ 035970

PCT/ US01/ 50049 24. The net hod of claim 23 wherein the step of capturing

volatile 287 92T rrfeh%eﬂ%gdgl%gfm A ALl e &%J o2Qbt g&gg&gu@ﬁ%@% .cmggﬁa@s t he

step of treating I'l'é organi c conpou air utants
t 0 r endennd btherval polivtento figther mchdapthanttp ofnelatotgtbe valatilepwpinit eorhgounds

harm ess. 25. The thod of c¢claim 23 . wherein the step .,of, cooli and dryin
o Ther  ARE P lhERar BolTutg s p e TAet Dat1e SEEanie hO ORI ANGotagt S RON A, e

said progggsied products are transported for use as a fuel or fertilizer.
27. The nethod of claim 1l wherein said diverse pul p and paper products are
derived formwaste paper, MSW or biohazardous waste including nmedical and

| ab . 128 f ' i oh d erials derived
trom abbat on MO 2 e Bl AT e PR AR ey

productsepgmgmgﬂyﬁg a sterile honbgenous cellulosic product conprising the
steps of: (a) feeding biohazardous materials into a vessel; (b) sealing the
vessel so that the vessel is pressure tight; (c) injecting steaminto the

vessel Kl e ' ' t ials: t [ ' pth
Stoam at 2%  onde PRI TRVILLR Sig iilss SR ok i i TRES R B st 1
pr essur e fidl of Retilizznge of about 275 kPa to about 450 kPa to expand the
physi cal and chem cal structure of the materials; (e) depressurizing the

vessel to further enhance the physical and chem cal expansion of the

frat e g?za (1 )rné HHId SHUAM IRGER b SRS Y ahAPaRRpfodlERRRSRAEE! NG and
form waste paper, MSW, or biohazardous waste including medical and laboratory waste.

28. A method for treating biohazardous materials derived from laboratory and medical
wastes containing diverse pulp and paper products to produce a sterile homogenous
cellulosic product comprising the steps of:

(a) feeding biohazardous materials into a vessel;

(b) sealing the vessel so that the vessel is pressure tight;

(c) injecting steam into the vessel while agitating the materials;

(d) saturating the materials with steam at a temperature in the range of about
140°C to about 160°C and at a pressure in the range of about 275 kPa to
about 450 kPa to expand the physical and chemical
structure of the materials;

(e) depressurizing the vessel to further enhance the physical and chemical
expansion of the materials;

® capturing any gases released during said depressurizing and treating said
gases to render any volatile organic compounds and any other air pollutants
present in the gases harmless; and

(g) discharging the processed products from the vessel.
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gases to render any volatile organic conpounds and any other air pollutants
present in the gases harm ess; and (g) discharging the processed products
from t he weasms3970 29 WO 03/ 035970 PCT/ USO01/ 50049 29. ThePegtusodsmi9 cl ai m
28 wherein the method further includes the step of classifying cellulosic
conponents of the processed products from ot her conponents. 30. The net hod

ool a 9 D . iy : o=
separ at | Ag. t ha e 0 B etinde AR B8 ek WAL B SHF0t lssiyine (o
of cl ai mc@tulwdiec@hporiche of tlepprofeseddamrsdicyd fagmioticdr compomdmnes. st ep of

separating the cellul osic conponents based on density. 32. The nethod of
claim29 wherein the step of classifying includes the step of separating

the cell Pb.osi qh@ﬂ{@ﬁ%ﬁ‘dﬂﬁim@%&an%A%ew@fa&s@ifﬁngiiﬂ&u&e@héiﬁgbswy- 33. The

met hod of claim 28 wherein the nethod further inclfudes the steps of

separ at i nepardtangdls caiukusicommponents bassfl onlpertplteosizssed products and recycling
the larger size conponents through the vessel for nore processing. 34. The
met hod of claim 28 wherein the pul p and paper naterials have a noisture

content gf. abqut nZibdtdT cRRAWD PIRYeiR Yh\REDOH clikifping i 1ide tisd Q& of
i ntroduci ng steam 35. The nethod of claim28 wherein the tenperature and

pr essur e sepagatingithe edlivagicf eompenents hesed gnfdersi®nt for the products to be
uniformy mxed and transformed into the honbgenous cellul osic feedstock.
36. The nethod of claim35 wherein the tinme is in the range of about 30 to
about 60 32mM ndhesetkdbd. of thémrdStwindeiafthecdtep off ABsithiag endludeieharegsef i ncl udes a
common opening serving as an inlet and _outlet and the steps of feeding the
di ver se ﬁ‘@napatmdh%ﬁé@?osmnoaws paged onbath Raside Fizg and densihar gi ng t he
di verse pul p and paper materials fromthe vessel are both acconplished
t hrough the common opening. 30 WO 03/035970 PCT/ US01/ 50049

33.  The method of claim 28 wherein the method further includes the steps of separating

larger size components of the processed products and recycling the larger size components

through the vessel for more processing.

34. The method of claim 28 wherein the pulp and paper materials have a moisture

content of about 20% to about 60% by weight prior to the step of introducing steam.

35.  The method of claim 28 wherein the temperature and pressure are maintained for a
time sufficient for the products to be uniformly mixed and transformed into the

homogenous cellulosic feedstock.

36.  The method of claim 35 wherein the time is in the range of about 30 to about 60

minutes.

37. The method of claim 28 wherein the vessel includes a common opening serving as
an inlet and outlet and the steps of feeding the diverse pulp and paper materials into the
vessel and discharging the diverse pulp and paper materials from the vessel are both

accomplished through the common opening.
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38. The nethod of claim 37 wherein the vessel includes two or nore
internally nounted helical flights, the rotation of which agitates the

pul p and wapa3yproducts. 39. The method of clai m 38 wher eiPaTtUse1/s@at i on of
the helical flights in one direction causes the products to nove away from
t he common opening. 40. The nethod of claim 38 wherein the rotation of the
helical flights in a second direction causes the products to nove toward

t he conmon opening. 41. The nethod of claim 38 wherein the vessel is

capabl e 68B. beﬂhgmdthddaﬂcwimrﬁﬁ\hhetreihhbev&ssﬁhﬁtmirudwpewbngrﬂose mosndliyoned to not

permt the products tq f out of. the vessel rrethdof cl ai m 38
wher ei n ﬂ%lgW@g@ﬁ?ﬁrﬂéglﬁ%l Hioktson of Ltﬁ%atgltl"”teégle IPra’? pe{n@ u‘&tﬁrmmn openi ng

is positioned to permt the processed products to fall out of the vessel.
43. The nethod of claim 28 wherein the step of capturing volatile organic
conmpound§9. and’ hontaehoda)frclqml 38uwherein thamotdtion of thel hedieal flipkts én epe dfectipeat i ng
the volatile ﬁ{ ounds .and.ot her air Eol | utants to render the

vol ati | e “BF§ART veanay SRR e goPmon PSP s harnd ess. 44. The

met hod of cl ai m43 wherer n the capturing and treating any volatile organic

conpounds or any other air pollutants includes a thermal oxidizer. 45. The
met hod of0c| aiThe athadeafsiaim Fevkerpinihs Togptien@f thediplicaldlighty vapeend e or gani c

COPOuNG Rl A S ML o Bl AR Bed LR BAABOr Dent T ter 46, The

met hod o ar m ep o g CBllul osi c conponents of
t he processed products further includes a step of grinding to render any
shar ps harnl ess. he .net hod of claim 28 Wnererg sai (ﬁ)

product s 43r e gpgmqﬂpd q;fflalm 38 whereln the vessel 1s capable of being tilted suc tatt e

common opening is positioned to not permit the products to fall out of the vessel.

42.  The method of claim 38 wherein the vessel is capable of being tilted such that the

common opening is positioned to permit the processed products to fall out of the vessel.
43.  The method of claim 28 wherein the step of capturing volatile organic compounds
and other air pollutants further includes the step of treating the volatile organic compounds
and other air pollutants to render the volatile organic compounds and other air pollutants

harmless.

44.  The method of claim 43 wherein the capturing and treating any volatile organic

compounds or any other air pollutants includes a thermal oxidizer.

45.  The method of claim 43 wherein the capturing and treating any volatile organic

compounds or any other air pollutants includes an absorbent filter

46.  The method of claim 29 wherein the step of classifying cellulosic components of

the processed products further includes a step of grinding to render any sharps harmless.

47.  The method of claim 28 wherein said processed products are sterile.
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