FI BROUS MATERI ALS AND COMPCSI TI ONS CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clains
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15 SUMMARY
Generally, this invention relates to fibrous materials, methods of making fibrous
materials, éémpositions that include fibrous materials (e.g., composites that include the
fibrous materials and a resin, or compositions that include the fibrous materials and bacteria
and/or an enzyme), and to uses of the same. For example, the compositions can be used to
20 make ethanol, or a by-product, such as a protein or lignin, or applied to a structure as
insulation.

Any of the fibrous materials disclosed herein can be used in combination with any of
the fibrous materials, resins, additives, or other components disclosed in U.S. Patent Nos.
6,448,307, 6,258,876, 6,207,729, 5,973,035 and 5,952,105. In turn, these fibrous materials
25 and/or components can be used in any of the applications, products, procedures, et cetera
disclosed in any of these patents or in this application.

The fibrous materials or compositions that include the fibrous materials can be, e.g.,
associated with, blended with, adjacent to, surrounded by, or within a structure or carrier

(e.g., a netting, a membrane, a flotation device, a bag, a shell, or a biodegradable substance).
1
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di scl osed in any of these patents or in this

appl i cation. The fibrous materials or
conpositions that include the fibrous materials can
be, e.g., associated with, blended with, adjacent to,
surrounded by, or within a structure or carrier (e.g.,
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The second fibrous material can, e.g., be collected in a bin having a pressure below

nominal atmospheric pressure, e.g., at least 10 percent below nominal atmospheric pressure,
at least 50 percent below nominal atmospheric pressure, or at least 75 percent below
nominal atmospheric pressure.

The second fibrous material can, e.g., be sheared once or numerous times, e.g.,
twice, thrice, or even more, e.g., ten times. Shearing can “open up” and/or “stress” the

fibrous materials, making the materials more dispersible, e.g., in a solution or in a resin.



10

15

20

25

30

The second fibrous material can, e.g., be collected in
a bin having a pressure bel ow nom nal atnospheric
pressure, e.g., at |least 10 percent bel ow noni na

at nospheric pressure, at |east 50 percent bel ow

nom nal atnospheric pressure, or at |east 75 percent
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less th
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S e%@@e&ﬁﬁ%&%ht@ﬁal%n ?h‘e{% %%&%ﬂ@ﬁ@tﬂ@o-&iaﬁﬁﬂé&ﬁﬁo of, e.g.,
than the first screen. The shearing and passing can
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| gt KPRt APt Fanert O P s Hifeumrmponslgap b prveen 0.5
mm&ﬁ@ atsehnd, Barn bébiekn 0075 @UELEhdIT.@ ARl Fbheinhflé, bn abérage width of the
exanpl e, an average |length of the second fibrous
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In some embodiments, a porosity of the second fibrous material is greater than 25
percent, e.g., greater than 50 percent, greater than 75 percent, greater than 85 percent,
greater than 90 percent, greater than 92 percent, greater than 95 percent, or even greater
than 99 percent.

In specific embodiments, the screen is formed by interweaving monofilaments.

The fiber source can include, e.g., a cellulosic material, a lignocellulosic material.

In some embodiments, the fiber source includes a blend of fibers, e.g., fibers derived
from a paper source and fibers derived from a textile source, e.g., cotton.

In another aspect, the invention features methods of making fibrous materials that

include shearing a fiber source to provide a first fibrous material; and passing the fibrous
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than 0.5 n2/g, e.g., greater than 1.0 nR/g, greater

than 1.5 n2/g, greater than 1.75 n2/g, greater than

2.5 n2/g, greater than 10.0 nR/g, greater than 25.0

n2/ g, greater than 50.0 nR/g, or even greater than
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can ’é@ﬁpi‘@ryf Stdrb %Qhé%aﬁrlh&hdé §11hﬁ%5sdch%§ whte?. | N anot her

aspect, the invéntion features nmethods of making
f i Bloo examplesthe abmpoditetcas |bncu11 thecfomhefin singplag floobpipes, panels,

ol efo B Ol 3P Sntt sy kR R 96 efen PR B e door.

shutéer$ ecmmgsf $HAH 64/ Si ghB R e wirkldty $RRIPs, %@Hfdaﬁﬂs ﬂb@mng, tiles,
second f1brous material again to provide a t hi

ra11rp§1cbt-1eﬂ,| Fayqteql ihgpdles, stalls,| fimsnwransy taggs@b@)ges lpeﬁ'gets racks casings,
bin %V 8%&6951 \{a?l?s 5‘%1 %&185@3 B%l%c?ﬁes cu‘f Qsc! 1r9 qablg?%%sks, toys,
ed eréin.
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tofi brous materials described herein and a bacterl um

housipgss abovien apdh belaw-zrowrd elesiiealicariaas famubre, picpigdablsh pepebes,
shel epsetlfa rhgﬂgeﬁmteﬁ;&saL:Eskgﬁswdlﬁtﬁ)@eg%ﬁ Do GrufAEs.
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than%'i‘;&?bérceﬁﬂ AHaSveliph ﬁ%ér 1eﬂgthes fencing, menbers,
doors, 15shutters, awni ngs, shades, signs, frames,

Wi ﬁdowmﬁ,rtgs avetragﬂdbnghdg difrhefor rang can b¢ grsater than 10/1, e.g.,
greater than 15/1, greater than 25/1, greater than 35/1, greater than 45/1, or even greater
than 50/1.

For example, the average length can be between 0.5 mm and 2.5 mm.

In another aspect, the invention features methods of making fibrous materials that
include shearing a fiber source to provide a first fibrous material; collecting the first fibrous
material; and then shearing the first fibrous to provide a second fibrous material.

In another aspect, the invention features methods of making a useful material, such
as a fuel. The methods include shearing a fiber source to provide a first fibrous material;

passing the first fibrous material through a first screen having an average opening size of
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railroad ties, trays, tool handles, stalls, films,

wr aps, tapes, boxes, baskets, racks, casings, binders,
dividers, walls, mats, frames, bookcases, scul ptures,
chairs, tables, desks, toys, games, pallets, wharves,
piers, boats, masts, septic tanks, autonotive panels,
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e S A, T
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first f rous. 3 teri.al nd then shear t he .
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provide a second fibrous material; and conbi ni ng t he

bacterdes @adfor BR 605y M@t l‘érrueérammes theAfhen soures can bengdearied once to provide
a ﬁb?(';]L{syrH%exf“lIilb gncp 31%1;1 ?/a&ha? lﬁ#ﬂlhr%dz\lvﬁg fltbgaenum and/or

secon rous erla uce P
anenmhmtdﬁﬁaltwmecmgﬁhlmaﬁ&na]l cohol an organi c acid and/or

dro arbon. 5The al cohol can ‘E‘B ? nol ,
et H‘éﬁ%‘? efpﬁseﬁ‘én £ lnve%?}“r Eﬁ%ﬁ me é%ﬂ%f?enﬂ&’lﬁgr ’g
comgl)éiﬁ&{s’ THeGhH t#‘l@&ﬁmglluﬁg Filreaﬁillg amﬁ tape & n[m)wdg Iam(gdsr}natenal
0 coho

r m xtures ese a e organic acid can
combmingothg fibrowes matiedalawiittla bauerdimiand/ac exyyngd totpaovide arﬁrbnhus
oleic aci.d, linolejc a id, | ycol i.c acj Il actic. ac
matdhef oS BR Hom prepsalafing fiscoptheliRnas 5 Ak ntag riuidsfygabte
matdrR@ AMFERSH %‘éﬂtrﬁﬁ{éd%s ﬁ%ngthe cHBIpRaRRd BhPSi€ion to densify the
propane i sobut ene, pentane, n-héxane, or tom xtures

compésitiore sEorgdmpésa thscges lmpermeabler matetial ago bpiimthegforn ha bag, and
fibr

cterium.and u
the qonthos i S O RS MR 68y Brg 2B UKD sgpling the bae.
downahitBéredsps@) 86 Eﬁv%ﬁn&ﬁfe@hires(?@fnhf&ycéd’ beisclubé @ fiveBmaterial, a
nol ecul ar wei ght carbohydrates. I'n another aspect, the

resin} #\dehdY®on feat ures nethods of making a usef ul
MaiLGE E)?dmplg,l{ﬁg fibrous material can have an average length-to-diameter ratio of

greater than 5, and a standard deviation of a fiber length of less than sixty percent of an
average fiber length.
In some embodiments, the composite additionally includes a pigment.

In some implementations, the dye soaked into or surfaced on the fibers.
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15as a fuel, by shearing a fiber source or a fibrous
material, and then conbining it with a bacterium
and/ or an enzyne. For exanple, the fiber source can be
sheared once to provide a fibrous nmaterial, and then
the fibrous material can be conbined with a bacterium
andhQhofher ApestBetitvdiBlE fdalfBed Hefhals Hﬁhﬁhhg|comb8s1tes that include
anot her aspect, the invention features nethods of
dyeUIemsﬁbtyum@lafenb}' @Q@bmﬂﬁp dbreusonaeridttveitherdsodend ncl ude
forri ea% F& 2 %0 mSouree & o provide a fibrous material;
n%gﬁﬁ’ﬁ 81?% Fi ?8%2 ?é?lal wth a bacterlun1and/or

enzyBother pest] the idventibh EeasurbBinefhiod$ o LRABRAEicbPbsite that include
ncapsul ating the conposition in a substantially gas
ad Wﬁgﬁéf}f‘?éa BIresipiq Rioyvide a2 dysdesie sorubingtieticompinag frglyereya

confbﬂ?a‘u%ﬂ erséjh@]{gﬁg nﬁ?&ﬁ?%’nﬁ'f&ﬁm}lg a%gﬁllﬁ_pgﬁ/e fi Ithe (r%et/rg?llnal

onpos 'on. For exanyl ernea
conmanmbﬁanﬂfbhﬁmﬁmaﬂmﬂf a bag, and 25t he conposition can

A R TR XL

loosfee&”its%fae 99%95’615 EBelsh@br é}[‘cﬁﬁﬂf ﬂfrt)hpfn%{éﬁlg[r%fn Sﬁ!epar@d from a

resin and
polyratted paperoar bﬂmheéﬁrad’mmpagﬁbérsngtch biychdirange gy, withtd wtary knife

of greater than 5, and a standard devi ation of a fiber
CUltftangth of |ess than sixty percent of an 30aver age

fi bafe thenadcdbeen rhsﬁﬁ&?h@r%oﬂiem SembBEcApABRYTisie®ing material

additionall'y i ncl udes a pignment. |n sone
accqrdmlgéﬁem,aﬁ g-oaperforated pase,gxytikéet ar heoliks, os amfizeoaeshon cloth fabric.
t her

F o tRESe Anler sPer RN G RS ARE PLe T RADTRERL e BC fllowing

advéh(@geﬁg The fibEIu8 Wat 8FRd1 € hrleDpen OEPATH i GstriekRdf mbkiAH $he materials more
material with a resin; and formng a conposite from

dispersible.suti it SOBHION o i A Sesid rand gippkisg themenorasaprepible to chemical,
enz%ﬁ% u&reo%olggltcgloﬁﬁacﬁf THR ﬂ){&ls %%LEB%%A 63?1 ﬁa&@t g g&éf%?vely narrow
a Jing a dye Tres

a resin to prov

lenggloaiinl/owelich gthtoRariéted rago tltsmbiyﬁhr ﬁﬁ:h mha:t (Dliiéit preperies Wetcbns1stently
a fibrous material; and formng a osHefrom{)
defipgra; o SxAmpleniyihgm blegdediyith pimel e%péalsghutwn the fiberyqgthe

ﬁbr(%lﬁrlﬂételflélFE e@oﬁe d Iﬁlez)lo §?‘§f Hx%?%l&%&@éxﬂ or bSlufol' Bl (Fdél@istent and

I nc rous ose crete and separa
predi¢abbr manteny . g xsaspltieg uare‘suizﬁﬁlomas mateeial edmbiaatidie that are, e.g., easier

o B Sl Bt R 6 B BOPST O PR K
opeiifgd & channels, such as those found in or associated with injection molds, e.g., gates
or hot runners. Parts molded from such fibrous materials can exhibit a good surface finish,
e.g., with few visible speckles of large particles and/or agglomerated particles.

All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference in their entirety for all that they contain.

Other features and advantages of the invention will be apparent from the following

detailed description, and from the claims.

DESCRIPTION OF DRAWINGS
Fig. 1 is block diagram illustrating conversion of a fiber source into a first and

second fibrous material.
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cutter. The term "screen", as used herein
means a nmenber capable of sieving material according
to size, e.qg., a perforated plate, cylinder or the
like, or a wire nesh or cloth fabric. Enbodi nents
and/ or aspects can have any one of, or conbinations
Of Fif1Pis lQkb@UERShkB AR AGERy ififcdtidr ous material s
are opened up and/or stressed,” making the materials
mo rlagsd Bhare $0thviews of g variety o sere¢nstrasie foomimpngfitasednts.

us. tible mcal , .
endid sk kB e GE BT § PR crdpigp g second
and@lﬁ?d hBreas nRtedgial. @ relatively narrow | engt h and/ or
eS%th to-dianeter ratio distribution, such that their

pr gpe i Dé@nérleBcaéTmh@pgqqpha/ofcféﬁr pCesT B, éQéﬂ?ﬁ}né a phgkqeraph of
ol By BB ST e RSP RD PG b RS poer

rolld.he nolten resin or soI ut| on in a consi stent and

predi cabl e manner, resul ting |n I n/fibrou

matfées- af 2edkd F"ﬁ‘a‘{cﬁ%‘ﬁ% P‘?ﬁftm%?’écmg a fg@aé‘i”@l*‘s fn&t‘?‘i’@fﬁm duced

fi £ atidh Sre§R¥tively. Th

fror By PR ey 2 SRR fraiichEnd %‘3‘2@%?115% P e ively. The
fibrauss mhtead Wasymaduoed on aastoy kafediter thilizing e stieem withl 143 jnch

g gates or hot runners. Parts nolded from such
OPCRINB$ ous materials can exhibit a good surface finish,

2568 13 %hd 14 bRV UhSihR R BRERKBraphs J)iae[ ﬂSroB@Ha'téHaEﬁroduced
and/ or aggl onerated particles. publ i cati ons,

fronp hteechedelﬁ’gpftlboatd rApST atr?ét)ém@mfmdomambl OQOeXemmtfe@tlon
i ncor

resEPRN} ot RGP PRra] Mot PSR ik Fhfe SUie difgingg soreen

with EBtindEspepitgsadvant ages of the invention will be
apparent fromthe follow ng detailed description, and

f r ghes: A8 apd AP are ScaRDESERCIM TREroRrapiwel AEyous materjaf groduced
i
o SRS 0 A AL AT ATy

resp%cﬂn&lﬁ THeoBlsrosetiatepiabivay tvave sHeaedront erofark kinffe catidrivgitizing a
gs. 3-8 are top views of a variety of screens nade

SCTGFIF afmhrﬂé%mph sﬁﬁlﬁpgs during eacl-sheariog; s” pl ock di agram

il

1A AR 9 SEIMah Ry Eubl O BOn Al hufipproduced
fronahitad®B Kanf bohat mapeaptS Xindgnifeatiso and €800 ngagrﬂﬁbatmn

bei n hqt ogr aph o . . .
respect&v 9y aTIPe rous mgterla{ was thrice sheared on a rotary knife cutter. During the

first shearing, a 1/8 inch screen was used; during the second shearing, a 1/16 inch screen
was used, and during the third shearing a 1/32 inch screen was used.
Fig. 19 is a block diagram illustrating revertible bulk densification of a fibrous

material composition.

DETAILED DESCRIPTION
Referring to Fig. 1, a fiber source 10 is sheared, e.g., in a rotary knife cutter, to
provide a first fibrous material 12. The first fibrous material 12 is passed through a first
screen 16 having an average opening size of 1.59 mm or less (1/16 inch, 0.0625 inch) to
provide a second fibrous material 14. If desired, fiber source 10 can be cut prior to the

shearing, e.g., with a shredder. For example, when a paper is used as the fiber source 10,
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a pol ycoat ed paper container, and Fig. 10B being a
phot ogr aph of unbl eached Kraft paper rolls.
Figs. 11 and 12 are scanning el ectron m crographs. of a
fibrous material produced from pol ycoated paper at 25
X magni fication and 1000 X nagni fication,
the ppePEmiteBkdeut Th6 skiPsithit QHS oFRU1A4-t811/208%h RFiQS WSRIE ahredider,
rotary knife cutter utilizing a screen wth 1/8 inch
e.g.cpeuhiegsotating screwishpeddarzsughas ﬂwsarr@ng&iaﬁlrﬁd%@' Muasaen @ifica,

rog hs of, a f| rous material R fr
Ny s aeRRR ol ke B o AT ikl Pobvuipgeo »
demﬂd&Q@z&ﬁsﬁiggﬁglﬁll@t@id Qifter. rl&ﬁ&ﬁ@ﬁlpléeih)é gullliggink ichfi@Uan be used to cut
mat eri al was produced on a rotary knife cutter

the paper ingq shgets that e §-2L.oM) inphes vade Ay A2 sides 108, Figs. 15
i S PEELSHAI oSt P L AL CRY e Bl iR

resukingXirsEfibrohs materiahl 2thelo udh A sPcrarg nicfare pérfarmed concurrently The

respectively. The fi rou nater|% S tw ce sheared
sheagigeand Gretagsing caalee pe BFt Q}quﬂ&@ Gich-t¥ps BIOReSRi th 1/ 16

| NGy 18 gisrofehlg ke BREHR c&l S@ﬁ%&lgm nggir&ﬁﬂy ek Akr source

are scan I ng el ectron m crographs of a fibrous
10 amdsereémthe firgdibves materialbl 26 RefeingrtaFig. Boarajalp'dqmeﬁe catter 20

nifi atio n 000 X.ma cation
inchiles PR Qa1 OF RS0 T TRt RS TOFTRLLD” arenareskpy
shre@&‘ing fiber s'l‘)‘hYceka fShréaticiSber 3 théd 0 tlf' §hdatddYetwEi@BtAtBaryBblades
inch screen was used; during the second shearing,

24 aad 1¢t4®1g hladesbrte pmovids a lﬁwcﬁbrcaxsdnai@malri@ irst fibropgimaterial 12
en. wa

pss Bl afe R re e SR B s R ath Ty ha ¥ sccond

fibrAlRMedtéril altii®Bapdlired i bArIOUSToMRd &1 the Iconmﬁs)ﬂhmcond fibrous
DETAI LED DESCRI PTI ON Referring to Fig. 1,

matqrighdt, bip 3P can havy sprepane belowaogninal; gsnh@tlfapsﬁswxeft‘eg at least
10 FHER ok Ao B Pl s LU TBRES! o polPromina

atm@Pheria gressuid ahH:‘d!;trﬁ@ ;&ﬁca’ﬂvbﬂageloﬁﬁﬁﬁiangoﬁdhzﬁc pfesdurbSrrmieast 75
or less (1/16 inch 0625 inch) to OVIde a second
perceptftearg n%tr@% atmosmhenq pregpuss: rlagomeiegiodipgnty @ vaguwg fource 50

(Fi gF%) i Hﬁhﬂard' t8'm ahﬂ‘ﬁe SREHIOR Sonden atmﬂgtphgnﬁl%gsru?g der.

exanpl e, a paper iIs use ber source
10 Shedring qaaﬂneradvanagmuﬁ farsbpenitg ipit andststriepingIthe fibroas
r edder.

ma‘us(.}'gagg1 fr@ﬂr{‘é&pé‘?qa%za%scglg% o u;c, é Qg Hﬁ‘h S(gguqrh%rslg a regn and making

thenfTRIBK REEHHBE BYChMAISD rén.@%ht‘?ca@r H}lo%g)cal AfcRN Without wishing to be
alternative to shreddlng, th aper can be reduced in

bouryi bsearbypmulmrtgeqrs, i idedicvedy ats ca¥ insomg embgdnmeln@t itlreé shearing

can 5.161 égﬂahze %Beresu%frees Wltfl ?u l(")hellll g?(t)lllp%esuc H as ydr%‘;%g]/l or ca%oxyhc acid

groups, which can, e.g., help disperse the fibers in a molten resin or enhance chemical or

biological attack.

The fiber source can be sheared in a dry state, a hydrated state (e.g., having up to ten
percent by weight absorbed water), or in a wet state, e.g., having between about 10 percent
and about 75 percent by weight water. The fiber source can even be sheared while partially
or fully submerged under a liquid, such as water, ethanol, isopropanol.

The fiber source can also be sheared in under a gas (such as a stream or atmosphere

of gas other than air), e.g., oxygen or nitrogen, or steam.
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5t he paper into sheets that are, e.g., 10 inches w de
by 12 inches | ong. I n sonme enbodi nents, the
shearing of fiber source 10 and the passing of the
resulting first fibrous material 12 through first
screen 16 are perforned concurrently. The shearing and
t hORASHRERSALCH A SORGTREES AAERSs hﬁblhﬁie@%r&%ﬁﬁ% mechanical
process. For exanple, a rotary knife cutter can
rippugent teasingopingrinding] q,r as‘rvéfaltlonhmllfngaer source 1010 and
sche st f| te . Referrin
P P aBired Tpt s piateris e b el fagamineh gy BF infgtches
1ntotﬁh@ilo&%c&@1ﬂgﬁt@dﬁéir Whith, ¥idh! ®adied nidt&ed tiRibEfHOcombination
prepared by s eddlgg fiber source 10. Shredded fi ber

of these)pitibutes. Hos exaraplecior Bamipg Aomspesites ibis piton detimbletodaye a
! t fi
et 15y BTGRP A3 e B ostions
that iveshidechalctegiaGhden ah emsmes fds bhaddéshable to asch §utstantially single
resultln second 15fibrous material 14 is captured in
matejiah agp feelstogk.d in the col I ection of the second fibrous
Mater E%{m}?lé feftbis I%Qteﬁgﬁ cgﬁ%g séb AEP Pernea g@f it f'%‘u i"Hatenals by
at nospheri ¢’ pressure, east er cent be
passinggna fibdous hrtesjah drat mchrdesa lﬁﬂfrﬁqus&na;;emal @astlaaameﬂ& g., an

8 TN TG T A SN -

eacﬂs%?e%hh@m%%ﬁ&@ﬁtéi’féd%\ﬁ(eﬁﬁx@sna' at mospheri c pr eSSUfe
I n sone enbodi nents, a vacuum source 50 20(Fig. 2)

ut |Tlh|e fibdousonateiials eamalshbe bipardted, e\g.,royrmisingl a laghwsl@hév iges, €.8.,

o B S goppechi Faiope Qe i aeH e ar S BE CHivng b iffren
frachiGrsl WHidhit@n %bﬁéﬂa&bﬁzé@l@t&h@eﬂ@r Hidedifed. Sugh a skardtion apparatus
sol ution or in a resin, malng7themrmre

is digenseeshinilandsey gt ehb- é’atent bhz 0:483.067.dhe itise digictogure of which is
ck. h ound by any particul ar
here &Ee%ro or%atgg%%feﬁné%iée in, g {ge"s “Yn some enbodi ment s,

th &ﬂieﬂhﬁ@fsl Hgerd4lS adh Béltmﬂllﬁmaddﬁalﬁyffd)lhﬁﬁmg ﬂ{e’ixal&epamhd)ﬂ] or they
functional groups, such as hydroxyl or car box[):}@lrc aci d

can giay b slriegys- &hat@@ﬁroxemgtely Hé ,53 v dplrhours, pe that Hisrgoisfirg content
I 4E o LhIgRGReChen cal or bi ol ogi cal attack.
is, e% Iéssq%erﬁsogh??:e can gug sheared in a dry state, a
hy df ddserdd, digairecapebegremokied from any dfahd ﬁbropenmmﬁalshjnat include

lign o i DED R O A bisn At oS aeth e BioeS PBtssial eane
stenﬂXed"é%' 1gh tany"ﬂﬁfr’?org-gﬁﬁmg DR 08 GEthE %r&ié@ﬁat@ﬁals %@ Efdnple, the

whil e parti al or fully subnerged under a |iquid
fibrang mhatasalwan be steslinahiny ¢xposimgrtbptibous matenal mdfaltlbe; such as

can Iso eared in under uch as

1nfra§f:<#J m 0P, lﬁ? éardiaﬁ > o HAe Iiaﬁ ﬁ].l;:ﬁ ay gynina Fadiation.
The %Y(ﬂﬁ Mn&Eridls bAPASNbe QEriBL&IBY temperature adﬁ%t'ﬁ%’nt ek, ieghsing or

maki ng the fibrous material s i nclude stone
coolgm the filypusmeateria ivodér aongdisions and faraawffirient pine tgrkih@nng

air attritio
miciBbrPotraf At &F pitoViag  dldmise) sy o8P B 688 IS o,
hypsthldrite)p shloftfsidind) b ethi R@k oRfi. M%ﬁgnitenﬁlb ehl also be sterilized

| ength, w dth, den3|ty, materi al type, or sone
by usigge; cempetitive organism, such as yeast against bacferia.

p—

Referring to Figs. 3-8, in some embodiments, the average opening size of the first
screen 16 is less than 0.79 mm (1/32 inch, 0.03125 inch), e.g., less than 0.51 mm (1/50 inch,
0.02000 inch), less than 0.40 mm (1/64 inch, 0.015625 inch), less than 0.23 mm (0.009
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50f these attributes. For exanple, for form ng
conposites, it is often desirable to have a relatively
narrow di stribution of fiber lengths. In addition,
e.g., when nmaking conpositions that include bacteria
and/ or an enzyme, it is often desirable to use a

inch MBS tRt 020 n¥m $1/198 trcHBY.007S125a8c1), e@aHSt 098 mif1@0.007 inch), less
exanpl e, ferrous materials can be separated from an

thandd.13 tnan {0.00omsh)rar evendess than legpthes DA remf(iBA6 irch, 0.00390625

incho 5itse 16 i Pteods P by BiGn Rl Rt IR nRRH wfppgprite
diani@&ttotdiviotht 'dbsﬁ@dﬁbpﬁﬁhg kiza] FoPEQingile, &hé@bh@ﬁlaﬁfents can be made of
screens, each screen having different sized apertures.

a metple efg. stablgssptaebr Aathe apsning|sizss set seabisr. atraefurad dgmandson the

| |
mon%?'lzﬂxgerﬁ%ﬁl ?Eeé’o?u!leb g{ijtér. oot exatn lse gc?r é)rpgrélg rs%%é % ﬁ{l]xan 0.40 mm, it
can Bé a&wa’mmgetnﬁs tdinhdkertRadcrddvk fash nonsfilantehtshnaterfrdia a material other

characterized photonically, if desired. Su
thansgnless stesl ,%\%pgﬁaa{% titanipnalloys @gporphous mf‘é?é% ritkel tungsten,
: r
o R ol o B0 ol AR B A il fom
platé, tesg. anhétalgilyte, havmg apertureshegf ciurlntwsthﬂpla@rusai& lasgr. be

car® el gebaimatts. Segsorgiins by L EPERT GRS ol e it

screén 18 J}%Lﬂlﬁereﬁpsdéﬂastcreteﬁe TARdé Hﬁlﬁo&l%ﬁ%n&e 30¢ond fr8us material 14
'ess than about 0.5% before use. eS|red lignin

is pasaed theougbraseeehdf scoren dmyingfantaverage bp@mm sig¢ equaktosontlpgstthan that
£ tclude %lgnln such as lignocellulosic materials.
0 lﬁiggﬁm?ﬂ ‘desired, the fibrous material can be

St R dferkiagto Fig. B 4 hir@ iRk g6l Sditbel fhédaré@ftoMeheBecond
the fibrous material. For exanpl e, the fibrous

fibrepsiraatenal 1ddry shearingsthe second ﬂm@@p@t@nﬁd‘w@ PR the resulting
mat&%{l ?lgrj\(/)ﬁ%l? Iigecog s&%:énogb hé?\Hﬁ aﬁlg é’](%{eﬁ{ Cdjmiefllg%sﬁtfléﬂjﬂle first

on such
scre&s 1gama r adi atl on. The f| brous rmt erials can al so be
sterilized by nper at ur e, adj ust nent_, tin

codiPHFoRIses m?‘b‘% el lHesie fipsr Sw&ln@aﬂlagﬁaﬁﬁ@gmp taroducts
like ﬂlo%F fsfxé&ﬁ ﬁ*mﬁg%] 20 C@Ql)}sﬁtbéﬂrefl ?Q eraiy gﬂi g@&gﬁféger oa[ndtﬁ/gnocellulosw

ing a
ﬁbelsgmram; inglndinty) wodd, end wobﬂmelhteﬂlmhtemls @rg. gidntjdle heard Other
us mat [

The flb erials can al so be ste i zed
st B R oB e ST DG SRS - S a5 Bl Bansse coton,
jute,A8R) $tax DR BI0! @sal, abaca, strB®f 861! d38s, rReHulls co@orﬁlt hhi? fiber

some enbodi ments, the averade opening size of

sourbesr lsiph st oeetulbse C(mtd:rft,scs gt bettor) syathetiv ﬁhbﬁsbumesh: g extruded yarn
0.03125 inch) g | ess th%% 051 mMm 1/50 |§g d
(oritesbyas of H%ﬁ}‘emﬁé arny) Q5 FAHOR HORLIOUIGCE I}Oﬁ%ar‘iﬂc ¢ SERIES; an

metd]FHY sodrE&S NA@A1 & SAHER: FBePQhrces can be obtained from virgin scrap
textile materials, e.g., remnants or they can be post consumer waste, e.g., rags. When paper
products are used as fiber sources, they can be virgin materials, e.g., scrap virgin materials,
or they can be post-consumer waste. Aside from virgin raw materials, post-consumer,
industrial (e.g., offal), and processing waste (e.g., effluent from paper processing) can alsq
be used as fiber sources. Also, the fiber source can be obtained or derived from human

(e.g., sewage), animal or plant wastes. Additional fiber sources have been described in U.S.
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inch), less than 0.20 mn (1/128 inch, 0.0078125

inch), less than 0.18 nm (0 007 inch), less than 0.13

nmm (0 005 inch), or even less than I ess than 0.10 mMm

(1/ 256 inch, 0.00390625 inch). Screen 16 is prepared

by i nterweaving nonofilanments 52 having an appropriate
Patéht NOBIE449, 307060831806, 61267, 78 50981138Gnd 15282,108! each of which is

exanpl 8, the nbnofilanents ¢an be made of ba netal,
incogparated biyatistense hereiman itsgatitdy openi ng si zes get

S ler, sStruetural d nds on the nofi | aments may

Do dtrErahd oF inefaBovC BRI Sotfesl iy BPRGY! L2Te0t D T8

t haRerrA, thdVfibets cFaRe HBroas HARrAKCAMhal©a felkevelRrge average
screens from nonofilanents made froma material other

lengtiprégdigmetaiirateos(cc epateithgn 20491 hevemrit thedt bave beemsheated more
thar re.p!ﬂ?gédiggﬁ, ?llllesﬁbé}é ?#ﬁle ’ﬁb}&ﬁﬁgétgx%ls ﬁ?ﬁ%ﬁb?ﬂher@ﬁ%ﬁ ve a
ceram cs, or 'glass. I'n sonme enbodi nents, € SCreen Is
relativele nfnfromlﬁlgilﬂai(ﬂéﬁenghgo-daal?imé?hti@ datréhutioay :Wiglout wishing to be
apertures, e.g., cut intot ate usjng. a, |laser.
boupd, by aREDEHEUE HER's it i FuTeadly Grheveddhas e Ttivelva g aerage
. fi K '_ Lonts
ton 815 AARRAR rhdl il HIRG Ol Rl 1R iy Tendl & HacRB raio
distributiemi aab, at feastsin pag srespdnkibbesfphn tize ense etmwihish theefibrhus/inatgrials are

i B e AR e B Qa1 S AT Bl ety

largE bP&AYSI AR AL IRIM&ASr 1280 ahE tHRIBRAEVEY nhfeW IE}[@; 866 Rngth-to-
fibrous material 14 by shearing thé second tibrous _

diamaeraatia distrdbudiod ape stleasf in hart rresponsiblegfontheanonsibtentropeyties of

second screen 60 havi an aver, openi,ng. Si .
the RS PRierply B hrredfe 0B BV SRR D i Blparton
a re§if] the %I € whiddahe sOMbiAGons dTahé!Hbidils Bl TalPdid regpeire cast,
products 20l i ke those shown in Figs. 10A (pol ycoated

extrpdgskany! injeatiaromoldedathe cpseiamhictuihe TireisarerTialf Bassdhrough small,

R s e

moldelipA6sS e.lg) ¢losshefindhes ald/driftishes subscansially denoid of wsiblsspeckles.
rice hulls, bagasse, cottaon, jute, henp, fl ax, bartbo(?, .
si ¥ used hgrein, axeragafiberoyidthsdbs, diameterahare thosg detemmped optically

Cr £ har . . el |

by R B S S25 0)  AE TP R o i

lenghts fvei ghtet ledgthisr BEDr(Bmumaned, Enireet and Tie)len) sudascapeasfardayulti-point
sour ces, wrgani c fiber sour cg%; and netal .fiber

surfacs Areass andpRrosles 5P tasA ARISFCH DY RErSH POESTEER be
Obt1ajeRQErabt {o3diBmefel 8ol Pthé LR oNBEBFdu8 Infaterfal 94 can be, e.g.
remants or they can be post consuner waste, e./g. :

greatexgban/$iéne. papeatep thodudy s gasaterdbaul H$, greder thewd9/d egreater than

they can be yirgin materjals, €.0., S virgin
25/, F Gyepley Gan DI |- Hay aveings smelat Thgsrcond Fiothus plateral 14 gan be, e,
betwdeRHo¥at ©5 thrh axd DB 8lsS befiReh abOMWTEmm 3l NOuwsh] arfl an
(e.g., offal), and fpr OCEeSSi ng waste (e. % , effluent
averago Widsh fies., firmeet)sifithg sesand Gbrays meatersal d 480 Ppiseg., between about
squ s. Als t fi C be obtai ned or
S K g?‘lﬁ\%gam’f’ﬁ%ﬁqdr%vﬁge% a(bé)Bg{O ﬁlgleuarvr\lgg’e L?H'ani mal or plant
wagh e6me Afbollingnd, afstdpdardsdenation ol thedelygh of thesecdrdeibrous

in U.S. Patent Nos. 6,448,307, 6,258, 876, 6,28;,729, ,
mateyia) 14 iplsss thaa 68 pereent efian avsrage denafihpEtheisecand fhronsmpterial 14,

f I ayePadelSn il @theAR%A2k length
e R
less than 25 percent of the average length, less than 10 percent of the average length, less

than 5 percent of the average length, or even less than 1 percent of the average length.
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Generally, the fibers of the fibrous materials can

have a relatively | arge average 5l ength-to-di aneter

ratio (e.g., greater than 20-to-1), even if they have

been sheared nore than once. In addition, the fibers

of the fibrous materials described herein may have a

r eliatkbhebbBAMIAN, h eiiat furidhh JdranddBod PrbtoadBbRal 14 is

ratio dlstrlbutlon Wt hout MAShIng to be bound by any
gregperrthancill aw */4, leepy greatet thas 026 my @tgre;atetrdhme@/ &an l/ Shgreateyghan 1.0

G o P AT, By S BB . P e AT o 10

m*/§&, Wréafer kRAH 23 frH@U e@fer af 353h7/ %édteﬂ tRaiP§0rh?/g, greater than 60 m*/g,
res nS|bIe for the ease ,at ich the fibrous

greatestt E m /Sr gredics fhand 0 ny *fe, greatasithan £50gn’/gqeraeser than 200 m’/g, or

even gll'eerg cr PC Y eSA \Pé)FO!astglyt ' tl%l st%g r?def l'g%}ﬂ? aée?ﬁfr }{i Qa% 8 .2,

gredté}ahdrei(apetru@itygreau hdh D& @eﬁcbntagﬂaé&[' tHagrdgtgerdeat] Igﬁeﬂiﬁre]ﬁan 50
ratio distribution are, at least in part, respon3|m

perqest, gragter dsmsglspeasant resserthane 20 peroetec. g, Bregtes than 80 percent,

f fhan 94
oL ek PEe L 90 bEEACEIaRt WY, Befdhan
peroaht gheateln ﬁlancﬂﬁpewdnlt,cgr&tﬁfthmhm § ipbroents groatee thaal 99 penebnt, or even
restans are cast, extruded and injection nolded, the

greaterdhan 99 W RETCANY he fibrous material s pass through
S mahk mgfeﬁl%ed%n‘?é 4504 SHAD Q@éégaeﬂgmsmlaﬂaer @ﬂg of PR first

excel ent sur |n|shes possi bl e"w th nol ded parts,
ﬁbrmsgnatelgdtld%y the myesdged eregticht@diafrietérshtes oSthb semﬂlf@mqs material 14

o YR SRS G % P50 BB A s o

thalppbs Q@sls|tb{anzf)925 ro%d&nmstaﬁdlﬁgtéqw@ppr oxi mately 5,000
bers. Avergge fiber lengths are corrected

| erIg phrtigalag k ddmmm@t, H@ sewd fétspum@a@nal Ehissheaipdiagain and the
resu, tmg %b#)\és H {eélg %%sge te(éo r% sf%?é ntha%fflr faﬂca%m%%g gﬁemng size

less BigdnOBE MBSt Kireen to profoB% tRYE FBARS hlﬁ%iﬁ@‘id’l 6120 -Il@i Blmhiﬁhﬂﬁnces a ratio of
rati o of the second fibrous material 14 can be

the gresaged engthrigrdgymeteraatio of e seqond fibraws matenal Igte é]@eeqwerage length-
to- dgm?r]rg{u% pEd file E@l}‘q ﬁb{&ﬁ@ MhatdHat 62 ILEBL S %¥ IQQﬂeﬁgg/ d 2 , ¥ss than

greate average |ength secon
1.4, fiésb tleuns] . mmevailewthamm 1be, e.g., bet ween about 0.5 mm

and 2.5 et about 75 . mm and 0 .
andn awns\gg’}baélén%t% fhird did rmlﬁ.r%%rs%léz o peiohd tisgughipthird screen
to p{d gﬁgé’ foutit 1%1’03% méférl‘éﬁnl‘ uﬁh gibro&etﬁél@ﬁzﬂ @Rvkle. é ﬁas@%d

pm ‘e. et ween 0 pmand 30 p. m
throughm fcmrbmzbremartb wodmcs ] éirﬁﬂhanaieﬂdv |Sammlensoméentmrb€e$§¢man be

of .the second fi 30 na s |le
repeBled 8 ar e S Bp RGO RESHUER it dred Lot BRln the desired
propiet&rial 14, e.g., less than 50 percent of the average

| ength, |ess than 40 percent of the average |ength,

| eda sohaendediveente the dssired §broue mfg@al eméw s fibgeschayngran average

N R N e

that i RsPheh 8i3Ey p&EOELIdf the average le gfh SPétEexa il thevetage dength-to-
BET surface area of the second fibrous material 14 is

dianggterspte cembe gpater fnd 0/l e@ ereptenthan 29t apr gresisr than §0/1, and the
avex%ég faehg{hggaﬁ# b%t\ge S gtrlt %Bc}g% 3 grwéa‘?eeern%trbﬁg{ 6%5 mm and

1.0 o) AR/ageragé W@dtﬁ tof theafibrds nﬁﬁ’v’egal @inetset letw tdnaaboR65 piY apd SO um,

reater than 35 nk/ greater than 50n2/g reat er
e.2.{eAReBXop) 0 HBHEasim fiareranle the SaRda divighion candzs less than
n2/ g, greater than 150 ng/g, 1Zgreater than 200 nR/g, or
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even greater than 250 nR/g. A porosity of the second
fibrous material 14 can be, e.g., greater than 20
percent, greater than 25 percent, greater than 35
percent, greater than 50 percent, greater than 60
percent, greater than 70 percent, e.g., greater than

50 pefteRES RS Everg% ?th [bs§§1aﬁ 0GRAent, WS HA3 Otﬂé@&nQ Qess than 25
percent, greate 92 percent, greéater than

perc0ip tass ghan 209:eecme ess nimm @@qmlcdms thayy b pereents Maavee fesgthan 1

re B G S PR EE  BEST B T 3o

areatd'f%r@d‘t’&rtﬂﬂﬁo @i 4 R zg Qureitamhie .0l i Qordtert then 11516V, greater than
rous materi al to the average | ength-to-di,ameter

L. 75rra /g gestater thansemdigderentsr than 1uweée,igsgater4hqns25.9 ng/ g gr€@§€§ than

S0 e 200 AL s Ry B oo

havé, 0.5 p(ﬁbs@weﬂ’grsatbﬁth@ﬂ 70 pércynteelgalerdacer than 80 percdnf greater than
articul ar enbodi nents, the second fibrous material 14
87.5 Reregbarenterdan A0 Rergenthereptesthan 93, BoBIes than ey gvepigr than 97.5, or

ever? %%ﬁt%fjtﬂan r99 eft. Sﬁ%ﬁﬂg Ed?l'&lﬁﬁ‘@feﬁéﬁ' bﬁ]lgo@iﬂle%YﬁéisaagﬁgT surface area
ening siz ess an t rst screen to provide a
of gtdater thahi 102 Hod/gratlerpoadsitydf grenteruhin $5pdreentes, a ratio
of the average length-to-dianeter ratio of the second
fibrous material 14 to the average | ength-
FIBﬁ%M’E@%I@IL/RESWC@MPb@ITESYd fibrous material 62
can be, e.g., ITess than 1.5, e.g., less than 1.4, |ess
t heﬁompozﬁes includingranly @f ¢het fitanug miterinls s biende nband efishe §brous

ki Ao 58 e TRASLIE! 55 BB R i

Nosf euas BoT, i IRUSTITBLO I72b, 59718 %5 arfl 51952, D@@S@% e ol @& second
fourth screen to produceaflfth mat eri al im|ar

ﬁbr@tsm@ﬁnéﬂgl%ami:@s@es egan tbemma,sgé a@setdora%thmwelttmgsresiascan be
prepa}:]ezi baIESI tbéai%gqg ué s%re% %bl(‘jo%% mzﬁgrllallagd ad E%%(gkrsrgln (1 V({ nged

fibréleshateshalidal be esmbiica it the deditsdassih] hgl by hixing ghefibrous material
average length-to-dianeter ratio of greater than 5 and

and ﬁl?\,fﬁﬁg iny aw eRtrRer QT AbOT lavieénT o forpihecppppsifee gt fproppaterial can
be cbﬁlb n%?i %vﬁl{'ﬁx r&dixk by th@ Llﬁﬁrenaqusgg%? 028 Qeh Sl fiorofOhaterial
e aver age engt -to- aneter ratio can
that bm bds eadsened daring elombigng. Suend densifieam@bridl,is discussed in

e ot v S BIATS G, e o

of whth T8 iR ol‘al@%e em%‘y AYEEAIEN WsEhlirepf. the fibrous

materi al ‘can et ween about 5 pmand 50 pm e.g.,
betEmmplezabxfmherﬁmpkaﬂmcawdms mq]nmde Iﬁ-_gld and glaptiogeric hhernmplastlcs.
ndar evi ay) ess t n, 50 r cent th
Rig BREpb ebirucg P@fyo 685 ¢ En BBV BRI P UetF. o ftyolefin
copoiPmBRs, c;ﬁ)l‘*este'r@ tﬂﬁeﬁ@fs@@hﬁhaldt@)s Eol‘ybﬁ[ﬁe@ @e.g., nylon 6, 6/12 or

(gercen ess an 1 percent, |less than 5 percent or
6/103\and HOé@ﬁhxlhmnmlnepe Egamples bf elastometie élgeémpphgmmresms include

elas@a}epg ngyrglpg 508? yﬁ\elgs‘a(% ?}ﬁgrgea%h eﬂﬁ}mgfle%e stﬁel?g&g)to e¥mers)

polyhﬁﬁdlb élaﬁoﬂi@l‘s@(e ggrp@Qfeﬁfer-ﬁoBBanﬁdécdﬁ&ﬁnergf zﬁﬁltéﬂiyléﬂi‘@ﬂmyl acetate
75 n2/g., greater than 5 n2/g, greater than 10

co qhzmgr greater than 25.0 n2/g, greater than 50.0 n2/g,
gr
?ﬁts&k gegg(rhe dean ?%tge?r?délfs\ﬁg rlles% figd fﬁleftl?ﬂ)gvotgagégo@oetw?en 10
g/1 Oghﬂﬁ’t&rto byl Ordrieess egt, bevegn 20§g‘/ Hairm’(utésharﬁo%ll 0 minutes, or
ercent, 7?pater than 87.5 percent, g({eater 11‘% %%io
bet“i?é?é@r&/m Biiesto 45 H) enuics, g5 micpareq psing 8 TM 1238 o
than 97.5, or even greater than 99 percent.

particularly preferred enbodtirent has a BET surface
area
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10of greater than 1.25 n2/g and a porosity of greater
than 85 percent. FIBROUS MATERI AL/ RESI N COWPCSI TES
Conposites including any of the fibrous naterials or
bl ends of any of the fibrous materials described
herein (including any of the fibrous materials

d' SIﬁ Lose Qm'delHleﬁts E)@lhﬁmblélﬁi&?&s ofGan A tk0above t}?e'i_’l%oﬁlaﬁlc resins
07,729, 5, and 5, 952 , €.9., the first

cmnheuﬁﬂ second flbrous mat eri al 14 and aresin, e. g , a

t tt
Y ﬂwgﬁ?r%@pﬂaaé??%ﬁl bsahli R b S RpD. i
a rafi®'6f the i i@ afzé’r%% &moldeglad §%igh tb fhie ALAWST Ak Afcl rAbleidlir Weight, of
conbined with the desired resin, e.g by m xi ng the

greatarithan b S aag-egteater thas 2 ereaterithan b5 sgreaisy thaw 810, sreatst fhap 7.5, or

L xer m the conposite, the fibrous naterial can
eve%gtegghﬁgllhg% with the resin as the fibrous nateri al

| t Iekpecific asbadigiens] pdlgslefindsrdlendswif poiyalefinbate wilized @s the
re- opened, duri ng the combi ni ng. Such a densified
therﬁ‘&f’@ﬁ‘il%msins di scussed in International Application No.

T O SO S bt it

pobmaﬁbnmace inits entirety. Exanples of thernoplastic
and el ast neric

D E R GRAOR i 56 JESHEA FHROYS BRSBTS ORI et 1 the form of a

soh(PQ} ¥ ﬁﬁlmll Ef%e aggl:d/ B @R ¥bHBEation opf%)ﬂ%lrﬁfs' Iﬁatenal and resin. For
copol ymers), polyesters (e.g., polyethylene

examplleesphrltahkl adtlm)ves poludarfilbessuck ag calcmyd cub@atd /gtaphife, wollastonite,

mic AR e 1l P e TEEBEA RS JFRAT Aluming

trihyRRe loy fﬁ%@ﬁesﬁlﬁn% droxidék & hih 8 Ftarabity kedeassdhydriaged or
copol ymers) Iyyam de el astoners (e.g

brorpmagﬁfétommwnymﬂnda gopod 9ﬂ®f®ytlﬂhﬁ’aﬁﬁhﬂ®ﬁé tige ppber; carbon
fibefse eotlr %tbegzrlg@t or ﬁéwcfgr#g Sa%Tl% nt%rr*, S%mqgss sl?’e’e t b[%lge V\a/edélhtlvff) can

I'C resi Ow rate

rein®rdd) eRfiendt@ Thaspetlle@idd), Iﬁbcﬂiahﬁ&], oﬁoglpatlbﬁilty\pﬁipeﬂ&s gOer
mnutes to 50 g/ 10 m_nutes, or between 30 g/ 10 m nutes

addifiyesygclydy fragranaese SOUNIE £ REERI B OFNILPINgeTAST &4 Mabeated polypropylene,
proc'egs \égﬁ%g%&]\mﬁ th’ 2 'ﬂrugis:lﬁ%’cg& @B’lh/@‘%lg ¢nb gggas‘?f‘az%psy a?ﬁoﬁ@ﬁlts
opac&ﬁél@dheﬁieahblhzél’e ecol frantspfobhasigd agenssinpdeamodifiers, polymers, e.g.,
den TP o SE S Bi hl Biege
ethoXPlaRAULRY a¥8 affifhes. Fuitable antistatic compounds include conductive carbon
blacks, carbon fibers, metal fillers, cationic compounds, e.g., quaternary ammonium
compounds, e.g., N-(3-chloro-2-hydroxypropyl)-trimethylammonium chloride,
alkanolamides, and amines. Representative degradable polymers include polyhydroxy
acids, e.g., polylactides, polyglycolides and copolymers of lactic acid and glycolic acid,
poly(hydroxybutyric acid), poly(hydroxyvaleric acid), poly[lactide-co-(e-caprolactone)],
poly[glycolide-co-(e-caprolactone)], polycarbonates, poly(amino acids),
poly(hydroxyalkanoate)s, polyanhydrides, polyorthoesters and blends of these polymers.
In some embodiments, the fibrous material is sterilized prior to combining with a
resin to kill any microorganisms that may be on the fibrous material. For example, the

fibrous material can be sterilized by exposing the fibrous material to radiation; by heating
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5greater than 1.5, e.g., greater than 2.0, greater
than 2.5, greater than 5.0, greater than 7.5, or even

greater than 10.0. In specific enbodinments,
pol yol efins or blends of polyolefins are utilized as
t he thernopl astic resin. Exanpl es of

the FiDSUIRBEEE] Mdier 8SAdIBohMHdUeRa RatikTeAd tithk RPRIL any microorganisms,

but adi ene-rubber and 10pol yur et hanes.
e.g. ,dmtnﬁmg gmotmaltdmosideric puesturor oy enepleying Ich@mu:alr detiilants.

ool o Stk & taRe IR Rs T ok i fo i€ hilural wood
e.g. RS0, FOHexB9018, thE BagRXSdR!eE nafithllvaddEfradahdel YaSbe
include fillers such as cal ¢i um carbonat e, grapﬁlte

competndedtiniaitheresini usad toymake thefdopwesitg. dgsomeiimplemenigiions, the
frag%eglltcg isncogl ?ﬁ@édcdlrécﬂx mto%ea#g%:% %ns éic Ii’g?%)é% %Lig,]r tl'ﬂg r%l can be

confp@tlﬂiedaﬂtb&hétﬂsiﬁ mng:m@rmngte%q aBardupyfi mbdee or ot ganider, e.g., a
conmpounds; ground construction waste; ound tireg
twit-saseN extredsr Bath qouptergotating pragws. Ap sxsmplgo B&%@P’é’ mixer is the

F-Sér?es anbid! ‘%19?1%da%h?dcﬂlrﬁc§ﬁy ?51‘?{1 Jan SEHEe S ihNERW Aliruder is

|
orc or change e ectrlca %anlca or
the m&m|5b|MEG>Acpmpad¢rF%,3narﬁfmreaw KruMEWarmfrl S ddleiderer. After

comE IR ALY SR BBYR BHLDE S BeU R pHenia g e

molfed: Altérhé‘tﬁfel}n MRtbr W)Q{cli@st S SRS ce HIRALEGALSE Available commercially
antioxi dants, opacifiers, heat stabilizers, colorants

fronf h&ﬁnmtg)mgﬁhysxs alndﬁaagramd,l 1fndelr the tqadbwser EQIny g qr from the RTP
i ocid

degr adabl e hotost i zers,.
Confyflye filrte BERdIERss, e SRR, Aaskich in MeSpiiRitgs betwoen
abothtd. @05 Ry @Bt ¥ abot 1P 18, R&l %htSE%t ibetwRRRBBRAR 1 % and about 5
i ncl ude ¢onductive carbon bl ac car bon fibers, netal

% of P25 & end gheit 3 %. conpounds, e.g., quaternary amoni um

- CBRIRRS oo g i e imsingn Qier fragrances
inclGdd gepbeening ckang saawasy, paach, Hifie) Sfearttiep aeimiod bvise, basil,

degr adabl e pol ynmers i ncl ude_ pol yhydroxy acids, e.g

berg@mowbé%qlq REBBCT, ﬁamlgqry dwmoaeile, siveneliip GPSatERTES, ine, §geganium,
glng% : @ez 1tg aXIﬁ éﬁngféggelrra? ?A%ﬁ@éfgfe%pfﬁ%}{&a{rﬁl, ﬁfé‘rﬁ}am, musk,

myrhl| Qt{lﬂ@pibatdﬁanrdse ma@hﬁﬂy;asﬁgem)lﬂialwood, tea tree, thyme, wintergreen,
ylan%%} %lp(gg%%/qi ell Ié]ggfoé}o‘ ot g@%@f{sol @wﬁﬁ‘?@}m OL{% g?ég %r% togisr’r’lents the
amoﬂﬁ1 e Hck $8 the fﬂﬂbﬁ(@ﬁiﬁféﬁﬁﬁ% nmnﬁh 5% i9befwRE Gbout 0.005

pol yners. In sonme e nment s, e fibrous
% byrestegglit ahd alsous 261% by mexighgy ¢.g4 bétwecn nlbmm Orlg¥anndrabaut %4 or 0.25 %

RO LR A kW e U e
Apphic&idn $HRINBY 66529807 Filbd furlel VOGS tHEERIrE AscloBure of which is

radi ation; by heatln%
hereby 1ncorporated by reference herein.

Any of the fibrous material described above, e.g., the first 12 or second fibrous
material 14, together with a resin, can be used to form articles such as pipes, panels, decking
materials, boards, housings, sheets, blocks, bricks, poles, fencing, members, doors, shutters,
awnings, shades, signs, frames, window casings, backboards, flooring, tiles, railroad ties,
trays, tool handles, stalls, films, wraps, tapes, boxes, baskets, racks, casings, binders,

dividers, walls, mats, frames, bookcases, sculptures, chairs, tables, desks, toys, games,
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the fibrous material under conditions and for a

sufficient tinme to kill any m croorgani sns, e.g.,
boiling at normal atnospheric pressure; or by
enpl oyi ng chem cal sterilants. It can be

advant ageous to nake the conposite snell and/or | ook
pall!?t% kﬁhaﬁ‘@ésufn%k ¥E4¢., mfst@s ptﬁqug{s VEARGmofiPd zﬁ?éﬁ'm:'oﬁ)pu{el? Rousings,
r'agrancé, e.d., natura ragrance can
abote amp beloveghoind eletthiealr sings, fsmitutey pivalcgablag bcmhm&lhleléers trays,

In sone i ement ati ons, the fragranc
hangghs SEDFR: FIRKES: MOLAGSrY SE00% FTTEs oS AFBE Ce novelties,
hou§t Ware@indarcageounded into the resin using a roll

mll, e.g., a Banburgﬂ(r) m xer or an extruder

t wiThedibraw rosterialdney b dyeddwiiore epmbining With tlsecne@mngmmpoundmg

o SAFR o Pyoif SRR b vl Bl BybBai il g ogn e helpt
in nfakkidg bi/\hlﬂnglth@\ﬁbﬁ?ﬂs mhkderial ] é‘spé&&lﬂ'sela% agptondations of the fibrous
VEGACO rTM manuf act ur ed by Krupp Werner &
matmqlemd!@cﬂ@d orppxtraided paiffo LWeh A g aglomeratioay Whegipressaiin
rela&@qlﬁﬂ%ﬁ%&bg é‘?ljr%g Ilflgv g v&y@ & é}%k:lfl@%gl tﬁé%ﬁrﬁ’&%&i oPthe molded or
extridedigraptece-filled r eS| ns are available commerciall y

fron1|nternat|onal Fl.avors and Frag under,
t r A98 FEATRPIBODS festipd droreysgppiersl R ﬁ%gmg ap HCIQ(SW& Cdirect dye

t t
o aSERREHUEOL Sy BN ORI OIS R AT
Anilisi Ginporagion, Chibagoyblen Spéuific exaniples @mtyeammaeasmc&‘mm LIGHT

verd & SRR G S E g ot RN Fad B v

RchD@;MmispE@MAmemmEerAL REBVB,}’SPEE@TIQMNBTM
eac IﬁE spearn1nt C|nnannn anl se, basi |

BEN)%@@E\RBURINE&\SREQEBMIAZ@WC&@BHSBECERAMINETM

TOEAREL S SHERORR TP AR AR

Sped®M9ésl N, marj oram musk, nyrhh, orange, patchoul
rose, rosemary, sage, sandalmood tea tree,

wi e sege eehodijneatsy rasienior apadeniraies oeBtpining p@ﬂ%%@tre plegded
with ye% h@\ﬁl%n s(lé’tgf)ﬁﬂtgi%e f“{‘%‘r ot na?éeﬁr) ﬁ'ﬁﬁd;eslré&1 A8 lﬂﬂg’(erlal the

ragrance In agrance
ﬁbrmn‘h)atélﬁdl ingdy besdjratinern daking theQotipoutidiny. @elcg lebneemdrates are
about 20% by weight, e.g., between about 0.1 % and
availgbls from Glgagnty. 25 9 25and about 2.5 % Even ot her
fragrances and net hods are described U S. Provisiona
Application Serial No. 60/688,002, filed June 7, 2005,
the entire disclosure of EXAMBLES hereby incor porat ed

by reference herein. of he fjibro
dg§€?f?%%%le Bté%ml‘g"@ap ReEerq F’é‘i‘e o %ﬁ@@%ﬁ@d g?]greé%}?lon
scarﬁ{ﬁ{geé'lé&lon]rﬂwrdsegﬁé habeeh fihfadERidihs @21 d%ét@@}jwte& determined

formarticles such as pipes, panels, décki ng
by Ie®gmtedrRapesSerhizas,das., Applistomg 3V, stiegas autbmetsksinalyzer(@A PP

278 50 LRy BEREA B0 A e wer

por(fs{tpgﬁdﬁﬂkdeh},lgs railroad ties, trays, tool handl es,
stalls, filnms, waps, tapes, boxes, baskets, racks,

casi ngs, bi nders dividers, walls, mats, franes,

Exa%ﬁ%ilgé‘%?e%’ara%ﬁ'(?f‘ Hbfots MAR Froh P fdatcdPaser OV

A 1500 pound skid of virgin, half-gallon juice cartons made of un-printed

polycoated white Kraft board having a bulk density of 20 1b/ft> was obtained from
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pal | ets, wharves, piers, boats, masts, septic tanks,
aut onoti ve panels, conputer housings, above- and

bel ow ground el ectrical casings, furniture, picnic
tabl es, benches, shelters, trays, hangers, servers,
caskets, book covers, canes, crutches, insulation,

Inteisﬂlé B8R4 PapLiOtThe MA%EAI W Rut gl%l gﬁc%@g ?/?f iRéMs %?rg_ll"h_tléhre@ 8sing a

£
he fibrous naterial nay be dyed before coimbi ni ng _
guillgitink chitter and fedhtosaluosampotary knife cattdroMoedeliCIo MPod¢l iS50 is

cquigBeq i P pei R ARG E S5 as HerLPRaRE 18 inch
opeﬁﬁ?@ CTId fap Bt &R tRE B taRRMAtl R Dlglks WS sdtitdhspt6ximately 0.020
material, in nolded or extruded ﬁarts. Such 1 arge

inchg githegntaraknidheuttonplgarqsk the epmfettinlikepigedsastops tieduife-edges, tearing
qncent r.at kons, . can~shQ S Kk Nt
the GRS o ¥ B RS R B LB BBl Wound perbour. The

fibréusatikestal Hade BIEB siirfitbe fakdyr cfUso T8tAY ; af- (COIG7he?/dyegbrosity of
using an aci dlg%e, direct dye or_a reactive dye. Such
89.04y & percent anda hullo ensity §@0SHR 8,60 akakhy AR avqyagsylength of the

ot Catio , Lo, oci fi

fioelS A PLEL AR DR SRERR AR GNP B a0 e R Sigan avereee

L/DSPECTIRASdahiTing ¥ectraW i (o g@phiCo P16 fibBRISGTdRédNN lafeshown in Figs. 11

RHODAM NE 8, SPECTRANYLTm NEUTRAL RED B,

and §R e RAPREH i ORACRERBA Y RESNSSHOPRISPRIAN BLACK OB,
SPECTRAM NETm TURQUOI SE G and SPECTRAM NETm GREY LVL
200% each being avail able from Spectra Dyes. In sone

Examphan?li- Peeptasationd3f Fibouk dateral FromBleast 28 Boi

pi g ar I ed. 20w th .dyes. nsch.ble re

e o0st BB Ghooreit MER ROt KBSl Tt § BN gty of30
16/ WaS ObRINER R BlteriBiorREPAYER d ThB nfitdrial ddb titdintoeces 8 1/4 inches

conpoundi ng. Col or concentrates are avail able from

by 1¢inehes singgniliating cutesmdrfad tya Munsen earyikaifs gutgm yodel SC30.

2r e obt ai ne a JEOL 65000.1i el m.ssi.on |
The o B8 ePE AL s Juch e g e B s R PR bades
was GetoRpPFoXImAElye). O Rehi MRe rdiyryl kil R @uaéalicitad eie confetti-like
Services, Inc., Appleton, W, using an autonated

piecgh aplpasing ¢ filoms mpserig] at srate ef aoas enepeimd pss e Jrhe fitweus
L leyti2G Al LY : it

matCho) Mol I M ol i, 1318 m PR 00 7 iR G085
percentnausbuVia derisitg! (@0 $81psPa) ofd BT/ Mdpen averageAedGBOf the fibers

pound skid of virgin, half-gallon jui cartons made
was df 003 Ry AR VEBSY o o theTecas W@aﬁ@gg% §i4pe 3y ayerage L/D of
43: 10 WHnHiBP# dotoR nidB gtaBhi bf thedibroR! RhtBR4l k& GHBwn in Figs. 13 and 14 at
25 X magnification and 1000 X magnification, respectively.

Example 3 — Preparation Of Twice Sheared Fibrous Material From Bleached Kraft Board
A 1500 pound skid of virgin bleached white Kraft board having a bulk density of 30

1b/ft® was obtained from International Paper. The material was cut into pieces 8 1/4 inches
by 11 inches using a guillotine cutter and fed to a Munson rotary knife cutter, Model SC30.
The discharge screen had 1/16 inch openings. The gap between the rotary and fixed blades
was set to approximately 0.020 inch. The rotary knife cutter the confetti-like pieces,
releasing a fibrous material at a rate of about one pound per hour. The material resulting

from the first shearing was fed back into the same setup described above and sheared again.
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I nternational Paper. The material was cut into pieces

8 1/4 inches by 11 inches using a guillotine cutter

and fed to a Munson rotary knife cutter, Mydel SC30.

Model SC30 is equipped with four rotary bl ades, four

fi xed bl ades, and a di scharge screen having 1/8 inch
Thquﬁﬂ% ﬁbroﬂ‘ﬁla&?iﬁl RRLYBET shfffcd AEA6Y1.8068 MP/Eed. RbeskEs’/g, a

set to approxinmately 0.020 5inch. The rotary knife

porasutytOé PO SReS perdentand e dutledansity (@8.33iste of Ad 298 g/mlheAn average

tensff o} o3 v G Lol SR B 4R B R128 . eivine

an ak}@ﬂége Libef Bi:br Susnnitd gettadn Mado@aplislofIbd figioas atiabire shown in
0.9748 nﬂ/%% +/- 0.0167 nﬂl% XPoroswy of 89.0437
(®@X58

Figpap ead(l 6 ahdp X magnifiensingiang gagyfiegtions regpectipely-
g/ m.. An average length of the fibers was 1.141 nm and
an average width of the fibers was 0.027 mm giving an

Exafiphs 49Prdfdkdtion@f Aidick. Shoa@d Hiigue Maedriab Aroih Bll@ghab]hfaft Board

of the fibrous material are shown in Figs.

at 5590 pediskideftvigin Blsached oohite Iﬁ@&rhomdc%avaw S Dilicdensity of 30

|
i SRESE 8t BRSBTS s e 5, s
by ldfinshes gisinglal gudlbdime cuttert andiieditd a Momsch hﬁanylkglfa chitdrkModel SC30.
densi 3 h/ft3 vvaso ai ned from./lnternatjon
ThefBrrel sisonirbl B aTch anehggs. THE 87p PREEE BTpiary fiqEEed blades
was k§¥t tb ]aﬁbfb%ﬂﬁ&eﬁfsd 0D RcBUThé Ritiit\ygqgﬁ@tchﬁér shBsled ﬁﬂa Joﬁfe?ﬂ like pieces

Minsoh rotary knife cutter The di scharge
across:ﬂaedqmﬂeeadges/ thermatengiemmﬂglg fromethg &pst bletanmgrwas Hed back into the

samp e o e R R GOt | DB LR e T meterial WS Sheared.

TheGR1E@31 trbsul tirgSfrdth B&CSocon ®SIRAFHH & a8 f8d BUCR ihsto TR Qimtedetiiptand the
a rate of about one pound per hour. The fi brous

SCTCQ@ ms eeplaged vdth al/ @Em@mcre@ne Thisenatefial wassheargg) ghe resulting

It £ B33
oo AR oS LSRS08 Pl o
87.7063 pbfeehi diﬁra%um&erﬂsltg)ﬁ@mm peigh &0, BMBIgHBE.. Mi\h:rage ledigth of the
fibers was 0.0245 mm giving an average L/ D of 43;1.

fibersema ). Beff BInband wwacaecygd&mfé ® fibets avap 04260 anipgixjrgAn average
F
L/D?)Sggﬁxogn%afﬁlﬁgl 169 on ﬁﬁcr%ggageco?ﬁle%ﬁrg% @1‘151'3?@&130% RAfgs. 17

cation tively
and P8 @p25 &l inagnififatibniand 180@ & mdghifibatons rdbhdsoﬂmvekyl From
Bl eached Kraft Board A 1500 pound skid of

virgin bl eached white Kraft board having a bul k
OTHERTGMPYISIRRONS/ANS Ui ORtBIEeBROSY MATERIALSONal

Paper. Ihe naterial was cut into pieces 8 1/4 | nches
by Clﬂ;npastthms carsbeprepamgd ithdt andlwde anytaféhe fibndus swtarialssdescribed

n rotar n e cutter.
herelf JRa 8 2BEPEER THER AT RCRO B TGS STABcggrponents
discRRLABED.S. PatchPRBE. Y6, ARB U7 52888780830 WA, $84731035 and 5,952,105).
apprOX|nateIé30 020 inch, The rotary knife cutter the

For gmmdp; anyl df] ﬁbreuematerr@ﬂmcm@eddwmlb caube pembined withta solid, a

f ab Th
oL e} Enger RobrRE o PRl Ll on & e PPAEEY g gare. s as
a phbfifaceafital $€E Y Bn B@isibtid)Ssh aletul chatdiRd (g, plaai seeds, a fertilizer,

herbicide or pesticide), or an enzyme or a formulation that includes enzymes. Compositions

that include one or more type of bacteria or bacteria in combination with one or more

enzymes can also be prepared.
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The resulting fibrous material had a BET surface area
of 1.4408 n2/g +/- 0.0156 n2/g, a porosity of 90.8998
percent and a bul k density (@.53 psia) of 0.1298

g/ L. An average length of the fibers was 0.891 mm and
an average width of the fibers was 0.026 nm giving an

aV &13A otabbliRbns3%n take R Bth §:90 2h€ GbERR nHt&iAY rd@ﬁlfh%l@%roperties.
the fibrous material are shown in 5Figs. 15 and 16 a

For gganplazagyi dfiteafibrons axateritlbo@n ke maerhiof sbsetbi dbamicals, potentially

abs e SRR EF SRl e S oh Birgar e Bagy maidiall G sed to
absokb @pilled bildorSdthél emydalQi CornMbigReiBebe\Vibro® Hatafidls hadhrad

“having a bulk density of 30 | b/f13 was obtained from, .
microrganifa, isuetass Phgréeriumptibatiean aretabiolige thewik ot dhewigs] eaneadd in

e 0 . : N .
eyt ol Q585 Sl RS N OB PUURR gt cpemes
drie®GHA. thdhesed iis piceddingCoradmbiae &t aiphetmazpativahged used dor
.gap between the rotary and fixed bl ades_was set ,t{)
deliggpiesihrepertic ageoh aushas dr ge L dosiaed, thefipraus ptegipls can be

; i r .
comPRALAth 3 B QM bt ki HoRRechElapRE phifactic eid and
copalgmars ofglyadicfaad ldetic kciintQih¢rhiegmaablesadtenial athedt ¢dnebe used have
SGreen s replaced wth a 1/16 inch screen. This
bee”rré‘ts%‘fsﬁ aBEE- sheared. 15The material resulting from

t he R8s ns ABR et ol EtlateAtls, &8t Cellulssié 8MBerdeéMRosic
and the screen was replaced with a 1/32 inch screen.

matdifel s anvh ey, chemiads aivbamand] formalations it thegolid, Biquidsor gaseous state,
gateri al, had.a BET surface area. of 1@?8(217 rréé{%aﬁé- "
can §e grEparcps-g-» inh VATIus dnpmprsign. gprayingsor bicading appmatuses,, Fp
exarﬁgré&hte)eoﬁ@siaanp@dnaae 8&%2@6&‘-&4% fbbdn blAdery,RbAgBleh@dtgtdduble
of the fibers was 0.824 mm and an average w dth of the
cong blgaders.gad Pottesen-Kelly "Yi"\blengersn aver age 20L/ D of 32: 1.

ScaRpRi A lectro ' S . br j

3P 5 LA IR ol SR B
lignik) Ot hvasip@bcdliut@ic materiaBs RESA, i Vddsited, REREBR GONRAEE al 4N

AND USES OF THE FI BROUS MATERI ALS Conpositigns can be
steribzechier il apy aicioneganesdht 183y peen theditsors aterl djog example, the
ﬁbr&fsstﬁzgtbgﬁ%aa %Q SleFili%ed gy&ﬂb‘ginggh@ﬂﬁro%g n‘ieﬂ&wfl 't(pfaﬁﬂfﬁon, such as

material's, resins, additive§ or other conponents
infrated eddiaioa, ultratdofet riviatdot, oNaxs ionfridg BadBBion, GicAa8 g@iita radiation.

207,729, 5,973 035 and 5,952, 105).. FEor exanpl e, an .\

TheJforusanfiptila se0 Asg BF Ptﬁf‘gz‘ﬁfe‘% iR thaionS afpbundd fonditions

and FQ U eV tirfle & 1A !ah midrdotSitisthsObr By 88Bloyfeth chefhical sterilant,
chem cal or chemcal "formulQation (in the Solid or

suc aschleathde gt epdivsuizyposhlodtehdnlorheddinecert etliderg oxide:

ek, Stk bpye ity osPiL o "pub B i iR wager. o
rem&VEMRudsitabl @inipllrfes @Rd/bP@dnthhimakdes enzynes. _
Conpositions that include one or nore type of bacteria

or Ihaspedifiaapplicotionithefibions watdriabneandre used as @ feeflsteek for various
micr%%gga%%s%los, Euechpz{se Rt eagld bacteria, that can ferment or otherwise work on the
fibrous materials to produce a useful material, such as a fuel, e.g., an alcohol, an organic
acid, a hydrocarbon or hydrogen, or a protein.
The alcohol produced can be a monohydroxy alcohol, e.g., ethanol, or a
polyhydroxy alcohol, e.g., ethylene glycol or glycerin. Examples of alcohols that can be

produced include methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol,
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Such conpositions can take advantage of the fibrous
material's desirable properties. For exanple, any of
the fibrous materials can be used to absorb chem cal s,
potentially absorbing nmany tines their own weight. For
exanpl e, the fibrous materials can be used to absorb
pro?;ﬂéﬂé A1 4- lﬂfta&t 4181, ﬁ%@ﬁﬂl 6AMBxturled BPIHRLN A cbRS €The organic acid
brous materials wWwth a 5m croorgani sm such as a
promc@d el ymono¢raboxsdie asist eripal yaarhoxylio atido Exemples o4 brasaie acids

n.cl eanu fi br nat er.
incl € fokic 4cif Wi AR, g ERE S Wi B8 T R4, Bprofe S Rotmitic
acid/seéri¢ ici@Ixahie deldNn@alodlc LaiyBidadc Wit hglﬂtaﬁb&bfd@@&iﬂ detd@ llinoleic
and used for dellverlng a therapeutlc agent, such_as a

acidy glygolig aciddasticeasid, trHhydronybuiysic sgiderimixgiresof these acids. The
o RRASHELY BRI MR, Byl YBLNEGhlons

can ae qird(hcéd mchde @hetlﬁdeeéthai&g prpain, ésobratene, Iain&nbhmheme or
useg have be di scussed above. Conpositions that
leF‘HESI‘EﬁfF esPlhé{Fl’Eﬂ?ér ferials, e.g., cellulosic or

i QH%gﬁ*t dfﬁla?% ofBh&H] zf‘ﬁﬁer%@ﬁime ﬁlag mc}lﬁﬁg a:@ﬁﬂ!ll%sig fand/or

or mu atlons I'n the soli or gaseous
ligneceihlkzsmﬁ)ber lseunge epsheactd te pvidel arﬁmlaﬁbmus miatexiat. sThafirst fibrous

srain, or Rhl endi ng appar at uses. For 15exanpl e,
mat G T bevted BfOEs B RUPELIAISIEAD $1CHHES PR BRdge T about 1.59
mm&? 1&s P1/884RASe. O@QSJ ﬁlcﬁ? ﬁﬂﬁ@v@é 8 RERY RO materlal The second

Pat t er son- Kel | enders. |f desired, lignin can

fibreyes matapalasl cémbimed mjthof backesiufr dddersenapmer lmthés partieular

emBgidiipe hiBeRum G B R RS Rnl 0 OB E 5 Bl fibrous

matéri 8 direttheeithut lﬁr&#reéﬂﬂibnﬂ'tcﬁﬁr@@tﬁ&aﬂfuémaﬁ inakud 6By d2€gedNan alcohol,
the fibrous material. For exanple, the 20fi brous

an opganes acad ardipr @b.‘/@p@%rbw zed by exposing the fibrous
mat gl bl?l% {n[%oﬁﬂgmu 23t to &)%ﬂ)ll%ﬁ ltl[gﬂa%{e%% aalﬁg)l %&rﬁﬂe the fibrous
ul ttavio Fadi ar Pon. Cof nzn ra ¢ch

matérsal gestenilizeddo &ill aiy mﬂﬂ@orgaxﬁsrﬁyﬂaaﬂmhse lbe ahshe fibroak amtdal. For
sterilized by heati n%§t he fibrous material under

exarmpleclicifFausANIoR oo e storilics by xnoTwerthe Rbrqus paferial to radiation,
sucﬂ%sclﬁ?rgfeng §ﬁ?1 ﬁ[ra\}?éfle aﬁéﬁ‘l Y, aﬁ i HF?Q(%IE&%;IE shdiPRlgamma
as eacC orrte),

suc i um’hypoc
radiatliﬂm rTi&»mntrmgamsms tzhydlmbae kiklediesin@ Skeryicaf stedilents) dmchasbleach

(e St RO By b s Fatndbeipie t fos and or

CONj @PaARDES embodimd?, the SQARFbSd &@&ﬂhgﬁ@él’hﬁﬁsw hﬁ?enal of the
fibrous materials can be used as a feedstock

fibrawmaesalng first brakenidewn 1n®dowemol}¢e@]st weight bmarse wwhach are then

adde%,d;t?)téﬁr q% L}q}é}%&r}r}g;% aﬁé/gr gh(‘g t?}fit eg}t ?ge{ olavgea Erho &J% weight sugars
to pfod@te etBatbl, TAO cAll6416 hnd/aligiodaMil6sic material can be broken down

using chemicals, such as acids or bases, by enzymes, or by a combination of the two.

Chemical hydrolysis of cellulosic materials is described by Bjerre, in Biotechnol. Bioeng.,
49:568 (1996) and Kim in Biotechnol. Prog., 18:489 (2002), which are each hereby
incorporated by reference herein in their entirety.

Bioethanol strategies are discussed by DiPardo in Journal of Outlook for Biomass
Ethanol Production and Demand (EIA Forecasts), 2002; Sheehan in Biotechnology
Progress, 15:8179, 1999; Martin in Enzyme Microbes Technology, 31:274, 2002; Greer in
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30aci d, a hydrocarbon or hydrogen, or a protein. The
al cohol produced can be a nonohydroxy al cohol, e.g.,
et hanol, or a pol yhydroxy al cohol, e.g., ethylene

gl ycol or glycerin. Exanples of alcohols that can be
produced include nmethanol, ethanol, propano

Bzonél@ I 61068 lerll QU@?"L%d 1@%&%9%@) W@lecﬁ&ﬁBbb'l@q{ewews 66:3,
1, but ané diol, glycerin or m xtures of

506t5‘7€sé0(3§4 Emaxighl orh lng%Matﬁnadi4,é9bé%@@dMamy in U.S. Patent

No JRRA Pl REich e B ety dn PGP R ek B i in, P tery

Pr apdferiing ndei 14, Fi@ Uty h fibraginthtealhaving adewbullcddisity 6an be
palmtic acid, stearic acid, oxalic acid, malonic

com&@ied widly a 81l eroer ZaBise, 278 (resre-dried yenst ¢fl beicterigcang/or a enzyme, and

therl 116081]&1%1 %@fﬂeﬂ 1o glﬁ% ogJ llﬁat%él Q:brA %gﬁlbﬁ P?fihg a hé%hgr bullf ensity. For

icoacl M Xt ur
exaﬂﬁptb; @Cﬁ@tdlﬁﬂnanél@ed u@m@loﬁﬁﬁn having a Bulk densiey &BMmeS gf crﬁ:‘hcan be

EB rigls of h roca rbons that can be roduced
demflﬁe Y seativg g brous mafesial wely; gas ppameablsstpgie, e a

bag %g&l?i&?%lsgfr%fh&[%g gr h%a g PrfadE P? gﬁerm(tﬂ{glﬁ%rp 8fgol J:tﬂ?ll%ge and a nylon,

er source tha es a
and ¢lednl evaositing dinciémorappél gag;hage lairufrmsu the ftiumptures Aditec evacsation of the

s (75 A e 1 FO10wS pAU ) s By oo et pF el fpan 03
g/crﬁpan.nQO ?%/gﬁ?ﬁﬂg:ﬁ%ﬁ:nﬁg 5§&nsblzﬁo{%f e 305 d-caf. "T'lﬁisoéan be

inch) to provide a second
advantageous wiran gris désiratiledo sranspodt the libous mrserial |t<aanqther location, e.g., a
d with bact er and/ or Z
rem TR o Fols By REHE the FoRBS ot sylRenitth b addeg o o
soluieRahk Stdprotilide! dti7dnBD ARG FigeRpthé klstiallp bR igfpetheable
di rectly without pre-treatnment to produce a filet that

strugtyed, npifigd dihens material sotests to aear lé%lﬁittal h@lkdieaﬁéw, 612., greater
than%(ﬁ%&é&q 3 ?g ﬂiltbal bulk (!ié?lsi%g g&e% eﬁeq'cé}}:f rgOS er@t{n't,q{S Oﬂe?cent or more,

acteria
e.g. /ol srtedit of fts gfidlibulkzdshsitp Ko i‘dduadﬂs'taﬂiﬂ déﬁﬁb@ﬁm thegibtditmaterial,
may be on the fibrous paterial. For exanple

th
an apiitstabisserelicap bspddedorae Sbrous mael b§0resei@6§ﬂ% ¢ hpgpical anti-static
com:‘pbgﬁ élésg MRLRLhR] cohdpobAdll @%1 @ﬂll erﬁ%%ﬁﬁn&ﬁufn’gohﬁfoﬁﬂd can be added

tion, ultraviolet on, an onizing
to t}reafdlrausmatenal.lch as gamma radi ati on The m cr oor gani sns

also be killed_ u chem i1 sSuc

da3ping enodiagsfy A VPHEER IcGH ) > HTS] Pesdralefal thgh dissolves
ina ﬁhﬁﬁﬂl, 8% A& For example, the structure can be formed from a polyvinyl
alcohol so that it dissolves when in contact with a water-based system. Such embodiments
allow densified structures to be added directly to solutions, e.g., that include a

microorganism, without first releasing the contents of the structure, e.g., by cutting.

OTHER EMBODIMENTS

While certain embodiments have been described, other embodiments are possible.

While some embodiments use screens to provide a desired fibrous material, in some
embodiments, no screens are used to make the desired fibrous. For example, in some
embodiments, a fiber source is sheared between a first pair of blades that defines a first gap,

resulting in a first fibrous material. The first fibrous material is then sheared between a
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In a particul ar enbodi ment, the cellul osic and/or

l'ignocellulosic material of the fibrous material is

first broken down into | ower nolecul ar wei ght sugars,

whi ch are then 25added to a solution of yeast and/or

bacteria that fernment the | ower nolecul ar wei ght
sec&ﬂ%[r%ftb@ad% RV A&RL N@RBhd ga-lg‘ﬁaﬁ?; |shHil&§h&1 MRHr& gap, resulting in a

l'ignocel lulosic material can broken down usi ng

secadditiroud mategalc I‘Slmslalasnr@mngprba@e@ cab;]oe emepwésls nggnytipnes as

desiE@ P icR McosiE bRy nipl Gt FlunlHly B roBpryes.

Bi qh 8618 @inbBiRRMEs, a rA S6h dvERRE llerbitdtd<lidnieter ratio of the first
Bi ot echnot Prog., 18: 489ﬁ§2002) whi ch are each hereb

fibrgoi materigldp an euctbge leagirtertiampler of the epopd dbrousimateialys fess than

1 Bi oet hanol strategies are discussed by D Pardo in

““Journal of Qutlook for Bi omass Ethanol Production and
De risitichthérl efnbodirges i) witld i scope ehias foltovidngickiigol ogy
Progress, 15:8179, 1999; Martin in Enzynme M crobes
Technol ogy, 31:274, 2002; Geer in BioCycle, 61-65,
April 2005; Lynd in M crobiology and Ml ecul ar Bi ol ogy
Revi ews, 66:3, 506-577, 2002; Ljungdahl et al. in US.
Patent No. 4,292,406; and Bellany in U S. Patent No.
4,094, 742, which are each hereby incorporated by
reference herein in their entirety. Referring nowto
Fig. 19, a fibrous material having a | ow bul k density
can be 5conbined wth a mcroorganism e.g.,
freeze-dried yeast or bacteria, and/or a enzyne, and
then revertibly densified to a fibrous materia
conposition having a higher bulk density. For exanpl e,
a fibrous material conposition having a bulk density
of 0.05 g/ cnB can be densified by sealing the fibrous
material in a relatively gas inperneable structure,
e.g., a bag nmade of polyethylene or a bag nade of
alternating |ayers of polyethylene and a nylon, 10and
t hen evacuating the entrapped gas, e.g., air, fromthe
structure. After evacuation of the air fromthe
structure, the fibrous material can have, e.g., a bulk
density of greater than O 3 g/cnB, e.g., 0.5 g/cn8,
0.6 g/cnB, 0.7 g/cnB or nore, e.g., 0.85 WcnB. This
can be advantageous when it is desirable to transport
the fibrous material to another |ocation, e.g., a
renot e manufacturing plant, where the fibrous materia
conposition can be added to a 15solution, e.g., to
produce ethanol. After piercing the substantially gas
i nper neabl e structure, the densified fibrous materia
reverts to nearly its initial bulk density, e.g.,
greater than 60 percent of its initial bulk density,
e.g., 70 percent, 80 percent, 85 percent or nore,
e.g., 95 percent of its initial bulk density. To
reduce static electricity in the fibrous material, an
anti-static agent can be added to the fibrous
material. For exanple, a chemical anti-static
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20conpound, e.g., a cationic conpound, e.g.,
guat ernary ammoni um conpound, can be added to the
fibrous material. In some enbodi ments, the structure,
e.g., bag, is formed of a material that dissolves in a
l'iquid, such as water. For exanple, the structure can
be formed froma pol yvinyl alcohol so that it
di ssol ves when in contact with a water-based system
e iments 25all ow densified structures to be
“§§§EJ‘§B$ﬂ%ﬂ§y to solutions, e.g., that include a
m croorgani sm w thout first releasing the contents of
t he bt AyBethpd compysing:py cutting. OTHER EMBODI MENTS
- Wi | ' | i i Ulosic or
e B e e Ly SR ing o s
ligocebrissi¢ fibgrsowice throughesfirststréanhaying amavenagappening signel

odi nent no ,SCr S used t i .
LY P HETRCS G e S Ty A3 Te G HRA T IR R Hving o
BE D liif& ciateasdieasratlahe L 9aery adfd posbsityaireatafthd 26ipacdrvat

defines a first gap, resulting in a first fibrous

material. The first fibrous material is then sheared

bet veefy,Ansh6e Hf"j?lgiﬁ; i, Wherbih 38eHbdrRBhrcd 8id B18n 3uiBQEIE cutting

gap that 1s smaller than the first gap, resulting in a
prgetosteafingdthedensaueed.al . Sinmil ar screening processes

can be repeated as many tinmes as desired to produce

the desired fibrous material having the desired

pr opRrTheafethbdofélain &binsteineind shearing whs perffrmad wither @gey

lLength-to-dianeter ratio of the first 5fibrous

t8H?Tal to an average | ength-to-dianmeter of the

second fibrous material is less than 1.5. Still other

enbodi nents are within the scope of the foll ow ng

cl ai4rsThe nigthad bf Chita M fuBher comprising she¢aringtthesheared and screened

fibFOUS material?

S. The method of claim 1, further comprising shearing the sheared and screened

fibrous material, and passing the resulting fibrous material through the first screen.

6. The method of claim 1, further comprising shearing the sheared and screened
fibrous material, and passing the resulting fibrous material through a second screen

having an average opening size less than the first screen.

7. The method of claim 1, wherein the shearing of the fiber source and the

passing of the first fibrous material through the first screen are performed concurrently.

8. The method of claim 1, wherein an average length-to-diameter ratio of fibers

of the second fibrous material is greater than 8/1.
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passing a first fibrous material that has been
prepared by shearing a cellulosic or |ignocellulosic
fi ber source through a first screen having an average
opening size of 1.59 mmor less (1/16 inch; 0.0625
inch) to provide a second fibrous material having a
BET surface area greater than 0.25 n2/g and a porosity

greater than 25 percent. 2. The nethod of claim
1, wherein the fiber source has been subjected to
cutting prior to shearing the fiber source. 3.

The nmethod of claim 1, wherein the shearing was
per f@rmqné’ﬂl&hofaclil&t Prvbrhel‘eﬁh £ StafidHrd BEviation of a lerfeth dfEbers of
met hod of claim1, further conprising shearing the
the lesand Gbransi matsriebisdess thaprad perasnt efianaverage length 0@ ﬁbfrlﬁé)f the
t m 1, further conprising shearing the
Segﬁggﬁggggﬁéeg%reened fibrous nmaterial, and passing the
resulting fibrous material through the first screen.

The thod of aim1, further .conprisin hearin
Che UhaE et tandpteliBoadieribh 6 ot afsrage 8o diome
rai& 81 1164 b thB Girdt HBFRY G Td B avelip UGB HHAI0SAEABEr RED @€ the
havi ng an aver age opening size less than the first
seg@idelghious material iglessithan dst hod of claim 1, wherein the
shearing of the fiber source and the passing of the
first fibrous material through the first screen are
per f dr, rithe nesdlneiusfredditl Iy wherein the fiber Sblnecervetripadesaf cetlhikisin
verage.l ength-to-di ameter ratio of
m?@ﬂ ﬁgaggnWW 6W%6Fﬂbrous material is greater than
8/ 1. 9. The nmethod of claiml1, wherein a
standard deviation of a length of fibers of the second

fi briQusThemmashadf claim| les*éwetqiraﬁleé@stﬁeieeeh@s apfaveIeSe QRIRgesiZe
f f nd fibrous material.
° Mﬁi&legﬂﬂp@ﬁr& ?b??nzsii,ﬁaaher ein aratio of an

average | ength-to-dianmeter ratio of fibers of the

}‘ |e:] 3 ‘i h(bgr ngq l%é (Hgaf[ éﬁ ‘%alltzl 8’%8‘?%?11 fﬁg %ﬁgﬂﬁf&‘# argg Is greater than 0.4

mbpterial is less than 1.5. 11. The et hod of

clflaim1, wherein the fiber source conprises a

ceIIqusic material or a lignocellulosic material.

Th |

nas o TERE Sl bhercifl 817 Jubod ik s GG Tap 1.0
mi/gch, 0.03125 inch). 13. The method of claim

12, wherein the BET surface area is greater than 0.4

14. The method of claim 13, wherein the BET surface

ar eay 5. SIS oftdiam 1L f@H¥ b8mprising comPiRing thesedBid@istous

of claiml1, fiirther conprrsrng conbi ni ng the second
matetialovith bastesinmeand(grenzysaet er i um and/ or enzyne.

16. The nethod of claim 15, wherein the fibrous

mat ef a h for

co n‘glld malL nﬁ%lg (ﬁ%q%r&y%w?rgrreﬁl ﬁ‘-g ?’%F(ﬂlsﬁ&e%g 1 1sbpeds§edthough a
seédidll Rfeep lbéﬁbl’ﬁacombmmg the fibrous material with the bacterlum and/or enzyme.
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