2 7 MAR 2006 WO 03/035970 PCT/ US01/ 50049 A METHOD FOR PREPARI NG HM 06
HOMOGENOUS CELLULGSI C PRODUCT FROM CELLULCSI C WASTE NMATERI ALS B, N@

OF THE | )\NENJI:§Me The present invention relates to recycl igyggdsshms e
particularly to the recycling of diverse pulp and paper materials by

transform ng such materials into a honogenous cellul osic product having a
plurality of beneficial uses. The present invention also relates to a
reduction in the volunme of the diverse pulp and paper materials and of

ot her a ¢GRSOk SsReSACINCAS HIMBSENCDS  CELADL G TRefRIDICE GiNoM NGLE0LINAS RBTE
i ncl udivagemnnisci pal solid waste (MSW and bi ohazardous wastes, which
facilitates the separation, recovery, and recycling of a variety of

conmponents contained in C i h M@WOmgenous cellulosic
product and pl astics. Thg @@ﬁtﬁ?ﬂﬁﬁ ﬁ ates to the
decontam nation and sterilization of mcrobially contam nated wastes that

contain diverse pulp and paper materials and plastics, such as_
bi ohazar dous Thelpsesgnicinyerdiod redetts sateckelingend maye pagicalarlyte theaeeychog kbl e f or

recycli and/ qr disposal .in.an environnental | y saf. . of the
tbove r aE i pi SRR B RS maler By B AR OssuPl . an s
cont ai ne@NhMsit Ppeodutt RAiROa PRty 8f Benefitiahuses. Thkptdsks: iovegmioh also eeipeEnds
(VOC s), to render themharniess to the environnment Fossil carbonaceous

mat er i alte ageductipmin e yatument thediyaise pulp andpapercnderials and effathely e rapidly

bei ng cq L f:aci : j =St Q4 | cant
or obl erso9Bets Sch ifichch doRlatfed RELRRARAY i, IRAERR Blbitirhl 4

par t i culveastey (MSW xdrdbivhakaioud hastes,ochich faoilitatts dwaegarationd rqeevarpcdndni cal s. A
variety of solid, liquid, and volatil.e . or ?ic CO ?u ds .associated with
pet r ol eJﬁﬂ@i@gé’ RVBHCLY Of £REPORENIS FAHAARGHE S H’aStﬁ%H‘Eﬂ SHERIASERAS; ons

have Db e%ﬂﬁﬂgifcfi%gdru%g%{d;ﬁlhgtﬁg t’l,‘?le?ﬁes%ﬁtl iR RN 2o elbliS to BReE SRRt o OVeVer,

the rel ease o oxl de into the atnosphere during the burning of
fossi| fandisterilizatidreofroktotdalniontapzinsted mastes thatenmddin diverserpulpring naper of

fossil fuels .has ed trenmenpdous quantities of, carbon dioxide,and organic
cheni calt@ateialy gad Eﬂ%&fépﬂ‘@ﬁé? Q@ﬁﬂ@é&% oo g?%’oar?dd?%ﬁagév apgs, %?"’f%da rel eased
from1 ZrdauddRitdfeGor recycling and/or disposal in an environmentally safe manner. All of

the above relate to the removal, capfure, 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 matenals 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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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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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
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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.
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moisture contaminants that have also been reduced in particle size during the shredding

process, the dry fluff is used as RDF for direct combustion to produce energy.

Anocther 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.
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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 bichazardous wastes, which

facilitates the separation, recovery, and recycling of a variety of components contained in
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harnl ess,_to.the epvi.ro . - THE: . I @y ent i on
o o ek ATB Aha pad M il Wik il borlifiabRiME R e O
and conminddicithzdsiLwasteind Bhogogerbusiedmldsi roduat abefall fog endByy and

bi ohazardous wastes, to produce a hom)gg&gus cellulosic product that can be
used wi tifeduction ipelysion igg compagitegpatgdaly anbiniling s sandipT RSN AP ned | nt o

additiv 0L 3 I i_pt %p’g%lt gpkerials and drilling fluids, or
converte ellsh(%hgh@t léér?érggfélrﬁ’a‘ﬁpioqw , orﬁaase()us fuel s, chem cals,
fertilizers and ot her useful products. Mre specifically, the honpbgenous

onl y i ' copRBEHOTA BhEEHTAIS EBIPI A oGt K G B1oE B S RBACD) omass.

mat er i al go1206 of i ChiAltall VIOTSs IRIARNRE 28hollitan@pe&est IBMWARRR cOhtaiminte and
organi c chemcals released fromthe burning or consunption of such fossil

mat er i al diverseipulpland paper matérials, eaivasiMBW and inehazatdens westes; by psematins
di scarde MSW and hi oha QuS st.es,, Val.i a . ent
i Inv enti o SYW% n 'ts“cglcéoquga&%, 8%% poflﬁt?xﬁ't%, an%q:%%hﬁg ﬁIe ﬁoﬁﬁtaﬁfsqg

render them harmless to the environment.

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




2 7 MAR 2006 PCT/US01/50049 for the inproved processing of di verig pﬁlﬁ
and paper materials, including such materials contained in MSWa 7 MAR 2006
bi ohazar ¢aygsn@shes, for use in energy production, as addiddvessbdde
conposite materials and drilling fluids, and as feedstocks for chem cal,
enzymatic, and mcrobial conversions into fuels, chem cals, and

fertilizersg. The inventian also provides, nethods for the renpval .0

vol ati | Oéﬁ'ﬁ ISR P eSsSipE 68 é‘h‘te?%e_rp @%degapewfgflﬁhsr@cl&aw&ﬁ@ ma{_?rlﬁlfsand
paper MRlsafifliSa MW ind didiayiantt Witiaza Lo itentas R6ductibl s walimved @ ai r
pollutants are captured as they are vented fromthe process and treated to
render tdogmpositematcdsls and dtilingdinids; endranfecdsBioke farehpmiqal, gnzymatiseandvat eri al s

in relation.tq the presepnt.inventi.on neans.any a .al | ..knogwn _nmaterial s
b1 oduc ecnBPH SO BTEOS G ey ety Atk Bk s iivenian ARG RRigES
chem calméthed! foPHe rethovi @@ Y oRER BRSSO RIREhtsD hAssént fith RAESs Echidiaimyg Aiversuch
bi omass materials into refornul ated products. Exanples of such pulp and

paper nenudp and prpenekigtals, Peh ag MS Wiaad bighgrardens;wastesr afuchpyplatile aigy| i t e

paper, ho er, le per | r. ' paper,
speci al Ho?ﬁg%@sf%%ﬁ?pt%rgggéggﬁ%eaﬁea?e%%é(iﬁ @%a& g?e%%’: %Irl%&%%%{r %,re;ﬁ:%e?rtﬁt%ggt ed card
board, adpgmpastabteeviroahent.al s and conponents. The nost abundant and
cheapest sources of diverse pulp and paper materials are waste paper and
MSW with MSWoften containing 50%or nore pulp and paper materials, both
by wei ght an [ 145, 1 0N . 1 %ﬁ?ﬁ{ | usi ng
wast e paper?bil\(’tgllsggﬁ lglésﬁgﬂgg%larg%%n%l?ﬁﬁlﬁﬁkiggité\gle% anlgb%ﬁugﬁgg%pggn sﬁ{v‘\ilastes
as a soudtlenoofn rdatedls produatdbathd ppiped peatendety though teneédamesliand i nto a

honogenoys cel | ul osi ¢ produgt. to be sed. as . a solid nbustion fuel, as an
ndd © v TR BNt o R ioms and Pl ibfRgS e soct Bt sr RS

chem calinifREHRidss prodebtdl ExRHRYS of ARKPLY SADabiRattHal hclidRepitead S,

and/or fertilizers.” The present Invention thus contenplates a nmethod of

t r ansf ormat dignitgid veyrKraftpaper, sulfite nanere bontbpaper, dédger papstdmpyten@spess cont ai ni ng

such materials,.into a hom ous,cel | ul,osi roduct t kS | deal
a1 et minel ofedh RO RLk emtt PR o B cald Rord ol
i deal fe@ﬂ@b@@-h,&lqrpamm?gﬁhteﬁﬂb@h@g&ﬁ nengnd/ or thermal conversion to
yield a variety of fuels, chemcals, fertilizers, and/or energy. 8

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 flmids and
an ideal feedstock for chemical, biological, and/or thermal conversion to yield a variety of

fuels, chemicals, fertilizers, and/or energy.




WO 03/035970 2 7 MAR 2006 PCT/US01/50049 Diverse pul p and paper materials
are abundant, cheap, and renewable materials made from woody bi ofepMAR2006
have al r g@aslys/0586i@r gone extensi ve nechani cal and chem cal p@ggs@agdagsoon of
the Iignocel |l ul ose conponents, but the present invention contenplates
further transformation into honogenous cellul osic products that are soft
and porous with trenendous surface area that facilitates conbustion and
inclusion into conposite materials and drilling fluids, and also pronotes
access by chemiverk pulpedpaBs  mataiidls BleGbab@mt %ﬂeé}ﬁaﬁbf&e@@bl@ﬁiﬁtﬁi&ﬁ a rapid
and effective conversion to its mgjor chem cal conmponents. The maj or
cheni cal madsnioem errody biomass thet bave alisadherdesgane gktssaive pchaniealand y  t he
sugars, gl , i nto useful
Fuel s areiGl Lo MAREST Aot SE cofBlndlfe bUL PG LATELLE 12

conponenjohteriflated ﬁlrﬂléﬂmnsfdrgﬂtlm imt@nomegenony el hubshid I!itbducﬂs that aretsyft afid
hydr ocar bon products by chem cal and, .thernochem cal decorrposltlon One

t r ansf ornﬁa@%wﬂp‘ﬁr@@éa%ous a%ré%ﬁearwgh%tcfa@h@teéﬁﬂwpmaﬂéﬂw REOBEER ent
I nventi ofynnosRChUAESISIAE dhﬂirigoﬂﬂl?% aﬁ& 8 d;(l?g@teé‘ £2es d&hﬁfﬂa&ee&ﬁrﬁ and

paper materials 1nto a vess ng ste into the vessel while
agitati r@dﬁﬁerobmtwbe allsto a(chl)evaan'@mhgncgaﬂ'mlvé comverdien todtssmhjonbhdnecalgi t at i ng

the materials; capt ur,i n a| d gases treat,in ases, .t ender
any ol SHROReH TG AVEARET S SuBARe ol Ry asea i Gt gt raTarly
envi r onngdtyg a‘@?hﬁ@% hEnéfReanesisle, & B @tthé@nV&RAGhto! eR Bt UM tl ght;

(f) saturating the materials with steamat sufficient tenperature and
pressur echemlce&qianblotdwabfaym&maﬂlorﬁndfwhvmnmaﬂ gunmr@ntsmnamhefrm erials;

d | h S d h I
cxpans! OB oA e Rarared S S yaicyiof M SEmERL ARG Seh T sPARBRERY Droaucr trom

t he vess@kmmochemical decomposition.

One transformation 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;

(¢)  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;

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

(h)  discharging the processed products from the vessel.




9 2 7 MAR 2006 WD 03/035970 PCT/ USO01/50049 The process of the przs,eﬁ 2005
invention is environnentally conscious, in that it allows any v A|Re
organic W (VOC's), air polluting conpounds, and

undesi r ab gdaégg@ associated wth the diverse pul p and p?%ﬁérgg?gor‘?al S,
MSW or bi ohazardous wastes to be purged fromthe vessel in a control I ed
manner, captured and rendered harnless. Furthernore this process

physi cal | y anﬂlméﬁﬁs%afﬂh? presgiignYRnven inenvirgnipantaly penssionndn frpErllf¥ser i al s

into the [Lroduct, that
can be usgﬁ%gasfﬁéaio o us@gon e : ré]ai?ﬁgg i%f' ?hb%flﬂ(gs?%}rl\&l%ﬂﬁ%ﬁ nposite
mat er i al gndesirabld gals'emsédiaxb@ls;,lthanddmrsepmpamﬁ@dpérmmermmwsw,uet chenmi cal s,
fertilizers, and other useful products. Accordl ﬁg one ob oJ t he

present blﬁbﬂ@ﬁﬂoaﬁW@éteﬂt@her?ﬁrw‘vﬁéherﬁéﬁ% Eh D MagNeTe E4R0Y VOC' s,

hazar do i Ao mtéh@@sm amaﬁnmel d

usual | yul%eé‘éréd m&%rom S?llﬂg I'n I ggg?ﬁf}’ , an ?t%i cularly such
subst anc@ser‘shpmlp amd)phpi:r Iveatexinld ineoithel desired entl @raduet sﬁmelyathcmm)ggnmses s of the
pr esent I’III on alternatiyve transfo cess. according to the
pr esent "? ’c‘iHSﬂd“"& AR Bg usedips acgmb BWQ?@EIIEE% ?%F)m‘?lgﬁlﬁ?ﬁb di verse pul p
and papefonigsié htetialsr ArifingShad, and/oPorveatd b bther fieRSelentiénld,hat the
vessel is pressure tight; (c) injecting steaminto the vessel while

agitati n@mlimrwaummhcmseﬂdlpr@acwr ating the materials with steamat a
tenperature in the range of about 140C to about 160C and at a pressure in
the range of about 275 kPa to about 450 kPa to expand the physical and

chem cal  strpNedoidiaglf orfid6bjeRbE tHerésen( i@VerfiRRIEMSIHIprave We iﬂm&tﬁéﬁmﬂmd 0
further enhance the h sical and chem cal expansion of the erl

capturi n@fﬂ]&ﬁ‘}owsé@ él@ﬁ@éﬂu%mf P‘Pi{:]lt%rﬁ%éﬂ@éw elber pndesirable gagathet way F‘ng
d |
ol | ut angaaliy bt ERE R M Hhidef 1PTARRC pfEPRAUNASy S0 BBl Bl © 1

T

pol | ut an e gases envi ronnent;
di schar Wﬂ@dt&&nﬁﬁﬁt@&ﬁg&h@ﬁﬂﬂhﬁmtrbn processofithsprebent 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,

{c) 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;

(D) 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 environment; and

(g)  discharging the processed products from the vessel.

10




10 2 7 MAR 2006 WD 03/035970 PCT/ US01/50049 Li ke the previous prggf}gq this
process may further include the step of purging gases fromthe s AR 12065
the sane W@aseRspas cited above at any tine during the prcegsshfdor to

t he depressurization step. Such flexibility in the timng of the purging
step can be wused, not only to capture the volatile air pollutants at

hi gher tenperatures, but also, to renobve excess noisture fromthe wastes
bei ng processed to yield a honbgenous cellulosic feedstock with a nore

cons! o e o, UL SUHER, ARy IR RRTE ey pbngos! 201

to capture any rensl ni ng

depr essugds@d fixgm shepessddonthyEthsreanohs ak bissd gholve at anttene dridgihe pioeedsr eat ed
prior to.release to the at m)spgere Biéif act, the col|ection of VOC s and
S

l.
ot her pomianf@Hedlepresiirization ser s shcdexibilitewshs Hmirg ohihe PUSHESPAHNES and
noncond | el o b Sr@REd Yut 8. t&xanpl e,
condensgtg%&l’glggégly]gg ﬁ%ﬁ%gﬁggngﬁgg%&gsﬁﬁﬁgeﬁgréeé gésgtsﬁpr’i or to
cooki ng teheveeosscmsishae frooothd svastes béing decosspd esgickie sdneegepowsiietihlosmy
contain so OC . s and/or other pollutants that are volatilized at
tenperatﬁsﬁ?‘g%cgﬁﬂyba%@ns*ﬂf’é‘t WeEMOSEE fefif¥abl e and noncondensabl e
conponents during the depressurizing step aids in cooling and drying the
processed products. The VOC s and other air pollutants may be collected,
capt ur ed, andnteitbet prdeés, ihisylesieablatosapiore anyokmaming ¥ O6Es ohetherqodlutantinn i n

the art,  such, as thernal oxidize dsor bent s tc, |f ' Lt h MBW
pref er abqvnlgﬁge @Efpﬁsﬁlé?" %Sgégt eséc{l 5((9 ‘%ﬁ ggé Pﬁlgr g?%ﬁarg? C@Ctpérgﬁ{ %%ﬁgddﬁ%har ged
product sto rblBAke t6 @RAtROEIHErd. ALOREL, HeZDtledid ofNVIBCT apt othes psll@mgts fretnur ni ng

these larger sized cellulosic products to a second simlar transfaormation

pr ocess. the tresss! eands scppsated e eondsnspblraand aonsepdensablen Phich e be ike¥i ¢
COWO”?%éat{d’ Qfftell 5'(: Fok E&Bg%l‘é, LGN Tan BY nd% %Hh&é?.?é ?c{n?é g ?urgb@C' udi ng
screeni ng, terro-magnéts, eddy currents, air classifrcation, etc” [f

st ar t i nggased fridrite badkdngltheprodigtseandantiense ithdetemptassion seampehich madyc . |
termed "sharps", preferably the si c pr.oduct containing sai d sharps

| | ul
woul d beconkamsepe ¥P's 2d/pt e@ﬁﬁ&ﬁﬂ“_ Heys elatilizedah lRRPesings 29pteps
har ml €8S QPEOTidaflr6f ddiAendiBlelatl AShCNBLAGME Lo BB nilthetib d_shar ps Tor

any subsequent use that may require facility workers to conme in direct
cont act ddprdsswading gepdids in cdoling 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 cellnlosic 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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2 7 MAR 2006 WO 03/ 035970 PCT/ US01/50049 In yet another al ternativ? 06
process, a plurality of process vessels, each capable of treatirg vb%&e@

cont ai ni Ry gH0486%€ Pul p and paper materials as noted aboVigy84h /5004
i nterconnected via their respective vent valves to a conmon mani ?o?d t hat

i ncludes neans to join any two of said vessels and to facilitate the

transfer of the depressurizing steam from any pressurjzed vessel to any
other vessel trst 2pofherplismatiyepraress. 3 phurglix obprogessy e%“Fié"pea‘:Bf‘:a?%ie ?J‘{ ocess.

Thus, th&ea@ﬁg%v%%t%%&ﬁ%&ﬂx%ﬁ%vﬁr&iéﬁh?&g@%@ﬁﬁ%&%‘alsggl‘lo&ﬁ ab§d af0 acconpl i sh

the purging Step of any ality vessels. The transfer of
hi gh pr esgmmnegeduintbaidresgativé varnvalvps mssoumimennmadsld thitnidudes vesse |

cont ai ni hg wastes at apbi ent aj t. erature. and, at nospher.i ¢ pressure, not
onl'y - conBep ety Sephyal Berel pdd o aeRE R S sePRSHR bR B he
pressuri g8 a9 prBburizél ReReNBahy 8thet V&s¥BhAhaY BRA préphrdd R r HeSAMEing Biefr | NY
the | ower presSure vessel and Wwastes is condensed, resulting in a pressure

di f f er enefith¢ progess. pFlosothe depressutipationcteast efonefvesns] ma bp usgide apeaseplishe

vessel to the.l ower ressure.vessel.. This effect is.well.know to those
aki 1 ed RPUREHE of Ay S GR TRl Pt Ve oL iR RY high iR

condens adtém asd heat 60 sUBIRE vesddl entpa0&Eses Sshtdihipg thakstes faf @fbiantdivir al ity of
process vessels is_discharged fromeach of said vessels and_conveyed to a

conmon sEpRFEEITE AN JiEI0SPRTISPressRisyRAtPIbF cOpsP e ARCRYR DUl BFRE conponent s
for rec y&égk%&ﬂz’lti&q gf kb g»?esglﬂ-izteﬁ %&‘é’ﬂggﬁg%it §Ghd %Lu%? b@o? rh?ﬂfé%{eam( when MEW
r es are d). C u

or biohaz ous was processe arger size 0Si ¢ component s
are al soemériny the koveapekstare ousseleahdiwashs ipcariessdresulieg mindpilessiee t 0 conpl et e

t he desir, t.rapsformatign._ Accordingly, the present inventio rovides a
process ‘é)‘?f%{epﬁﬁ‘stgﬂﬁm?rﬁﬁteﬂi%\? _ Ogﬂ‘l"ﬁ?‘ %8 hig e RFGTSUFS “aqs§§it‘hfb8q%‘£fformgenous
cel |ul ospesRraOflicd), WISt QWP ndiv] BMRYRRKEIed SR iStoGraBagdiaon fuel
that can reduce the dependency upon fossil fuel materials and

cor r espodetraage in vodutne eporcennidensatiomsf algaspowsdiapoi.on from t he conbusti on of

fossil fuel materials; provides a neans of reducing the quantity of unused
and di scarded wastes; and provides a neans to capture volatile organic

8 g ;ngg 838 andrTiRd HetesSaMVpro@idiR bl 4 plural S rHEks 93688 s I dsohaRRl Fiom dath WO
of said vessels and conveyed to a common separation system for recovery of various non-
cellulosic components for recycling in addition to the homogenous cellulosic product
(when MSW or biochazardous 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
cotrespondingly 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 éompounds and other environmentally

damaging gases from wastes.
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2 7 MAR 2006 PCT/US01/50049 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gze ﬁ a
schematic view of a process vessel used in accordance with the rled oM 2095

i nventi OWOBI(QSQ']g is a partial, cross-sectional view of "_P(ﬁ"ms'blfsﬁdﬁ?n al ong
line 2-2; Fig. 3is a schematic view of the process vessel oriented in a

filling position; Fig. 4 is a schematic view of the process vessel
oriented in a di schargi ng position; and Fig. 5is a flowchart in
accordance with one enbodi mrent of the present invention. DETAILED

DESCRI PTI ON The net hod gAEFIHEERIPTTIONSE SEIHPDRARINGHaper naterial s and
wast es containing such materials for producing a honogenous cellulosic

product that can be used generally w th any known suitable vessels.

However, by way of .exa SCUSSi on thod t he

b esent i mven i on B |1 Hes peteBnG R TR b LG BEL il ASeRBRGMIFIber g 1
As shown in Fpgsenkindeifloflr ocess vessel, generally designated 10, i ncl udes a
cylindrical ousing 12 with a closed end 14, except for a centrally

di sposed penetration port 16, which is connected to a rotary union 18 for

steam i njection an%/gr%gg?égsap gtséc?gnal O?QV? %os {aﬁeﬁﬁﬂ ggng the vessel

10 i ncludes a door et on erla e’ processed
into the vessel interior 24, and for discharge of the processed pr oducts.
The doorway opeang 22 may be the sane dianeter a t he drlcal housi ng
12. A ter natl veI y Fig.nd 1%9?‘?‘1?61"4‘63@%&@?3@0393Vﬁ§%? pdent "e@lf‘% a small er
di anet er é&; %gge 13 WO 03/035970 2 7 MAR 2006 PCT/ US01/50049 di anet er
vessel s for cononf cal and nechani cal reasons related to the door closure
and weight thereof The door 28 is preferably conpletely detachable from

Lhe vessel 10 to alog,f e roLation Al bIRYSR8e] oddnalRY abdiefigy ' 2ont @

position; and

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

13




or a counter-clockw se direction, either with the door 28 attached

cl osed as generally shown in Fig. | or with the door 28 open and t?aMﬂRdZﬂﬂﬁ
(not showg o3/033¢70door 28 includes a second penetration pgffpdfseech is

al so connected to a rotary union (not shown, but simlar to 18) for the
addition of a vent valve (not shown). The vessel 10 incI udes an

over-pre sure relief valve . ot sho sho I.n t he vessel
it er L or SBHEES VST b BRI ! PR OB T R oL oSRE Al < 32

that traygrsahédss ethé H@or'Z%Q%f&fé?&blSrG&n}?%%ﬁ?het&&lablerﬁdlﬁ%@&sééﬂ@o@d osed end
14 and the tapered end 20, if present he nunber of ights is determ ned

on the babwsfres rotatios of &mlssebﬂ&nlm@ its hanzbntdlexisi (he % ZO\mueldwbe clegkwiseoned

nier oroeoungrRRRTsanorodt ARt e fbor B GO0 a2 5 SRR

woul d beshgivhan §ed Me#anmhﬁéd@r&%@b@aﬁd@éﬁchleﬁ(&ﬁshm@rtTﬁé@deQa adj acent
flight. The flights are attached to the interior walls of the cylindrical

houls Id ng m@u@we&o&we@ﬂm port 3Gyhich ibalsaprmeefed frja pgaryiunios; (8g )Nnanﬁ f
\tAﬁg fli r atﬂ{t IH?I %Ngﬂ%l aﬁ? OE 355 %ﬁntqﬁovr%l dzlle)ﬂn@gw%gx ﬁ%]e a n%glt ﬁﬂh&lguéegq%g Ingyt 019

t he spi r@}er.ﬁi-eggtgc&dslfefbglng(ﬁmammlget ermned enpirically. Depending on the
| ength of the cylindrical housing 12, at |east two equally di sposed
sparging lines (not shown) may be attached to the interior wall of the
cylindrical r ; é?ﬁw b0hoMal | of
the cylindri ca#ﬁhousll;%égl a%%ﬁﬁﬁ&%&iﬁ‘éﬁoggﬁéﬁ}g%lﬁgﬁgtiﬂpé nt eﬁ(%ﬁ; 24oof t he
cyl i ndr i ledilcalHftiglsts 38 thak triahereita emmedmg]n efithevayseb 0, iimjleding theichesed ehd

i nterior he hoysing.1 |.d be IIeI t he
ot - vout i anghe EpbRlRnddaat et BB Emob R TR bR et feghbiohd 1 e
or ot her,pQRAEY Bhheies @ ethighnd WoullBe pb&itioRdEd c@iagaﬂtlm chdh dR@GkSARdNi gh

vel ocity steaminjection when the pressure d erential is great. The

vessel 1be cigcumisrnge of theavessebimisriog %efpaexaﬁlpiegwg flghde wouBl bet B apart,ows

rotation t.he v e o) nt er

0t oot | oiubfigtt SobERaraBed ol Haed shef Kl 3800" aphd i ha SHRSHLNEH. . o
bei ng pi vigd BidhisQrahttaened foahélBisrios W12 Of e dyligdrics helsinkl 2, hoib42a/e8d5970 . 2
7. MAR 2006 PCT/US01/50049 to be raised such that the vessel 10 maybe

tilted al4anpthedenesedinsdedf Ginyrsentisgd svould radiate toward the horizontal axis (line 2-
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 alteratively
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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hori zontal, as shown in Fig. 3, for |oading waste nmaterials to be essed
or lowered such that the vessel may be tilted to a predeterm nedz% 2008
bel ow hoky@esadb» as shown in Fig. 4, for discharging thgpoansseed
materials, while simultaneously rotating the vessel in either rotational
direction. The neans of tilting the vessel 10 while allowing rotation is
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suppor t ehaPiingeciBhie stocsssed cpstiale itie staplago s wetig Ry Sedenal
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(line 2-2). The vessel al so i nClude neans of support (not shown)
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alternativ to al wthe rlzotall fixed
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rot at i onbd fbsfidnbe kitkbir hefikdRally drite a\fRe8 @hgld Of fepbid@ith redpedi @@ ks BorizvRtls Of
rotation in either direction mhlch shal | be conti nuous variable in

r ot at i ondyis (ling@ed), suchithattenclogdiend 38 sulowen thap the dgor nd R olicioptiFvDbt at i on
speed d ned enpirically. The door 28 of the
vessel uﬁkéﬁﬁag% %{ﬁﬁ'b@@g%%ng@%g%ﬁfr%ﬁ%o be rotated in either rotational

di rection elther W|th t he door 28 open or closed. Preferably, the door

cl osure r | d be Ietel etachabl e fromthe yessel housing
12" The ol osebheriasa dOdmiR rcjueameso! pheied (eacrlys arvpys 35)&5@?8
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all ows the vesse be rotated'in either rotational direction while
bei ng comiedined-2o Thsveasdldlavopld aisd riciudeoncagebf wpyﬁdﬁmots!hg‘an) torallowor

venting fhe The tat| nar ond lexi bl e h| gh
pressurethe S‘?E‘Ek tB‘ﬂa ogegr ﬁ g‘?i’&ra%m?tbv%‘é%? Pfl?‘@aﬁ { 2 Bnnect ed
to the Sﬁa%ﬁﬁt@&'ﬁéﬂzcﬁ@eﬂﬂ‘-ﬂrtat a fIQ&arF%Té‘ﬁ%ﬁﬁIdrﬁBnﬂﬁpdstreéi&d%o{r@GlhﬂbOS ed end 14
may be connected i nternal he 15 2 7. MAR 2006 WO 03/035970

PCT/ USO 1siB0ageovplaraljowing rphi@gn tioeiheo dirertion. Berestebd 0 ferthar crphndes ape
| nj ected \ézlm% qur gtlgr? {noé%t'hgy dl(l)e%?lglll W43ch 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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into the vessel interior 24. The doorway 22 may be of the sane dlf?@gé @’ﬁ
the cylinder housing 12 or a snaller dianeter for |arge dianetere ve I b
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added i s dependent upon . the moisture cqontent of the material to be
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agent. A predetermned weight of the solid materials to be processed are

t hen i nteodldctomcbfiviaporsirbleased etastbe véit vahiel3. si nul t aneously rotating the

vessel 10 in the above described direction. A low flow of steamis also
sinmul taneously injected via port 16 as the naterials are introduced into

the vessel 10FhPinpo@YdtRa Jfhitdrfadd foQiR fr&e"sibﬁ IAtOURE Vesydl 10ethbSebiel dsth 28 16 WO
03/035970 2 7 MAR 2006 PCT/ US01/ 50049 o .
is opened or preferably removed, and the vessel 10 may remain in a horizontal 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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i ntroduces both heat and additional noisture as steam condensate gn? mﬁpi
materials to be processed. The steamthus preheats the vessel t 005

cont ent s wilhHdss#pong Wi th the agitation provided by the f@ﬁ/ggdlgﬁmgf t he
vessel and conveyance of the materials by the helical flights 32 toward
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t hen cl oggdr Tgagdmﬁledlo is continuously rotated and steamis
conti nuously |ntroduced via a steam pressure regulator 17 WO 03/035970 2 7
MAR 2006

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 ata

. predetermined angle above horizontal for processing. Rotation of the vessel and steam

introduction are resumed.

Steam is introduced via the penétration 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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and ope nzyme, a mcro eat nent r produci ng
fuels, chemcals, fertilizers, and other useful products. 18

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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materials are thus transforned into a honogenous cellulosic pro t r@r%ﬂﬂﬁ
t r eat abl gy bpgasovat eri al s provided in other processes. DuedudodBood9
transformation of the diverse pulp and paper materials into a honbgenous
cellulosic product, the desired product is easily separated from any
oversi zencel.l ul osi.c product and. any co-processed noncel | ul osi terials.
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equi l'ibrium period, the vessel is depressurized via the vent 30 on the door
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and the absorbed noisture in the contents within the vessel 24 are also
vapori zed, which both cools and partially dries the materials. The

vapori zat i on dltempiavelyuithepropsily ngwlated yesseh thesyteam Hyeckion mayde | ary ar eas
of the cgll. i.G- eri.al s . i f sical and
chem cal &an. uc urgéﬁ%%d‘. 1§m%%€§g?€§ﬁag’ogﬂ%§q]§{atlﬁg&% g‘ﬁ%ﬂﬁeﬁ?%:%%gyi n the
vol ume ofnjdctiop iy \ba idéscontirared Clan der mixing woultlibe conthpred faiths desitedumsae ur t her
enhancing fhe transfornmation of the di_verse.ﬂPuI p and paper .materi.als into
t he homn%‘?ﬂ?@u sTlg§pprmq)g§a qpnﬁpwéqlgmg with or without continuous steam imjection 1s to

provide a period of time for the contents to reach equilibrium or uniformity of
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e

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 moistﬁre 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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represented schematically in Fig for exanple, the processed material s
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will be wdm’raﬂytﬁdswnstdambllj,ebngérhan 2.5 centineters screen fraction.
Preferably the screening process would take place with a heated air stream
bl owi ng over the materials to achieve further drying. This woul d be
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plastic fdrlsBFar@th 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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nol ded products, mscellaneous textiles, rubber, |eather, and \/\/0021,7 F‘Rﬁ
these materials naybe sorted manually and/or nechanically for recyc gz.ﬂﬂﬁ
If an i npas dkahe screen fraction of |ess than 5 centi ngb@ishashdd gr eater
than 1.3 centineters is obtained, this fraction 20 WO 03/035970 2 7 MAR
2006 PCT/USO01/ 50049 woul d include a small percentage of a m xture of the

same materi.als those found in the reater than .5 centi ngt N ti
B R 0k bR e S et S B C1 1,
broken od:8sen thén ¥ 8értRhsterachibB(dee Bb@\ﬁst),:jlﬁlft kBN » 5 ichtrétbBackion LS

aggregates of plastics that were forne roma varjiety of that nelted at
t he pr ocwssistigostyarfipeokenglass, variesoof sl Meptia dtemsinglading| anephougass as t he

t d bel hej | ] i ' ' i f
e veostereed (e BrpsRS At o 0¥ tormed ikl RO O a b i S0suhL T2 | O 0
some di Vt@ﬁl?&aﬁiﬂé,ﬂmﬁﬂﬂidﬁ)mms avhixed bikGe mhksehdRhpeiablrs drappyd btlew ther sort ed

into recyclable products. If the desired honobgenous cellulgsic_  product is
to be | engltingapints duringsepiestugization ¢fdhe vepselany mcomplgtely tinstrmgd| p and paper
mat eri al . . I Welt vari ous
roans otk by SiRE R ANER s E B LS pO NG pubtr iU ELBE TRABE Rl VT

i ncl udi n@ay kles Be sortedrin®@l récyiciabie prodinse o lie tHe desitathonfogenpusoetisled mat eri al s
or conbining with simlar fractions from sevseral, di ffeFent bat ch processes

to be reypPHEdisededesdaanch a@tsnf‘é?rﬁg{l@l Badelr > HEMASTPHAGRIRRR | ul osi c
Corfponemteﬁ.mg %hmfﬁe & &ateﬁeﬁ/oqt?aw%%&?ﬂn&% oS B5 A ohd Vhark QGdtcAsabl e
products, such as ferrous netals, nonferrous tals, "m xed plastics, mxed
col or gl asar kmifd, had recetsred fonreptoeessing eitteir by surdiding thiesematenidlsdwaposi ti on al |
or sone of thes ncel | ul osi terials . may be.di.scarded in.an inert
a1 1 SibsgeeR bRt Cunpoceied R peiomiie PRaR AR EEFebheRB Ll whi cn
woul d t yRiveal di¥feR@t batEI® procesibs o YeqBbroBRERT B getRérehk sty bAtER S Thb Aixthre3

centineters, froma conm ngled waste stream such as MSW and bi ohazardous
wast es, wwgtldulosipremaponentsdrare thisstep atag dewpmied bsyagious means ingureayslables of

ol ast 1 cop ks SRIEE Ehoip@als SolrFdhun Rl AR BISUD ARRERB TG, o [Tese

cont am n@iie§ efeRYor dae toethie ehal) wolbidd Midsoffipasition all ohsdfie af tiesnwcellulasio
classifier,  preferably using a hot air streamto dry and suspend the
hormpgeno@stedals maydsi discardsd g an jngrt landfill.

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 bichazardous 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 theiij 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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the air stream The heavy fraction fromthis step may al so be sorz‘eécil into
recycl able products, such as ferrous netals, nonferrous netals, f AR 2006
pl asti cswabieReol or glass cullet, etc., or due to theipcHiglilsoy@ ume and
conposition, these nmaterials may be discarded in an inert landfill. The
smal | est particle sized bionmass fraction fromthe initial screening of the
processed materials, preferably that has been further processed to renove
the noncellulosic contamnating materials, is the honogenous cellul osic

product. 21 Vg Qﬁéxﬁ%%%@an@lfo}m%% $30&s Pﬁﬁ?és‘d%%ﬁé%é@esé\%s%&ta@ SRk #e

transformation process utilizes a simlar process vessel as shown in Fig.

1, but dBigsl, ot dedssol shsoluely eeuire ¢he siep of pugiog gpses dionythgarsessl 4ndata t he

vessel and. its .contents.prigr to processing. However. . such a punge step
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t enper at ure e l.et.e vanori.zali of .t \.j% er, entrapped
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hi gher tenperature, a significant (t]uantitélof wat er vapor _can be vented

si nul t an@dheremavel ef pgroerrpropertian ot $ht total 1?G’s copigined w4 thin thegngtenals

honogen Si ] i teps of
the it ofiing PEEatE A0 O Blghll ClbpBrol R i Bl LRtV b Bater VAot P2 T
above, ecandptvehifedtsirhiianabdusewitiathe welatilodiepsilutans uhes edsuliing reg hémagenous
tenperature and pressure range..|f the optjonal purge.step.is conpletely
omi (¢ ed SIRRERRSAUE B el GEmPisHiRe Foffisalt | DHF SRS RLLE AR PO A hor
pot ent i adyniahtifIBR) {aiRAL th@?ﬁgc&&%&lteﬁ%b&&‘%&é t B3t fRRitmaAvEMotaRs an

earlier purge step are captured for treatnen dur_lrr‘g t he depressurization
st ep. Predoprsabagpedific feoyicthiizre andpesssurerangat dhthewbtiona pprascéspsied cel | ul osic

materials i I gnd f L cant l.ess..t han 65% wei ght J0r referably is
| ess t ha?P’@g%efYﬁ%eaﬁﬁm ghl{i adtr‘?nm}iv%%ﬂ?sgo ! gﬁf(’c%?issth‘é% §é‘n§f’ éﬂgt s on nany
possi bl epdie e &S pdHutahtS Msat KOREESHHRARIL Be caphied imes id @mMiddirraasgedre As an
exanpl e,” noi sture contents of the cellulosic product higher than 65% by

wei ght aeaptured éor dreainesns dudeg the depressuvigationiel end to forminto conpact,

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 bichazardous wastes,

making such materials less desirable for recycling.
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dense spheres which are difficult to dry and air classify, rather %T@A
retaining a | oose, "fluffy" texture, which is a preferred objecti R Z[jﬁﬁ
this progasssoaetdi tionally, when the noisture content ispdghigfsoddsan 65%
by weight, the smaller cellulosic particles tend to adhere to other
cellulosic particles making the resultant particle size |larger than desired

for screening. H gh I sture, cqontent cellulosics also.tend to adhere to
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22 2 7 MAR 2006 WO 037035970 PCT/ 1/50049 The princi pal purpose of
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agitation, which pronotes evaporation of noisture fromthe exterior
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scr eeni ngomotesahdwiapauatios bf alditional hoshas si tbypagtuses treldwo 11000, screeming ikhe
evaporation of retai.ned | sture after pﬁ)cessi ng al so, enhances the

transf orar]%cftiaéfr?“&?m{ HEClags _ gouith kot iy, gle, Fhie gvepQRiisn o iTPUSWE  ace area
whil e si % Eﬁﬂ:@%ﬂ% MsFEhhdrd hdErRIRRHE S of the CLINAESIEY iBic AAGEKith dry

product ( s than 10% noi sture by weight) nmay be stored for extended
peri ods extensiviersurfadet dreanyhibelamultanesugiyicoolmgthe prastietsr dutheonorgsa epalesul t  of

nol di n r _copmppsting. I ng. L Ot ot. rocess vessel siml.ar to that

b evi vty PIRLEF dessdi Ga ot Ey ity wly B8 SRisd B8 ShendidRering

condi ti ofpgie REthehtSHlop 8L hificd ibfodefR8ATINn dsAeaili & ol lcbflpBitinghave shown
that a wde variety of volatile organic conpounds (VOC s) are present in

MSW from both residential and institutional sources. Experinents have al so

shown that 't ofyabl el ¥ kBl B%oANARKL LifTiaPlo hSREVSRIF hbdcRbal by RBY Lyt ants can

be renoved from
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

23




such wastes and captured for treatnent as a result of processing ?LﬂrlX'R 2008
wastes using the nethod of the present invention. For exanple, 1n one
series ofwespesvients in which several batches of residenpégisolddoyyoner e
processed, the total quantities of VOCs (U S . E P.A Mthod 8260)
recovered from processing ranged from about 3, 503 to about 15, 294

netri.c ton The
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Al'th
de|tor gg gB‘r/ IE)?;O %Sﬁqg{e"%{.edtcfﬁngbﬁg%ie&) c%ﬁ ?S%I%zn g?ﬁ%ﬁg{a‘?%{%ﬂéﬁ é?gel%]g@%t}:%ver ed

during tbfprocksing (4] sbok ¢50'C) is mdiecuffeetivé faterhdval bf GHRE’ stfmmmsawuhm of

processing_(e. about 1500 is m)re effective for em)v of VOC s from
NBW { hanthe{ergerieiesta g PHIES step dpsie %37@@ lgnéﬁsa a‘rlﬁ%t REAup phase

(e.g. W%%&%Qwﬁnwgﬁefﬁ%ﬁﬁhﬁloﬁm@g nor e true for the

hazardous As anot exanple, 1n a second series of experinments in
whi ch several batches of institutional I\/BWWere processed,, t he total
gquantities of

.E. P. A. Mt hod ere fro c I ng
ranged from aﬁoﬁrfmgerlefémpg a’b?)ﬁﬁc’:’%‘iise'f’& °ﬁ?’fﬂ 3}35 e ?rg] @at@‘eg%gf NBW
(i.e., pakfigtiese) MSW w&8)prockhRd! 888 tdtauaATR e oS’ qu.s.@imm cMRtRduct
contained | ess than 100 mlligrans per netric ton, thus indicating that

over 96 82a8h qucheered/wnsprppesg@mrana@dtfr@ AR Rel26 to abany 83,76 wmiHieraes pRir ge
Fecover ool BT S, 0 pef BAIOHF, PHERGHBin bBSoRLRES S prbiber”

m || gr agsntfiesd 1eattrm¢1o@mmfgrmee metriceton, thaotidichtifgatiapoedr®61% 8f the% of  t he
total ).  The remaining VOC s (i.e., about 91 %to about 98 9% were recovered

during VR apfepexdn eﬂ\éﬁ%we@rreeova theniths puree/siep /a5 &yring theo

miligr Bt 'i)h£§%tdfitﬁe }Sr(dgess, 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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A gr eate‘gl{rlJlJl ?ﬁgﬁ%ggﬁpgﬁ £>St% Logt c;?@érﬁs ?f%%ﬁ?g%geﬁﬁggﬁﬁ%gﬁﬁglﬁg%i bacteri al
spores (iBpedvement osdreley widitomab pharh sre)ilisattonderotess tsiret étl a statle autoblald enge
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process 5Pt EhisTes iR Yﬁvéw_fl 'bcﬁlopgma%%%ﬂmqt MorBramefit Shses i

tradi ti ofabrseRH Rhlhhd Wagk qesith! Qfeffmeti gk, dnd jallicon@etrsdming  heat
transfer 1s primarily by conduction rather than direct steam contact. This
i s due tastaflzgtiensdo steath pasetiation and thuadste hydiopact tygatroonttefficasentTheackagi ng,

and | oad, configuration that, act.as barrier 0 steam.penetratijon._and thus
i ect | IR A eRpR e RonhroReh i wapiibload o bl PTG & 1

t hrough dfheeritaaiiéh hoast ratheOthhmidutél)! eWith tiY frd@AERveitidn Wach biRiersab
sterilization (hours rather than m nutes). th the present invention such

barri er sst¢am pencirativpefibe wastesre diminpied winse theayastes) partiolabapelp dad papes

' , J.cul | I i.nel & d
post oo, REHASHlnly kR da ARE isoBLFE hoa 85 PO dREREREHSTY |
-di rect | yofapaastes ire diveayghosedtg steam duringtthetéatipemoessessidee foahé he

continuous ,agitation. The present invention al so_provides additional
i npr overkORHNGRMSAZIRNOMM dheRsens invaption alse proyides aditional SRBrovERENk QST cal | y

rel ease ¢ £80ha1 Bedh stediattlys glg'illc‘at t@%&é@%lﬁ&@ s al[}'{? g?@gﬁ{daﬁ)hf)&orér he

present 1nvention elimnates-such rel artic
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 depatting from the scope

of the invention as defined in the following claims.
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Wi th respect to odors (VOC s and other air pollutants) by enpl oyiglg ZMQ 2006
ventilation system that directs the off-gases to a treatnment process”
Havi ng described the invention in detail and by reference to the draw ngs,
it wll be apparent that nodifications and variations are possible w thout
departing fromthe scope of the invention as defined in the foll ow ng
clains. 25 2 7 MAR 2006 Clains: 1. A nethod for treating diverse pulp and
paper materials to produce a honobgenous cellul osic product conprising the
st eps of : Qasedi ng di verse pul p and paper materials into a vessel;
introducing steaminto the vessel while agitating the materials; purging
gases fromthe vessel through a vent valve while agitating the materi al s;
capt uringland W mathod tra@hthgodis@se pulp aedper marive tapiolicear Igafigena@npounds
and any otlp@r .air lf;ol | ut ants grese t in the gases harnl ess; sealing the
vessel soflfiesiqpradicbeumprising the MeRsife i ght: saturating the materials with
steam at suffi @@l dvRPRYURS ANIDapd T RESHIE Je®el;€Xpand the physical and
chem cal structure of the materials, while agitating the materials;

depr essuri zi ng Atfedusiag eqm jrgo thgvessel widiagtatingithemgtepglscal and cheni cal
expansi on of . [ ' : Lning in
t he vessel; anh%%%‘é@l r‘fgﬂ‘t@%“g‘%?g@?égy%ﬁ@gg@ge@ %é%ﬁ%ﬁg%agegse . 2. The
met hod of cl ai saptungesrd treatihg saidtgased to frendehany volatile desintchengpoemdscind

i ntroduci Qﬂyépﬁgra%} eo?l%f{sorrrét e depr es?‘urilze,d vessel into a second vessel
contai ni ng™> drverse palprand papert it e 'al®s for purging gases fromthe
second vessel pedliag tHeoressebdd thg thd Wesel egBeduk dight; r eat ment of the material s
within the second vessel. 3.. The Enst hod of fBl,ai m 2 wherein the nethod

further incl udSEUpHRS e pateripls Witk Seapy ph g SEwaahre dId tReF VG HPeach of

a pluralityph tHd’}ﬁhFM@eﬁ 984 Shenilt s@uERETPhe nfRMRY RIS 1JiIABRAY the aR&AL! NY
| ar ger conponents from snaller conponents in the strea and recycling the

| arger conponefEReEHIANg HeHessehigdurthrsenhince the Rhwsisdl|agd chemiveexpasiond of

claim il ! iGal i u in the range
of about m?ﬁ%h?:n%hé&%gsoaétab%%{&w PecBY &g SiEkth Seriniflg b €S

discharging the processed products from the vessel.

2, The method of claim 1 wherein the method further includes the step of
introducing the steam from the depressurized vessel into a second vessel containing
diverse pulp and paper materials for purging gases from the second vessel prior to sealing

the vessel for treatment of the materials withint the second vessel.

3. The method of claim 2 wherein the method further includes the steps of
discharging processed products from each of a plurality of the vessels into a common
conveyed stream, separating larger components from smaller components in the stream,

and recycling the larger components through at least one of the vessels.

4. The method of claim 1 wherein the saturating step occurs at a temperature in the
range of about 140°C to about 160°C.

5. The method of claim 1 wherein the saturating step occurs at a pressure in the
range of about 275 kPa to about 450 kPa.
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5. The method of claim1l wherein the saturating step occurs at 2-78 ﬁ;&ure
in the range of about 275 kPa to about 450 kPa. 26 2 7 MAR 200 e£006
nmet hod of claim|l wherein the step of recovering steam further includes the
steps of condensing the steam and treating any condensable pollutants to
render them harmess. 7. The nethod of claim 1l wherein the step of
recovering the steamincludes the step of recycling the steam 8. The

nmet hod of claim1 wherein the step of depressurizing the vessel includes
the stepé of &"b@hieﬂvgdevrﬂdlaitnyiW&@rd:itnehqmtm@"ssejdrepmg)stm@nmnmchrdpetuhr:i ng any

voseel . oSRRR FurgRRMCRR SFeaft v B Yyl Thbo Bl bt G nr Bl 1o

organi ¢ chapdesads and other air pollutants further includes the step of
treating the volatile organic conpounds and other air pollutants to render
the vol atile organi c conpounds and other air pollutants harm ess. 10. The

met hod of 7¢l ai Mh@méethet & Blali @ vHeRih Ak s%%ké@gvé\l;\}% R StEY idcHIdbMBE stepCl udes
an evacuation step. 11. The method of claiml erein said processed

product s afl@quhaa&mﬁaw for use as a fuel or fertilizer. 12. The nethod
of claim1l wherein said diverse pul p and paper products are derived from
wast e paper, MSW or biohazardous waste including nmedical and | aboratory
waste. 138. A nﬁhhwﬂ@d of klimd dvhiercin krei staplof dapresserining e dhissed rebidpathp and

paper materia [ gal. me are bi.oha a dou er rived from

| abor at or g“’%s %fSCOO?n% g'fld ng?%g’e R (R %%?fmgpa“é(n‘é??ﬂgﬁep@iga‘bl? oduct s
and wher ecompdvadnatdng diter aid pelhsams &hﬁl‘dﬁg&ntﬁ&f@gﬁnous cel | ul osi ¢ product,
the net hod conprising the steps of: (a) feeding biohazardous nmaterials into
a vessel; (b) sealing the vessel so that the vessel is pressure tight; 27 2
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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.

10. The method of claim 8 wherein the step of cooling and drying further includes an

evacuation step.

I1. The method of claim 1 wherein said processed products are transported for use as

a fuel or fertilizer.

12, The method of claim 1 wherein said diverse pulp and paper products are derived

from waste paper, MSW, or biohazardous waste including medical and laboratory waste.

13. A method as claimed in claim 1, wherein the diverse pulp and paper materials for
treatment are biohazardous materials derived from laboratory and medical wastes
containing diverse pulp and paper products and wherein the method produces a sterile
homogenous cellulosic product, the method comprising the steps of:

(a) feeding biohazardous materials into a vessel;

(b) sealing the vessel so that the vessel is pressure tight;
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(d) saturating the materials with steamat a tenperature in the r?nggfﬁ% "
about 140C to about 160C and at a pressure in the range of about =2 \ zzﬁ-jﬁ
to about 450 kPa to expand the physical and chem cal structure of the
materials; (e) depressurizing the vessel to further enhance the physical

and chem cal expansion of the materials; (fl capturing any gases rel eased
during said depressurizing and treating said gases to render any vol atile
organi ¢ conpounds and any other air pollutants present in the gases

harm ess; and (g) ditjediagegicay inthéhepreasbwhidelagiiatingithe snatariohsi t he vessel . 14,

The net hod of (E#)ai msz}tu(%FiP% %l%i ﬂt&%ﬂl%ﬁﬂ %‘{-e talf'g 1 e@%ﬁrefh‘i’ Eﬁer}gﬁ%i’dggxh@#es the

step of classifying ce oSl C conponents 0 ocesse s from
ot her conpgéfhtosboiitd 60 Thandetatpoctswt ircthairangd 41 whver 275kRahe abdue p5OKPa to

classifying includes the step of epargting the cellul osic conponents
based on ﬁg]?at"lﬂgl?eep Figd ang ghe ‘°33ﬁ%°§ iofg’.e ag‘?” e nethod of claim1l or
cl ai m 13 wher ei(# t helepreishfiging Wlid Be@keli to ikl Senhiife Sthe Physidl ab®RBGMILAING
| arger size conponents of the processed products and recycling the |arger

si ze conp&HeAEEN ohitgimgerialve vessel for nore processing. 17. The method of

claim 1 or ol aidn 13 il iyt HedielcBcAbiREREN WBRLIAS aflPitEufy R STUTe

content of about 20%'to about™ 60% by wei ght prior to the stepto

i nt roduci 1ggses & wader ang volyle onganivaymppundsandrady otherginpolivagts\pesentiinthehe

t enper at ur, gsegﬂgmggsgsﬁﬁre are maintained for a tinme sufficient for the
products tto be uniformy mxed and transfornmed into the honbgenous

cel | ul osi c feedsgt ockiscifgingle medeked pofducts &iom th8vedsedrein the tine is in the
range of about 30 to about 60 mnutes. 28 2 7 MAR 2006 20. The net hod of
claiml or claim213 wherein the vessel includes a combn opening serving
as an inl a4, andheuddtield Emtitnhieosdlsins] DivhéreRdhd ghettioa fakithee irtudesitie sespd paper

materials i.nto,.the vessel and discharging the diverse pul p and paper
materi al s Ofglﬁ?ﬁ‘t%’ﬁ‘g ce 9%%?0%61369&%38&06?&3#%8% ?‘Bﬁgﬁr EMRPOREHHroN
openi ng.

15. The method of claim 14 wherein the step of classifying includes the step of

separating the cellulosic components based on particle size and/or on density.

16. The method of claim 1 or claim 13 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.

17. The method of claim 1 or claim 13 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.
18. The method of claim 1 or claim 13 wherein the temperature and pressure are

maintained for a time sufficient for the products to be uniformiy mixed and transformed

into the homogenous cellulosic feedstock.

19. The method of claim 18 wherein the time is in the range of about 30 to about 60

minutes.
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21. The nmethod of claim20 wherein the vessel includes two or éi
internally nounted helical flights, the rotation of which agita Z Mﬁ% 2005
pul p and paper products. 22. The method of claim?21 wherein the rotation of
the helical flights in one direction causes the products to nove away from
t he common opening and/or the rotation of the helical flights in a second
direction causes the products to nove toward the common opening. 23. The
met hod of claim 21 wherein the vessel is capable of being tilted such that
the commBA opdht miethed pbslaimohed dasmnbl wheremi tthet M@Sqirlodud;@sa comfrghl out of

th l | th
comon: opSRit ving BEBRE faq LAERRER: SRl o IEhiIR: bk e BN Mbe T ou
of the vessddrials2idto thheesselt dndddiahagim um:&i\&rseqiub;l mndll&p\ahmaenmls tffven geep of

capturing vol ati or unds and other air pollutants further

i ncl udes tﬁ?ﬂ§?%%§gﬁag h%ﬁﬂé“gﬁ%”38FﬂPWPﬁOp%?ﬁ%nlc conpounds and ot her air
pollutants to render the volatlle organi ¢ conpounds and other air

pol l utants _harm ess he net hod of claim 24 wherein the capturlng and

treating &hy vérlhﬁtlT"FtEO‘bPB&]rﬁ‘i”E 20c st sesehriye w%eﬁéma@rrmﬁtm
i ncl udes  gduhfel MBlicaPHighis?@E r&m!ncszm ?&@ ul Lo @ Pg%uct;{he et hod of

claim 14 wherein the step of classifyin ceIIu np nents of the
processed products further includes a step of grlnding to render any sharps

harm €ss. 529 The method of claim 21 wherein the rotation of the helical flights in one direction

causes the products to move away from the common opening and/or the rotation of the
helical flights in a second direction causes the products to move toward the common

opening.

23. The method of claim 21 wherein the vessel is capable of being tilted such that the
common opening is positioned to not permit the products to fall out of the vessel and/or
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.

24, The ‘method of claim 8 or claim 13 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.

25. The method of claim 24 wherein the capturing and treating any volatile organic
compounds or any other air pollutants includes a thermal oxidizer and/or an absorbent

filter.

26. The method of claim 14 wherein the step of classifying cellulosic components of

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