
WO 2007/146922 PCT/US2007/070972 FIBROUS NL R A: AND
COMPOSITION'S  CROSS REFERENCE TO ELN- EI) APPLIC
JIIONS 11/453,9'51, is claims the benefit o'f prior1ty
om US. Patent App?{efion Serial ~  Ni filed June. 5.
2. } i 13"`-` ar: by  fit.E. , the ~:ilti~'i~~
contents <: t ',<.v,1s~l~#. is.#~.t i~.`y ,.}s>r)l iii
"t :~  n a e i #IL iii ei in its entiret . TECHNICAL
FIELD T. his > e.izh.i~ 3 .elates to fibrous nuacrials
and to eo rnpositjons. BACKGROUND F #brous "'material
.. e.g, cellulosic and l#.g.#noc siliilosic materials,
are produced,  {. Processed, ;i#iai used in large
quantities in a number of applications. Often, such
fibrou materials arc used oonc,., tad then- di carded
as waste.  their uses and applcatfs have been ?; esc#
ibe .: in ..?.S.  Patent Nos, 6,448,30-7, 6,2581-, 76,
6,2-07,729, 5,9"T3,015 and 5,952,10-5 1111z" entire
disclosure of each of the Patens of this paragraph is
incorporated by reference herein. w SUMMARY *C.a~.
this, 1:31{ e ti'ma xeaates to fibrous m tefial4, to e
hods s~ ' iij `' .t3.L fiNvas mater:.1s. V{ e
.posit#ons that include fibrous materials (e.g..
composites - hat include the. #l rous materials and i
ai `313, or co {3.posit{l?i3s the{, bi7ar'lud the #l;
'ous ;m atQ~ ill a d ? {  pia'  ai:t and to Uses of O
he same, For example, the compositions car. be used to
20 Ir" e :tibano or a b""-product' such r a Protein or
bun or i _3li d. u o a st zip . #r c# Any of the
fibrous materials disclosed herein c. i be used ha
combination with any of  the fibrous al...t .rials,
resins, additives, or other components disclosed in
US, Patent _Nos.  6,4481,30-11, 6 ? 8.,8 6
6.,20'-17,729, J'5,97113,015 and 5,952,105. In a roes
1'..11te #u 4 25 z i r~ #~";i~-4.~, \ i x " x z.
attir,  #.t'9.~r~' S:i~. a~~.;....~x~tZ can be any of
the applications, c" Capplications, #`,"t,!~.5.:~~,
`3~t3i.:~..tl~;#`i;~, [.t Cetera di closed in a my
thew patents or in t is application, The i b ous:
matevial:s or c mposit onss. that include the fibrous
materials can be, e.g..  associated bTi ?,?? blended
wit adjacent tO, surrounded or W .:iii " structure or
carrier (e 'g', a net n#: , a A ir`sil rax3., a
flotation devr ice, a big, v ,hell, or a biodeg:
ad.1i` o :,wos .c cc . 1 WO 2007/146922
PCT/US2007/070972  Optionall the structure or
carrier.a nw :tself be made from afibro s, named al,
or of a  composition ??lat includes, a fibrous
material. In some e1nbodiment ., the fibrous m  



combined '' il.^h ,a in'at,}ri al, such as a protic
acid., that enhances tA,e rate of ?iAf?fit: .oii<; if}
z ,;f `  the fibrous irate ia.. In some embodiments,
the fibrous material is cu mbmed with a 5 material tha
retards degradation of fl -w fibrous material, such as
a buffo"  aT ilti.riat~ fibrous materials o f ~t`..t,
of ;.'t`"tiT~.aria`h I,~.ltti~riiil~i to the
t`}t~,aL,'3' s, L~~Tl:zlf3.`id`.:1'~L~ Of t.3F, coma
o`aatiCns s4 i?.  depend upon ":fit`, nature of the
coniponenta, and can be readily d ust`ud fer a s
ecitic  Product pplicaion, "t the t ' o< "aw described
ro Y <.~^, f.i t k - v  Arty of f ~~`i:. ,I~?zi~);?
t?-i~tar .,., ".,~sac. described i 1Li`~:1.iA.
.ile~~.as.: ~L. a.?~- ,`_ ?il .?,i:>:a ~ . r.,~.3;
s~i..a; tt} made by any of the nw h ' k. described
herein, can be used', e, ?,.. to If'onn composites
with  resin, or C 'an be combined with bacteria
anda.+o1 one Or more en y'mes to produce i. V ahiabk
'.  product, such as a fuel (e.g., ethanol, a
bydrocarbon, or hydrogen). in one aaspef t., the in
ention tuitures methods i. t ma ; ng - ibrous ma_cii5E
s. The  methods Include shearing a. fiber SOUNe t
provide a first fibrous mate iia , and passing 'ffiw
fi st fibrous material through xi first screen having
an average o ening size of ,,59i mm or  less 0. i6
Inca, 0,t#6:25 inch) to provide a ,.y. colnd fibrous
-:a~ ateri.<al. .ii.,>.iber source can, g be cut
piece`? Or strips of co- n material prix to the
shearing  e. -9  In some Lria:~~i ~t ~!5y the average
opening size s ~ v,t the z first < a kn is, t}~'X311
.t' z.:. `i~it"s.,~ ~..~," _ i 9 z i . Y t1 r`32 in
..d \ 5 e r .-S., less ~: t~~C1Aviey~, } 0.40 ~.~~~:~
x i 1.rt ~` `~ , 't~.5h:0,015625 leis t"i ~+.~ i
~il~,. a,:tti~s ..~ ii.  20 0.20 ann. (i. a 28 inch,
U'078125 inch), or oven loss than 0. 1 0 nun ; 256 It
f :1., '...00390625  l:hail, In ` peeltic
i-mplem-tatat o:7s, the s eaae' n ? is performed v
:.ti a rotary, kin :b cutter. 1"  desi: ed,, the
shearing can be per o 'i?fed while teat: fber source
is dry (e.g,, having ll ss than .  0,25 tae ent b
x1Light absorbed water), hydrated, or even while t,.ie
fiber source is Partially 25 or furl ' ysa. lbmeIged
in a ;iquid, such as water  r isof r puiol, ,.i he
second fibrous material can,, 'l .g.. be collected in
a bii'i having a pressure bet. w  nominal ,Si'i.af;
:i'ie a',:Z `stiaw at least i~? percent It ~''~ i2.
al-i' a~. ? n' atmospheric aiaressurf,  ,~ti?:;;re,
e.g., a ?ea t. 50 3 i' cent bolo ;' la `l,alili
atmospheric pressure. or at .i as ` pe cent below  a:t
tzar.:,., ina r -:.:. a.. il i^reSsa3a`G> a{ `i e
second fibrous rn.c]teriai can, e.g,, be sheiaied once
o:- .nuremus tinl:es e..,  



t trice, t ar`sce, or even more, C 'g., tell ti7.a;
mei. Shearing ti .a "op e ` up" arvlfi3, stress Erie
ili a re ii .  fibrous ` uteri al, making the
,m.Tlaatariaals more dis persi le. ,`, , .i3 a s anion
or ,-s WO 2007/146922 PCT/US2007/070972  The second
fibrous material can be, e.g._ she red and , .,e
c`Sia.,#ng fibrous material  ?E3 s ed tare a h g the
Masi scree a 3C. second fibrous material can be
sheared, and the u i ng fib ous i aterial passed
.:though i. soQ4,m d screen having an at erage opening
Sze less than first providing  6 a third Brous 1
ateria^:. A rat# 5 of c aver ge length-to-diameter a
io of the second hrous mat. Vial to an  fi5 i ge ,L #?
??-~i3r4 T 3. t. ".lt.so of the third fibrous material
can be, u-.g ., less than 1 .5, es  thha n 1 .4, less
than 115, or even less than 3 , .E . T 'he second
fibrous t,aiii be, e.g., pai55 flha`mq,i': a Srco#`:d
screen  0 opening size 'Was than the first screen. 2
he s miring, and. passing can be, Q.&, performed
coricunrcnaly. The se ;.ond fibrous material can have
an average length-to-diameter ratio ol" '. f  L # t#
ttlhav greater than 251i:I, or even greater than 50/..
Fos example, an wverap length of the Second fibrous
mate #al C`sEn be e w``e (0..5 15 mm and 2,45 mm,
e.g., between 0.75 mm and 1,0 is?m, For ex iampl , an
iv e atge 'Ei iadt of the  C?.nd fibrous E',fatf= all
can be between 5 ltm and 5031 `.m. e.g., bet ee 10
firm ai#, 30 m. t ..dard1 deviation of a. length of
the second fibrous material c n be Jess than 60  A
standard, ~.p<s. \ i ge i g the jt t  3 a n ,LY:a$t of
all average ~Il~,t~l~a~ , t33 C. second fibrous z N~
.~u,.i..~#ea.F,e.g., ~less tet#:ii O k =..+
peEt...,#atof"A:a~a 20 to so-membodimQuts, a BET
suwface area of tile sand fibrous matenal is greater
than n00 ni +g eg., gueater than. 1.0 ni Va'3. greater
than 1.5 rn. g, greater than 1,75 m tom;, 0 x 2/  ,
greater than 25.0 rr, 'gF eate than `q).0 i' fps,
greater than 2.5 m g, greater fl um ': :. or even C>ff
e ter than 100.0 In some the ,,E 'i q e embodiMi nits,
a porosity of rE second fibrous iniaLerial is groi'e'r
than 25  25 u c eeiii,, greater than 50 percent
greater tF~iiii# 75 percent, greater t ham 85 per em,
greater than 90 percent, a cater t an 92 percent,
'enter than 95 percent, or even greater  than )9 ner>
ent. #i t~.n t if',#l ; i i{ 4.I>lt:a atlEt .  in sped
fie embodiments, the screen is formed by 



The fiber source Nan include, e.g., a cellulosic
iliateri al, a ligii.oeciluao ale materia' . Iii sd?.m
eo ida tints, the fiber source at3t aides Ei. blend of
.,# 5; e.g,, fibers derived  ?E from is paper source
and fibers derived from. a textile source, cottom. In
another aspect. the invention f atures methods of
inakilig that  i  Y, ~ j _ include S iw ai.?.s ?:?d F
source `to t;i`ii`, i id a #: Jt eii5xoai;."t i EEt
iaa, and passing t ho fibrous  4% WO 2007/146922
PCT/US2007/070972  9f71attcrial through a first s reen
to Provide a second fibrous material. A ratio of an
average  engt i to t iiifa et r ratio of the first
fibrous li.~.W`l"'lal to 5 1 r i`l average iGf. `g .j
Z f tIe ~ n1t}:~1~.+:tnt~tf.ii~iri' t, t second f h3 o
as material is less h n I .?. in another <-a:s;iei O
he invention feawres methods of makir fibrous f:t ite
fix? that  u in lud: shearing a be.: source to provide
a first fibrous mate a:; passing the fibrous  material
through a fast screen t i provide a second fibrous,
inatcn.a`, and then. shearing the C:.CZ# tf fibrous
material again to provide a third fibrous iflate:ra.l.
In another aspect, the invention . z. J.T w Composites
tar Compositions made fto,aa any  of the fibrous ?
\#a.tteri als described herein. example, co position
can include xil? S' .; i Ow  fibrous mmateri is
described herein and a bacterium < lc .'c? an enr=y
~i3e. The compositions  that include any of the
fibrous materials described herein and dhe bclk.,. :
un IC! or enzyme  can be in. dry state, or they can
include a liquid, such as water. For exa nple, the
composite can be in the : of'm of a stepping stool,
-pipes, panels, f `ecking mater: rls, board"",
housings, sheets, blocks, bricks, poles, fencing
doors,  15, shutters, awwnings shades,s:igiis, f
anics, window :asif +gs, backboards flooring, tiles,
railroad ties, tratys, tool handles' stalls, films,
wraps. tapes, boxes, cask ets, racks, casings,
3inders, dividers, alts, m,_:ts, ar: mes, bookcases,
ulptures i hairs, tables, desks, to ' , ivc, pa lets
wharves. piers, oats, masts, septic tanks, c^.
l.t+_31^.1 ztl panels. computer housing above tarn
below g':"1 and electrical Casings, Turn ture., picnic
tables; bench s  20 shelters , i i'4 s, tamg+` r` s
Qrv rs, caskets, book covers, canes and crutches. In
another aspect, the in entior features fibrous
materials h-faA:1,Ig an average lcm - to dia:incter
ratio of greater than 5, and having a standard
deviation of _t fiber en"th of'le;ss  t ran s xty
percent of an average fiber length. For e?' anzple,
the average length-to-diameter ratio can. be. greater
than I0 C. o.,  2\3 greater than 1 5 , greater than
25/i, greater than 35"1, greater than 45/1, or e eft 1
_ .  than 5t'/1. For e ample, the nN.--crage length
can he between 0.5 mm " nd 2.5 mn , ? 5 `S thes >
features y: \ ilat,t making ~ fibrous rl>.at?.,irtll`
that 



In .s:s{`:. i" aspect, aspect, the invention invention
i,ll`s t,3 ~ .:3 include g a fiber source to provide a
first: fibrous T? at ial collect. ng the first fibrous
3f ilia#teriaz and then shearing the first fibrous to
13 t?i # C '.?fad fibrous material. in another aspect,
the invention {:Lemur :s methods of air king a useful
f aterlal, sr.ich  as c, l # 1, f' e methods include
sh 3 in g a fiber source to provide a first a# :3 ous
rialaterial;  passirig the it :1 fibrous nuiter"ia
through a first screen having an average opening size
of  4 WO 2007/146922 PCT/US2007/070972  about ,59 m or
less (116 inch, O.O625 irici to provide a sword fibr
wu material: and  { w-i-roman. the second fibrous
material wit ."a a bacterium and./or enzyme, tine:
bacterium  tiaii+.. L:# Cl '"UC . ti1T:Izfly; the
second tibrotis material to producer a fuel that
includes vdi oa :?, an alcohol, on organic acid
and.'orr a hydro .g.;bon, The alcohoi can be., e.g:,
nethanol, ethanol, propano iso #opallol.butanol,
ethylene  glycol' ps ?A?Yf ?e E s t y ( ? ; 4-butane
dm 1  yL a, or f l# fl't i of .fie alcohols: the
Organic a i. car, be, C'9" malofeic acid, succinic
acid, giutaric acid, oleic C. id lfnole.ic icid.  =lc
v_t?lic acid, lactic acit . y-a ydroxyhutyfic acid, or
mixtures of these a ciids, an the h dme irhui can be,
e. , 'met bane, ethane, propane, isobutene, pe "Ztanc.
fi a?cxaznie, o"  > m Sti ores o't tese ifs,; r .?c;a
bofn.s, ~r#>, to wlllbinftln z With the bacterium anck
or enzyme, any of the fibrous zi'ate3ial  described
herein can be hydrolyzed to break down hi ia.er
molecular weight carbohydrates  into lower molecular
weight carbohydrates. ?.n al"O ier aspect, t ho
inventtion. eatures methods of Timakin a use . 11
material. , ucti  as a fuel, by shewin a Ober source
or a fibrous -material, and then combining it with a
bzacteri+am and e?, anenzy'ilme. For exaTa ple, the
fiber source can be sheared .?i-i e to pro? : i1e  a
fibrous ,mate i w id then the fibrous material :iT.l
130 C:9i'31: tined Wall a hacf{faiiaii #iTid, f3,  an
e --ire to make the useful m at\,til[~i. an another
aspect, the #.ii ent.ion features ix?etliods of { p is
# .l n fibrous  c' pi'Sxfe iz, ? };i. The :i }ehods i
clude shearing a fiber source to provide a fibro ~.w
'..os"a f material,  co i*i.ning tars: fabii i.ts
i.?.aerial with a bacterium and/or enzyme to provide
ii.;,-Aerial cc-f.npositfoTa e Tavza i ula ii:t ? the
composition in ii. s ibstan .all gas impermeable
ia.:,.aae..fal and removing entrapped gas; from the
eiicapsulidtees composition to density d IC
composition a or exaniple,, the gas iMPO
ileablematerial can be in the tbrm of a ~3ce4, and 21
the composition can be de.l ,#iled by e.v icuating air
from the bag, and Own sealing the hag.  In another
3:sp7ect, the i vention features con-riposites that
include a fibrous aterial, a  r eis` f and a For '.;
-iT A?l 4 the fibrous material can have wi. aver ge
e.n tllwto-dizi.i#Fete ratio of  greater than 5, and a
standard deviation of a fiber le-north of less than
sixty percent of an  



ve >age fiber length. i n some knnl?oi: meats, the
composite additionally ineli.idcs a pigalem. 4 In some
impleIne.i tat3ons, the e dive soakd into or ,zkz accd
on the. fibers. WO 2007/146922 PCT/US2007/070972  in
another aspect, the invention features met-hods
ofmaking com >sites that `, ,czdde  dyeing a
ffibi'4>as #i ate#laiti c 3 t._ One fibrous material
with a resin; and t1r3i.C?:g{ a co ipoJite from the v:
1~ 22~Si.fC11.X^,~~ .r .{1.? ano lh asp ct,, the
invention. :at 3res methods of waking cornG'osite that
inc. id0  f~ x%3.'#. :i i tii to .a resi Gel ro id ?
i. e/reS#13 Ci?#li #:1 motion f +3#?'13I.ting t s{ %t'
i?k3.  combination ' 3 ith a fibrous materird; and
ttbianing a composite f.' .in the dy 4ex3:
ee~:nbinatku- ari fibrous mate.ia . .she ttCnxt
piss?lour matera ', as used herein; is a material G at
?Yl`:,itides numE' E h  loose, >t4 rete and separable
fibers. F# ` example a fibrous can be prepared from a
pol coated. piper or a bleached Kraft paper fiber
source by si#eari g. e.g.. "vi th a rotsia'v kajfe
CuttC r, F he term ,screen", as used herein me ins a
i71 :i'Ii% er capable of sievviingmateri o  i L 3?Clit
to siz ti.g, a perforated pate, cylinder or t'i:e
like, or a wire I:?'i+."'h or i z.'s l i Fl .t .  ?r#
#l#: l ;iients and/oz aspects can have any one of, or
comb at ons ulf, . the. following  15 idvan agQi. -rho
fib o'iS materials are opened up wid.')r stressed,
making .hip`. mater ia?s more dis crsib ie, e.g., in a
s lut#on or in a resit?, and making them more ~l?
i3t_ le to chemic 1,  enzymatic of io og'icai attack.
Th : fibrous  aterials can ha e, e. L itively n= now
e'i1s' i:t' iiiei t:'si -Et igt o Ca31:11 e:te ratios
distribution, such that ti,e.ir propernos are C-uns st
ati'`  defined, For example when. blended w th a i
iolten resin or a so ton, the filet's of the ! 3
fibrous ?c.te i:als can ?_? % :y the 1ef3i y of the
molten resin. or solution in a cons. ten and  r
ti?L.able marine ,, e.g . resulting in rosin/fibrous,
material combinations Inn are, e.g., Lan er  t mold
and xtziii For example, t1 he is?i' u II3:li.':iii
can, e silt' pass openings or channels, such as those
}ourid in or associated to i t. i]_ Lctioi,  ?t: ld %,
e.-'- "?ate s 2? hot :C:#.i?tl e0 \ +K good Cr .;S.
c#.iS Molded i?'t.IS3 ~?,iC?~"ir i.bl"i !ti
?I:.9t4l"~a1i4 G.b>~ G~~`~ii, , g~;3C?~x satc?ct,. ii
iish;  15 e. f wi i. few visible speckles o large
paide G4 iF d/o r1 g g-I(n .'rated particles, a  All
publications. patent applications, patents, and othor
inentioned herein  tli'.. by t's..fC;i'Li1tE.. ln t';
?<.#: Lil%lte14' fE?I alla "G_?.cit :h:e.y clK_:iili.
% tie a# c.tt?#i s and advantages of the Invention
will. be apparent from -lt fe?IlC ing  C de'tafledl i.
+. scriptio_i,,, and from the ciiki ms.. 



so DEiSS_ R;<. DRklN-VINCS Fig. 3 i:^ block diagram
illustrating Conversion o1 a fiber Source into, a
first and  second fibrous inalerial. S WO 2007/146922
PCT/US2007/070972  E its 2 is a ,,,ross sectifm m: vie
v of a rotar~--knit"e cut ter, igs 8 are top views of
a variety of screens made tom monofilaments, Fig. `S
is block diagram illustrating Conversion ()f a1 fiber
source into a first, second  and third fibrous r
-aaterial. Figs. . PA and c P33 air;.phot~, o trap,hs
of fiber a soarc>i;s'. F. i tYt,, S ~~ t3e,ai7~ at f a
-photo gzap.of th of  z ~, a poi y co, tZ+x F paper
container, :iriL: to lT at id Fig, L : ~ Kraft I PB
being a phIto Yr ph i}f i.ablcachid paper .. ~ p~:aer-
r lI . 1 am d y 11, are re~:ea ro g fibrous ~a. al p
od.-~...d7 e ~ it; +. 5  ~.. ~,.aa~~.ai~ C:Etr e,:~
i3~i~"i#~E.~~~ of a ? material it s: p I'f.i po`il' co
ted paper at 25 X magnification ind 1000 X
magnification. respectively. T no.  x`ibrous >matv:r
iaa was produced on a rotary knife cutter on wt . _ a
y% ee#e Wit:_ openings.  Figs. 13 and ? 4 are scan
ring electron niicrographs of a fibrous material
'proialx  _ rom bleached raft boarkit paper at 25.1 T
rwgni.f cation and 1000. respect v ea r. The fibrous
material was produced on a rotary knife cutter u6 11
sCrcel "I  s Figs. 15 and 16 are scanning electron.
micrographs of a fibrous naatorial produced  from
bleached raft board paper at 25 X magnification and
1000 X magnification,  respectively 'The fibrous
maateria was twice sheared on a rotary knife cutler
Unlizinga  screen wth x 6 `x 't openings during each
sheming. .'i and arc ca:~r?1itg electron micro a, .,
of a i ro .:it3te a3 .bier+ Lac u  from bleach s aft
board paper at 25 X. mxagal ication and e 000 X m
1,gi.fc lt:.imi, resit :;T? et v'. T' ,C fibrous
material r~ ias thrice sheared on rot ~i-y kite
cutter. During the  x tF  t shear file. a 1 /8 .inch
screen was used, din- the second J.,ieanna, a 1 /16
inch screen  was Used, inn ,,uT"i.ng the third
sheai'n~ a 1/32 inch screen ,'as used. 2 5 g ice;, i`.
is a block C i`agram illustra.tin4g revertible bulk E
ensificat o'i of a fibrous  mater'i.al composition,
DETAILED DESCRip,riON Referring to Fig. 1,a fiber
source 10 is shearer e.g.. in a rotary kni e. cutter,
to  



provide a .,.i Jti fib 'x ?ii math i i The first
fibrous material 12 .s^. passed through a i st.
screen 16 having an average opening size of 1.59 mm o
less (`...16 aich., 0.0625 inch) to  3s{3vide a second
fibrous 1 i.:rericil 14. If dCs.i'4d, fiber sE,iii'.e
10 t`.<a:i? be stir. prior to the  shearing, e.&, With
a shredder. For example, when a paper is used as ,he
fiber Z}..irce 1 0, WO 2007/146922 PCT/US2007/070972
,. the paper t u iinto that are, e,&, 1 iz r i t ; a.
cam" "b", first cut ~:itC. strips t171it ciLC., if~'l-
to f.+,-it3~: 'i d;., us iii..,i shredder,  g., a
counter-rotating screw shredder, such as those i
inuf.ictured tIyMunson (Utica,  MY), As an alternative
to shred' in , the paper can be reduced in size by cu
.irIg to e esir dsi ,i-isa?i .i ifills tine d tt I For
example.. the guillotine cutter can be used to cut
i+.  ?e paper into sheets that are, v'. ., l %) inches
wide by 12 : .4hes loi'~..s its some embodmients, the
shearing of fiber source 10 and resu ting first
fibrous ma %rial 12 t ..rough first screen 16 are
performed cori urrer ly. The  s.? M111M, and tae passi
`ig can also be. pertorTneds in a b3.tch-typc pf,
cess. : o e' uu .pl ' a ,r oturv knife cutter can be
us ed to concurrently shear the fiber bfiber ,`t zir
:E #l 0 and screen the first fibrous material 12.
Referring to Fig. a rotary knife Cutter 20  includes a
hoppc- 22 t" hat can be loaded with a shredded fiber
source 10 prepared by  shredding fiber source 10.
Shredded fiber source 10' is sheared .,ewcen station
ir4 ades  24 and rotating blades 26 to provide a first
fibrous material . First fibrous t a eri zl. 12
Passe' through screen 16 having the dimensions
described above, and th-I second  b ous material , is
c pu:red in bin 30. To aid in the collection Eat t.. e
cond fibrous  ,material 14, bin 30 e an have a.
pressure blow nominal at , pheric pressure, e.g leas t
l0 percent belownominal atmospl-wric pressure, e.g.,
at least 25 percent below nominal . E tmo5~)7C..{}
lti,.>  atmospheric a esssure at least ISO percent
below ll:iiz tx, l ,{3k  _ ~ "''Ti i. ' i ~.C
Press-LIT-Q, w at s '. ... V \ \i;TY Y. T'.1
iitii'1{}:i~Sl7t:' Yis`v pressure. r~s `~tii, iv`zGN,
In y~.)iifi. i.tis3E some ]. Sif ! itiai~?:t S~;
}iirG:L 1 :}+F i.)~..i,.G.`:i :t,.aa  .8
r:~li.iatt~t:Q o~t:sIn~.~~., .. Z'~4  0 (Fig, A) is
`titilzed to maintain the bin. below nominal
ati-noiphe is re sure.  Shearing can be advantageous
for "opening up and "stressing"' the fibrous
materials, making t -e materials i-ii.(, re dis.pet
sible, ez.g.,, in a solution or in a resip-1, and
making  them IT"Ore susceptible to
chemical,enz:5'matic or biologicid attack.. Without
;tishin? to b :  bound by any particular theoryit is
believed, at least in some embodiments, that shearing
6 can t la"ictionalize fiber sus'-f'kcs with
functional groups, -'11CIII as hydroxyl or Carboxylic
acid g`rou s, w ii "3 can, help dispense fiber-, iia m
y m  r ` `: x ) :its y s . i w .~ e.g., hl(per 't3 di
2sp use the fieolt ~ J V Ain \f 'Mn . ia. a chm i or
11he fiber source can be sheared in ,a. dry s eate, a
hydrated state S e.g . having up to ton  percent. by
~eight absorbed water), or in a wet :bate, C 'g,
having, bet"velm about H".. percent anvil about : ?
per e'nt by weight. ~.vate . The fiber source can even
be she red while part alk, 



or fully subs e ged under a liquid, such as water,
ethanol. isopropan<)l. The fiber '-source can also be
she rcd in under a Ras (SSuch as a stream or
aitmosphere  of " t t . c` `2 "\v stye~if or
i3wfTi'9~, dl ~ i?:t.~-. ' ~>s. air), ri. e v,,g.x
S.>.~~ w~.S:.i7. or stG''mrm K WO 2007/146922
PCT/US2007/070972  it~'iS.i':#?itt+?t;Cl~ t? i 2i.~I ?
efibrous mate ials includ stun' z5_ .d`ngf,
1i3~`4han`tw l If desired, the Fibrous mate ials can
be separ?ted, q.),, continuously or i>. batches  into
factions ac:cordi=a to their length, w3i.dth, density
material type, or u...il4 combination.  of these
attributes, For e :c` np> ., L? forming composites, it
is often desirable to have a  relativol na_ row
distribution of fiber l cngths. In addition, g . when
making i ompositaons  that include bacteria and/or an
enzym-le., it is often desirable, to use a subs.a
#.tiallv4 single  maiteriial a feedstock. For example,
ferrous materials can be separated from any of t e
fibrous materia by pass in a Ii. Mots material that
includes a fi rr lis material past a r'Ia{pe -, 0& in
cl tr<?3? a3"t i t, and then passing the resulting f
brous material through a series of scr :ens,  each
screen having different sized apertures. Th e t_ lT:
Diu materials can also be sear rated, e.g., 'by using
voiocily gas, air, In such an ap roac11, the fibrous m
3terials are. separated by drawing off di t t.:`ent
Such laaict.ions which Cali be cha acterize
photon:caliy, if desired. Sa separation ai ~ :ii c to
is discussed n Linsey et al, US, Patent No. 65$$3,661
the entire disclosure of,v rich..,  hereby
incorporated by reference herein in its entirety. The
fibrous materials can bee used U- mes.. lately
following their preparation, or they  can may be
dried. at approximately 105 `?C fr r 4-18 lours, so
that -,I-ho moisture content  2 i t, less than about
0.5% before use. If desired, li ;, in can be re'noved
from any of the : s3rous f laiterials that include
litgiiin. such. as li nocellullos,c m~itci raile ,..
Also, yf t~.i. iGi"i'trt: , t.... if the fibrous
A:i....G"iah. can be  sterilized to k. l any
microorganisms t1aat may be on the f`i ?rous at ?;i
exa .?l e t.  fibrous material can be sterilized by
exposing the fibrous material to radiation. such as r,
ir tTi ionizing radiation, s..ie..l` z as t
~:infrared it:.~.l;i.t'.' o #?, ultraviolet i<3l.t.
radiation, or or >. ~;:za#2ti.t;:i i~3t.i.::l:#i3n1.
The : ?zY??#..:T`s;at ials can also be sterilized by
temperature a justrnela, e.g., heating or  cooling to
rib owE material under conditions and for a
sufficient. time to kill any ti i t i oo t .#i :, s.
or by employing a the nical sterilant, sat;h as bleach
i t.; a+3 #i ti. by "ochlo~-:ite oihe id ne, or
ethylene oxide. The fibrous materials can also be
sterilized 30 by using organism. such as yea4t against
bacteri.a.. Referring to Figs. 3_3, ii: some
embodiments, the average opening sire of the first
screen 16 is less tht?n O. nm (11132 inch, 0.03125
inch), e.g.. . less than 0.` 1 `rum  . 5( inch,  



i~l.02COO nch). loss than 0. 0 Trim (l. " inch, 0,0
15625 inch) less }?.i., ." i ]iti (0.0 3'' 9 WO
2007/146922 PCT/US2007/070972  irwh), less ..i an 0.20
mm (1'128 ieb, 00 78125 inch less than 0.18 mi 60.00
incl less  than 0.13 mm (0.005 Inch), or evE .1 loss
than loss t? an 010mm (1/256 i i h, ().003190625
inch). Screen 3.6 is prepared by interweaving moniofl
inents 52 having an ap7opriate  di.aiii t.'t to give
Jne daesired opening s ize. For ex.a iple, the i
.mofilar' entts be made of  a etal, e.g., stainless
steel. As the opening sizes get saunter, structural
demands on the  mono:f laiaients m ti' become greater.
For exa uple, for opening siizes less than 0,40 minn,
it  can be advantageous to  iake the screens from
monofilamcnis made from a aerial other  than stainless
steel, e gitaainia.Ta ` l Vt..l : y j ~ilt:aliliti,.
alloys, "ll.f~;~ F.1-Fa.~'~311.3n..S .3Uta:E.~t,
[?liE~.StZ.#' ncc,diurn, rhenia.;1i, ceramics. or
glass, In some erib dim :nAts, the screen is mare 3Til
i T i: ! ` 3 la>.~" ,t ~+av"i'aw7 l`re tiS..`w* t into
.g., cut inthe plate u 7i? a . w,. C uwf it ~.ea di:.
t` i '~ s".. % lya eJ In some, embodir'a': ents, the
second fibrous 14 is sheaa ed. and passed " r cgl to
first  screen 16, or a different sized screen. In some
e Ix-Aimen:. s, the second 'lib o.:s material 114  is
pas-sod through "i iab.G'LilaLa screen having all
average open .ice? size L.<li#;.; to, or less than
th,~%tt  of rrst screen 16. Refs :'aa %; to ig;, 9, a
third fibrous material 62 can e prep red xrofl.t the ,
ecwid  fibrous r iater.ial 14 by shearing the second
fibrous material 14 and passing the result ng
materiall hough a second scree ii 60 having an average
opening size less than the first s e "e , 1~ Fiber
souces i:c lud cellulosic fiber sourc s, ,[a~ to
cl:L~dl itu iTyy paper a> and Paper products cts  .~
lil s..ac4rsi ` t w ~  if ~ At poi'tr, ccate:d paper.)
and f i_ (Kraft paper), Rt llaa,t. ` s a. Figs. f ito
lafltt  fiber sources. including wood, arid
wood-related materials, e.g., ataaticl; board. Other
suitable xibi~r sources include natural -fiber
sources, grasses, rice hulls, bagasse, c.att o.n,
Jute, hemp, flax, bamboo, sisal, ahaca, straw, corn
cobs, rice hulls, coconut mi fiber  s<?urces hi ` 3 in
to cel.italose co nt nt, e. ;, cotton; synthetil`y
-1'be ;iii roes" C ` ., ext'L+. ed y am  (oriented
yarn or u"-oriented yarn) or carbon fiber sources:
inorganic, fiber sources; and ti Vial fiber source's..
Nat ral or synthetic fiber sources can be obtained
from 'i girl scrap  ? a 4 ral `"C c When ~x:..
,tlr_a,..aata,.~s? e.g., aa.2.at:5lsa'iii`S or they
Laii, be post LdariS.a.1lit-r waste, 4M.t ~., i<#hM.
paper  ,  



products are used. as fiber sources, they can be
virgin ateriaal ;, e.g scra vir,in materials,  or they
can be post- onsu_rncr w- ste. Aside. from v #.ra i
ti-5N, in.aterials, l ost cu. astam e , ;'Ei
industrial tL n .. o1r ll). and pre?;, "'Sins waste (
.g., effluent from paper Processing) Car, "Aso  be
used as fiber sources, Also., the fiber source can. be
obtained or derived turn human u.y ` t age), animal or
plant wastes. Additional fiber sources hate been
described iii U.S.  tip WO 2007/146922
PCT/US2007/070972  Patent Nos.. 6,448,307, 6,258. 76.
6207,729, 5,973,035 t ..ti 5,952,105, each of Y ch  n
acorpoiated 'by reference herein i27 its, entretty.
Blinds of any of the above fibrous sources may he
used. F{ }[[ Gene: a, sy, the fibers of the fibrous a
a f ialis can have a re: tvel- large aver 3.ge u feu
tl -. <~ tiali~Lit+~:i' ratio (e, ale'r than
20-to-l).. even, ,e hzo~i a.a Q  t a ~ ~ '`},.r'e
.ithL~ 'oy have ~.. been 1nte'f.:~ izx1~Fr~: xl.ki:t
nce. is addition, the fibers of the fibrous materials
described t.errin i, aa' have a relat. c' y narrow
length and/or long,tit-3 o.-diiarieter ratio
distribution. Without wishinf to be  .  bound by any
particular theory, it is cur-wntly believed that the
relatively, large average <~g ? t r "at'4~.: aZ and
ti7,R' relatively ,,  ~d z a,;"il^~Z.? relatively r
~Liy ,r f~timlL'L'' lengt13 and/or r%'A<?-t<>
d.ei~:#`vt41" ri}:11? ...cib ition, are, at l a S t
i11 Pert, responsible for t c ease at which the ,.bmus
materials are  dispcrs ;a in a r es n, e g., l_inolten
then opiastic resin.. it is also believed tilat i:ihe
ela}tE'e:l  large average ien ;th4o-diari eter ratio
and the relativ'el narrow length l:ncior length-to-
diameter " atio disttribution are, at least in part,
responsible 1'or the consist nt properties of  the
fibrous ma e ial_s, the predictable heologymodifcaton
the fibrous materials i}':i'part on 15 a resin. the
ease at which the combinations of the fibrous
materials and resins are cast, ex;rudcd and in ect on
molded, the ease in which -tic fibrous n aterials pass
. r u _... sm.i ill,  often torturous channels and
openings, and the excellent surface finishes possible
with  molded parts  oss) f lnishes and or finishes
substantially devoid of }Sid le s  C i .. 4::used
herein, tiverage fiber widths (i.e., diameters) iirS.
those determined i)`~~}tlLa  20 by a doil}. ' electi.
g approximately 5,000 fibers. Average fiber lengths
are corrected i ng tl}-~t?k~ eight d lc gth.' , . ?
tat .i 123 EC r, $~Im t 127.11 li lip surface areas
are `il..l.ti-point  su-i Lace areas, and poios tici
are. those deturnnined by mercury "l he aver ge
eng}.h-to-diameter ratio of the second fibrous
maaterial 14 can be, e.g.  greater than $1 e.g.
greater than 10/1 , greater than 1511, ;eater'than 20
greater than 'w 2r -T or greater than 50 i , An
average length of the second. I brous material 14 oun
be, is  be..ween about 0.5 mm as d 2.5 mm e.g,,
between about 0:75 nun and 1.0 ninx, and ai:  



average width (i e, diameter) of the Second brous
material 14 car.. he.., c,&, b,-4twceei., about  5 tam
and 50 ml.i . e.g..; bet- een s} orn 10 [till and 30
um. In some embodiments, a Standard deviation of t e
length of the second fibrous  material 14 i less than
60 of an average length of the second hr-o, material
14,  loss than. 50 percent of the average eng:h, less
than 40, pot-cent oft c average leni?th ,  les than
.IS peee;i7t. ~, f the a }t `erage length, less than
10 l~~,i`:~~ } it of the `l lf~lwi.h i. . z, less  -an
5 percent oft the average leng.?t'h, or e en less,
than l pczwnt cif the age length, 3 : WO 2007/146922
PCT/US2007/070972  In seine embodiments, a Bi"T
surface area of t e second fbro,,ks 17ateri al 14 is ,
greater than }.. ? ? rte, greater than 0.5 mI 2/g t
ha-- greater 122111. L?. . 'li , cs l` clt l ?1 aIi ?
a `' "' d 1. 7 `?  ~ g aieater hail `i x I`?'' ? P r h
i  g t, t f tl7{ tl r ; z Y ,i it  tz Il? 1a iF.
,sre,z`ter {.an . 5 ail les glea:e:r than 35 mr' o ea
eI than 5. F ,t'~...Y' a. t3 th_,`. i 4,.  ~ 4r ~. 4,
4, tl7a , s,3 60 1 h g#'eater than 75 ,3i .'gF greater
than l0) m great ?r than 50 i7 ../g, greater than
2001n g; or  vengreaaer tha. 50 t7 ,g. A porosity: oT
t.11e second hb.r Fug mate'ial 3.4 ca? ;: g eat "r
tlian ;;0 p 'rc :nt, ogreater than 25 percent, greater
than 35 perce t;  rent :i' tw-i 50  p.I_ 60 T`r~;
>IC.:.: aE, ~ s7 ~7'+..tl ?Jt<.e#" than ~ he
ir~r.S:II'~t~a ` E..O.~.i~itr , is .I,,;.t~.:z 3,I #~
~t. 'a: 4-+ ~~I'i.al'tib.I than 80 i3s`,'.IcLnt, gr
:ate:r than 85 percent gr .ater than 90 percent, g:ea
er an 92 per cen , great''r than 94 pc tt E-~:.3t, f
r>.tt.tat'<: "r t t.35 1?ltrC.s.iat . g a R i., t:
-a<i~t~~i ti ![lE1~} i zl~rt t_F y;Z1.a a~3t.~.:i" ^
i, Icz.(. !_.I r ~.I.. l.. f,a .:t: , t,a:t 9 7 e ``
~3G1'",: } E ,. ~_:,. ` `  greate t:? 1#z " z
Arerce#:3t. h.# so.i le ei71 )odi : im ts, a ratio of
the a:s' era4ge I ..ng't 7- o. diameter , at_o of the
.rstt us materi a, 12 to t11e a3 erage lengt
h-to-diameter 'atti o of the e second i1bro as
ma.terial 14  fibs o  iL e.g., less t :iia.,n I .5,
e.g., l <s t Tan 1.4. lC s than, 1.25, less than. I.1
. less than 1 .07 5, less  in i1`~ 1 1,05, leis t ian
i 025, or even ub tant~a:3 1`y E 3.s 1 to In par
ic..:Iiiar emuod.imeznts, to second brous material 1.4
1s sheared again I?nd the  re ulti .3g fibrous mate r
r.ll passed through a second screen. havin a; a#1 a't
er'ag e o 7eI n4; size t3 ss t an e _ 1st screen t
provide a third fbrous aterial $? 1a such instance a,
aI ratio of  



t1 a.. {,'age Length Eo diam t 'r 5atio of the second
Lib t, iatel7a1 14 to the average lenti th- 2c to
diaatmeter ratio of the third 1. brous material. 6? ca
1 bC e.g,, less tha#i l.5, C ti:., less it a 1. less
1, az7 ` 25 or evenless hall 1.1. T 1 so-r-aQ embo
invent illy thlrtl t :?r<?t# I3at i al. 62 is passed t
: o ,)i. a hied ; creen to prod.tiCC a ?hurt fibrous
m1laterial., T e fmirth felbrous .mate.is. l :a be, G
g.., passed th ough a fburt,i si reen to produce a
fifth material. Similar screening processes can be 25
repeated s,s ,-n y tlm1es as desired to produce the
desired. aibrovs material having the d\sired  pro
erties. In sonic embodiments, the desired fbrous
material #1: 1 fibe's hieing an a:v e#. g. l ?k 1c^t l
li il7: Cil1 1i do i} Ieat.er t han. 5 and. having a
standard dept ation os the f i}C r lor, th  %.F'Atat
1s AesS ki2a2`i stx~" 17t:,,c'.17t of thi'
wv.'vayC11:i2gth, t.'`i?3' S:'K.i3I171)Te, T3 t
cal%Gm.~;C'tt'.'1'igt:i-t5 'l# S ii;,73i to rato c n
be rent Ir t17c1 1 ' i1` i :.ice,, `g eater t,.3a#,
25`' f . grea e iilai7 0 3 , ~171C1 tx}   v C <1ge l
gth :a n be 1?i''t.i1``een #.t 3out .I.5 l`#. m aan
2.5 ail..., e.g., eta>; en I="?{3f: t 0. r' w l am an
1.0 m-m. A#? 14 er'age wAden of the libr-o3us
mattCrial cai be bettween :about. -5 pm and 5t 13`17,
e t bet: o n about 1 ? ttm and _ 0 pnn, For example,
`he ,standard des iat:l n Coln be. less t -# a:7 WO
2007/146922 PCT/US2007/070972  3fl l .z4Ci"it of the
wverage Ion -th, , less than 40 -percem: les; than 30
pwt `.i?i..e, s than 25  percent, less illri  percent,
less than 5 f?Z.. ~v, ar.,3t, or even. less c:~32~ t
i.  lsr.x~ .., 2~~ ~ -r,~iL:a .  less g ~?c3 10 I
nei'cea7t ofth  average (i tl . A desir?a{' fibrous
II`at i'Ii3 can hav e g., BET ..a "s  a area oft f <
tL:l than # 7rf Cg., greater f iti;n I .0 rf.12 g,
wreater t ][n. 1.5 n a greater ffia" I.+:5 )) :raA ;g
t greater than 5 t 2'g~J, - <:xTeats r than r~'2 zs f:
[.Z= than 25.0 :.i t ::~ar ? #+ yr"<~'?.4'r than I .
:S[. a. 50,.0 tlA ~; g? gr yater fa .an 75.v m g, or
even greater than 100.0 m./g. A desired material C
,,ma  ::wo c5 e.'ge, a i or Sit'.' of greater ton 70
pei~:e t. e. , greater than 80 perc'ent. greater t
hall 87.5 iiy i orc r y1nt ,{ ~ than. G } Ty, !~{ ~
ii* }y~ )t r Gam 5y  m,  . yy gmater L90 } ~T .+ercent
~+,5-~^eate tan 92.:~r }ipyi~.~ester {.L.i<3. 1 95,
~~yoa{ Lc thi 9 area even grc,,ate th an.3 99 percent.
i A pa ticularl W p er ed } o .gym ent has a B... a
sktrf ce a to  + t a porosity, of Yha n 85 .die cent.
0 of .;i S rat4`:" than 1. 25 m g and. FIBROUS M
DUERIA. L/RE SIN COMPOSITES Composites including any
oft the -fibr'ous a 3aaterials or blends of any of the
it r>a s.  i3''bed herein. (including any of r ie
fibrous materials disclosed in U3, llatent  



11 Nos, 6,448,307, 6,258.876, lay}207, 129,, S'3s~3135
and 5.952,105). o g,, the first 2 or second i:b~rous
material 14, and a resin, e.7,' ,, a thermoplastic
resin or a thermosettiM1?t-. resin, :Sin Ire prepared
bL combini'ng the desired fibrous niatei.al and the
desired rosin.. 'rile desired  -fibrous material, can
be combined with t e desired Amin, e.g., by r 3.rxina
the fi'br'ous material  and the resin n an. cxtruder
or other mi e'i. To form the composite, the fibrous
material ca 2 ? b co bined with the resin as + biz
fibrous niaterial itself or as -a denSifed fibrous
material  '.taut Ciii3 h re- opened fiZ' a'rln`."`.~.
he ccr-ribining. Such a densif ed Ina .e5 ial is
discussed ii Interationxal Application No. PPC a
I_JS2006.1 10648, filed on Minch 23. 2()063. t e d
sselm .`..  of which is. incorporated herein by
reference in As entirety'. Exarnpics of thermoplastic
.resins include gid and e ait.3meriv 25 Rigid -tl ei
ro 3last'ics include I3olyofefns (e.g., polye l xlene,
polypropylene, or poly13lelin  <;+_tl x3., 34a~., P
std*ester's (e.g., polyethylene :tEif polyail idcs
nylon 6&12 or  &I 0), and Examples of clastomeric.
elaTtome' is stymnic copolymers (e.g., ., '`ne
ethylene f~i: yie ' tyrene op aT LTA} : la3'ialT id
z.a t:3ilat' 5 e. ., poi.' h;er poayamide
copollymer's) and c"t~Y.ene-vi yl acetate  o0 ,:
apo1yme . In some embodiments, the it ernioplastic
resin has a melt flow, rate of between 10 g `. 0
minutes to 60 ;3+ 1O minutes, e .g., between 20 g!l0
minutes to 50 or  b ;t43wen 30 g/i 0 minutes to 45 Wi
0 minutes, as, rn anired using. S M 1235. WO
2007/146922 PCT/US2007/070972  I some embodiments, con
patiible: blends of any ofthe ; bt`_tw flicianoplxstc
resi.ns  ca ii be used. In some embodiments, the
thermoplastic resin has a pol d spas. index (P11)1),
ix-.  zi i aitio of the weight average molecular
weight to iI? . E~wEiT b s'< 3"s 4 molecular ~z E i of
greater than 1.5, e.g. greater than 2.0 greater than
2.:Z greater than 5.0. % rt or  oven greater than
10.0. f In speci,icc mbodime#s, poly'oieins or blends
of p{`t olefin, are at i ized as the  tie mo l s i_ c
resin-.., t'"Xmi`;pies c "f thermosetting, resins
include natural rubber, b" ,adien+. rubber and In
addition to the desired fibrous i atcriai and rein
additives, e.g , in the form of a,  solid or a liquid,
c azn be added to the combination of te Iibruus
materia . and r sin. Fo  example, s itable additives
include fifers such as calcium carbonate graphite, -v
ollas Fnite,  micca, glass, fiber giggle., si. ;:ea,
and talc; inorganic I'Iwmc retardants such as, alumina
# titiii'iite or mUgn sisinn 1y4. roxi' e;; organic
f1wne retardants such as c i1orinated or  b1of;t#nated
organic compounds; ground Constiuc.t_ion Waste.,,rou
it; tire rubber, cai"b'xi  ft rs or, #ietal t ers or
powders ahaninum, s tainless steel). These additives
can  rein.,bre extend, or i ian.ge electrical,
mechanical or compatibility properties, Other aiditi
t'es include fragi inec's, co plin0. agent, compa
ihiliizers, (?oi p onylene,  



20 processing aids, lubricants, v&, fluorinated
polyethylene, plasticizers, an' ioxidants,
opacif.eis, heat stabilizers, colorants, foaming
agents, impact odife s, polymers, e.g.9  d33e`;
raayi.ble polyin ri, ph o biocides, antistatic agents,
e.g., ;iai c.rzt`s or ?_thox l fed fat acid
<i.Ii'iines. Suitable antistatic compounds is etude
car bon  blacks, c 3rbon.fibers, metal. tillery`s.
(cyatiryopnic( comp #,n nds) e;,, quatgern r`!{ 25
co-mlxmnds, e.;] , i \ chioro~ Li R r xypro Ja t i:31
v)S i~iT .S23~_wl gum t'1 lori at i ik nolaimides. and
arnines. Representative degradable polymers include p
lyh; drox. j,  Ads, e ' . p{'..'s l a. ti cs, pok'i
g1' cohGcs and c:opolyine of lactic cid and glycolic
acid~  pi iyth `idi('x %h#.stynr acid), - 7\ai it)Y b
~c r e c''-:t<. , oly[lar:t`iL ~'i # G . :31" >.acto
ej.  poiv[ gi ycolide co-(e-eapmlactone)], .p
lycarhonates, poiy(ami.so acid, * s ~~ ~ r r.~ :a11~
at oly i i ` # a, polyorthoesters an blends of ` es
polymers.  In some embo iments. the fibrous mate gal
is ste]i i.zed prior to combining w'ith a  resin to
kill an `microorganisms that may be on the fib:mi
iateriall. For exa'naplae, the  fibrous material can
he sterilized by exposing the fibrous material to
adiation by hotting, 14 WO 2007/146922
PCT/US2007/070972  the fibrous material under
conditions and for a sufficient i e to kill any m1
roorga`#i%ri"'~s,.  e.g , boiling at x:o>inal
atmospheric pressure- or by employs ig chemical
sterilants. 1i Can be advantageous to make t se
composite smell and/o look like natural :good,  b r e
.g., S#u toi, For example, the > i'bi7Ia1, 73C C e.g..
g. 13iit ii:a~. Wood 1-1-agranco, can a: # Zt.. be 5
compounded into die resin used to ina e the cf?m3ipos
te. In son.' im Au l t r,.< 1 ~# s, th.  i r an .  i
compounded directly into the resin as an oil. For
example, the oil >can be  compounded 1`,to the resin
using a roll mill, e,&, a Batibs ; y r i #ixer or an I
xtrude#, t f3 fit 3 Yi extruder bt ithcoui3ter rotati
i screws. An, exam example of {1 Banbury i3. . " is th
e E` Se #.i tQai#.. >Esi a `'laix 1`, .li]Ellllifact
1`E by.' ii'cii, An L.?<i?'#33 ?.: `} f a  kin s4 ew
extruder is J-'e W P ZSK LI I_ a ? i nder' 1
manufactured by is Werner ~ I idere . After  com
ounding. the scented resin can he added to dw fibrous
material and extruded or  molded. Ante ;ativ'ely,
master batches of fragi:uicc .alied1 resins are a''a
fi,3lable{commercially  fro:",'1 nternational !:
'Fators and Fragrances, wider the traderiame Polvf '
or from the WIT  Company. h1 some embodiments, the
amount of fragrance in the 'Or3,p ?jit is between t '
, r > i7 % .> r .? >~>, 1\.: 3 >:ia},} t D,005 . n
.3r`'i E.,ait: and zibo #t' 1 ~'~~ by 3'eig t., 4 ,
:#. 3 ee about t, .,31? z "wbf. }` .i! t ,i..  



% or (),25 and about ?,f, Other awrall wood, fag
ince`'s include eve green? or redwood. Other
fragrances  include peppo miint, ehe '', strawberry,
peachh, lime, spearmint, cininnon, anise, basil,  ?tr
imot, black tipper, Camphor, chami3:omi e, citronella,
ypws, Pine, fir, Ms <lrj.iii 3i, 20 ,;:inner,
arapefrui', j a mine, Hilt A3Erberry, laa render,
lR`,:31on,  1_,il auin. ma jori m. m 1. k, f7, Ili},,
orange' iai i,E+.S i, rose, EE? :33?TT, sage,
sandalwood, tea tree, 3y me, wntet'a"een,,  y' ylang,
ti slid'' ,, new '' Car or mixtures of these
t7'a?granees, tii 4(,IY3: e:i3.t?~3Ciif,` tint: , t e
]i3'oun of r6/>,i ?-'iC = in. the fibrous materia1
fragralnce combination is between abo_.t ,005 FtE a
i`E Ixt 5 % o,,-0,125 %  by wei.''. ht and about 20 r
by weight, c,"}.,between about t 0.1 is ivy and s N
-nil 2.5 %. Even other fragrances and methods are
doseribed U.S. Provisional  App catimi Serial No.
60/688,002, filed June 7, W OS, the entire disclosun.
of which'  he e by inco por ed by reference herein.
Any of the ibrou l`,atenal described .iboLe, e.g.. the
first 12 or second fibrous  together with a resin, can
be used tto form articles such as pip panels, decking
0 Materials, ` " <.ti4 ;Materials, board',
~~ijLi41f3ys, ;~13e+,3 Ls, blocks, bricks, poles,
~t~Z?Its. i3tF, .x3i.a,c:i, tiC:si:,, shutters, .:<~
awnings, shade;'.' signs, frames, window casings
batkbo ar'ds, l:iooring tiles, rail oad ties,  trays,
tool bandies, stalls, films, wraps, tapes, boxes,,
baskets, racks, cas .Angs binders,  divid'ers, wails
mats, triunes, bookcases, sculpture 3, chairs, tables,
desks, tors, games, t;" WO 2007/146922
PCT/US2007/070972  'pallets wl~arves., ~ ? . boats.
ti, n7:i.S1S, septic tMirik`, automotive panels,
computer Iai.?L1sif?gs,  shove and ii _jo {~~aiatl
electrical casings, furniture, picnic tables s. sh l i
:r trio s  htangers .. i' ? , <3.:lcwr, , book covers,
cares, crutches, insulation, tll ead, lot I ovelties,
house wares and structures. 5 T lie fibrous material
may be dyed before combining with the rosin an d
compounding  to form the composites described above.
In some embodiments, this dy;eeii7g can be helpful  in
mas iiaa or la dJ ;ig ti1e fibrous material,
+espe4udly Y irge i :gl"',i331' ctt3:ot-is ol. t h :
fibrous',  materiall in molded or extruded parts, Such
a when p; esent in relatively high LE?i centi't ~ilons
ca n show -up as speckles in .he surfaces of
t1he.molded or 10 extruded parts, For example, he
desired fibrous material can be dyed using an acid
dye, diec dye or ti. re3:ctive dye. Such dyes are
available from Spectra Dyes. Kearny. NJ or Keystone
aniline Corp<mtion, Chic go, 11- Specific examples of
dyes include S ECTRA"m LIGHT  Y1..LLOW 20, SPE;
C.TRACID" k' YELLOW 4 GL CONC 200, SPEC, a'RANYIYM SIT



R 1ODANIN1, 5, SPL.C- 1 AMYL MNEUTR:. L RED B. P
ECTRAMIN N ni  BENZOPE' 'URINE, S P(:TRA.)lA `
`BL.ACK.013, SPECTRAJ'vIINIUM '11) RQl10IS E 0, and S
P E 1 R A:N41N E M GR;: Y 1,VI, 200%. eac} being
available from  Spei~ctra Dye,-. In some eil bt
;meats, resin color concentrates pigments are blended
2D with dyes. %k' } z ;i su E blends are then
compounded, ith the desired fib o.i.smt`itS.rial,  .e
Sit us ' aterial i:3 i Y be dyed in-sit during the
compound ng. Color C _} 1L ntrat s are 9  s:.~
iiz**2]3L. I+,31'3"s 1'ls"is"iamti., l"_.XA MPE ES 25
Scanning electron i7.`,,iS:i 33 7:I7ha were obtained
on a JEOL 65000 field ems s ion  sC:an n.io electron
-microscope, Fiber l ongths and widths (i.L,
diameters) a eie d tcr-n-i.ined:  by integrated Paper
Services, h<.'.. A pit i. zo. \ i US ; n automated a1?
a l .e (TAPPI  T2'71), BET surf.3cc area was
determined by Micio.-T critics Analytical Services, as
were  porosity density. tar~i'fton O Fibrous;
Nlateiiital F3'e;3iai Polv."CSated1.Pa er A 1 500
pound skid of virgin, liar-gallon juice cartons is
ads. of it:i prin`1ed  noiyeoated white Kraft board
having a bulk density of 20 Ib/f was obtained from  ;t
WO 2007/146922 PCT/US2007/070972  international Paper.
The .il3aterial was cut into pieces 8 I..4 inches by i
i inches using a  guillotine cute and f :} to 4at5
rotary Lknitfe~ cutter, Model SC 3O.3 Model SC {O is
eq .ipp d with tier rot try blades, 'Munson tour fixed
blades, and a discharge si;;..r en ha4'~in,, 1/8 inch
openings. The gap between the rotary and fixed blades
was set to approximately 0J)20 5 inch. '~T'he rotary
knife cuttt he 3r the confetti-like pieces( across he
kn` fe-edges, tearing  the nieces ~3p art and
releasing a fibrous material at a rate of about one
pound per ii Lur. The  fibrous material had a BET
surface area of 0,9748 rn'/fig 1 0.0167 y g, a
Porosity o l., pf  89.04`7 :if.rc\nt and a bulk
density ( O.53 psia of 0.F(50 niL. An avw,~' ge lena
tw of 2\ fl, s k lll:?l,r'S was ` _. a t~ I3 zl3~~l an
average width of the fibers was 0.02" rnr2.'"g1v3 115
.rr II`'.`ic,i.3;  'I  \ it gt<lz. flbr{ 3ta 13'i
nuucr1rFr phs the c r.t,a. to c are shown > Figs. 11
and I.) at 25 > m ranx3.ifcation and 1000 X i-na ticat
t~ 3, 1" 3 f t ely. Ja r31? S PiC3?criti 13.3 Of ibro
~'iii't 3c3ti From BleachC Kraft Board 



A 1500 pound skid of v-,-gin bleached white Krafi
board having a bulk density ol f  1l  It as ~.`btaine
.Tl m Int  +.l :t t<3. al Pa r. 3f  1't i3. iria 'x.15
11:t. into  of :1# 1 es by I l : nch :s using a;
guillotine cutter and fed to a Munson rotar- ? knife
cutter. Model SC #..  The discharg screen had 1 /8
inch openings. 'File gap ba w ee the rotary and ta: i
blades  was set to approximately 0,020 inch. The
rot:ry:nil` cutter sheared the, coiifeffi -like pie c
es, releasing a fibrous irr , . YaI aI..a rate of
about one pound per tour, n lne fibrous  material had
a BET surface area of 1, 1316 ~ ~> ', ' . .I11 i1 rte
, w porosity s3A'' .r 285 { 3.,a ,t. a bulk ~.>~ `
~~[;Y341t~' 13s1i`n.~ C3 t" ~~.,.+'ff>i .YC F1lbei's
percent j '@,-.0,53 (); 1~-~` r 4i + ` is1 .~:. <`~, n
1 average length was ',,061 in-in and an averayc width
of the fibers was 0,0245 "n-nn, giving Mi average h/I)
of  '"3:l , Scwuii:tag electron micrographs of the.
fibrous material are shown in !`.?s. 13 3 and 14 at
25 X magnification and 1000 X magnif cation,
respectively. 2 E-1 Pj '" i I : ' ~f~tl ton, O ~',yi
:c_ S13oa`~.ra Fibrous-Mate ate a From l lg= : ` e t3
,I ytu ~L _  3f\  `~ 500 pound { skid of virgin
bleached t white j 4''i ar'~ having Y~ density, of of
S:_! white .{~Y. 5~3 ~ `)1~i7.r. ~} ii bulk .~` ' .~1.
lb. 31 was obtained from international Paper, The
material was cut into Pieces 8 1/4 nehes  30 , I i>
the s using a : fguill 3:1.3;5 cutter a fed to a
Munson 3"Mary knife cute , Model 8(230. an The
discharge screen had I / 16 inch openings. The gap
bet.4 eel the rotary .uaQ ixed blades  r < " f Was,
set a! ~:;3I3;~v<!>s ~nid.'~.t~' ~ 5.#1".0 ?1nLi"n;
,1.1L' rf~ta~"~' I;.niAff~ Cutter t~r the
:>~'~t:1-lr"ke pieces,  releasing af -fibrous
material. ata rate of about one pound per. ~y.ou/r.
I'll materil esultin`? z> ) y  oynt t tie fny3st
shear{n was ~( .god back into the same setup described
'above ve and scaTod again. WO 2007/146922
PCT/US2007/070972  h resulting li ious material had a
BET surface area of 1.4408 15,6 i a porosity of 9U998
percent and a bulk density(@U3 psi) of 0,11 298 "`F`
a.. Ar. a.`c' is l f4th of t ?e; fibers was 0891 mm
and an average wig th of the fibe was .?.? 6 f73I1'F
?wing  an FIB i i ,.. 'D of 3 41. Scanning electron
Micrographs of the as 'm feria are shown r>"F  Pigs
aii d 16 at 25 X. magnification and I 00 X ma ni itLF
io r', tt 5 ? i n 4 Example ..::.:} ..z <~....n OfThri
Sheared Fibrous Material ...o BIe chco r ft o _ A 1500
pound skid of vi gin bleached white Kra board having a
bulk d{ niity of 0  ?, ft was obtained from
International Paper. The material was cut into pieces
8 ..`~ inche 



;Y 1 r = titl x g a 3 (Yif tt`<I and fed to L~ ~ iFif?
siiF rotary i r. t :lai>r S.i  inch "-'s zasi?Z~
1.,i.EtfiTii cutter ti7iE_ ; Model , ?:  The e_La . ch
rge screen had 1/8 inch openin Ys, The a be'tw,on t i
otar a3..i,id' xsd blades  ltFi;.. s was t  }may +, y
~~,. y,} y t ~y inch. p A~} k SF~)a~..{~ : t.. set t\
approx^3? atoly 0.020 hr `he rol:ar k:ti e cutter
sheared' -1 confetti-like pieces across the ~~i;?'}t t
` t 5: The material resulting from the .rst shearing
was fod back into fl  <:~ arty:  s.?.,?,.e setp and
the screen was replaced with a l 6 inch s.-,aeon. I
'his material was shea e d.  The material 'e i:sting
from. the second shearing was fed into t :t a >?~ S F
? <1i1: the  screen was replaced with a 1/32 inch
screen. heri.suitinu  fibrous material I;:ad a
;,urface area of 1,6897 ini z hh a .'g Porosity i s
ir3 ?~.Ta i?t i ? $ ] i 'il. t t e n s i t (a,0, P ,
of0. s A .:: An N a[ is}g ti 3 t1 o r.i'`  fibers was
0.324 i#,in and an avenge width of the fibers was
0.0262 inin, giving at. average  91 g `. t?: ? ,i i;
ing electron mierographs of the fibrous material are
shown, In Figs. I and l s' at 25 magnification and
100) X Tilap {reads., respectively . OTHER
COMPOSITIONS AND USES OF THE . IBROUS MAITRJAL
Compositions can be pre-pa rod that iriclude any
oft-he fibrous Material", described  25 herein, ini'
kidin4 any of the fibrous materials, resins, additives
or other c of iponents  tal_closed in L:.s. Patent
Nos, 6,448,307, 6,258,87 , 63 2,07, t 2t3 5,973,03 S
and 15',952, 1(05),  For example, any of the fibrous
:i?:latterials described herein can. he combined with
a solid" if.  liquid or a . Z v; a a chemical chemical
tt) fFki 4it5Fi (in the ,,olid or liquid state), as
is i`,7aTmaceutit it te.cx an antibiotic), : n
aagi'icLift rai material 4 t'.. .; plant seeds, a
fertilizer. JL herbicid C>z peso i 3, or an enzyme Or
as formulation that includes en'< rocs. Compositions
that include one or mare ty,?eiaof bacteria or
bacteria in cor binatiosK with one or rfior'e enf
`Ymess can also be p2 e~ acd, S WO 2007/146922
PCT/US2007/070972  Such compositions can take
advantage of the fibrous 'materia s ies3# <&1le
properties. For example, an of the t brous matct.
`i.F._ s can he used to absorb chemicais, pot t a!iy
absorbing any times their C?wni weight. For example,
the fibrous materials can be used to  absorb spilled
oil, or o [her chemicals,, Co nbi3ling those fibrous
materials , i -#. a l xl f`?t? .at aria such .is a
bact .F^;ti.iix, that can m ftSl7'ti3ir.'. 0-ie ? i,3
chemical can aid ?in  cleanup. For example, the f
ibroilk. ma ernals can be combined with solutions .3a
enz" mes,  dried, ..z, .? ... , used in pot bedding,
or comb ned with a ph i 'm ccwcal find us d for 



agent, such as a drug. to lred, tl s ma to i.als can
l?i3  combined ith a ti ititl.i ?3C ~y3?bL`1(?a of
glly t }r:.2.' acid `.e3,,d F' , `.4 <. N c .\i .il.c
acid, . oliplact i.F4.a\4 ID copolymers {: f glycnli
and lactic acid. Other degradable .materials that can
be used have  C been i cuss ? a ove, c onmosiuuns that
include fibrous materials, C 'g., Cellulosic or
L:?Foced F (tiff:  mates als aid, e .g., chemicals or
chemical fbrmuir_itioiis. in the solid, liquid or
gaseous st..ite,,  can he prepared. e.g,,, in Various
i'?unersiE?3, spraying, or blending apparatuses, For
15 example tae compositions can be prepared us nq
ribbon blenders, cone ble.n ers, double  cone
blenders, and Patterson-Kelly W" blenders. if desired,
lignin can be removed from any of the fibro s i > i'i
? s `,` ?at include  lignin, such as ignoc ell: los t
mate ial , Also, if desired, the fibrous inatcri.,al
can be sto ilirized to kill any inicroorr anisi s
that. lilt+y be on the fibrous mti.ate,i<al. .`iii"
example, the  20 fibrous .mater':ial can be sterilized
by exposing the fibrous niatetial ".t. radiation:,
such as infrared radiation, . ta#`: iolet radiation, o
Can 1o11izin radiation, such as gamma radiation. The
.fit73'ous ?ta<ate ials can also be sterilized by
heating the fibrous material under con itions  and 'or
a sufficient time'. to kill any l i.s :P'C3tt.i'
?elii: sm , or by t plo i # a c?ia...>iical steril mt,
such as bleach (C,;.;'., sodium fry ochlor%t),
chiorhex dine, or ethylene oxide. Any of the fibrous m
iateriaals can be washed, c:t , with a liQu.id such as
water, to  remove any un fesianbl impurities anror
ec?tifcril?iriant In a specific appl:i 'atioi` the
fibrous- material, can be usod as af;;.odstook for
various  il`ivi'd33rg #FY ~  , St#ch as yeas and
bacteria, that can '.E rmei:t or otherwise work on '3.
hat  fibrous iiiatert ear to produce a useful
material, such as a fuel e.g.. a t alcohol, an organic
a l? ca hydrogen, or ri rote,' The ,:al: t` of
Produced can be a iliolit?z1 ' li'a# T alc<#it l cCs.
t t:iila :>.. or as  3o vhvdaoxS' alcohol, ethylene
glycol or glycerin. Ex nplles of alcohols that can he
produced include 1 3ethanol, .tlanol 3F"{31~<iiol,
isop op ai ol, l`ti taa33, ethylene glycol. 19 WO
2007/146922 PCT/US2007/070972  propviene gk;':.tii, 1,
4 htitane dioL glycerin or mixtures Of these
f,1100hho.;). The organic acid  produced can a inonica
rboxylic icid or a polycarboxylic acid. Excimp:i's of
organic a s  include ft)rniic "wad, acetic acid.
propionic acid, butyric- w id,, \'ale#F4 a6.d, C a
.roic, pa .ni is  `sat id, steark ` aid. oxalic acid,
imillonic acid, suceinic. ir^,.'id, glutaric acid,
oleic acid, lii. olei,;  acid, e~x :;? i acid, lactic.
acid, +' 3f i1i'3 .4 ai%3`tiz acid ~i' mixtFlre 3, iE
7t .iC:#:3Jr The htc aocra 3oi.i produced can be, e,[
.; an aikane or an n :_ Lilkene, 1 .xamples of
ydroc111 xia~ that  can be, produced include meffi
ale, ethane, propane. s3buteno prim F c 13 h xa le or 



of these hiydrocaFbons. In i particular enabod'Inic
i,, a fiber source t ha- Fiidudeis a cellulosic and/or
10 #?ii 4 t : a 1119 #.t fiber source .s sheared to
pro, ,ride a fir, fibrous miter . The first fibrous
material S. then passed through a first screen having
an average opening of about I.59  Fain o,,- less (i
/16 ?Inch, 0M625 in .i) to provide a second fib-rows
material . J >S sewn t 'Iii tifia s3s  em.bofairnent,
the bacterium zwd or cnz)me is capabie of u iliz#n.:
the second u.br us i # .teral directly without pre t;
;ea i nicnt to pr5ducea hid that includes h 'drogen an
alcohol.  an organic wad aFid,,or a hydrocarbon. in s
nie e#.ir3)diments, prior to combining the bacteria
and or enzr e, h fibrous  material is sterilized to
kill any niicroorganisi_ns that may be on the f br us
materia.. or  exa`.17ple. the fib iti< material can be
sterilized by exposing the fibrous aterial to
radiation, 2a? si ch as infrared i adi ation..
Ultraviolet radiation, or an `ionizing radiation, such
as gwrunu  radiation. 3 h l icroorganisms can also be
killed using chemical sterilants, such as (e.g.,
sodium tZ 1Fi+ rit Z, (}.i U"e .F `S.ii in or
ethylene. ox de~. ;..i a particular embodi;,i ent.
the. Cellulosic and: of lignocel.fulosi ! n-'atenal A
'die  fibrous material is :first broken down into
lower molecular t~ ~`1t: s .gars, which are then
added to . Solution of',' and or bacteria that
fonneilt the lower molecular weight : u n  to produce
ethanol, The cellulosic and/Or ligi]oceilulosic
material can li }e;,. broken .~c. d o ., 34'i:i sic
such a s acids o by enzymes, or by a combination, of
the two. ` heAi i 2.l l diol si i of cdflrilosi.c
iiiaterials is described by Bjei're, in Hiewe:.im tt_
a~f ltjc  46:568 (19,`-,16) and l ..im in Slott
.'citno/. Prog,, 18:489 (2002), which are each hereby
3u incorporated by e# re-lice herein in their entirety
B,oehainol strategies are discussed by DiP Frdo in
iourn 3f'O too /dr Biwnas  ti <9d<36s.xi
,?'+`ase_'i..:illit: and De 7it"<nd (EL,`.i
t'cti.cas',si), 2002: Sheehan ii,, 15,81-79, 1999:
Martin in s n a >Fi' e { 't el'roi,) '.? Te hno/og'I
'274, 2002; Greer fill.  '0t WO 2007/146922
PCT/US2007/070972  Bi`ot i"i'ie, 61-65, April '2005; .
ni.llai Riodo, 66:3,  506,5'."11-11. 2002 k ungdahl et
al., in 1_a.S..Paitent No. 4,292,406-1 and Beflamy in
U.S...'aten t` 4',094,742, which are U::ch hcreb
incorporated J , forenc . herein in their entirety,  .
e enTiu ' now to Fii 19, a fib 'ow, material having a
low bulk density Cinbe 1 vd?., bine~a s'itli a
i?'licFoorgai ism, 4 a., fre4ze-dried 'east or
bacteria, an /o ,,, enzyme, and  the , rei'ertibly
densi fed to a ab'.ou material composition having a
higher bulk density For  ox .Fmple, a fibrous material
composition having bulk density of 0,05 {H` cm c i1F
be densi iod by sealing the fibrous material in a
rola6vel S gas i? ?CF iiL:?3?3 w iii # int, t ,M,, a
~r s t 'Z Vt. le  bag v Y` , ^>. t+t:~ ~c ~.r, .y i
liai L I poly- zi ieno or a? t~a?.g IF3taC C of F?
tdillating layers o olv ;l: o,en and a nylon,  



' evacuating a .,~. e x t'.i`rl ad gas, 13 the r; a
After evacuation 'i i ` ,,^, then, %i"app ,s.Fe., ,
11r, F"i3rn the St-rt-it,,reA. .< to ,_ # ,l' e  an
air from the s ictum, the fibrous material can have,
e.g., a bulk density of 'rea,o than 0.3  cni%  ? Lli?
'} Li c it , 0 , #'.='cm 3i' more, e.g., 0. i~~ cm :
?Fs can i? ~i%i+.:F?F ageo s When it is desirable to
transport the fibrous F"I7.i3E .:s?:b to anot,3 i i
:"F .3t?.i?., C .g.. L  i' mot iF><? ?i is ct ; 3 4~f
plant, where the fibrous material composition can, be
added to a ' solutio e #> to prod 1, a` ethanol. After
piercing the sub t iilt all gas impermeable
structure, the densified fibrous material reverts to
nearly its s initial hulk de sty, e.g., greater  tliwi
60 percent of its initial bulk dcnsit\, e 70 ,l =-ent.
SO percent, 85 percent or mope,  e. 95 Percent its
initial bulk density. To reduce static, Clectricity in
the fibrous _ i, antistatic ` .in be added to the
fibrous material. For examp e. a chemical ant, sta :i:
20 coi<1pound, e.g., a ca ionic o mpound, e.g..
quiternwiry silltnio ur compound, can be added  to d
he "#i; itfus .F#?aterliil. in some e1- bodiimer s,
the structure, e,. bag, Is .b.rmed of a ma eri l that
dissolves  in a liquid, such as water. For example,
the structure can be ibnnwd from a polyvinyl  alcohol
so the i. dissolves 'a5}Ien :IF, Contact With a w's te
basLxl ,:, 'stem. Such en-.'ibo 1.imncu s 25 fl, ' d
ns.fed structures to be addled directly, to solutions,
i:. ?..,..that mucl3,Ii..i a ,  microorganism, without
first releasing the contents Z? ~tld4:: a''uc.ure, C
g... by cuttig OTHER EMBODIMENTS  5 ~~ hil  certain
embodiments been described, other embodiments w re
possible. f Whi'h some embodiments use screens to
provide a desired fibrous mat trial, it some  eiF.,.3
screens are used to make the desired fibrous, For
example, in some  embodims nts, a Fiber source is
sheared between a first pair of blades that define a
,:1st hap.  r fi t:in in a first tibrou s material.
The first fibrous material  i t en sheared between. a
21 WO 2007/146922 PCT/US2007/070972  second pair of
that define a socond gap that is smaller than `. 1e
first ap, resulting in a  Second fibrous material.
Sinllaar screening processes ca be  e c.aWd as  an r t
,T~es as desr od to produce he desied fibrous material
having the desired properties. In some en bodiments, a
ratio of all average ratio first 5 fibrous material
to, an a crage lcngth-to-diameter of the second
fibrous material is less than.  I . ?, Still tier
embodiments ar within the Scope of the tbllowing
claims. 



'3 7 WO 2007/146922 PCT/US2007/070972  '`HAT I CLAIM
IS: A method of making a fuel, the method. comprising:
1.war iig a f .ber source to provide a first fibrous
material. passing he first fibrous material through ai
'first screen having an sage opening  size of k out
3.59 1-11111 or tens (1/ 16 inch, 0.0625 inch to
provide second fibrous . iae iad,  -t l C5, mbining
the second fibrous 17 atrial with a bacterium and" 'Or
enzyme t ho ? t.it'.s:m' >.aidl3, of1Z) 11C>
Litifi.:iii the 41iTeid fi~?i'dyli ma .i .l f <'3 f?te
iiC <i fuel eS?ii 3 ' li  u", #lt.oh 1, an. t?R lwiic
Elci(aa 1.nd,"Oi- a l 1v d 3- , arbopi. 1 l l>e method
of claim 1, wherein the al tsf1 ~ het ed fn,,n the
group ir?? # Ming of  ineffianol et:tanoL )roparioh,
isopropanol, h1-it no , u '1y lee glycol, propylene
glycol,  1,4 ,?t.tane dial >l eetxf?, eu d, ciri;s
thereof. ;t, ihi method of claim 1, wherein the
organic acid is selected from the i '<?i p consisting
(l`  idimic acid, acetic a d id , pi-opiome acid,
butyric a,.. tameie acid; capro, pidmi"if acid,
stern. acid.,, i tia>iC acid,. Maloni sit It .
suecinic: aicid, tglutarC cid, oleic li .4:,.
line'koic acid,  glycolic acid, lactic ,xid, y.- y d
ox but '3 is acid and ia.l i res thereof -i tl c:. ;
xif _ on } stul, '  1. `I'lhe i zc._+ d of claim f ,
whcre,'n tli f~vdm a:-boa  sel wed * } --q O methane,
ethane, propane, isobutene, peaks e, ri hei$ ane, and
mix .ires thereof. 5. The method of claim ., wherein
the second fibrous material has a BET' surface area of
greater than about 0.25 6.. f lY 1i  .t.d? a of claim
1, \. herein the second fibrous material has a E`f
surf ce area of  greater that about 1:25 ii`. g The
method of claim 1, wherei11 the second fibrous i?`
aterial li'i porosity of g greater  han S. A method of
making a f e.. the method Comprising:  sl,ocaz iz ~r
source ~? f3?'("3 . v1~1.E` a first ti'z~l:-. C~l  .~
a fi~..< l.~ material; n :aiii. WO 2007/146922
PCT/US2007/070972  p ssij g .. e first ibrous >.
iateral through a first Screen hav:`,"ng an a g ?
opening p size of about 1.59 mm or less (1/16 inch.
0.0625 inch) to provide. a second fibrous mate ial;
hydrolyzing the seconi fibrous material to provide a
hydrolyzed mateial, and  combining the hvdr-o11z ed
material witl-i bacteria-iv: and/or enzym--ie, the
bacterium  iind/o' enzy >.: ; utilizing the tiydr lvze
material to produce x fuel conipns g iydro~gen, an,  



alcohol, an organic acid w.W/or a hydrocarbon. acid
`t. A. method of densi y gig?  fibrous Composition,
the method comprising  `hearing F. Yer source to
provide a fibrous n'iateT' aE; combining the f brou>
material ~,,vit t a bacterium and or en :t; S l`."ie
to nm,,Jde a fibrous }  Q :r-ii emir co'. and i.ou;
err\:_ips,ilatm the composition in a `-abstantii lL
gas impermeable mat, :ri , a d  removing entrapped gas
from the encapsulated composition to donsif-v the
,Tposit a?r. co  10. The method of cclaim 9, wherein
the substantially gas impermeable material is soluble
rn.  wat '.. > 11. The method of ch~~ Y r? i ~ tlA~.:
.n 1~\ >, ~?~~l~ei~:i> the S..l~:~ta~tiall1 \ gas
iA~ipo, ,~>~,w~~l .~: "~~~....is, in fo i ;oof a. b at
L,, 12. The met: od of claim 9, wherein after removing
entrapped ra the :f brous material hw  ? t >Tr @ bulk
density of greater than about 0.6 24 


