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FI BROUS MATERI ALSAND COMPCSI TES CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clains priority

wo c@ail2s®& Provi si onal Patent Application Nos.PCT/US2006/010648

60/ 664,832, filed on March 24, 2005; 60/688,002, filed
on June 7, 2005; 60/711 057 filed ) 2005;
60/ 71 FHRROUS MATERIAL:S ANJ MIPEXS

filed on Cctober 12, 2005 60/726 102 filed on
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13, 2005. € entire contents of eac P i cation of
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i brous materia used .onc and then di scarded as
hieby meomp %%WE?GQF’F?“ mtlﬁémﬁ%{yent ion relates to

fibrous materi aI s and conposites, and to nethods of

maki ng the sane. Ge t aspect of the

i nvention features ﬁ%‘?‘%ﬁgcﬁg iei}nlhgl S aﬁd met hods of

meki Myisfibdeniersrehites ¢ filarbes maetdioas! composites,ragd fo thetberds of
ter aI s are disclosed that include shearing a fiber

BS ° ¥ %rovide a first fibrous material, and

passing the first fibrous material through a first

screen having an aver UI&@)SI ze of 1.59 nmm or

less (1/1 6 inch, O. O%%%lnc ) to provide a second

f i br Gisousehaeriady, ¢. gl, pelBibosis aedb@mcpﬂélﬂo%c methdala e prgduced,

ce?gsleﬁ% ? @Oﬁar a%ﬁt&:%gliég@f §aspp 1@&1%11& Bter nasﬁﬁrg n

fab@mtmaﬁ)erthﬂ)s a‘mus(edbﬁdb, amicthgn cﬁsc:@fﬂﬁﬁ%wam h) | ess than
about 0.20 nm (1/128 inch, 0.0078125 inch), or even

| ess than about 0.10 nm (1/ 256 inch, 0.00390625 inch).
SUMMARY

Generally, the invention relates to fibrous materials and composites, and to

methods of making the same.

Generally, a first aspect of the invention features fibrous materials and
methods of making fibrous materials.

Methods of making fibrous materials are disclosed that include shearing a
fiber source to provide a first fibrous material, and passing the first fibrous material
through a first screen having an average opening size of 1.59 mm or less (1/16 inch,
0.0625 inch) to provide a second fibrous material.

In some embodiments, the average opening size of the first screen is less than
about 0.79 mm (1/32 inch, 0.03125 inch), e.g., less than about 0.40 mm (1/64 inch,
0.015625 inch), less than about 0.20 mm (1/128 inch, 0.0078125 inch), or even less
than about 0.10 mm (1/256 inch, 0.00390625 inch).

In specific implementations, the shearing is performed with a rotary knife

cutter.
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In specific inplenentations, the shearing is perforned
with a rotary knife cutter. The second fibrous materi al

w@a0v5/1€25¢3 , be collected in a bin having a preBCSIUS2006/010648
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percent bel ow nom nal . at rmsg@er' C g es urg or at | east
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a9Ee8d en{nE@ﬁe RROMEn O/idst scréem. aver age | ength of the
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0.5 e SifaringndPassing G o & {5 PEripEeRCaI LS 0.75 mm
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fibrous eri can be | ess than about 60 percent of
ehmavandageut2egmhe.af betweensbew i Shisragd abqvhd &pgy An
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10 r%?t%r}dafgf:dee&agcrm rﬂag%n %%Pe %cgnd b S AhfEridl haNbeABR han
about 60 percent of an average length of the second fibrous material, e.g., less than

about 50 percent of an average length of the second fibrous material.

In some embodiments, a BET surface area of the second fibrous material is
greater than about 0.5 m®/g, e.g., greater than about 1.0 m?/g, greater than about 1.5
m?*/g, greater than about 1.75 m?/g, or even greater than about 0.5 m?/g.

In some embodiments, a porosity of the second fibrous material is greater than
about 70 percent, e.g., greater than about 85 percent, or greater than about 90 percent.

In some implementations, a ratio of an average length-to-diameter ratio of the

first fibrous material to an average length-to-diameter ratio of the second fibrous
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n2/ g, greater than about 1.75 nR/g, or even greater
than about 0.5 n2/g. In sone enbodi nents, a porosity

w@Roobhe2ssecond fibrous material is greater thaPCEHDB2D6/010648

70 percent e.g., greater than about 85 percent, or
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Methods of making fibrous materials are disclosed 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.

Composites are disclosed that includes a fibrous material, a resin and a dye.
For example, the dye can aid in the masking of the fibrous material in the composite.

For example, the fibrous material can have an average length-to-diameter ratio
of greater than about 5, and a standard deviation of a fiber length of less than about

sixty percent of an average fiber length.
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wo poostiofsiebrous materi al ;

mm Met hods of making fibrous materials are disclosed
that include shearing a fiber source to provide a

mat eri al; and then shearing the first fibrous to
provi de a second fibrous materjal. Conposites are

di scl bsegeremhpdiments. eeompositanddiionstlyiasindes 2 pigmeat n
and oIy %}s&ﬁ bRk Gho 42 SDAReiRD RishelcBd bie TBEKI Ng
of s material in the conposite. For exanple,
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abeuibl; somblymg dlrecf@mousofiaterial witk p agyion; ﬁmdai@rmine rgomposite Some
”bOdbme the conposite additionally includes a

g} e n sone i npl enentations, the dye is soaked
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i nclude a sc r a.tr rance

e o Re W Bhoglos LR SRS i oo A g o

fiibkoue tifatenil; etd iming @ r(’fbmpd)sli’tg ffbhh&hé derrenis coraliigdtion land\ibious

a resjn; and formng a conposite fromthe conbi nation.

H8ds of nmking conposites are disclosed that

i ncl uggy asteibdige anthéEe. & Oindhd @h B & ﬁelﬂiiligVStdﬂ piped)Rhélgsi n

conbi nat i on; conblnlng t he e/re conbi pat,ion with

deqing materials, begris housings *%ﬁt#wg 83 DI 55¢ fgn?% FRERhErs:

Y& rsBtkdds, Q&Hﬂg@ @ﬁdd@@ s%ﬂéj ftfain9§ QHfdoWBdaSin k2 backDBatds, flooring,
conp03|te can he formof a step

I n
glesopilropd b@strasﬁatﬁ@h lbmdlﬁ%é‘}% hh &l &S olPRES, BRFST ggskets racks,
Iaﬁls#%s NARdersS AR RieR, wlOGHR,; frlthdsCHookc RO, SSilpthied) Chdlf, tables,

ers, doors, shutters, awnings, shades, signs,
feskateys, gamﬁgomllefaswh@\ses, Tiere Kioatarmaasts, $aptio tanky autpmpes,

. ) ' ’ |
SR o a2t PRI Bt by
gicuicdehiss, bmh¢ssshem,sray$, thawasts, sepesak caskels, bogk mvstsma@ss
%E§&u%h%tables desks, toys, ganes, pallets, wharves,

Yoat s masts, septic tanks, autonotive panels,
conpuﬁh¢ﬁhouﬁumgmymamﬂméMKamwfﬂeﬁbﬁmgmdumdhekemvph@@ﬂor

cas n t ben shel.ters,
ERRY s SO B Bl JB BB RERET e BIS 4L

divglersd, aleC hes mol]fé’rethémrro@tasmqeant Thenfibrous mattxixds conbee, of., a
rel‘:latlve yrnsatrroaslgne { d%r leng%fx?to %na\4ne?er at1o dlstgbutlon, such that their
properties are consistently defined. For example, when blended with a molten resin,
the fibers of the fibrous materials can modify the rheology of the molten resin in a
consistent and predicable manner, resulting in resin/fibrous material combinations that
are, e.g., easier to mold and extrude. For example, the fibrous materials can easily
pass through small openings or 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, when that is desired.

collecting the first PCDHUS2086/010648
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conmbi nations of, the foll ow ng advantages. The fi brous
materials are easy to disperse, e.g., in a nolten

W0 b@stragskasti c resin. The fibrous material s caPCTIEHY®)6/010648
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aMRAR RS RlecARR ol xwag);ou BpUse 1B ok &1@@&5% SEhosed
I nclhu a wat er

fous nute
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bi nd havi s tra e ess
C han st *Sn S RRal ORGP ke A
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is d s'fiedto. ovid en smaterlal
s S i bPRE il SRERG Pt alrL B P res
g%a%@ﬂﬁﬁ tHelbalk ddﬁﬁtyhiﬂﬂh’e ﬁiﬁ‘ﬂ@sl haterl, etél&hlfee timeu SouTailes, fik,
three tipes, {‘M%E five times, SIXtIm%
tigieginix § AR fmgles’ </ EmeS LY HRSE A frds TG
7% Grealr. MensfiAhg IcludoPifeaiigtBé Sbroufihekail1abh &ém;kﬂtmr@ldf &
density of the densified naterial is at |east about
leagtabauti0res or about four times greater than the bul k
dens oo of cnz%mi"}}nkg OSusRt6rdIPdre divBbRAGS ik iaf yi ng

fibrous materi al are al so disclosed that include

fibeovs infajariahpagt # lplml% aRplicalicy aren at ydjchydvndst isjapplisd to propide ¢
fﬁb%ns &qtéfﬁp 28ih8d cBﬁ'xlBﬁxEm&P THe BOLAS A8 S ddr %gmfnm;o%

teria avi ng density that is at |east about
dtamﬁqd tn@s)vgie@aleeslﬁftmousmatml ka\d@naslwtlly degpity picatigagr ous

aglmxt?{vb Blnes e gulﬁ d%mitﬁgjf e ITff}f"ous frrﬁ'té'haf 'e%‘:ﬁlreef i}, FdulBes,

I es, ten times,
ftvertintey, sixi tiress, chghtrmne@a teetiges, tvf/fdvet t}mes, twenty times or more, e.g.,

forty times greater.

Methods of densifying fibrous materials are disclosed that include evacuating
air from a fibrous material to increase the bulk density of the fibrous material at least
about two times. For example, the method can include sealing the fibrous material in
a container and evacuating air from the container.

Pellets or chips are disclosed that include a densified fibrous material. The

pellets or chips have a bulk density of at least 0.3 g/em’. The densified fibrous

5



10

15

20

25

30

times greater. Densifying includes heating the fibrous
material to a tenperature of at |east about 50 OC

worbhas4Df densifying fibrous nmaterials are dPGTUSREE010648

include noving a fibrous material past a binder
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I gnoce ‘osic material and a water sol uble binder, a
Wat eMethwdb bidensfiimgiteoys matetiady arl alﬂtdélsdodadvhanglchdghm
S nper at of .1 ess .t han

to a ro%lgs }not%n%l ateh%)\'ljué)?e bm%er, a Vgﬁer S\‘?’SP%S 1{1«?ﬁr 8&(2%r a bmc?ers
hbﬁhgve grassamrsuhoﬁtempbﬁnﬂe aﬁiessttha&i&bmzs ao, \pesvadper fihrelish

of between about n bau nm and. an .aver age

SR RTOR SBRDRBEN: ATB DS PAH: 6 AT e S Sgme

aB&H Q6 wekiht §erceh1h’@1n@e€|d €1 % wiafthtpercanth \'Vélghtlpﬁféeﬁt 5 weight
portio obal stru%lti)ure Plate-1ik
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lgastRReRidIvP imss preatsnthan thy bulk-fresityjofths fibrous nlﬂ'&ﬁ’él e firce
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| enghRap P 9&%@?@@@&% g@ga@%% Hndiar t hods
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positdeninge fibrges Ia@témﬁ dnchudingze Winder with respect td amembennag.er

bgt?xlr?glglrl grsj? RRBEr and o WBLEH m%%l:xj, f%lyrc?vl&)é d?lqﬁlcor%}gés% a

composite, and compressing the uncompressed composite to provide a compressed

composite.

In some embodiments, the compressing is performed using a single member
and a support.

Any densified fibrous material can be used to form any article disclosed
herein.

The densified fibrous materials can include a scent or a fragrance.
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having a glass transition tenperature of |ess than
about 25 0C, to provide a fibrous nmaterial -binder

W@ 2wbi10es43 on. The fi brous-bi nder conbi nati on i PCT/USIHE6/010648
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Methods of making compOS1tes are dlsclosed that include combining a fibrous

material with a radiation cross-linkable resin, e.g., a thermoplastic resin, to provide a
fibrous material/cross-linkable resin combination. The fibrous material has an
average length-to-diameter ratio of greater than about 5, and a standard deviation of a
fiber length is less than about eighty five percent of an average fiber length. The
fibrous material/cross-linkable resin is irradiated, e.g., with an ionizing radiation, to at
least partially cross-link the cross-linkable resin. In some embodiments, prior to the
step of irradiating, the fibrous material/cross-linkable resin combination is formed

into a desired shape.
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than about 2.5 percent. A low standard deviation can, e.g., improve processability of
the fibrous material/resin blend. An average length of the fibrous material can be,
e.g., between about 0.5 mm and about 2.5 mm, e.g., between about 0.75 mm and
about 1.0 mm. An average width of the fibrous material is between about 5 ym and
about 50 pm, e.g., between about 10 gm and about 30 ym.

The fibrous material can be, e.g., derived from a textile, e.g., cotton scraps or

remnants, a paper source, a plant or a tree. In some embodiments, the fibrous material

8
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radiation that has a frequency of greater than about 10 hz, greater than about 10! hz,
108, 10", 10%, or even greater than about 10*! hz. In some embodiments, the
electromagnetic radiation has a frequency of between about 10'® and about 10%, e.g.,
between about 10" to about 10*' hz.

In some embodiments, the irradiating is performed until the fibrous
material/cross-linkable resin combination receives a dose of at least about 0.25 Mrad,

e.g., at least 1.0 Mrad, at least 2.5 Mrad, at least 5.0 Mrad, or at least about 10 Mrad.
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In some embodiments, the shearing is performed with a rotary knife cutter.

Methods of making composites are disclosed that include combining a fibrous
material with a radiation cross-linkable resin to provide a fibrous material/cross-
linkable resin combination. The fibrous material has an average length-to-diameter
ratio of greater than about 5, and a standard deviation of a fiber length is less than
about eighty five percent of an average fiber length. The fibrous material/cross-
linkable resin is formed into a desired shape and irradiated to at least partially cross-

link the cross-linkable resin.
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filler/ Rlygus weterslikpsiyntoondssised shapearlbe dpsitetl shpel carbe: 2.,
1&5&;{@(9\% %g%;pgllngﬁ;y olsliBfiQtsgRt erial with a radiation

Cross e resinto provide a fibrous
mat e Meghods pomeltingdaaiiosites are disclosed that include combining a filler

having a transverse dimension of less than about 1000 nm and a fibrous material with

a radiation cross-linkable resin to provide a filler/fibrous material/cross-linkable resin
combination; and irradiating the filler/fibrous material/cross-linkable resin
combination to at least partially cross-link the cross-linkable resin.

Composites are also disclosed that include a resin and sawdust having fibers
having an average length-to-diameter ratio of greater than about 5 and a standard
deviation of a fiber length is less than about eighty five percent of an average fiber
length dispersed therein. In some embodiments, the sawdust is derived from a hard

wood, e.g., oak, or from a soft wood, e.g., cedar, redwood or pine.
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methods of making the same. The fragranced composites can be crosslinked if this is

desired.

Fiber sources, fibrous materials or densified fibrous materials are disclosed in
combination with a fragrance. Examples of fragrances include cedarwood, evergreen
or redwood. In some embodiments, the fiber source, the fibrous material or the
densified fibrous material in combination with the fragrance includes a colorant
and/or a biocide. In some embodiments, the fragrance includes a tree fragrance, e.g.,
natural redwood fragrance, and the color, e.g., red, matches the tree from which the

fragrance is derived.
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pfe@ﬁﬁ%waﬁtvav g vgual RO 410 S%fg@ﬂgm 8
ms ch @emgadne REQASIdsb@hadihcli® Adebiv ehd/a Hbighs tetepal aldulie,

a eratures_above 100 Q above 125
Y? anl%”@?é:sunr‘g’ﬂﬁ Prene ofifhe @‘@Ou%*ﬁﬁe‘@?gls "4?3%6300 or even

aboV §pS AP oA matthal EPBPASLIR Ak tdhaY Surfis,8h HRRktemal
cheni cal resistance, e.g., resistance to swelling in a

supopepTrunde the extamdl yerfaserbomderdhe ifce 3 distpage o &fés than
as&ﬁ'@ 198 'mcﬁté gciéss tRarD. osotmchs i OMan 662 Fich, 3455 BRAF 0026 &R

strong oxid (e.qg., chldrine or bleach) or reducing
<m@@mﬁ@n@ﬁmgooo%ﬁwhve metal s such as sodi um and

pot a%f'){nﬁgglte a?é‘ﬁso%%%éd ﬁn@ﬁn&&cﬂe m\ﬁgpa?erﬁ %‘e@iﬁ?@.ﬁ., transparent

nylon or clarified polypropylene, and a fibrous material.

Method of making composites are also disclosed that include combining a
resin and a fibrous material to provide a resin/fibrous material combination; and
compressing the resin/fibrous material combination to provide a composite having an

external surface in which some of the fibrous material is visible.
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tendency rot and decay since treatnment of the
conposites with radiation tends to kill any m crobes,
we@2@s/10¥5ehmgus, bacteria or insects. General |y, PEr/is2006/610648

aspect of the invention features fragranced

conposi.tes,_ a net hod the.s

frag W@gsd"f clopuggSI ﬁretﬁléscg)Fe%glsl?tn%CIu P mP’ﬁjﬂi % s
heBiesiirhikted filsroul a#tsrial to IhrbﬂdSa tradsparedt resiwfibdensateiiadd
rous naterlals are discl osed

conbj nation. w.th a
cpige B BRI par PR P RCT A Ea A o Rl
PRI W BfRode. F edwood. I n sone enbodi ments, the fiber
source he fi brous materi al denS|f|ed fibrouys

vt TR $7Pess i AR BFI B A P AR L T e e G
ﬁﬂtlﬂﬁtﬁﬁg oft Wf@ﬁovﬂng h@ah@ges, e wﬂ%sﬁm@ﬁi haRRinfuet he

ragrance i ncludes a treé fragrance, e.g., natura
pleativporcver sttjking visual graperies apdpighe Saenedlme Gap favefepigabls

rﬁe@ﬁanﬁcraﬁ?ro{)errg g\g i hEﬂ@sJ)ﬁ é&&@ﬁh%ehlgﬁ cSigprbsRA strbipe,

sour ces terials or densifed fibrous
freiterestance, eghuipectdiondtio Sish berdinpsitsnaihs high tefilepnggulus,

hi &@1%5{31@”@1%8 a?ld rhfg%'eﬂ) Sidk-at bidall NGLARBhARI L Cah&SEN. 1N

orant and/or a biocide 1s also
euhmﬁabnmﬂrﬂmm1smmmnenbm©bmmﬁm%mekﬁmﬁyfragrance i ncl udes

atr ragrance [ e, and
T R R
nﬁma@uama discrdierahd maraMetﬁbeuds Fof examklenayfilronpostetial sambe

di scl.ased t ncl ude 0ca fi S 0
ogERiRe o e it Bt SRRk Behabl gl SR by it
e RiNAb g knifndit@onpr essi ng the fibrous

mat erj al -fragrapce c i nation to provid osite.
The ThaisTa S Etbeangs bed eregs meis aSeier (e e FEMR e
heferfalRocbidif] (%qu Siz8RL S Nl gk forafSdrpRas icylindef & thd i, o Swiromesh
that include a fibrous material and a fragrance In

og gleth f@bHifodi nent's, the conposites al so includes a

I esi M nafofeter sRalk tf'iﬂéﬂ@ Bhéhhtitas eraﬁsb@’éém%hm&E@ 16ss thele
fibers of the fibrous materi al can have,

abeirid PP prp.- a‘h@ﬁgtsgqrsercg{np@)sl@fof@lné%qnéqiertspﬂiﬁﬁggdmts %ameter if

1@}5 9 spheBEA3hAH1elR 'Pelgtghelyg[) 81 fileN 3P a Aaxin@neakLdf ahhan
or greater than about 100. Thé fourth aspect and/or

lﬁﬁﬁ@ﬁWWhﬁﬁépﬁﬁwkhe fourth aspect can have any one of,
orc %o 1 e&?strh&&?al %fvmﬁlg Bn fopin a%%ﬂgs@qf’tﬁé‘ ﬁ%§§mat-£ﬂﬁ can be

di sc d scente osi t e.g., densified fibrous
skt berd lainsandoaihg b ockrags tmqntumﬂ@r deplnght eondéiipns when e r

clorrl]rltpce)srlt $¢ neld a Bistance of three feet from the human.

All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference herein in their entirety.
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.

Fig. 2 is a cross-sectional view of a rotary knife cutter.
14
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poi nt of purchase, and can allow for unusual brandi ng
and marketing opportunities. Generally, a fifth aspect

w@booshesehvent i on features conposites that havRCT/DFH0€010648

pl easing or even striking visual properties, and

nmet hqds .o ki ng t Sane. [ ' d
et Fin e o Vi o AR08 of [RBLRLACHGh PnflbAERAREL
havergng pulekiklgrauiliseting Soversivh of h&bér sonwe torafist.i al
is visjble.. The fjhrous material can be visible on the
sesond pp “gf}]”iﬂﬁi’é‘f‘mf‘ﬂ'the ext ernal surface, or under

t he et anAdnd 0B haGRotograghs ofdibelesoutchse Figil 6 Abenga

di stance of | ess_than about 0,100 inch, e.qg.. |les
phpiEaD! oscPdlyonsd pretcaiarona B 10 et Sadugmai . 010
uhPERned kt28mpédiams. about 0. 005 inch. Conposite are al so
di scl osed that include a transparent

t r anEigar ldrnd Ay Prsroaning| cECH PR BREQEGY BPE)%@‘“IEE%‘,‘%‘%’E% a
phddak orﬂ'ﬁ&lﬁgcita |1 papd bhOOX aohiEkitdE 260 TPUBSK hREnifitaioa) SO

di sclosed 't i nclude conbining a resin and a fi brous
respeaivelal Thofiprovsmaterial wag gTodneedion gaetaryded puffer utilizing a

Sg&g@%ﬂﬂﬁqu&% gﬁngsc_)rrpr essing the resin/fibrous
material conmbrnatron to provide a comfjosnte havi ng an
ext efigal 13cumifldew scannivg eddstronmicregranhs of ¢ fiblosriatstitler i al
I s visibl t ' b S8ohfl @he & osed
pf?}da e‘ﬁﬁ% §1 %% 8?)%%1?%{;%% f}gﬁzg gdz}?g%{lﬁ‘%e%i n and a
rhightfivatonyedsprctiadly. t Bhepffboatisdmtaiat warmpducedon a rotary knife

resin/fibrous material .c |nation; and conpressing
Cf‘ﬁ%r ‘?ﬁlglﬂgﬁg?rgﬁwé%{s/?ﬁl}cp ioggg?ég' material conbination to
pr oVviFgis. B adipasd dcenningdectioh nticragrpghstof a fitifous material

enbodj pen f e.fifth as can. A of ,
PR KT Py R s R P SRR
RAIRERA 1S SospeivelA v Ehelfitirosanatgiabass thdcetsheaebon stotark kwife
visual properties, and at the sane ti can have

e YkRINg a SErEpitR Hﬁl6 H}CEBB?“EI?gé UrRe Geh SPNRE abr asi on

resi $§ANCRandNIsGRe oMM edn0n niérogaptsivf a fibaat tiaerial
resi st ance

hi gh_inpact stre , _hi.gh bendj

reduepdfrAm bigaglke tlgﬁ‘gB‘Paéd H%P&ﬁ?t[}g,gyﬁ‘?@ﬁg‘falhg& Eﬁ‘da{b%% ul us
AR 2 B8, BdsPAGALIY. O AibrBisaMteriabWathEINFHRsed 65 2 €ty knife
e.g., enhance brand nane recognition and,brgnd n

quggia Quying tecliptehparing, b/ (Rsh sEe@rTsIused; durinedae ket n,
dhea g[‘?i/‘f 6 Lrﬁh sdBat wisNGéd dEBaHADBEOHRA SIRASE a BB BB b®een
an eparable fibers. For exanple, a fibrous nateri al
wasnspd prepared from a pol ycoated paper or a bl eached

Kr af tFiéJ. 38§{ blgélcbﬁﬁgraﬁﬁ liﬁugﬁatﬁﬁé StNRAG A\ fiber source into a fibrous

material, and then densification of the fibrous material.

Fig. 20 is a densified fibrous material in pellet form.

Fig. 20A is a transverse cross-section of a hollow pellet in which a center of
the hollow is in-line with a center of the pellet.

Fig. 20B is a transverse cross-section of a hollow pellet in which a center of
the hollow is out of line with the center of the pellet.

Fig. 20C is a transverse cross-section of a tri-lobal pellet.

Fig. 21 is a block diagram illustrating revertible bulk densification.
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e.g., wth arotary knife cutter. The term "screen",
as used herein, neans a nenber capable of sieving

woraioendzh3 accordi ng to size, e.g., a perforat ePlCPUs1066/010648

cylinder or the like, or a wire nesh or cloth fabric.

A na er sca .f rel I,

G oGt GG e RUE s i o b Brot £ Wk i ARG 1

a@hﬂdeﬂz&idtm addingadditivesrettbe filroud matbiidll er is its di aneter

a spheri.cal artl cI

thl n%’fgr %?e a'sGhe tlﬁ,%(é? Eﬁw ?oc (Zrntgﬁlgéﬁ Mﬁla}ﬁed?fﬂﬁ)

nmdrr{alcle Aflbrous rmterlal |s VISIb|e on or in a
onpgsite. if the fibrous ter seen by a

B g PerSEEs isH o Py aReRfehmI i oh

condirfgl, PN{E aWhiRMatib 8ide GRRQT latp&)cbﬁi foiehshusacdiriag adessifisd

three feet fromthe human. All publications, patent

ﬁé’fﬂ&‘lsi“t?&rﬁabns patents, and other references nentioned

her epfy @mlslaﬁ%ﬁraﬂ;@aafewd)fmeaaeﬁ\%fsigcps herein in their
entiret O her features and advant ages_of t

i nvefig ghiswitleckisiagesp EaEFtng OISR of 8 TPERKS H’dteeaéll/‘%i?sls‘e d
I%%%Afegih'c%bmm fﬁﬂb%rﬁeglpﬁ sﬁegﬁ SR irrhdisfeBltRdeshbd shape to

i's block diagramillustrating
fcmm/eloa—lmkeéﬁorapqslt%er source into a first and second

fibr ?%? y’?TEta%fé!rsglactlvg 'cgt-%\gad} \fie of:a{ pasnshkiiappal view of

aro e cutter -8 are top views of a
var i €igy2dis agenlemed persptetife dew nbresfon 28 eeRigs27.Fig. 9 is

bl ock, dbé‘ faap@o@gl gﬁkf ﬂesmé&og%ﬁ&ﬁaggmfgo b ih R of a

sourc secon I ous
st@ts&:lbl ﬁ:lwhnfh gse of @& fionahs b@Briat ef thhomaysitepl sistle. f | ber

sour . ein hot f,ga pol ycoat ed
pape 1%: 8?1%%%%%%&%“%@@?&9%@?% éc)x phot ogr aph of
unbl 6@?@@& BtBhhd pHpehematiday ilkisigge makingam coripbsag fFom a
scigg‘nl.n Eirﬁtr n m crographs of a fibrous materi al
H'e dte [focleycoat ed paper at 25 X magnification
and 19002 X ataessistdtivailivisw off reﬁﬁ)’ﬁbiouwmhﬁﬁnaﬁbmpﬁsﬂb thavisg an
material was produced on_a rot ut t
iRer PPYICR ghabhas SPREARTIH: 3P HYraus TtFra 6%41 e portion
surrounding the inner portion that includes fibrous material.
Fig. 33 is a cross-sectional view of a transparent resin/fibrous material
composite having an inner portion that has substantially all of the fibrous material and
an outer portion having substantially no fibrous material surrounding the inner

portion.

DETAILED DESCRIPTION

Generally, fibrous materials, densified fibrous materials and composites made
from these materials and combinations of these materials are disclosed.

Some of the fibrous materials disclosed herein are easy to disperse in a resin,
such as a thermoplastic resin, and can advantageously modify the rheology of the
resin in a consistent and predicable manner, resulting in resin/fibrous material
combinations that can be, e.g., easier to mold and extrude. Many of the densified

fibrous materials disclosed herein, such as those in pellet or chip form, can be easier
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Figs. 13 and 14 are scanning el ectron mcrographs of a
fibrous material produced from bl eached Kraft board

w@apenozy3 25 X magni ficati on and 1000 X nagni f PCHUS9N6/010648

respectively. The fibrous material was progui;ed on a
in n w.t in
focﬁaﬂ&lg ﬂé&f F}% rﬁé&&xg Cp'sg%? g?cgmgcc\gﬁlh?tﬁar née}t%r&lsr any o%tghe
mm;potsga’saimt)k)sm hezeif hM@M&HﬁMﬁChﬂhcaﬂ)p@ﬁﬂﬁ?ﬁ stmeEThbrasuan
Kraft bpar er at 25 ni ation an
BEBR5 o flon 307 th. BRBEE B fbae Bramat besdine
st‘edngﬂh; mhsﬂwatmdhlms dexsiabac@tusoind alohgdtiah Wit kibik evisidrete
% a _scr en Wltath 1/ 16_inch openi n%g during each
SirosfoshaRonehif ot i g e unBel PRt ee e § Brbced
ﬁhdﬁh@gtoaﬂm 208/oPcrhdid Qs tefpE Rfurdlan@ hRWaRMAEd BER
Ieacjg}ed Kraft board E)a per at 25 X magnification and

Bggra rerﬁiﬂ%lllqr prd ghepyca Wé@ﬁ’é‘@t iSge pf thq:ﬁ%enfqdyyp@ggsues such
5B @i sabstiRe cdohios iR, Sheef BftrdNatd Pl Qf Murkakd, Endhafibw

ring the first shearlng a 1/8 inch screen was use
%P@ﬁﬁa 1brading apdmatkesting onpgrtunitics; Msny diselosasicemmositas have

MEQE, plae&dlgd#everﬁgsuimthalgxoﬁé}ﬁ@srI ng a 1/32 inch screen

was used. Fig. 19 is diagramillustrating
conversion of a fiber source into a fibrous materi al,

085501 cation of the fibrous material. Fig.
ﬁ??)gt dAg%g{?Aste'd fibrous material in pellet form

Fig. @.emagy, dibtqua neesinks ereciedssl S bhoor mdre fibliabliow, e.g., )
kg;ebll & ollowis in-line wit
Clé%%n arh Ppétoﬁgze%o %?eg% ftﬁg m%wtﬂl S a transverse
Cros sRe@mng torFigfl, eaﬁbﬂn Isbu:ws mab kltareide. g\/tﬂnahoa?qaﬁfe ehttd@f o
i . of t h t e cen t he
it P Bt o, TS abiots eRErGEe b pomropiced c..
tt) miaké dd:mdﬁe@ @btoat maEngls aidd/dr dompasitak, ;b@ &edir@egfbgms maéegal 12

St reverti bl ul.k densification,Fi i's
Bl R AL S HRL elégwl%&%vefag? B 7 04 1 67 B 06
msat(ynas ﬁich M. adzs anch) RPesvid Hteosndathbul thaAdHl 14, Vie Ged@d, trfde:

23 is a_schematic side view of
Sgurﬁ? g(g %asnrsI’% prf°6 F‘}rtll}:‘ﬁ ghe&“% f&h B shregday Sonexempleathen a
pEpeg is 4d bstha fiP&Ts6Res 10, IR pab&Wah Be Fikt ctﬁ“ﬁﬁéf stﬁf)s RaPfd, le%t
5is a schematic side view of a process

}@Hﬁtgb\%%&rqug a shigddeserg. dFounter-rotating screw shredder, such
as those manufactured by Munson (Utica, N.Y.).

In some embodiments, the shearing of fiber source 10 and the passing of the
resulting first fibrous material 12 through first screen 16 are performed concurrently.
The shearing and the passing can also be performed in a batch-type process.

For example, a rotary knife cutter can be used to concurrently shear the fiber
source 10 and screen the first fibrous material 12. Referring to Fig. 2, a rotary knife
cutter 20 includes a hopper 22 that can be loaded with a shredded fiber source 10’
prepared by shredding fiber source 10. Shredded fiber source 10° is sheared between
stationary blades 24 and rotating blades 26 to provide a first fibrous material 12. First
fibrous material 12 passes through screen 16 having the dimensions described above,

and the resulting second fibrous material 14 is captured in bin 30. To aid in the
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fibrous material. Fig. 25A is an enlarged view of area
25A of Fig. 25. Fig. 26 is a block diagram

WO R00age2sat i ng conversion of a fibrous PCT/US2006/010648

mat eri al /crosslinkable resin conbination into a

nd irradiatin he.,desired shape to
oo BhpESh e Baoa ARy el B B hf nSH gy R RS,
nﬁﬁi‘rﬁpﬁmbsphemc p:rH:isuﬂ\j\Eig atileist pre&;egﬂlmlf?]v hcsmla@lli a&hﬁupherﬁ' g.
28 is an e ective view.o0 re
e LN S R e A R
pbeéi2 bblely roaid sinfoeptefic bleesutd) biatMasEy SyletiRnSHelW ndnflinal
whi ch sone of the fgbgo s material of the copposite is

atmaosplirig progsuge. Iagomg R GaacwieuERe S0 Aruthissd e gi on
nffintdth the biPbeldw BSmindl AmophBiAseksddC schematical ly

illustrate naking a conposite froma nold having a
nol dRefgrfgdeFigsi3gs, imsomeembodingats, e avsragepening szt the

fir @ Sdrbdnf 1'6ti§ RUSHAPRS. 95 ndd (122NRASbHS ﬁeﬁfdhﬁl G ANedsMAR0.51 mm
(&ortlon hat has substantlalf no fibfous naterial and

PO k. &x02600 ickonless tharpQihimerg( 1fd49nqhn B8 5636 iinchip fess Hhan
023G H ARG lhﬁgﬂlz QU FHRLRID A (112 incBD.0098 25 inch), Iesg than 0.18

Cross-sectio vi ew of atrans arent resin/fi
e (007 anchg,dess @@mtOel 3hrarvi(® goiamch)nwr@rverpbss tharlesstben mbi)smm

( ﬁ%ha{]bb@gé@éﬁi ch%)SISc%elgﬁ 1% F BJ%%&:{}%& n?tgllv&%ldw grrqliog{hlglﬁén%sr

I'oA "havl ng rous nma
5% ha\nngmnhppgnphhne dianteér tqgivd tho desn‘é)EEFﬁnhng&zBEBﬁiF&ﬂé?ﬂibﬂ\the
oS nat ensi

ials d_ fibraous .
i eyl s AN DL ARBL iRt et A kPR s b
smaﬂﬂﬂi),l shrattunhdennindé biethe Irl'ﬂibﬁlﬁin&hti may Beddhe@réase dFor2aamplef
t he f.i br.ou te i | s dj scl.os erein are
RO RSAPEHAT fesh TR iR vt 7 6 30 e 1 ks B feleeppfom
ndAcfileaBntatantrag a@ﬁh‘ﬁédﬁl oeaek thah dtdhﬂesrs Reel, egy tidhiutd) Btanium
ﬁesin in a con iSIe t and predi cabl e manner, resultlng

a3loys, aRqrphous Biekis i évl?%arencra PRHIPHHR, $epappics; gpelpss. In

sém@embRaBdY, tHeQcidBd H niad gt Jﬂﬁ@ e.gVB Wbt blatehBaving
densified fibrous materials scl osed hereln such as

WHYES §-H- Pemiethe glateysing lesem can be easierto handl e,

f eedmi ot eﬂi%&mn@ﬁt%,yshe b QRSRRb s, 14@@&1165%& attd ga@seetﬂt}s&gh the
materials. Many of the conE§S|tes di scl osed herein

fifsh g Sedn aechfferﬁ@@wa@] paEegn. fi e quikodimenise the seropdfibrobon

material 14 is passed through a second screen having an average opening size equal to
or less than that of first screen 16.

Referring to Fig. 9, a third fibrous material 62 can be prepared from the
second fibrous material 14 by shearing the second fibrous material 14 and passing the
resulting material through a second screen 60 having an average opening size less
than the first screen 16.

Suitable fiber sources include cellulosic fiber sources, including paper and
paper products like those shown in Figs. 10A (polycoated paper) and 10B (Kraft
paper), and lignocellulosic fiber sources, including wood, and wood-related materials,
e.g., particle board. Other suitable fiber sources include natural fiber sources, e.g.,

grasses, rice hulls, bagasse, cotton, jute, hemp, flax, bamboo, sisal, abaca, straw, corn
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wo b@xae2k3 nodul us and el ongati on at break.
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i npact strength, bending strength, tensile nodul us,

conposites, and especially nany of the crossl nked
conposites, have a reduced ft ndenc¥ f 0 break and/gr
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n6ple, ARS8 SBrakflaf u@aryfg vhalius tmeﬂlﬁga&@ncyi:ﬁashatvmmgvoad
aver age_openi ng, si ze o (/16 i
il S R R A T U e T
d. % ﬁs&glsseﬁb aﬁd 108%0c¥I0 U SnclEntaiindd@s 1cistadmta@eomo asjaa
eari ng .0., with a shredder, For e

fmfmwv@ wéas sedat praedyaody beseise géaamp%%ﬁm? tod “n be

chngéstlteC it! soh{éte%b%&‘iﬁeﬁf% frdbRdnc@ is@ddéd 18 the shivéustt B sbmd- i nch
usi ng a shred er gﬁg a Counter-rotatlng SCrew
cathodititets, it Sadvaniagequsde thepthe sl @8 BnaRAREEN kTR,

tyde_a%glor&% tﬁgl‘psgdl ments, the shearing of fiber

sour passi ng of the resulting first
fibr &bmdsraﬁ aemoathe BPoveHfibousphitces prsfibreusiasderialsrag be utilized,

dgg,rtgo aﬁgg 1t ogcfééro[rﬁalsg%d f-gﬁ)% ﬁﬁ?e Hsng and the passing
S80" BBt l% ype process. For
ex anﬂem;ra]dy mtfd:e;s o mefféar@utrmmnalsamn beveugeldtivaly large
conc ear .the f
S S R e L
sgédrTH mgﬂemhﬁlemcmtlheddlﬂ& ithecitedad the ﬂm@penat@zdsmambe@n
e.l oa

SRR B o el R R SRR 50, ™
digrishoar H\dthbﬁﬁwielﬁﬂg BitethoomblyanylpadieslaPdheandt isotuatntiyg
hgil?asédefeistha%t e 1atp ve‘l)yvllar%g aeergéerlgﬁgﬂ{-{ b&lgnl{gter ra i0 andathe re?atlvely
narrow length and/or length-to-diameter ratio distribution are, at least in part,
responsible for the ease at which the fibrous materials are dispersed in a resin, e.g., a
molten thermoplastic resin. 1t is also believed that the relatively large average length-
to-diameter ratio and the relatively narrow length and/or length-to-diameter ratio
distribution are, at least in part, responsible for the consistent properties of the fibrous
materials, the predictable rtheology modification the fibrous materials impart on a
resin, the ease at which the combinations of the fibrous materials and resins are cast,

extruded and injection molded, the ease in which the fibrous materials pass through
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fibrous material 12 passes through screen 16 having
t he di nensi ons descri bed above, and the resulting

W@ ewoenes#d brous material 14 is captured in bi nPGOUS2006/010648

aid in thecollection of the second fibrous materi a
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lemgle 1dsk O & pBllcaﬁth th aferagt 10N IR lor BleBliQs ARV 'p@&ent of the
agggrture cut into the plate using a laser. In

W% dlnents the second fibrous 14 is sheared and

pass edsdny éi’rﬂﬁ)hm‘idﬁ% 4 BE?tsuﬁ&:E SRA ot fie s&ron@ﬁgllo{lg ﬁ?@ﬁ&l 14 is
S|zeq}screep In sonme enb ﬂents second
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PEREATOk Bleatbfnl 9@?&3&1”9 the second fibrous material 14
esu ting material through a second

and gh55|ng t _ rou ;

scr e&hsogB anbeilimgnisne ratie phthe acpaeilengtisioatiarha@agatio of the
first fibrous material 12 to the average length-to-diameter ratio of the second fibrous
material 14 is, e.g., less than 1.5, e.g., less than 1.4, less than 1.25, or even less than
1.1.

In particular embodiments, the second fibrous material 14 is sheared again and

the resulting fibrous material passed through a second screen having an average
opening size less than the first screen to provide a third fibrous material 62. In such

instances, a ratio of the average length-to-diameter ratio of the second fibrous material
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than the first screen 16. Suitable fiber sources

i nclude cellulosic fiber sources, including paper and
w@apenosasdducts |i ke those shown in Figs. 10A PCT/US2006/010648

(pol ycoat ed paper) and 1OB (Kraft paper), and
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r{le%rlia? can then be sheared between a second pair of blades that define a second gap

that is smaller than the first gap, resulting in a second fibrous material.

Fibrous Materials Examples

Scanning electron micrographs were obtained on a JEOL 65000 field emission
scanning electron microscope. Fiber lengths and widths (i.e., diameters) were

determined by Integrated Paper Services, Inc., Appleton, WI, using an automated
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di stribution. Wthout wi shing to be bound by any
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| engEramude 2 e\Peepdretioy QfEbrons MatesahiroprBlearked Kraft Board

A 1500 pound skid of virgin bleached white Kraft board having a bulk density
of 30 Ib/ft® was obtained from International Paper. The material was folded flat, and
then fed into a 3 hp Flinch Baugh shredder at a rate of approximately 15 to 20 pounds
per hour. The shredder was equipped with two 12 inch rotary blades, two fixed
blades and a 0.30 inch discharge screen. The gap between the rotary and fixed blades
was adjusted to 0.10 inch. The output from the shredder resembled confetti having a
width of between 0.1 inch and 0.5 inch, a length of between 0.25 inch and 1 inch and
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average length. In some enbodi nents, a BET surface
area of the second fibrous material 14 is greater than
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rtngtgHaISrgsu mg %1q1t the %rs% qxear"ilr\llge&%%d {)a%ﬂ%tg theSafe setup described
above and sheared again. The resulting fibrous material had a BET surface area of
1.4408 m*/g +/- 0.0156 m?%/g, a porosity of 90.8998 percent and a bulk density (@0.53
psia) of 0.1298 g/mL. An average length of the fibers was 0.891 mm and an average
width of the fibers was 0.026 mm, giving an average L/D of 34:1. Scanning electron
micrographs of the fibrous material are shown in Figs. 15 and 16 at 25 X

magnification and 1000 X magnification, respectively.
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densification. The fibrous material with binder and any desired additives or fillers is

densified by application of pressure, e.g., by passing the fibrous material through a
nip defined between counter-rotating pressure rolls by passing the fibrous material
through a pellet mill, or by compounding the fibrous material and binder in an
extruder (e.g., a single screw or double screw extruder). During the application of
pressure, heat can optionally be applied to aid in the densification of the fibrous

material.
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to a Munson rotary knife cutter, Mdel SC30. Mde

SC30 is equipped with four rotary bl ades, four fixed
whb@daess4and a di scharge screen having 1/8 i ncPCT/US2006/010648
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we mean binders that increase in volume by more than 0.5 percent upon exposure to

water.

In some embodiments, the binders that are soluble or swollen by water include
a functional group that is capable of forming a bond, e.g., a hydrogen bond, with the
fibers of the fibrous material, e.g., cellulosic fibrous material. For example, the
functional group can be a carboxylic acid group, a carboxylate group, a carbonyl

group, e.g., of an aldehyde or a ketone, a sulfonic acid group, a sulfonate group, a
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respectively. Exanple 3-Preparation O Tw ce Sheared
Fi brous Material From Bl eached Kraft Board A 1500
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gﬁ%wo:@ ESM&Q@Ofdtﬁﬁém%ﬁﬁl@Eh@&oﬁ‘ﬁ&ef&%ebﬁcﬁ%ckﬁfc%ld

e sane set;g descri b above and 'sheared agai n.

(PAeA)y pelygrgylpm dzpéyn%*ﬂ@,u mﬂyeﬁa&nmsﬁpowyw?m ag.ea of
P e el 3 b O3 Pl

aglﬂ}n_ An average length of the fibers vvas 0.891 mm and

an aﬁmesroﬁ%%gx\%&ﬁuj%ﬂﬁf th«t: @C dér 15’0%&8 F@&y&e@%@t i ﬁ'ssv a%gi'ﬂ?l[i]

aver age anning e ron m cro
teniperdtinb ﬂass:ES it Bxangllesaf suchlpolumetsrmﬁu@stherﬂrﬁpkasmb elafstoaters

i
(P R o TR R e BOG oSl RRAM s R R hoss et o
ubddy n}mwdummm@m puilyBlieatieehels aich aBhasethvAilabidthder the
RO Hithorle, il Safir bORE SREL R Sretah Hopomphsbid Shdord
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t hen e | I NG au S e r

SPRSE Gt A oo B g ARIEL by (VA aclyeidhis,
e';‘g’(] pEHERYIcHE Pl fitdhPpRs et\l’{yfeﬁe Hr0Pyldie doﬁ&zméﬁt BIoPIAEE of

des and a 30 jnch discharge screen. The
V\%n%‘%‘\ﬁg@}? Oiqf’élsare(ﬁ ’a]r?Ft%’?dsth aeioss bS] e\%&‘éeféb‘f fademame
ENGAGH® TnR6ke eﬁbgdlﬁaﬁtp Ybr Jxﬁﬁ??etvhﬁn alred@urde %§&ﬂ9 hfade

confetti (as. abave) The confetti-Ilike materi al _was

theeltpreus I%@twh %wd?%ﬁoafoya%p@ér Shgtibequs maigl is densified

without the addition of a separate low glass transition temperature polymer. For

example, fibrous material made from polycoated paper can be densified by heating to
above about 50 °C, e.g., 75 °C, 80 °C, 90 °C, 100 °C or higher, e.g., 125 °C, and by
applying pressure during the heating, e.g., pressure greater than about 50 Ib/in?, e.g.,
100 Ib/in%, 250 1b/in?, 500 Ib/in?, 1000 Ib/in® or higher, e.g., 2500 Ib/in’.

In a particular embodiment, the binder is a lignin, e.g., a natural or

synthetically modified lignin.
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gmheri al s, are addedtotheflbrous material prior to
densifica The fi bro mat e w th_bi pder and
any d%élrlwé ot pderdded 'Prﬂ&ébr%s TR ’fCPGHlaW on a dry

ABihd Yasit| 19RO SHH0.61 p&edii to BYutlBOTeIcBAL, §.0€0.63 Pérouss,
material through a nip defined betweén

@82 nerest, roolt @&r‘f% O sEcEhtel-p BEICNLHL0 prieest. AgPerasat. 1§ peresns

oBh&e) &g, iereQééﬂh bé’se@ 8h h?&tal Reigdht ofthe @éﬁsﬁ‘fémﬁﬁf&ghﬁ&nﬁlh e
fibrous material and binder ih an extruder (e.g.,

Shanbinder sanr leapdded i@dhmiilrousapaioyiad g # nrab Pyre lioyid, prp ltiqved
ﬁ‘Mﬂg tﬁ@f)lh@& d%gol%cﬁﬁ ﬁ1eas M?Fo&@e? oPik 'bﬂl'aﬁt] Blyas Ellets of the
apple toaldin't ensitication of t rous
bindesr i al . The fi ber sour ce can be converted t o t he
fibr olﬂ%tﬂgﬁglﬁﬁ&ﬁﬁ]nentg 12 a’mo?l}{tb({ﬁﬁﬁgpédt‘i@& torﬂ':f udmBerial is
cutting or shearin er source scusse%la
giogpethan\F}/pendent dqelctllatbd ous dryavaghithsis)od. gcgrs&adhatﬁiv e
ﬁﬁgﬁn%té;]e?l{e% ’rthgﬁ go %grtc%% atécrgﬁanhé: ercgl)ﬁa%rr.ge}tgf édﬁangﬁ felrcke):g S
tengtdatet delh 8frptreentr Thdso elﬁlhddﬁhemi may baked.g.} lemhéh 90&peg;ent
or nore, e.g., 100. In

E‘%}}%éréﬁﬁoaf‘%‘ﬂ?@“%mé‘syﬂe ers of the fibrous material
have Er fitv@rsagierlat agtddensification, can be in the form of pellets (Fig. 20)

or chips having a variety of shapes, the desired shape is, in part, dependent upon the
application. For example, when the pellets or chips are to be dry blended with a resin,
and then the blend plasticized and molded to form composite parts, it is often
convenient for the pellets or chips to be cylindrical in shape, e.g., having a maximum
transverse dimension of, e.g., 1 mm or more, e.g., 2 mm, 3 mm, 5 mm, 8 mm, 10 mm,
15 mm or more, e.g., 25 mm. Another convenient shape for making composites

includes pellets or chips that are plate-like in form, e.g., having a thickness of 1 mm
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The densified fibrous material, together with a resin, can be used to form

of, e.g., 0.25 mMmor nore, e.g., O
m 1mm 2 mMmm 3 mm 4 mMmm 5 mm or
on

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, pallets, wharves,

piers, boats, masts, septic tanks, automotive panels, computer housings, above- and

28



10

15

20

25

30

carboxylic acid group and a hydroxyl group. Specific
nmononel i ¢ exanpl es include glycerin, glyoxal, ascorbic

wa@eoodi02sea, gl yci ne, pentaerythritol, a nonosBCTHS2006@10648

or a disaccharide, citric acid, and tartaric acid.
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o R BT P g Eb ey 2 bR SR PR ok gt Bl
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t he. tradenane r). In so e ijtents, for
“é%t%n-?ﬁ;?aéﬂmﬁ% ﬁ-gvﬁé)u#%@?lzvs% Feater ten ks SAEP b-6us
gai’e0.7 @lend’ REIUELE.cPOIRY G ATHRARE be advaBtafddRl QMn it is
material is densitied without the addition of a
degipshlede &ansgoyt giedbrous mpkraial fospotharipratian. ¢ige agengieer . For
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can be densi eating to above about 5
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rgduge sta@é&&:u]i i e fbfbud nfAfibd glltlJ Llﬂf—Ttgcﬁba%gﬁt%Eﬁ]ﬁe adtdlé](ia to the

inder 1s alifgnin, e.g., a natural or
fibrous material. For example, a chemical anti-static compound, e.g., a cationic
compound, €.g., quaternary ammonium compound, can be added to the fibrous
material. Static in the fibrous material can also be reduced, e.g., by induction,
grounding or by ionization.
Fig. 22 explains operation of a fibrous material generating and treating device

70. Paper sheet 73, e.g., scrap bleached Kraft paper sheet, is supplied from a roll 72
and delivered to a fiberizing apparatus 74, such as a rotary shearer. The sheet 73 is

converted into fibrous material 12" and is delivered to a fiber-loading zone 80 by
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synthetically nodified lignin.In some enbodi nents, the
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woO pabuekss3 a bi nder so that no additi onal bi ndePCTIERZIO6/010648
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Longethiisist anpliFaiign gones lley g?or@pplyﬁta%sf b“tq@iéo‘@éé ﬂqné%r TSFa %
dr %me'c*lnﬁg’éé?saﬁg %ﬁﬁm%aﬂﬁﬁﬁﬁ fRfouBR R AdnBne ﬁp "'n some
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the length of loop 84.

In some embodiments, the binder provides a coating over a substantial
majority of the surface area of each fiber of the fibrous material 12, e.g., fifty percent
or more, €.g., sixty percent, seventy percent, seventy five percent or more, e.g., eighty
percent. In some embodiments, the binder forms a coating which is about 1 micron
thick or less, e.g., 0.5, 0.3 micron or less, e.g., 0.1 micron.

Any of the additives and/or fillers described herein can optionally be added to
the loop 84 from a supply 106 during circulation of fibrous material 12" to form a
blend of fibers and additives.
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aci ddn ae aliernatijve Ielgabai‘linbnteme dasifiedIfipesak ntlesiabdad be made in a

BRG] aletse et o %Dty ARG s beseg Sl o ot
mmllaydjﬂieikﬁbrd& -ridter{al €H). ClAp fh@}blﬁﬁ R@lﬂﬁ))ﬂmumcates with an auger 204

%//Ehgﬁ%o Ivlarqa le spegd mo’coiJl 806 SO that c?enmﬁeg ﬁbro%s‘:Jl &gtgrqgtl?g can
be transported to a conditioner 210 that stirs the undensified material 110 with paddles
212 that are rotated by conditioner motor 214. Other ingredients, e.g., any of the
additives and/or fillers described herein, can be added at inlet 220. If desired, heat
may be added while the fibrous material is in conditioner 210.

After conditioned, the fibrous material passes from the conditioner 210

through a dump chute 222, and to another auger 224. The dump chute 222, as
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aci ds), poly(hydroxyal kanoate)s, polyanhydri des,
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Ig)/ 2}&? }pleﬁée]iérggé Fonﬁ%s 5 gugd %Ac?ﬁ ra%és %{())%gﬁbe ed tcgfloﬁﬂﬁ
dgﬁslﬁﬁi et 3t 1o e;gaheompmosi . cproioborrd 9§ qhewn, the

EoHECLATRR Tl S B SR HPRM apfod I bl opRENE: ©

%18 by asinavhigelid Abrodsrmatendibaidert dwbpehbmﬁl@emmmm@ers 312

fqr For appl.i.cations, the densifi
N s R L R
Heh€and PRsséiré mnfumm@u&smompome m The fibobetabddibindet 0
a fibrous materjal_ins n deV| e.dg.
cRAbERtipn sy cap PPigRaln g 3 ﬁiga%‘ﬁcuﬁsg PBFerri ng
t 0 Flpg)pm%&ls 3 go frc ﬁﬂ%st[jﬂﬁ G%doﬁcﬂ nmwr@ g1RarddB4 pdvided from
densi can be reverti en t
Bl g G5 PPEHEE. HESAPE ST RGO IPE P T
WHERS bid/any a@ﬁmeé%a mﬁé €ibrods b RHAUBIndR B kil addBived e delliuield
density of g cnB can be densified b eal ing the
beat\mewsem’mts&man P14 ta Toran apy yngeipgressed C?W@?é\% ﬂ@ebag
lﬂ'{dgmﬁxl%?sréd CY ééﬂé Bﬂﬁls ﬁ{eﬁ pﬁé’s@d‘?h} h R8s Of h&edQ¥RCIZAL 332N

e alr the fibrous material can

¥y 336, 83 340 wdbiﬁ{z khadé meta;ﬁewpntgxe@ath@iayataﬁé Hhep fgoyghayis
%11%%5 ?52'5 r}? 3%%2356% grog &r&% st1t% 39{ CABitRdrs BRI pr@w&d

vantageous when it
wlemn hamiee 32(ototenaums ihatrthe ﬁbreusf ingfealsbinder end &1y adéltlaw&oﬁ@ﬁ

8;5 grt flm?ﬂhe Fee(%ng o}?erénoﬁp bfe uncompressed composite 322 is partially

densified after passing through the serpentine pathway defined by heated rolls 330,
332, 334, 336, 338 and 340, and then is fully densified to form composite 311 by
passing through nip rolls 350, 352 and 354, 356.

In some embodiments, the fiber source used to make the fibrous material
already includes a binder. In such a case, no additional binder needs to be added to

effect densification. For example, when the fiber source used to make the fibrous
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manuf acturing plant, prior to densification of the
fibrous material with a binder. After piercing the air

w0 ppenosabl e bag, the densified fibrous nmateriBCT/US2006/010648
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rés’,pfeétﬁzre@manLHeD: g, aIeSsahan 0.0650sioctp egnﬁ@dO msht G025tiheh, P.0B ous

Igﬁ}§pﬁ@pwéﬁﬁ%§|wgﬁ%§¥§{§§ Egﬁs ﬁé#ﬁﬁlgwﬁﬁgﬁeﬁp’ and

1B8ditize fiRdndchaliéd] pfm@&nes%fhh@dmmﬁ&?ﬁbmud matprigAthe thickness Ty
posi ti one ac to t ber.- | d
8 Te ahaEREErDf HEUT BTSIe LS R ey U Eh o

- 0/6d0asiH, ¥.085 the,@.0M5Bnc10. DB Tinein 0. 100 ithy @ L Caiineh, meo inch,

fibrous material 12' in a direction indicated by arrow
B8 0k guEerel oo ¥4rchn sone enbodi ments, the velocity

of aith sdrhMgl1dniitdtiond, t}@ rbI60130] 325304, B3, 088 arldB40 are heated
uni forni di'sperse and transport the flbrou§?naten

taibotsieen 1HoTenebeid PG ap TBATDIGmERD BHELBITHEIIE b Fra e 2
M&h@&'rﬁaxeraf tﬁésgwrﬂpéra&&e%&ﬁs tuh ?saﬁemﬁe HEShéii0 Mattigal of

00 feet/m nute, eet/ mnute or nore,
@cghn 7 500 feet/ m nute. The entralned fibrous

mat ergd, @ngé'gnplérﬁél\(ﬂoﬁé \A%}técn%llé PAD3NAISL334 BRAMEE40 are

appl i cation “zone forms part "of 1oop 84,
lwtn\wea abputdenches mabzpnqtgdo aboyt %@p]@gs,n@ﬁlamg‘qeh g&r 10 inches, 15

@EI'P @ el Z91 a?. ngp%gt b%ﬁ 3@ iddn@ui d bi nder sol ution

circu us material via nozzles 98,

99 aﬁﬁlelﬁ)ﬁ%bei'feed iz inds, q@g JnttreenahowBdriectadr mimutelo ghout
ﬁobgg?tgera)gﬁr{llx S gngg Feejt &r mmuté %B fée'gpeq%ﬁut@ W%O?%bertxﬁﬁute
or higher, e.g., 175 feet per minute.

Nip rolls 350, 352 and 354, 356 can be heated or unheated. When heated, they
are typically heated to a temperature less than heated rolls 330, 332, 334, 336, 338
and 340 to allow the materials that will form the densified fibrous material to begin to
cool and set. For example, nip rolls 350, 352 and 354, 356 are heated to between 100
°F to about 300 °F. Pressure between the nip rolls is, e.g., at least about 500 pounds
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w0 eoobheseespecti ve nozzles 98, 99,

fibers pass in proximty to the nozzles. Valve 102 is
operated to control the flow of liquid binder nmateri al
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rrn Clrcul atl on rous nateri al
degirdblartontrandpbe e ﬁiﬂou‘s infpgaris] amdo&ddoctamvm@ g 1S0A®

: nnﬁgzg%lﬁeﬂ,g%]épﬁ tﬁ%ef ge\{ami;lﬁgg o e a cat td‘lg H?ngf‘flfa lﬁﬁro%\k ngfeﬂal

OUS ma
B8R BE Aok dted iisto AEIbRIUE aiateimby a8y K)étmvmadwﬂs disedsemdhesdn.
via a_separator t
oo MRy SL e En el HroyS Ry kb bk SR RRREAE
a}a%ﬁcah&xso FRN&dmph) alchiebe wsah ¥ sdirid-preofalgsiasuigimnedrutoral

low air to enter th Q0 to conpensate for air
rasplers, fighsiengght %TO&P‘EP tlg“l‘?ﬁlSWth separator 112 in

the WPRR entldQintBliRck bdeh o bR Shichla isdee Blabpltddadlai n
separator 112, and then renoved fromthe separator
fFupysanatard by sraxiegbigf selHEh £8; 2bEer OBIERSOMNRIEE ’%ﬁy

Blﬁdeg His@d#véﬁ' ih WaP oﬁf?)tth@ﬁﬁjoum&tz&ﬂ A 38mdehssdEméMSE the binder
terial Is remved from|oop 84. For exan‘pl e, eatﬁ]d
h

mapplwéyo the fibrospmetsripl as meat Haulé iof the PEWeTRY 26 A IBLIRIYIE
l’fiﬁpagﬂéﬁal %\Eﬁﬁgﬁéﬁﬂtggsebﬁﬁn%ﬂdlng off the liquid, e.g.

I nder is incorporated. The coat ed
fi br olibileenttedinadnts have beenshasyn ingviehoniiksogs ragterizd s converted

m% asc?enéllﬁgé]hﬁ)roﬁls web, and then the densified fibrous material is immediately
cut into pellets or chips, in some embodiments, the densified fibrous material is first
collected in a roll. The densifed fibrous web can be used, ¢.g., as an absorbent mat
material, or it can be transported to a remote manufacturing site where it is converted
into pellets or chips. The densifed fibrous web material can be a convenient form in
which to transport the fibrous material because of its higher bulk density.

While embodiments have been described in which single layer members 312
and 314 are used to form a densified fibrous material 311, e.g., a composite, in some

embodiments, multi-layer members are used. For example, members can each have,
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conveyor 132 where it is transferred to densifcation
station 150 shown in Fig. 23 or densification station

wWQodeabswhn in Fig. 24. Referring to Fig.23, theCTUS1006010648
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conditioner 210 that stirs the undensified materia
110 with paddl es 212 that are rotated by conditioner
ot or Extilitple € Redpai-arigh €fiDendifed Ribus MareyiaDFrdnBleached Kraft
addit've n@@é%or fillers described herein, can be
added®@aiiirdinggsy. | ¢ desired, heat may be added
whil e he fiprous materi.al n _condj tjoner 210.
Af t er TS MRfegRk s W?Pérefllaﬁ)“roﬁ‘ﬁ Wﬂ’f’%?lpjﬁli passes from
t he cmdwhgm pecerd bck sulteglof 200X TR NA B Zpol el idre
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fibrop Iﬂﬁhﬁfell)ai 16f STHB ERR b1t BNRAs spfed Enté 3810 2126f
Auger 224 is raqtated by notor 230, and controls t

o pgtespl tThe fiproys BsTialite PRLRd A B g Calipreia Pshlqt Mﬂl

mﬂé{aﬁng 215 P %11&& Qf@ilelolﬁtalﬂeﬁ ﬁaxflhé%( QMﬁ d8RP fdn@ing 'ﬁ%m
introduced into a l ow, cylindrical die 240 wh
?@?%ﬂ%gﬂ%ﬂﬁﬂmﬂ%4mﬁﬂizontaI axi s and whi ch has radlally
extending die holes 250. Die 240 is rotated about the
aX|s b nDtor 242 mhlch i ncl udes a hor sepower gauge,

] : PO iy by the notor 242. A

Set 060@9% tsglﬁcla&igg 5 Aft&ba%uee 55084 R Foul b RHENSG,

the densified fibrous materials) or blends of any of the above fibrous materials, e.g.,

the first 12 or second fibrous material 14, and a resin, e.g., a thermoplastic resin or a
thermosetting resin, can be prepared by combining the desired fibrous material and
the desired resin. The desired fibrous material can be combined with the desired
resin, e.g., by mixing the fibrous material and the resin in an extruder or other mixer.
To form the composite, the fibrous material can be combined with the resin as the
fibrous material itself or as a densified fibrous material that can be re-opened during

the combining.
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t hen Hxambleh bytheledsétih@fsihOintREShHQINA6HE: Q)u?aaflenQYubber and
@’%ﬁél Eﬂ%ﬁthrough nip rolls 350, 352 and 354,

odi ments, the fiber source used to nake the
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Ifahg&r%h%ﬂ%td%g Ile%gth—t%—dlameter ratio distribution are, at least in part,

responsible for the ease at which the fibrous materials are dispersed in a resin, e. g.,a

molten thermoplastic resin. It is also believed that the relatively large average length-
to-diameter ratio and the relatively narrow length and/or length-to-diameter ratio
distribution are, at least in part, responsible for the consistent properties of the fibrous
materials, the predictable rheology modification the fibrous materials impart on a

resin, the ease at which the combinations of the fibrous materials and resins are cast,
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fluorinated polyethylene, plasticizers, antioxidants, opacifiers, heat stabilizers,

colorants, foaming agents, impact modifiers, polymers, e.g., degradable polymers,
photostabilizers, biocides, antistatic agents, e.g., stearates or ethoxylated fatty acid
amines. Suitable 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
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OF to about 300 OF. Pressure between the nip rolls is,
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AREYrSus @chidriab R@Hx%ld@@%ﬁéﬁtﬁhecﬁﬁ&s ReheH 9 6lisiddsidV BldHahge Of
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aealomerpiionss Wheg, presariin glatiyely highrogeeegrafionsci ghosy uhisgh
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BRI P AR B4 A iDL SR
themstmen‘ttehna Gorppptione Ghicaga, He $ebifio ysamipeseafidsies indudeeat
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can-a aS a gaseous materia
SBEGERANMEM mhhﬁNE§h&BECTIhAWL@hNEUfTMED B,

ek A\ SN R AR RS ISR,

SBECTFRAMINEW FURQUOISEI(and BPECTREMENBDUGRENISVL 20080,

i fied g&ﬁrous % ial is first collected in a

g &l PR 3@% web can be used, e.g., as
an abﬁwobﬁ@inbﬁmneﬁﬁt@ﬁh adlor @ncdntrate@fonnihg pigmpak bed t o

cturin Ite where it conve

%lenged with dye en such b?enﬁs are then compounded5 with the desnreg fibrous
material, the fibrous material may be dyed in-situ during the compounding. Color
concentrates are available from Clariant.

It can be advantageous to add a scent or fragrance to the fibrous materials,
densified fibrous or composites. For example, it can be advantageous for the

composites smell and/or look like natural wood, e.g., cedarwood. For example, the

fragrance, e.g., natural wood fragrance, can be compounded into the resin used to
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into pellets or chips. The densifed fibrous web
materi al can be a convenient formin which to
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r’t‘?ﬁx‘tt’feﬁgt e, pynigtareepaylpng dangeyauillappeyy ¢as gt magyRgef
ﬂle&blﬁdgrrﬁile&S it Yorie2dhabodndnksO the ARkt of fra d‘etm aletfmr@bo ut
40 | b/ft3 FI BROUS MATERI AL/ RESI N
eaiHysTaggacs eRmbipation ishepvesn apots Oé)%\/‘eb}dW@‘é]E@% gbout 20 %
by aelgutse EHB&%&J a%o{lﬂ 0e %L%u Iagodt ey, 9196125 & £d aﬁw% HAUS

mat eri al s) or blends of any of the above fibrous
mat er Waile ,lbrel.mgmetem%hw bggn @zcr@pd,se@@m@elﬂulmmm

g@hgéﬂu@dsic]fﬁwroﬁ%téiaﬁs? SthB filferdmay &5 Jsgc?foqﬁﬂl(ﬂ@ttﬂeccoﬁﬁﬁéi{és.

For example, inorganic fillers such as calcium carbonate (e.g., precipitated calcium

carbonate or natural calcium carbonate), aragonite clay, orthorhombic clays, calcite
clay, rhombohedral clays, kaolin, clay, bentonite clay, dicalcium phosphate,
tricalcium phosphate, calcium pyrophosphate, insoluble sodium metaphosphate,
precipitated calcium carbonate, magnesium orthophosphate, trimagnesium phosphate,
hydroxyapatites, synthetic apatites, alumina, silica xerogel, metal aluminosilicate
complexes, sodium aluminum silicates, zirconium silicate, silicon dioxide or
combinations of the inorganic additives may be used. The fillers can have, e.g., a
particle size of greater than 1 micron, e.g., greater than 2 micron, 5 micron, 10

micron, 25 micron or even greater than 35 microns.
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enbodj nent s, bl ends a
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t han 4mycongosite dagorihed Bersin cap #ingihe fyrmjof arigles puch @s pipes,

BaRRdiERIN atdPRIsyBagdsi ﬁbilsi@lgs, bheRRISALs, RRAY, %'oﬁg 'f&ﬁlr%r e
utilized as the thernnplas ic resin. Exanp es of

msEbREso0Es, HtteiesAvadngs bpdegcsignst fipmgs, WinBeE easings,
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paptie fanks, sutdwotivd famels, computer housings, above- and below-ground

electrical casings, furniture, picnic tables, benches, shelters, trays, hangers, servers,

caskets, book covers, canes, crutches, house wares and structures.

RADIATION CROSSLINKED COMPOSITES

Referring to Fig. 26, radiation cross-linked composites can be made, e.g., by
combining a fibrous material that includes discrete fibers with a radiation cross-
linkable resin, e.g., a thermoplastic resin (e.g., a high melt flow rate polypropylene) to
provide a fibrous material/cross-linkable resin combination. The fibrous material can

have, e.g., an average length-to-diameter ratio of greater than 5, and a standard
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I brous material and resin. Additives include fillers
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In some embodiments, a beam of electrons is used as the radiation source.
Electron beams can be generated, e.g., by electrostatic generators, cascade generators,
transformer generators, low energy accelerators with a scanning system, low energy

accelerators with a linear cathode, linear accelerators, and pulsed accelerators.
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polystyrene standards; see, e.g., ASTM D6474-99). A high polydispersity can

improve impact resistance in the cross-linked composite. In some embodiments, the

polyolefin has a melt flow rate greater than 10.0 g/10 minutes, e.g., greater than 15.0,
greater than 20.0, greater than 25.0, greater than 30.0, or even greater than 50.0 g/10
minutes (measured using ASTM D1238, 230°C/2.16 kg). A high melt flow can aid in
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of the FamBARtepSPSh qmpesijes 1 Have Huidkss pla%rsmmwangmkmg] viswate
pRopRAML, BN hbthe AR tﬁﬂ@éﬁﬂtha%defsfrﬁ% Qcﬁ‘fin 851 g&%)%{ne %DOSI te

i s between about 005 % by wel
fipgpghitrength gnd impaetiesistanebout 0. 1 %and about 5 % or

0. 2518 @d?gpo@?é)éﬁh v Tréde@e.g., by combining a resin and a fibrous material

14 to provide a resin/fibrous material combination, and compressing the resin/fibrous

matetial combination to provide the composite having the external surface.

Generally, the resin, the fibrous material and the conditions for forming the composite
are chosen such that fibrous material is visible in, on or just beneath the external
surface, rather than being deeply buried below the surface where it would not be
visible. For example, for an opaque or translicent material, fibrous material is visible
beneath the exterior surface of the composite when the fibrous material is under the

exterior surface, e.g., a distance of less than 0.100 inch, e.g., less than 0.050 inch, less
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i T €10 T 65 Hor S ErGTHO GRS, gr svea 5 e  s0 rinutes
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The fibrous material used can be, e.g., a densified fibrous material made by

application of pressure to a fibrous material (optionally having a binder), e.g., by
passing the fibrous material through a nip defined between counter-rotating pressure
rolls or by passing the fibrous material through a pellet mill, as discussed above. The
densified fibrous material can be, e.g., in the form of pellets or chips or other

geometries having a variety of shapes. The density of the densified fibrous material
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zdaasi 51@9 and 60 pun ei1g. ebetwes:nmbcuttlalpdrre&d 3I0qmc hes, shelters,
caske book., cover cane

t rs
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a hi me ow'r at
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W ple o EHe/ kRS %Ialtdrﬁk@ @ilb@rs W% Ne AR a2 5 IRE o LOEQYS

?ﬁterlal can have, an aver age | ength-to-di anet er
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neEReRt hyavgight 9§ the Fibraus maeenpbls fihetp Baviing sevigth gregter thas RAg
®xtrusion or injection nolding, into a desired shape,
e.g., a decking board, and is irradiated, e.g., with
an i &eran mquwut@nﬂmn@emg mateginl, Se@omposite beaimyve 6. ay

L
ity diamedfitpstcenfagreatenthali X jeornt, greetepthay Stpdreencoasen | i nk
gtnba?er ?ﬁaﬁ%%lbg/ %?gk?llt fibrous material. For any of the implementations of this
paragraph, the composites generally have less than 70 percent by weight fibrous
material.

If desired, the fibrous material can be colored, e. g., to enhance the strength of
the visual effect. The fibrous material can be colored, e.g., by dying, before

combining with the resin and to form the composites. In some implementations, this
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resin. Referring to Figs. 27 and 28, a gama
irradi ator 400 includes gama radi ati on sources 408,

wWe2@6/106@Co pellets, a working table 410 for hpCTUSZP06/010648
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sone et ﬁ%&l&@te%*ab@&mnavea gleating orrfyen grikisgdiswal t he
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The resin can be a thermoplastic or a thermoset. When the resin is a

thermoplastic, it can be, e.g., a clarified polyolefin, such as a clarified polypropylene
(e.g., a polypropylene copolymer); a polyester, such as polyethylene terephthalate
(PET); an amorphous polyamide; a polycarbonate; a styrenic polymer, such as
styrene-acrylonitrile-copolymer (SAN); a polyacrylate, such as
polymethylmethacrylate (PMMA).
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0.2 inch, or less than 0.1 inch. In sone enbodi nents,
the energy of each electron of the electron beamis

wo canedsesit 0.3 MeV to about 2.0 MeV (million BPCBEUS20061010648
volts), e.g., fromabout 0.5 MeV to about 1.5 MV, or
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For exanpl e
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cpabyste Gy AR )iveln 1q3‘°¢°ﬂmt e ftfeusgatotiableygn ity Hsngbout -

Reeaeey " o LR A b sl Ba ) Bkt

tﬁ‘d?ﬂQ: Sylféﬁdeﬁt (e8s fhan ll@pete%neesetﬁay 7e8perdentt ebethen S parcanndess
copol yner s) ol yam de el ast

ot S ebsHeL 9B PP EAE ﬁ’&FﬁWg’P’)"V i ﬂ§ﬁ°8%’é‘ak?ﬁﬁ’y|‘“8¥%¥
160 BBLYISRlent ARV 1Py Pise tHhéupa theCcipositd so Gl asses of ﬁbrous
conpati ble m xtures of these resins. In sonme specific
regiesesdi pandierseen ipgide the §pHPGsEe-a pol yol efin that has a

pol y g fRicSth tFYg. 92, a@@ﬁﬁ"ﬁﬁfouE haRrid. c@mp@m@ .can BAveah @nef h an
3.0, greater t%] . reater than greater . th
mrt@n Péhﬁ meluﬁmﬁ@t Iesm &a@%&s &p Slw?aﬂb’?n@ tposgeyial and an

(Ql(e? l‘?&ﬁﬁﬁcﬂd& %@&ﬂfl edinURidt @ercmngg'th% SAHREHGSH SrddRdt
atlon

romat ogr aphy agai nst pol ystyrene
13¢1adﬁa avigtantigdbyell of tlg: ﬁbrqn(gmt@;@l; 73nch g)coonsfytp G#n be made, e.g.,

lgrq:loyr%lﬁﬁg l(()g& gxt&@l%n' RBY OMfe LSRA s n{gﬁeﬁl‘ fﬁ;ré’tﬁ(iﬁatérﬁﬂstd?e

OSIte n sone enbodi nents
qdditlyfed @hiba umlsn arenarling shitoameaestositey rSagl eompasiies can b fagmed

i’ any otetlslé shapc% desHoER A ve ! Jfﬁ]ﬂr}tsang ssecond materials can be the same
or different, and can be, e.g., any of the resins described above.

Referring to Fig. 33, a transparent resin/fibrous material composite can have
an inner portion 620 having a first resin and substantially all of the fibrous material
and an outer portion 622 surrounding the inner portion having a second resin and
having substantially no fibrous material. Any of the above described fibrous materials
or additives can be used with used in preparing such a composite. Such composites
can be formed in any of the shapes described above. The first and second materials

can be the same or different, and can be, e.g., any of the resins described above.
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greater than 20.0, greater than 25.0, greater than

30.0, or even greater than 50.0 g/ 10 m nutes (neasured
W@ 2006go2ASTM D1238, 230C/ 2. 16 kg). A hi gh nel tp¢T/08200&010648

aid inthe production of the conposite, e.g., by

CompobpEset R embERheme pierH st KL Wi,
bileRfoodehay Rhriqye h@ificatre Rthy bk nQe Athdut ibRiieatdn VERYt
B B et SO RS meRRATE PUBR (e of

thefpIRsihedaigan | ncl ude any or any conbination of the
fillers and/or additive disclosed herein. Wile the

enmbodi nent of Fig. 27 illustrates a "dry" contai nnment
system water contai nnent systens are possible. Wile
the enbodi nent of Fig. 27 illustrates irradiation of a

conposi te under anbient conditions, the conposite can
be cool ed during the irradiation. Wile the enbodi nent
of Fig. 27 illustrates irradiation in norm

at nospheric air, irradiation can take place in an

i nert atnosphere, e.g., nitrogen or argon atnosphere.
Radi ati on chem stry is described by Ivanov in

"Radi ati on Chem stry of Polyners (translation from
Russi an)," VSP Press BV, U trech, The Netherl ands,

(1 SBN 90-6764-137-5), 1992. COWPCSI TES HAVI NG CERTAI N
VI SUAL ATTRI BUTES Referring to Figs. 29 and 30, a
conposite 500, e.g., inthe formof a step stool (as
shown), includes a resin and a fibrous material 504
and has an external surface 505. Sonme of the fibrous
material is visible on, in, or just beneath the
external surface of the conposite. Such conposites can
have uni que, pleasing or even striking visua
properties, and at the sanme tinme can have desirable
mechani cal properties, e.g., flexural strength and

i npact resistance. The conposite can be nade, e.g., by
conbining a resin and a fibrous material 14 to provide
a resin/fibrous material conbination, and conpressing
the resin/fibrous material conbination to provide the
conposite having the external surface. Cenerally, the
resin, the fibrous material and the conditions for
form ng the conposite
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are chosen such that fibrous material is visible in,

on or just beneath the external surface, rather than
wheingoxseepl y buri ed bel ow t he surface where i PCTHOS1006/010648

not be visible. For exanple, for an opaque or

translucent material, fibrous material is visible

WHAZIB CLAMYER IS i or surface of the composite when the
fibrous material is under the exterior surface, e.qg.,

12 Adh&henefning fetssustrvacrial) tH0fethotdompeisipg, | ess t han
0.05Q inch,_lessthan 0.0 i han, 0. 010 i nch,
| essShepng il BousedR pqugég é %ﬁ’kwsﬂﬁ%ﬁl rﬁﬁ% or a
g' st ﬁe(fj%@iﬁg e fr@Frdub .&ﬁte@iaﬂﬁﬂougmﬁ First %ﬁ@n&@ﬂﬁg)sm fesagean

e nade u5|ng any. pl asti.c_pr S.Si i ne
opejiRgcHAeHH 1 Rgmem ﬁ@leésq@fl 0 8575 e R S%%T‘%f‘ifgug

B, prent or extrusion equi pment. The resin can be a
thernoplastic or a thernoset. Wen the resin is a

t hernmopl astic, it can be, e.g., a polyolefin, such as

28 1RO |rrbét%ﬁ ¥k QR |, %&er cGnaRRY c‘xiﬂﬁg 11 fitePsdnederbeRE) , OF
a po ypropy ene (e.g., a copolyner of polypropyl ene);

sheapog ;heffoelrsou@gch as pol yet hyl ene terephthal ate (PET);
a polyam de, such as nylon 6, 6/12 or 6/10; an

el astoneric styrenic copolymer, such as a

3s{The erthod phglkion b-Wherej thn extrggesneniedfies gfifeg firsgscreen is less

h as pol yet her - pol yam de

E@'6ﬁﬁﬁgﬁlggﬁﬁégﬂ&$2%gﬁ§fnyI acet ate copol yner; or

m xt ures of these resin. To provide the unique

osi,t e deS|r
S R e G A R
QMNﬂMHHnmqgﬁnh&hﬂl@ﬁ%lSnﬂﬁxer|aI from "sli ppi ng"
beneath the external surface where it would be hidden
fromview In sonme inplenentations, the resinis a
Pty Q{e];ﬂ‘fo:drd)f cl@mg 1, wikrdgi@thy gﬁ&@g@l apeging Eiae/d)ﬁtbcla ﬁrsmlrdﬁnﬁd lgséf/
rate o ess nmnutes, e.g., less than
thnthdd npe lﬂﬁf"ég 0903§gsgiﬂ%m 20 grams/ 10 minutes, |ess
than 17 g/ 10 m nutes, less than 15 grans/ 10 ninutes
| ess than 10 g/ 10 m nutes, |ess than 7g§ ans/ 1
G e ERsdhod o i haHheseil eGP APERIE P o R S1dgt i less
tﬂe[xém“ﬁf&& (M2B64R8E, 0M3966Q%rinéh938 than 1 g/10 ninutes.

The Tower Iimt of the nelt flow wi |l depend upon the
processing techni que used to formthe conposite, e.g.,

7. nﬂ‘h%q‘ljiéﬂgﬁ ogg laflh 0 % Rreiff ¥l sHSIH AR is JePormddl vieE 4 RfryRhifd Ny,

it can sirable that the melt flow rate be greater
autiern 0.5 grans/ 10 m nutes. For conpression nol ding and
extrusion, it can be desirable to that the nelt flow
rate be

8. The method of claim 1, wherein the second fibrous material is collected in a bin

having a pressure below nominal atmospheric pressure.

9. The method of claim 8, wherein the pressure is at least 10 percent below nominal

atmospheric pressure.

10. The method of claim 8, wherein the pressure is at least 50 percent below nominal
atmospheric pressure.
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greater than 0.1 grans/10 mnutes. Melt flowrats are

nmeasur ed usi ng ASTM D1238 at 230 0C and 2. 16 kg, the
wale@ehiesws e of which is hereby incorporated byPCT/US2006/010648

reference herein inits entirety. The fibrous nateriw

E§ glb%%? Bgcf?foqiau%fg Bﬁ%rg@ﬂﬁeegr%sggfg 1§ 4t 15a r ou ] eéﬁaegw Roinal

eopisplenalptegsud@vi ng a binder), e.g., by passi ng the
fibrous material through a nip defined between
counter-rotating pressure rolls or by passing the
fi2.bresseth®d Brfinder t:chﬁd;mgig sBeaRR ti@tsedbnl fibrous nfdtesigis sed
above. The densified fibrous material can be, e.g., in
the formof pellets or chips or other geonetries
NAVTIROM &hdPEH Bl lofurtﬁ&%ﬁﬁonslﬁé‘ @hegﬁﬁgsﬂhte YecBhd £ih8us material,
densified fibrous material can be, g., greater than
endipastipg the resultige fibgpematsrialihrgpetothg ﬁrsgmm gr eat er
than 0.20 g/cnB, greater than 0.25 g/cnB, greater than
0.3 g/cnB, greater than 0.4 g/cnB, greater than 0.5
é‘} c"ﬁi@ mefhodsafetpingrlefurther comprisiog ehegring e sdcond Sbrdesshatatidle
r
R i3 AesfHRRS HbRu eI, AEOBISLIL PR IR B Bhge

"comes apart der's ear to T el
phepingsize hess thai de fost segeyl opervadestthird Gbousmattiar i al .
Cenerally, it is desirable that the densified fibrous
mat eri al have a density of less than 0.9 g/cnB. The
13.bEBregnghod dfelafim ﬁou]sarmh mtloaif 8n avemgh M@tlﬁtorcﬁdrﬁtér\tﬁ[q/of

r t ht o- er ratio (e.qg.

PR EASaB Bl Rl & Sentse MBS s it e T Ryl
hheﬁﬂacmmdhﬁtbSOUS material 14 can be, e.g. greater
than 10/ 1, e.g., greater than 25/1 or greater than
50/ 1. An average length of the second fibrous nmateri al
16 Ti@mdikod of cBim 1bavhvean thabaidis RsSthian.and 2.5 mm

e.g., between about 0.75 nmand 1.0 nm and an average
width (i.e., dianmeter) of the second fibrous materi al
17 TRAndikod F chhim 168VMRER tha At is RsMhangds 50 Mm e. g.,
betmeen about 10 mm and 30 mm To enhance the

"speckl ed" appearance of the conposites, it is often
£ STHeatd ot dFRtaich 8, a&ne?ea&ﬂﬁ riRli€lebdlhgy Pave a relatively
| arge percentage of bers greater than 2.5 mmin

| ength. For exanpl e, at | east 2.5 percent by wei ght of

[ i er

Id"eﬂfe n?é'tmsbf Bk 1 ﬁhhér%o Egﬁégs%agﬁ}% glg ﬁ% b(? B&Ioﬁs %?@ﬁél
ﬂlﬁélgh B I@?CQW% squeen Vlag am svetagb ep@lrtwedgss @halneluagﬂhht sgreemt er
than 2.5 nm at least 7.5 percent by weight of the
fibrous material is fibers have a length greater than
20. Sthempetlzd ofclaine dswhet€in thepbeatiog tndyasying gh perdérnict e
%%gﬁﬁ%ﬁyis fibers having length greater than 2.5 nmm

21. The method of claim 1, wherein an average length-to-diameter ratio of the second

fibrous material is greater than 10/1.

22. The method of claim 21, wherein the ratio is greater than 25/1.
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any of these situations, e.g., so as not to adversely
af fect processability, less than 25 percent by wei ght
wo@Roobhe2s#s brous material is fibers having a | ePQr/iiS2006/010648
greater than 2.5 nm For an opaque or transl ucent
resin material, the conposite. cant 0@ , Qgreater
28 h3he Pothad plcdaitn Ay Whgpigihe iy &S DU 9.,
greater than 30 percent, greater than 40 percent,
greater than 50 percent reater tE@- aﬁﬁgerﬁg t or
24y Bhe getbiad ef claimah WoereBy et Fiviase 198150 trgterf SOV or
a0 thRReh TBILGHBAL 26 @RS of this paragraph, the
conposites generally have | ess than 70 percent by
wei ght fibrous material. If desired, the fibrous
REBIREent 0TES 1Binl=2@0 g10h
jgﬂ&?%h%hogggﬁgﬁ}%ghﬁ&%%ﬁgg??gﬁgkggﬁater|aI can be g
mmw| ored, e.g., by dying, before conbining with the
resin and to formthe conposites. In sone
i npl enent ati ons, thisdyeing can, ., _enhance
261 9hb niethto;i oflainhb Whetmrotbs apravesyse atldfg @f thesecend oyt
C|aIIy ge aggl onerations of fibrous
"H‘thf?reailfsgt twqe Shad M ent ati ons, the resin can be
colored, e.qg., mnth a pignent or dye, to enhance the
contrast be ous
ST SRR} B PAO YR B AT k60 205tk B 0
strength of the visual ef fect. Col or concentrates are

avai l abl e from C ar.i ant t hese

oL PRk SO e b R £RPRREH 18y
ﬁﬁrsuﬁﬂﬁeﬁdl ¥ 8ssdeam0iparentve aebverage ﬂmﬂgﬂnbfmlga sfeccmgrfﬂvmues
The conposite can be forned into a variety of shapes,

wafeRalas t hose described above. Wen the conposrtes are
injection nolded, it is often desirable to "freeze"
the nolten resin _quickl

2o s gnetieodng slam 28, Hogi hie\?@rléﬁf%g%raﬁﬁﬁ |lso‘e§d1[?ar“§8é’m§‘6‘
that the fibers do not have tine to "sink" under the

surface of the resin where th%y woul d be n%g%%n from
30. gHite metiafdenticlairg 11 wherein s BETsurfacecarea-of thede rous

cggﬁaﬁé%:aﬁpﬁglpenprepared by formng a conposrte 600
g& conpre

ssin nDIten resin against a nold 602
having a cooled surface 604, and then denol ding the

gg n:g? m&l%w c%séia%% 36%&41@ tl%%ﬁt?a%{!@g%@%t@&hﬁﬂﬁ@ mtz/%.e

32. The method of claim 31, wherein the surface area is greater than 1.5 m*/g.
33. The method of claim 32, wherein the surface area is greater than 1.75 m*/g.

34. The method of claim 1, wherein a porosity of the second fibrous material is

greater than 70 percent.

35. The method of claim 34, wherein the porosity is greater than 85 percent.
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nol d surface having a tenperature of |ess than 100 0C,
e.g., less than 75 0C, less than 50 0C, |ess than 25

wO®Mo6a2skess than 15 C. Still other conposit esPCEHUEI906/010648
uni que, pleasing or even striking visual properties

TP amieir bR  ran AREPRL iifeatd 1k PPt

i npl enentations, the fibrous naterial can be seen

ithin the c osSi t Gener al
ShosontS IRE s plimelie THcrh aneroes PR udemsieurriapt
e diret@Ibtius efdtdrial 120 ¥idspedergtinRshahattraliCsi thé fecbidRilous
mat er j al nbi nati on and the transparent resin/fibrous
HﬁF@PLéF*%%W%?ﬁatlon is conpressed, e.g., in an
extruder or in an a nold, to provide the conposite.

resin can be a thernn | astic or a thernoset. Wen

?%eTlr-ee@?thM of C&lmﬁé’rmwa@ﬁrétlo isfesgian pd. e.g., a
clarified polyolefin, such as a clarified

ol pro l ene (e. a pol ypropyl ene copol yner); a
59| Tisnethod afisim a8, Weigio theyniene lesethephehal at o ( PET)
an annrphous pol yam de; a pol ycarbonate; a sryrenic

ol ymer, such as styrene-acrylonitrile-copolymer

G(BAZN)e mdhmfytmmwaaw]@rels thetratasis fesé theed Ay | met hacryl at e
(PMVA).d arifying agents for polyolefins are avail abl e
fromMIIliken Chenical under the trade nane M LLAD(r),
€1.gThe rvithédAdi(ciaim 3 98 BereiGltiar scfecr & fpmboddiyahtarvealiog ant s

are & %%gﬂgvallable fromMIliken Chemi cal under the

Pade  hanes CLEARTINT(r). To enhance the effect with a
transparent resin, is often desirable that the

it
resi,n have ectr transm ssi on of reat r than
ST IR A G oPRG B R oSt § Beed e
dfh PpeocshlosicaiAaiagr than 75 percent, greater than 80
percent, greater than 85 percent, or even greater than
90 percent. In addition, it is also often desirable

hor ThNBeth@BdM i 1ak&eia tl’fbafi&r Sfurde@dmptiftad bikdd PENER k.g.,
t han 35 percent, |less than 30 percent, I'ess

et d@zye% BPBriEpen sguice FRHiPesioparkam 2 pelicoptignm a5
Bsfogent, or even | ess than 10 percent. Both spectra
transm ssion and haze are neasured using ASTM

D1003-92, which is hereby incorporated by reference

herlemdthod 3631801 HRdr¥in tﬁ';:%t?cp DRRGSs aéheve@ HbRGLpap tsBuI‘@e
transparent resin, it is often desirable that

conposi te have a relatlvely | ow content of flbrous

?@t B rﬁ’éthodeofglal ﬁeréllﬂ A gé;)tug,%Q:OB s latt(fx%/e f\ﬂ%h ght

brous materi a ess t per ent ess than 15
percent, | ess

46. The method of claim 45, wherein the textile fiber comprises cotton.

47. A method of making fibrous material, the method comprising:
shearing a fiber source to provide a first fibrous material; and
passing the fibrous material through a first screen to provide a second fibrous

material,
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than 12.5 percent, |ess than 10 percent, less than 7.5

percent, less than 5 percent, |less than 2.5 percent,
wWo@rooenteas4d ess than 1 percent by wei ght fi br ousPCT/US2006/010648

material. Arelatively |low fiber content allows |ight

to pass t.hrough .t he cony 0Si.t 0t hat e

£ §br oHRerH e o o Aret T or Rl T d L BrsCinaus
Rafeaitrtb Ag atPadeilghgth3f, didndt@oif fHefskdwna Wibroma trterial is less than

i%nposite can have an inner portion 610 that includes

“first resin that has substantially no fibrous

material and an outer portion 612 that includes a

second resin that surrounds the inner portion and that

Fhoh arpdiod ol peking pifRrquy mgferiah thepprthd opptisingat eri al |
SU Ch heSRFRORE Sout@o PRVIIBY Sirst SibEbus nd¥eria@ 2P| di ng or
co-extrusion. Any of the above described fibrous
mat erPaasing te fhys maipdal thanetbelipstarenio poeidar sergnd femua
GRERS LiEmerUch conposites can be formed in any of the
shape$ descri bed above. The first and second materials
can bw#eaing thaseeonskiitapysireatesial agadirig peevidepethiré figrous miptpridf
the resins descri bed above. Referring to Fig. 33, a
transparent resin/fibrous material conposite can have
4% Annsiclepaade] abitea@20 para by ity maethod aftclaindi 47 enf@.
substantially all of the fibrous material and an outer
portion 622 surrounding the inner portion having a
S@chrechrtids bffnlamdﬂ&haﬂierfgms oftxstteppingatdoy pip@s,fphimm d@cking

mat erd al . of t i br ous
BRleGs ordtoughen HeeR oo e Rk OSSP R Sherd 5
sawlﬁngs&haﬁbsp@mp&amﬁswﬁﬂawbmﬂgaﬂmekbdafdsaﬂmonag tildze
[ oV The first and. sec nate ials
Bl it RV kL b ie s, e, Wiy A RS, O FEy ” of
tdadgh, Biidess, dieriess] W, @b@v@mf&a UstR¢asE scatﬁmeh B Statleyy e
Begn descrlbed Neverthelesi)8 it wll #ﬂ? der st ood
ks (QRr TS TR FTRR IS VS’H%*‘SF?a%TBt‘w o fftomotive
gaRal thifutbr WMhES e dnll HAH-G6@dR 1R rchNRsinBY AhitRE.-
Accordingly, other enbodi nents are Mﬁthln the scope of

pisBictahlgsg H&Sdhﬁlu% tpysatanges ceRieiEegskets, beok goveist Giges
ofa drpkhddg fibrous material, the method conpri sing:
shearing a fiber source to provide a first fibrous
material; and passing the first fibrous materi al

S f‘ r R%Rm@ nfatdrif ha¥ Rz 88 rdvé%@éé' 191%’:1?{!) éﬁéﬁﬁét@x%u@ LG tRdnZe
59 mMmor less (1/16 1nch, Inch) To provide

an@@dm@ stangard dsvistioment i éiber lzngﬂrh@esﬁréhwtbpereqnapfnnl,
Lﬁﬁ&gqﬁmpgﬁﬁﬁising cutting the fiber source prior to

52. The fibrous material of claim 51, wherein the average length-to-diameter ratio is

greater than 10/1.

53. The fibrous material of claim 52, wherein the average length-to-diameter ratio is

greater than 25/1.
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shearing the fiber source. 3. The nethod of claim1,
wherei n the average opening size of the first screen
WO 2006262543 han 0. 79 mm (1/ 32 inch, 0.03125 i nchCT/US20061€10648
nmet hod of claim 1, wherein the average opening size of
ef LSt screen J ess_than
G O T RoyTEN T of et b s By st et
ateateaen 6Qeni ng size of the first screen is less than
0.20 mm (1/128 inch, 0.0078125 inch). 6. The nethod of
claim1, wherein the average opening size of the. first
S&.I B fihrBud Bl B3 WwHrelOtheavdrdded&futh 183 ©Btwebn 00 280 62,5
inch). 7. The nethod of claim1, wherein the shearing
Péperformed with a rotary knife cutter. 8. The nethod
of claim1, wherein the second fibrous material is
coIIected |n a. bin having a pressure below nom na

of mgkipg diprqus mgtetigh, the mathng gomprisingi m 8,

Wh er eitaddpa fﬂfe@ SculeSo biovalk |fﬁ§91ﬁ)ro1cl@ nﬁ?eﬁ'iﬁﬁ nt bel ow
nom nal_atnospheric pressure. 10. The method of claim

8, whedlleptingttheofinst idyausmenteripland Iﬂ@ast 50 percent bel ow
nom n&'eaxﬁlg‘"fﬁiﬂﬁ?ﬁﬁ&u&& PRANIS: slfmdﬁﬂﬁoumté ogh of claim

8, wherein the pressure Is at ast 75 percent bel ow
nom nal atnospheric pressure. 12. The nethod 1,

r Jorous
ke AP SR UG, SRR BHoilS STARD Mol
conpri sing shearing the second fibrous material, and
?g?’gll%encg)g{ g)glﬁa. o?’%%&ntl #ﬂ%fheretl%&lu %bg)%t Giat eﬁﬁallﬁalg 12118 i haét;e leength-to-
dianptet gitin @f slegar thags m’nﬂxas ectandhrd déarliams offafibgrilalgth @Mebs
EFS |g%§the resultln gro s material through a

3R S B REESBLA 2R ATy gﬁr age opening size |ess than
the first screen to provide a third fibrous material.

The net.ho aim 14 ereln ratio. of an

30 POk orTPRrg oo Poe S1-aHETSH te S14 15 B g L AR P s
material to an average |ength-to- dlaneter ratlo of the
third fibraqus naterlal is |ess than

Akt HseropwoRiicAt fiairs 57 rhered e corapesiie s }ngluri%%aspls%@ﬁ
1. 4.
61. A method of making a composite, the method comprising:

dyeing a fibrous material;

combining the fibrous material with a resin; and then

forming a composite.

62. A method of making a composite, the method comprising:
adding a dye to a resin to provide a dye/resin combination;
combining the dye/resin combination with a fibrous material; and

forming a composite from the dye/resin combination and fibrous material.
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17. The nethod of claim 16, wherein the ratio is |ess
than 1.25. 18. The nethod of claim 17, wherein the

WO 2606002583 | ess than 1.1. 19. The net hod of cl aP@T/1S2006/010648
further conprising passing the second fibrous materia

rou cond scr.een havi.ng an _average openi ng size
bl e of R Rg £ HEER e BRI Rod or ol i m 1
wher ed(ﬁirtghti'b a&ilﬁ@z rsinlihﬁerﬁn d bﬁﬂgﬁde}[&:@tel& fiemPBE é%ﬁeﬁxsisﬁng of
concurrently. 21, T hod o .aml,. erein an,
o't %?é@??ng‘ﬁéﬁ Slsr v elibledimders, sy bdepisvioga ghes Rrstivs
tehipefahid of 18ssGRRISEC, topadviddd fbrousddateriN®indet dthition; and
claim 21, Where%n the ratio is greater than 25/1.23.
The rOrPEEsiae thefrons materighlipdsr sompiaationtp grovide g dengified
tibidls Meedal havifig a DPIIR deRid) @tht Rfat Rhadhbdul twcy‘ﬁ&%_ése%;rgatérhﬁ‘an%
average length of the second fibrous material is
bk density of the Ghounmaprisl. nm 25, The nethod of clai m 24,
wherein the average length is between 0.75 mmand 1.0
mm_26. The nmethod of claim 1, wherein the an average
Odt- dthe resithadof cladre 6.0 ticrdin the binden eonipaisesi agnerwmeeie norBpawm.
and 50 nm 27. The nmethod of claim 26, wherein the
average width is between 10 mm and 30 nm 28. The
¢t Hednahodxifglam 63, witeesietha bindett congpaisas agmisightcoon of a
| ength of the second fibrous material is |ess than 60
percent of an average | ength of the second fibrous
otat Brinadthodad claith 65 mwetekaiinl the olyklgtehc2fprissh polgethyledeeglycol.
standard deviation is |less than 50 percent. 30. The
nmet hod of claim 1, wherein a BET surface area of the
Sk Clirdndihddrodukimias, evlictdin the polyglat sl icompPiises Bol9pidpeenedlycol.
The nethod of claim 30, wherein the surface area is
greater than 1.0 n2/g. 32. The nmethod of claim 31,
68 eTtRinfetliddens Slafrh 85, viRtddatht PolgEIHEd RbmbARE a Sofolyildrds 33
T&g nethd gf claim 32, wherein the surface area is
Yreenesidesas PropyisngidE- 34, The nethod of claim 1,
wherein a porosity of the second fibrous material is
a%gﬁ%er t han 70 gercent. 35. The nmethod of claim 34,

inpthadeot slapp 83 twheredn the matesial thaidns Be glses Gasitions.

ithgeRitd ¥idese s 6 %brﬂin%'é? a PEISEE] Wil iR P0G QPHrdH theSoroup

greater than 90 percen
consisting of thermoplastic elastomers (TPEs), polyether block amides, polyester

elastomers, styrenic block copolymers, ethylene vinyl acetate copolymer (EVA),
polyolefins, polyethylene, polypropylene, ethylene-propylene copolymers,

copolymers of ethylene and an c-olefin, and copolymers of ethylene and 1-octene.

70. The method of claim 63, wherein the fibrous material comprises a cellulosic

material.

71. The method of claim 63, wherein the fibrous material comprises a lignocellulosic

material.

55



37. The nethod of claim1, wherein a ratio of an

average length-to-dianmeter ratio of the first fibrous
woraioenndzh3 t o an average | engt h-to-di anet er r at POT/U820061€10648

second fibrous material is less than 1.5. 38. The

thod o | ai.m 37, erejn.the ratio.is .le t han
T2 18 gelnod oy e O b i o R o P er
famse. t han 1.25. 40. The nmet hod of claim 39, wherein
the ratiois less than 1.1. 4 1. The nethod of claim
1, wherein the screen is forned by interweaving
3 Mieirh@h®@INdfslaid 33, Wihteeiireie fioebud natdrial e ddrivedtfioned N t he
fiber source conprises a cellulosic material or a
P?lﬁ‘iﬁ’ﬂ@aﬂ’ﬁRﬂIB’éﬂdECtnateri al. 43. The method of claiml1,
wherein the fiber source conprises a blend of fibers,
e, gm? fibers derived froma_ paper source and fibers
&b r {heapethodgyhelpin 83+ Whegein thg fipeous gafprial-bipder spmbinationThe
o0 Rck 188s tRdn@s, by wehpat §ihdkrt he fiber source is derived
froma paper source. 45. The nmethod of claim 1,
wherein the fiber source conprises a textile fiber.

: : ' e e fi ber
22 AR O 74 SRR oo it bl ol D b i
ermraiseslpss thamel Yrbyepihe bimgeri si ng: shearing a fiber
source to provide a first fibrous material; and
passing the fibrous material through a first screen to
. oltiedhestlzodsd e laimal 7§, herains therdibes adatevilebiedan cambiastion of

) I ¢ h-to-di er ratio of the first
W\é%;@%g?aél@%ﬁ’%o&%‘%’tgglgrrage | engt h-to-di anet er of
the second fibrous material is less than 1.5. 48. A

t-haod of ki n i.orous material, the nethod
Tl aio PR hoR o s i B Riecion Bt o MmN oot
tiobr IOFE during bt lahst panof thadsksifigng kiep.f | brous materi al
through a first screen to provide a second fibrous
mat eri al; and then shearing the second fi brous

T BkingdthcdddicRirh 63, MRkl B dedshtied dibtdub idttsia Rk & Hul density
|l east in part, by the nethod

%iéaétﬁéprﬁﬂrna_%scgge%t%&%g ’@l_le%}ulk density of the fibrous material.

79. The method of claim 63, wherein the fibrous material includes fibers having an

average length-to-diameter ratio of greater than 3.
80. The method of claim 79, wherein the length-to-diameter ratio is greater than 10.

81. The method of claim 63, wherein densification comprises mechanically

compressing the fibrous material-binder combination.
82. The method of claim 63, wherein the binder is added to the fibrous material by

moving the fibrous material past a binder application area at which the binder is

applied.
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50. The article of claim49 in the formof a stepping
stool, pipes, panels, decking materials, boards,

whowsilonjsy sheets, bl ocks, bricks, poles, fencP@mUsS2006/010648
menbers, doors, shutters, awnings, shades, signs,

S I ndow. casi ngs,. hackboards,. floorin tiles,
TR e 8t B2 0%y BR RGeS sy
iraiRh thetbapies apphicativa ardaasket s, racks, casings, binders,
dividers, walls, mats, frames, bookcases, scul ptures,
chairs, tables, desks, toys, ganes, pallets, wharves,
4. €T, mdIRs oF clak¥h 82 ,Swhebei thie EGibtous katerialib @150Ed MRt tRaBRbS:
conput er housings, above- and bel ow ground el ectri cal
wpiraiiga arep fy airdae, picnic tabl es, benches, shelters,
trays, hangers, servers, caskets, book covers, canes
and crutches. 51. A fibrous material having an average
$2nerostndnfglein 82, wherginthe bingpida srspyed oate the Gbiguiaste
R 1IRLATER th HeNinddrlaBRi@liorfartd, Er 1 ength of |ess than
si Xty percent of an average fiber |length. 52. The
fibrous material of claim51, wherein the average

- t.0-di i: 0w : . The

1 oo DR ORER 85 Rl TR ERaBE ARl e i
dpphiegtion arsadi arnbe afigreater thon 2800geetanigutet han 25/ 1. 54. The
fibrous material of claim53, wherein the average

| ength-to-dianeter ratio is greater than 50/ 1. 55. The
$7. brhe mngetimadt of clagrh 85,3yhevdethe bindetreppboativmerea hasragetipth of at
?ggg&;gep.S mmand 2.5 nmm 56. A nethod of making

I'brous material, the nethod conprising: shearing a
fiber source to provide a first fibrous material;

ll.ecting the.first fibrous material; and then
80 1P ey i 52 Sheti S DgSpeaiefet s Brsanlirteh o us
lomst €00 &bt. 57. A conposite conprising a fibrous
material, a resin and a dye. 58. The conposite of
claim57, wherein the fibrous material has an average

$9 NYinBthb @ Bf GMEIRSg 4 Abros Mitel SRMPFsibHan 5 and has a
standard_devi ation of _a fiber length of |ess than

si xt ylepaivie fispusapateripd Aeriyed pt lpast innapidtom palgroatpg gaper to

HOVROS HeRifRh FBtAL MaRfial MIRE SR REsigEat iSat A stBHBG X0 | N
the fibrous materi al

times greater than the bulk densfty of the fibrous material,

wherein densifying comprises heating to a temperature of at least 50
°C.

90. The method of claim 89, wherein densifying comprises heating to a temperature

of at least 75 °C for at least five minutes.
91. A method of densifying a fibrous material, comprising:

moving a fibrous material past a binder application area at which a binder is

applied to provide a fibrous material-binder combination; and
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60. The conposite of claim57, wherein the conposite
al so includes a pignent. 61. A nethod of making a
W@ ovpoesisse, the nethod conprising: dyeing a fiPkCDUS2006/010648
material; conbining the fibrous material with a resin;
and then formng a conposite. 62. A nethod of ma%i g a
c onp odsinsifying the fibruhwatetielhindes porpbinaign fiopronidg § dens lea
Ssin to.pLavi : ' [ IHRGulle @RI b MBe
B B e e
fibrons mgtedalconposi te fromthe dye/resin conbi nati on and
fibrous material.63. Amethod of densifying a fibrous
material, conprising: adding, to a fibrous material, a
b2 Ndiey metkbdef ddmfo pwhdrtie thgrfdumsamteriab edvryises a edlilopic or
ﬁol ub@ﬁ bi nder.si, wat er swel | abl e binders, and binders
ERACAYHESIGIAEE2Y [ ansition tenperature of |ess than 25
to provide a fibrous material -bi nder conbi nati on;

ana conpressing the fibrous.material-binder .. ..
SBrheraphamor sy bt R e B ombination,
REMbigs RsPubk25IeNSiwalgtt balderd s at | east about two tines

greater than the bul k density of the fibrous nmaterial.
64. The nethod of claim 63, wherein the binder

02l M@ oM RRNB! WhereATROMIBus hfterial bindemdohtbthatén
claim 63, wherein the binder conprises a polyglycol.

gempriyes lasethAn d “oby WeighthiEsT wherein the pol ygl ycol
conpri ses pol yethyl ene glycol. 67. The nethod of claim
65, wherein the polyglycol conprises polypro Ienle
@5y Foé meted ofitleimnls Whereinfthe fikipys maerialMoves ﬂi?n%@“s y

3%8%%1]'t%ggfnd&%gglggagg&a@%copol ynmer of ethyl ene oxide and

ene ox e method of claim®63, wherein
the material that has the glass transition tenperature

f ss 25.0C conprf i . e i

Bborit stp S ERDPL MR b Ehalb S b a3 TR s
(apPisyion pred yesinflowbl ock ami des, pol yester el astoners,
styreni c bl ock copol yners, ethylene vinyl acetate
copol yner (EVA), pol yol efns, pol yet hyl ene,

Pl VmE efestoane claki 9y, wheeirpthe pipfleriesprayed bytdhesiibrous material
copol yners, of et(;gl ene and an a-ol efin, and copol yners

o ligyidyyorain theRinder pRlsplion 3% The net hod of cl ai m 63,

wherein the fibrous material conprises a cellulosic
98. The method of claim 91, wherein the fibrous material flows past the binder

application area at a rat greater than 2500 feet/minute.

99, The method of claim 91, wherein the binder application area has a length of at
least 2 feet.

100. A method of densifying a fibrous material, comprising evacuating air from a

fibrous material to increase the bulk density of the fibrous material at least four times.

101. The method of claim 100, wherein the method comprises sealing the fibrous

material in a container and evacuating air from the container.
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material. 71. The nethod of claim 63, wherein the
fibrous material conprises a |lignocellulosic

woraioendzhs 72. The nmethod of claim 63, wherei n PEEUS2006/010648
fibrous material is derived froma paper source. 73.

f clai.m 63 n the f.ihrous na e
R ATR0ES Rl shmRifthe s fomitin Shibut Pesrigtaeie  pulk dealy of
zit&éahﬂﬂ?: lg/brgé |ogmrjfhﬁﬁg a vdIRIcRicror ll@lﬁ)cfalﬂlbtﬁs(wllﬁatenal axﬁd a bléxger 0/%16
terial -bi nder co conprjses |ess_ than y
B0 BT 1R oh oSerep T knseA RSEVeGh Sht ity anc Ahal K vy a1
:Nebirge wadthef Rt én-abbrdefim aedionall A £a7AR aveﬁ%% 118 Sof
t ha %ﬁﬁﬁﬁé“m ght binder. 76. The nethod of claim75,
|

Wﬁ%?@l i7Bd BheYt ZMBY i al - bi nder conbi nat i on
conprlses Iess than 0.5 %y wei ght binder. 77. The

thod of claim63, further conprising heating to a
%%naéfs Bellst er @ep eficlaimd 92, velisenin th m@u@e ednprises agobigismet.
part of the densifying step. 78. The nmethod of claim
63, wherein the densified fibrous material has a bul k
Wén Jhe pellet oy chipsef oladnrl 03, wheseinthe aolyglyed] @nmptises polybthylene
ﬁﬁ@lty of the fibrous material. 79. The nethod of

m 63, wherein the fibrous material includes fibers
havi ng an average | ength-to-dianmeter ratio of greater

tolgaﬂ‘hﬁpelﬁp oF cﬂﬁ)‘ﬁf‘ﬁa‘ilﬁ qu,%he‘f: T n%ér is ﬁez»:ﬁ;?ef%mr%% e ZHUR

en t 1’0 15 great
qugslﬁt!ﬂ@ of fvatsk sulwhl&Bindank) evagr Iweihibhl ‘tﬁmdﬁﬁﬂ; iRy biedefHaving s

I fibrous material - bi nder
E%E%glna(?%%xwﬁgﬁgfﬁz %@?%%pg%f claim 63, wherein the
bi nder is added to the fibrous material by noving the
f'b us te aI nder application area at
Wer chebs RER aphietriate MefeeliBitinte ne avein
t&ﬁpermhleroé Ild@s 251%{3 édrﬁ}frfébb‘ia PERy R vaHic B YSetddQRinh fhd
thr ﬁ@ Hpe bi nder ggllcatlon area. 84. The nethod of
COPSI§HRE §bthe M@Pﬁ clagiemers Hrigis) pakyetdes bleck; a@l%vwe@farst
clddnlets)sigfenia Bick ¢apdIRRer B 1dRY vﬁ%facfeﬂal%‘@op(ﬁ?mer @ Ao

ed onto

nﬁ}E$ of claim 82, wherein the binder Spra
Pefyglefing, pglysthylens pplypropylene, ethylene-propylene copolymers,
copolymers of ethylene and an a-olefin, and copolymers of ethylene and 1-octene.

107. The pellet or chip of claim 102, wherein the cellulosic or lignocellulosic

material is derived from a paper source.

108. The pellet or chip of claim 102, wherein the binder comprises less than 1 % by
weight of the pellet or chip.

109. The pellet or chip of claim 102, wherein the bulk density of the densified fibrous
material is at least 0.4 g/cm’.
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inliquid formin the binder application area. 86. The

nmet hod of claim 82, wherein the fibrous material flows
w@a®b/1035¢3 bi nder application area at a rate ofPQr/Es1086/010648

than 2500 feet/m nute. 87. The nethod of claim 82,

wherein the binder application area has | engt h of_ at

Méhs?&heméet%@%m ofaimTioZ, Wharein &e&rferégeaﬁh}ﬂc@ezs is\jBYeen pbout

8 Ben Qﬂcﬂeﬁ’)@ﬁt 73531%1 %ta'vélﬁg@sﬁ/ﬂﬁl B8 88twRed A3 Pmpf andlabb 836 tnm,
100 feet. A et hod of densifying a fibrous

prsk the pvgrage éqmﬁquf#?ﬁ&@en @129‘1%5 o] ‘ﬁ’é ajoyt ZBMS mat eri al
derived at least in part from pol ycoated paper to
provide a densified fibrous material having a bul k
ten <\ plgteile derisified fibfous satesiblohaying wiutki densitypt ebleast 08han

LRg, ;unp sg;g»hélmlogic o ﬁgn&aml&wémmaq ahh bindlehHE bile tike

rnses to a tenperature
ﬂ@mﬁed ﬁBroﬂﬁna@ﬁal Hkiag rma‘m@e dlfiiclaless betvB@8n abdvé 2 @am and about

?deeas egaé%QVnRthl ?E Ttysen bI ngl I%r% a%d gor{}g Eg at PES rrgtaﬁertag

for a Pve MRt
Beghiof yetwgemabbuﬂfrmmsandabcmt iZSihx,m.corrprl sing: noving a
fibrous nmaterial past a binder application area at
which a binder is applied to provide a fibrous
e, dhie platddlilecizhsifiehfibrod thaterial anclsienslil f wheein tHebiddebr ous
mat er i alwﬁ gg?eg conbi nation to provide a densifed
PIBER? PEY&EYS%al having a bul k density of at |east two
times the bulk density of the fibrous material. 92.

The t hod of cl.aim91, wherein the fibrous naterial
E*?Q@é? %e&éri?lﬁ didfreusgpaterial abelaim Ll oxhereipheseliypsic or

ﬁéxocam%s{mm%lgfdeﬁb@ 109 2 papipesgée the fibrous
mat eri al - bi nder conbi nati on conprises less than 25 %

by wei ght binder. 94. The nmethod of claim93, wherein
hh;.e ﬁhb ?fa%l{ﬁce rﬁ@ﬁs@ﬁédaﬁbrmsm@ﬁéna@ mélﬂlaltl'l %e‘fé}ﬁfﬁ{e'bﬁﬁ&iehﬁﬁzs

by wei ght bi nder. 95. method of claim9
Qﬁb‘? é@fﬁlﬁpﬁ@blfoiubmé@mlnﬁtﬁé@ash@‘lE@mes conti nuously
t hrough the binder application area.

115. Amethod of densifying a fibrous material, comprising:

adding, to a fibrous material, a binder selected from the group consisting of
water soluble binders, water swellable binders, and binders having a glass transition
temperature of less than 25 °C, to provide a fibrous material-binder combination,
wherein the fibrous-binder combination comprises less than 25 weight percent binder;
and

densifying the fibrous material-binder combination to provide a densified
fibrous material having a bulk density that is at least about two times greater than the

bulk density of the fibrous material.

116. The method of claim 115, wherein the fibrous-binder combination comprises

less than 10 weight percent binder.
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96. The nethod of claim 91, wherein the fibrous

material is noved past the binder application area by
w@reoefibxsws 97. The net hod of cl aim 91, wherei nP€TTES2006/010648

bi nder is sprayed onto the fibrous material in liquid

formin the bj application area. 98, . The of

1 heveptiodan gl Bl HEEFI R HEORGE R PP SRR,

legémg,e[“@%p{lbgf@ﬂgﬁd@r ea at a rat greater than 2500
feet/mnute. 99. The nmethod of claim91, wherein the

bi nder application area has a |length of at |east 2

1 f €4 methB of AniREsERE a Fordie Rteki, B@nlihsiﬂgb rous materi aI

onprising evacuating air fromaf ousnﬁerlal

| ncr psbioninge HER TS| ETRSEIER e, PSR B R beg fd
Vﬁc%ﬁ& n{eﬂﬂiﬁ r tb hefg%r‘f’de ah Yhcomptéi8ed RinpRsitedbndc! ai m 100,

conprises sealing the fibrous
mat ecdnapressing shecpmeraprgesed W%U%@dﬁ?‘f“i‘f‘ga PSS fopRasite.
contai ner.102. Apellet or chip conprising a densified
fibrous material having a bulk density of at |east 0.3
1g9 cm methopofickimg 18 vdwteinithe Sirst ast the pegRotBPRbITEEICE
{1 od‘ﬁlc Slh er, the chip or pellet having an

°3@@?§ ?W?B Sse Bet ween about 2 nm and about 10 nm
an average wi dth of between about 2 mm and about 20 mm

198 phm ST STum 2P, s IR S BRRGR” 0T

chiigoditie Defore r@NFing thesompresiinggl ycol . 104. The pellet or
chip of claim 103, wherein the polyglycol conprises
pol yet hyl ene gl ycol. 105. The pellet or chip of claim

1292 Thevaeihed bf &g Thenoieseih thesdk@s hedbrial amprises apetulosic
consi sting of water soluble binders, water swellable

Ateiifer s, and binders having a glass transition
tenperature of |less than 25 0C. 106. The pell et or

chig of clai m 105, mherelﬂpéR naterl t hat has the
1gP.adbe methad P Glam HEnyheep 6?usln%?§§’a EIHESEhpri ses a

gﬁb&@@ﬁmﬂdeg%als sel ected fromthe group consisting of
thernoplastic elastomers (TPEs), polyether block

am des, polyester elastomers, styrenic block

ﬁ%pqh fh%d o?él{ﬁ)ﬂ ﬁ'@ewﬂér&}i |the@ﬁﬁ$@tn%t&ﬁpﬁ|®éﬂﬁefd fednVépaper
pol yo yet'hyl ene, pol ypropyl ene,
wmhylene propylene copol yners, copol yners of ethyl ene

%qd Tﬁ m%th%h SF Dainf1S, GRAGLYIEAR0R mALAN [GREvAEbm 2
polycoated paper product, and wherein a polymer of the polycoated paper serves as

the binder.

125. The method of claim 118, wherein a thickness of the first member is between
about 0.005 inch and about 2.0 inch.

126. The method of claim 118, wherein a thickness of the second member is between

about 0.005 inch and about 2.0 inch.
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107. The pellet or chip of claim 102, wherein the
cellulosic or lignocellulosic material is derived from
w@2papes4source. 108. The pellet or chip of clBCHUIDRE/010648
wherein the binder conprises |ess than 1% by weight of
the pellet or chip. 109. The pellet or chip of claim
nm Themetleidref tlin bl khereing) thlyfc)@ss ofifbe eREPseds@mPPHicdts

teri nB8.110. The pellet or chip
na%ouws%%tu\}dlfga?%%%&? gqéc\q}er age thickness is between
about 3 mm and about 7.5 mm the average wdth is

e u .
5o s B g inh LD BB foncllof W o GOSIE U1 B4 Jo
plcht e-1i ke densified f| brous material having a bul k
density of at least 0.3 g/cnB, conprising a cellulosic
or lignocellulosic material and a binder, the plate
h 20k ernd emssiddi E dlafoh DTE) udierethit the fidoudianeria rams aavatiadmgth of
t hi cknegs be ween about 2 mm and about 10 mm an
thedirstgad shiemHmPnbesdt ween about 2 mm and about 20 nm
and an average |l ength of between about 5 nm and about

25 mm 112. The plate-Iike S|f|edf br ous teri.al
570, Ch el ae1iD SHFIBFISR» OFRS IS ReRus Mg Bt buTk densiy of
RALOH.Y les sﬁ%ﬁ Btk Bratekikand @mﬁid%t @ chipr @elfet having
rraterla of claim111ll, wherein the ceIIuI03|co

I gifeeree Mickngssi betvrast abquaP mms aRfAtPYE) RO %{%&%‘é(rdth of
g?cu/'é aboailf'mm-rz{?ﬁ aBbA06 nh ket éiilea‘%ﬂaéé RAoth bpﬁéw&nrﬁ@&lﬁrﬂ ik

aim1 wherein the bul k density of
M@Oﬂi@dnml brous material is at | east O. 4 g/an. 115.
A net hod of densifying a fibrous material, conprising:
adding, to a fibrous material, a binder selected from
Bk zgplatseﬁiihs clrmsifiad fitgousfmatgaiabhaving amilleddssitdedias leagi@ider
abl e [
2Pt Siohs pRe B e} B oG N Red Frous,
matanlarlmumgmaiaeeraﬁl thioknadsaluetwcnmbmaﬂl nan analeoug i hmi; en

fibrous t| on S

TR B R Bt A 3B SR RS g s o
B&h&éﬂﬂioub&mdﬁndabmllzamm.on to provide a densified
fibrous material having a bulk density that is at

| east about two tinmes greater than the bul k density of

tBe ThdPeletsor ORpOF tlaim 130, wherein the pellet or chip defines a hollow
center portion.

133. The pellet or chip of claim 130, wherein the pellet or chip defines a multi-lobal
structure.

134, The pellet or chip of claim 130, wherein the pellet or chip defines a spherical
shape.

135. The pellet or chip of claim 130, wherein the pellet or chip defines an ellipsoidal
shape.
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116. The nethod of claim 115, wherein the

fi brous-bi nder conbi nati on conprises |less than 10
waowdogho2sper cent bi nder. 117. The net hod of cl ai PELIS2006/010648

wherein the fibrous-binder conbination conprises |ess

n 1 Lght percent binder. ,118. A .nethod of

L6 et By § bl B metiodionmrh o
posi tdonﬂbiining afibroty aatsriaTwtithrai raiiatmrégfs'b&ihwle&eﬁh Etd}ﬁbyi(cjle a

tween a . first. er. and .a second . r to proyjde
B oo bRl 3t tn S R o D o Aiaberal has
mmgamngsqaeﬁ@mTﬁaiotcﬁ tgfhe@tgpﬂlfﬁﬂ is,l@cb@lqas/}?mls ﬁ&ﬁﬁf&m .devitaﬁon of
Cc site. . The od of claim , erein the
PR gl o han iy e REETE O B o dehess and
t her npRdiasdei the SHBQS matdidlcrob L8n1MBIREGEn &misihAo ol Feast

further conprising heating the unconpressed conposite
preflyerose-ligk the grpse-Hakablssiessi ng.  121. The net hod of
claim 118, wherein the fibrous material conprises a
cellulosic material. 122. The nmet hod of claim 118,

1 e rldp methed of plaimbl A6, father dogiprisivgpriprde thegtep of irradiating,

. I . . ) . .
DhERRER Sl iPh Bl Rt i HHRARLEAR Ll Blie.
payding sstasg-tinkeizampddite. met hod of claim 118, wherein
the fibrous material is derived froma pol ycoat ed
paper product, and wherein a polyner of the polycoated
B8pdhe gethpd of clgint 16, Whereliarthe rh@ibtionldressitizkitdelrosih icdehictrd

rein.a thickness of .the first nber. i
B eItk S aBPRER ol Lo Feror pobisthvipne
afmﬂ}’pmby_]ﬁne,gi @Jipnhyﬂﬂaﬁ%f pm@rcgighna_ atﬁblﬁféktsﬁ‘p‘&%étﬁyl&ﬂbe oS econd
menber, i s between about 0. i nc abou .Q
TR rRRANRET R Brmodind o 1igh oG ~ PRt B minsens
ddstdniveic syramnicHplime B/ PaFichLothFleREubHEKR- AR co?ol%@r a
i nch. nq ?bout 510hi ncg. 128. The nmethod of .claim i1s,
RGPS T PR RISGICL R B BoDEns et AT o
dopelhmer] 21 mikhigesmérberd of claim 118, wherein the
fibrous material runs an entire I ength of
139. The method of claim 136, wherein the resin is a polyolefin having a

polydispersity of greater than 2.

140. The method of claim 139, wherein the polyolefin has a melt flow rate greater
than 10.

141. The method of claim 136, wherein the fibrous material is provided by shearing a

fiber source.

142. The method of claim 136, wherein the average length-to-diameter ratio is

greater than 10/1.
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the first and second nenbers. 130. Apellet or chip

conprising a densified fibrous material having a bulk
walemwsitoap4df at | east 0.3 g/cnB, conprising a fPOFUSR06/010648

material and a binder, the chip or pellet having an

U R R ek

%@ch@xﬂse%‘ﬂ?-@ﬁ@ é@aﬂbhth@avé@@gemme pUt 5 nm and about
25 mm 131. ApFate i ke densified tibrous materia

having a bul k density of at |east 0.3 g/cnB,
EPIHeShdiBbdoticlalth 296 wWiRERT théthn ARehg8 lé”ﬁgﬂxdﬁrthe #036us material
pl ate-1i ke densified fibrous nmaterial having an
whbstvgge 0SHslend 38 Bt ween about 2 nm and about 10 mm
an average wi dth of between about 2 mm and about 20 mm

and an average |l ength of between about 5 nm and about
245. rithe madtrod of sk &34, axthersin thihpavstage Madtnof Be fibwhe meterial
%ggiagh %q deflnes a holl ow center portion.
pell et "or chip of claim 130, wherein the
pell et or Chlp defines a nulti-Ilobal structure. 134
p t g Or
I PR Plesehlth Rag v ST s YA amplies BBley
fibérp defivesll fednimn ﬂzaﬁr sovieraad a tdxkike spakcé.et or chip def i nes
an el li psoi dal shape. 136. A nethod of making a
conposite, the method conprising: conbining a fibrous
0. ETheahetiddldT cRirh 486, athieih thé ABiHus makALllieddr®sd fofQ paper
rovide a fibrous material/cross-1linkable resin
Wt nati on, wherein the fibrous material has an
average length-to-dianeter ratio of greater than 5,
and wherejn standard devi atjon of a fiber length is
L &% sThepgthad qg Kty £ 36 avhersinthe fibigps matery) cpmgrses F‘B“é‘?ﬂe fiber.
l ength; and irradiating the fibrous

materi al /cross-1inkable resin conbination to at |east
bttt t Thgimajhadraf glaim il 3 whereinsthe Glrops mpigrnleomprses saw dust

d8aebhadin®e, Rhelithd dSandikg LA8F orGMRIoHS NG prior to

the step of irradiating, formng the fibrous
mat eri al/cross-1linkable resin conbination into a

9655 1 Fiie n et kAT c1aBh 9¥ é, VR fr&ﬁﬁlﬁhé BiRd ﬁﬁtgﬂpﬁ’lﬁtleﬁﬁf cross-

linkable resin combination is performed with gamma rays.

151. The method of claim 136, wherein the irradiating of the fibrous material/cross-

linkable resin combination is performed with a beam of electrons.

152. The method of claim 136, wherein the desired shape is in the form of a stepping
stool, 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, pallets, wharves, piers, boats, masts,

septic tanks, automotive panels, computer housings, above- and below-ground
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138. The nethod of claim 136, wherein the radiation
cross-linkable resin is selected fromthe group

weonsilexsing a pol yol ef n, a pol yethyl ene, a copCI/yR®n6/010648
of pol yet hyl ene, a pol ypropyl ene, a copol yner of

B R Eg. BET BHead P S B RToREF SR on

cfkdi®booRcdiRlsy@hnbydnanaitcienie, an el astoneric styrenic
copol ynmers, a styrene-ethyl ene-butyl ene-styrene
copol ynmer, a polyanm de el astoner, a

199 MRthghodutckan 86 vieral Hetbiousmeleiyl iep@patbdyy shearing a
acetate copolyner, and m xtures thereof. 9. The

fihgrishae trprevids miimEbroygTesteral, oA @asswgithe rre-fihrays putsrigk m
tﬂ?é\}@ﬁ'?agﬁré’t sPRby g h%b@r%g&fp_eﬂiﬁ? ai&6¢ 1. 5PRnor 1d:4 01/16T e,
method of claim I39, wheréin the polyolefmhas a nelt
0{062Wineltte prpvisiaespcon fkrougmatedal. . The net hod of claim
136, wherein the fibrous material is provided by
shearing a fiber source. 142. The nmethod of claim 136,
1¢h Flei methdveofzlagm 4 5% Wheredn the pyeraticopeniag sipeef the figt screen is

[ gat The.met hod of claim 136,
il B850 R 0mdy bR asmgnTe PO O S AT length is
| ess than seventy-five percent of the average fiber

th, 144 . The thod.of ¢l alm 13 '

135 Plegae bl G T et ng G R ep SRl £ Bl
ntisriaicto-1mkabte retibzombhetioretebeivks @fdosd afiatied 36,25 WMied.ei n
the an average width of the fibrous material is
between 5 nmmand 50 m 146. The nethod of claim 136,

1%\@ gl"l%i rﬁetgditﬁoff clddhQ86, Wit thalirrakating issesfoandal 2 ndowfrate of
i bers, derived from a paper source and a textile
b@@ﬁ?&%?mﬁﬁwpﬁﬁﬁ@d¥@¥%od of claim 136, wherein the

fibrous material is derived froma paper source. 148.
The net hod of cLain1136,,mherein*%h? fibrous teri al
18 nfycPapesits comRpsiten qrpisainked eein anda fihioph patent! keyige Ap

averbee l)ﬂ%@ﬁ-ﬁi—&lmﬁ&@r EliD6OHSETREARN T Ald 2GRN SeFatfRWT d fidEr
derived frommlling, machining qor sandi ng cedar or

lenghvip sss tham gighty e peresis af @raverage fherd@ethvnerei n the
irradiating of the fibrous material/crosslinkable

158. The composite of claim 157, wherein the average length-to-diameter ratio is

greater than 10/1.

159. The composite of claim 157, wherein the standard deviation the fiber length is

less than seveﬁty-ﬁve percent of the average fiber length.

160. The composite of claim 157, wherein the an average length of the fibrous

material is between 0.5 mm and 2.5 mm.
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resin conbination is performed with gamma rays. 151
The nmethod of claim 136, wherein the irradiating of
W b@oeflodsudus materi al / crosslinkabl e resi n conbP@EUSING/010648
is performed with a beam of el ectrons. 152. The net hod
of claim 136, wherein t

desired shape is in the form
1o¥. 4 method s migking BBPmP?fftﬁzge mﬁthﬁcg?%npn&glgkl ng materials,
]?oar gﬁmtgoyﬁw §SurceSb pRIvile alfibesils snatdatal;cks, pol es,
enci n

rs, doors, shutters
si gngom g'?“i“ﬁﬁﬁ@ fibygus a@@eﬂeh‘&ﬂh@%m%‘aﬂ%ﬁ‘s 5‘?5%0 pfqvb%ﬁeiﬁdéous
H%Hﬂgﬁﬁmﬁgbﬁgﬁg@nﬁhﬁﬁ trays, tool handles, stalls,
I'ms, wraps, tapes, boxes, baskets. rac i ngs,

cas
bi ndlstediating vithensma diation st mﬁ&ﬂ%grossg% fheLess”
Seathdeshes, chairs, tables, desks toys, ganes,
pal T ets, wharves, piers, boats, masts, septic tanks,
aut onot i ve panels conmput er housi ngs, above- and

1?? 'Fl‘(gérgétg giﬁélzﬁﬁtl%k GlerGiRthe RBSiring 1pRitbAH R with £13taby knife

elters, trays, hangers, servers,
cotbgket s, book covers, canes and crutches. 153. The
net hod of claim 136, wherein the fibrous material is
prepared by shearing a fiber source to provide a first
163 bAonshodaiferakag,a camgogiaseinpgisingle pre-fi brous materi al

of - 2oag fins e o FeFR WY | Biefs BSLARSBRAH BRIk
fr&e aondiaf/t bssditkalbia teain cainbindfen, whekreinth¢ filbdusihatetialibas an

Spisgfne s o DaoEr e o FE Ry 3o b RGHR et st Thiopyo
aliiber leR iR idTeésRh edfht£liad perckatof anﬁa%r&gerﬁﬁehkngthr ali ati ng

is perforned until th f|b ous. mat.eri al./cross-1inkahl e
resi "E’é‘i‘%gﬁgl"i"%m?@@ RS ‘ﬁk%’ 85"6130@?“1 HoRdptod dﬁ%reg
MRdangl56. The nethod of claim 136, wherein the
irradiating is _perforned at a dose rate. of .bet
and ﬂﬁ@@“@gﬂ@r§H§FW@WFmVTB$4“Kﬂ@8ﬁﬁ8§PF@1 BWbFﬁgﬁﬂﬁ a
(bR closNERGME 8RENiAABIedeshd. br ous material having an
average length-to-dianmeter ratio of greater than 5 and
a standard deviation of a fiber length is | ess than
]$'49 Y mbtnb & o Pk 3 Qfler@iﬁ tlﬁzvcﬁﬁl?éalesh{\ﬂeQEfn th&foeh df ad Slele
he "composite of claim 157, wherein the average
selenigd Fromchelgranp cansisting qf@tepemg ptaels pipes, Ralsy dpcling mpgprials,
phais 'EIBﬁg? %}Feegftggék@'ﬂﬁcﬂééolew cﬁﬂgnmgrﬁﬁe@tda&g hBigers,

éEV|a Ion er 1engt ess than seventy-five
grerimgsehadsss, digrs, ﬁ;mmsagmdbw pesings dnaglitipards, 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, pallets, wharves, piers, boats, masts, septic tanks, automotive panels,
computer housings, above- and below-ground electrical casings, furniture, picnic
tables, benches, shelters, trays, hangers, servers, caskets, book covers, canes and

crutches.
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160. The conposite of claim 157, wherein the an
average length of the fibrous material is between 0.5
woreoanas2z 5 mm 161. A net hod of maki ng a conpoRCT/ES20061€10648

nethod conprising shearing a fiber source to provide
fibrous nateri

X e fibrous materi al
1@\?—1 tA mgthog 8§§’a‘“PﬁR8%‘PB°S §1?erfn%8°(l;?og§}3 X lélga fi brous
mat eédnﬁﬁﬁlﬁ§§ filerGAHM RakiiacrosAihkable adinad progidaiat h ganmma

radiation to at le st(g; (#elly crosslink the
filernsessilinkaity wsipsempina he method of clai m 161,

Wher g, Bialif\ethe Iﬁﬁ@ﬁdré@dinﬁa@@i’eﬁlﬁ l8RBiniidnito at lemt partiallynirdss-
cutter. 163. nmet hod of making a conposite,

hubﬁpwﬂ§$h@wbEﬁﬁ%ﬂnlng a fibrous material with a
radi ati on cross-linkable resin to provide a flbrous

mat eri al /cross-linkable resin conbination, (£n t he
166.bA susghodef exdneing higlpzieal Gpesr B I R AYERIESHS ﬂi‘ﬁ Ia ¢

ccamé O a8 @?gt ae‘g nk%@i'ﬂ% With Qﬂgm%? k£didbof pRibAoead. d

n o length is Ness than eighty five
percent of an average fiber length; and formng the

lfgjl b oeur%e c'laelJn/ 186 Q9sdih g&%&ln oéit@ e?&ﬂf‘ﬂf@ﬁ%ﬁi@fé into

s a and 1rradiati br ous
setedtat frah/ﬂmrgwwdommigmé stresgires, gmnmm@ltamhea HeRping S&.%%

tiall | |
e et arat pegce FREPER S CHEL PRRART | ¢
feridirig@ebEr) d@ﬁrsaerhuam |awnmgs,eshmes eitgn$,rfomes hendevo gqas_mgs
AP S Ao i 0 fBFdes BRIE plns G Qs
bﬁﬁésg&skétﬁ > REdkE Gasin@Thiades, ddmﬁ wah{) uxtaltse frsmesahmknW&
snades, S| Q

f dow back
U P P S S b6 PG
sSpth] thisks, dukdniBtive PAIRRS coﬁlﬁﬂsﬁhouhﬁg@esbovb&ﬁid%mw-gramkls
caS|n s, binders, dividers

5% BEURBHIAIE eifs byiohes S51ES, e dRauERs by

Sbocﬂ@:'ol/&& SancdhAd M8RbePi €r'S, boats, masts, sept i
tan aut onoti ve panel s, conput er hou3|ngs, above-

and belonﬁground el ectrical casings, furniture, picnic

3P lﬁxerﬁethg mgﬁmg%lﬂﬁe 3i&i Sverfo@USin aRBRYEIIR bosa/ the fnBthod

caskets covers, canes and crutches. 165, A nethod
w@prisikg ngadaatmg) ﬁp@gpqsée bedid With &R mlz@tﬂfﬁthgqrﬁgqor to use.

169. The method of claims 167 or 168, wherein the composite includes a fibrous

material.

170. The method of claims 167 or 168, wherein the irradiation is performed using

gamma radiation.

171. A cross-linked composite comprising a cross-linked resin having a fibrous
material having an average length-to-diameter ratio of greater than 5 and a standard
deviation of a fiber length is less than eighty five percent of an average fiber length

dispersed therein.
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conmbining a filler with a radiation cross-Iinkable

resin to provide a filler/cross-linkable resin
w@oovbitepssd on; and irradiating the fill er/crossPCT/NRADG/E€10648

resin conbination to at | east partially cross link the

0ss-11inkabl e resin. nmet hod of re uc
P e AP DR oS SR SIg A VTG CHBeTR of oo
MM PY00Sink) Gnd & FBMDudink@gala conposite with an ionizing
radi ation prior to use. 167. The nethod of clai m 166,
wherein the conposite in the formof an article

BB, etk @6mpésaBof SnOrRURh&6IA SheSrbdin & cdssHhkddct Ur es,
ornamental articl es, stepplng st ool s, pipes, panels
decki ng materi al s, boards housi ngs, sheets, bl ocks,

b4, eigs coxﬁ]%sﬁé of élﬁﬁf%?n gfheﬁﬁ%ﬁlﬁoumﬁéﬁal c§xﬁbﬁ§e§ §a¥v dust.

awni ngs, shades, signs, frames, w ndow casl ngs,
backboar ds, roorlng, tiles, ra|Iroad ties, trays,

{)’7%0 b @&ﬂ#@sﬁe oPl1Akd £, \fvhérgﬁ ’tlae‘éﬁ %?ﬁas ag%s?rﬁée length-

askets, racks, casings, ers
toetiameterraticeef gristuRvasend asiondand dﬁveeslon oﬁaﬁb@ Jlengthas tess

, arves, piers, boats,

%%i?gﬁysep?mmgﬁ élm@e%%gh%%?@glpanels comput er
housi ngs, above- and beIom#ground el ectrical casings,

r I C tabl e e elters S,
b Eofoofl 8P B2, EereiRBRTRAS o8 imdighas bl so0
wnut ches. 168. A net hod of reduci ng bi ol ogi ca
overgrowh in a conposite board, the nethod conprising
irradiating a conposite board with an ionizing
r7adiAainkhod pfhaling Ocdig@sitel 62 melitd ddRipHsidg.0f cl ai ns 167

or 168, . wher ej he conposite |nclude a flbrous
ot e PIEIEAIHE Rt UGGt SmERYE oFdess gian 166 tn and a

fikieisahstedidi&ithalregdd.at i on i s perfornmed using ganma
radiation. 171 . A cross-linked conposite conprising a

cross-linked resin having a fibrous material having an

PISEITRE frelRAGF PataP1 0 ARBLSIonfpRbing f&&m@ﬁﬁ@ﬁﬁ&/ﬂmﬁﬁ 5 and
a standard deviation of a fiber | engt  ess than

raftgaliesin qranbiratien o deiesiipd #ver-age fiber |ength

di spersed therein.172. A conposite conprising a resin,
a filler having a transverse dinension of |ess than
190 0hemethed af elaitn biTo fistherromprising irtead@ting the desiredskipee of
claim 172, wherein the resin is cross-1linked.

180. A method of making a composite, the method comprising:

combining a filler having a transverse dimension of less than 1000 nm and a
fibrous material with a radiation cross-linkable resin to provide a filler/fibrous
material/cross-linkable resin combination; and

irradiating the filler/fibrous material/cross-linkable resin combination to at

least partially cross-link the cross-linkable resin.

181. A composite comprising a resin and sawdust having fibers having an average
length-to-diameter ratio of greater than 5 and a standard deviation of a fiber length is

less than eighty five percent of an average fiber length dispersed therein.
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174. The conposite of claim 37, wherein the fibrous
materi al conprises saw dust. 175. The conposite of
w@b@s2b¥P, wherein the fibrous material has aPCHUS208¢€10648
| engt hto- dianeter ratio of greater than 5 and a
&
A R A R B L
The conposite of claim 172, mhereln the transverse

d of ki ng
e as b8fpdste pF AR RS R SR e A s S oo
mayuﬂ@narmham@verse di nensi on of |ess than 1000 nm and
a fibrous material with a resin. 178. The nethod of

claim 177, further conprising formng the

84l eméthodofmiskingpd @mipobitd, ERintetiod toin Pﬁhhgn I nt? a .
aim 177 urt her

desired sha 179. The thod of . c

conpfﬁ $WP§HPBFWHG OWaGiHRY shape. 180. A

met h Qdefmﬂg&Ké figkods BATRAHith& redi® ﬁWlMﬁ&@%h@hﬂHCmn

co ining a filler having a transverse di nension
@Ay 1000 nmand a fibrous material with a

radlatlon cross-linkable resin to provide a

filler/fibrous material/cross-I|inkable resin

18aniihsmethas of elpim 184y Busthendopgrisingirfadiating the fibravs s

hBR&EeN AL St
par t1 8 f’y&%?%?%*.’ﬂ FHE Oy fnh BRARf R AT R AR BrBliph B
IeB¥Mposite conprising a resin and sawdust having fibers
having an average length-to-dianeter ratio of greater
than 5 and a standard deviation of a fiber length is
18654 mathoed afingtking afdompogiter thentethofl campusier: age fi ber

| eng I 2. f. claim
151 PP RS RRERAA bk il Gioh T RET I o e S0
fibggs n¥iteziab with @ sistngo pfovideai fillel/ Blrousagie filtedihConSHMaids t
is derived froma soft wood, e.g., cedar or redwood.
184. A nethod of meking a conposite, the method
18BnPhd méthgd oﬁik&mrlimguﬂbe\Wbmpmtmg P ieehe fiflbaTRsLs
n%ﬂmprs E énlng the fibrous material with a resin
NSRS MBI ous material /resin combination. 185.
The net hod of claim 184, further conprising

%grgdlatln t he. f'brPTS i .
183." A Composit€ comprising a filler having a transverse dimension of less than 1000

nm and a fibrous material.

189. The composite of claim 188, wherein the fibrous material comprises sawdust.

190. A pellet comprising a resin and sawdust having fibers having an average
length-to-diameter ratio of greater than 5 and a standard deviation of a fiber length is

less than eighty five percent of an average fiber length dispersed therein.

191. A method of making a scented material, the method comprising:
adding, to a fibrous material, a fragrance to provide a fibrous material-

fragrance combination; and
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material/resin conbination with gamm radiation to at
| east partially crosslink the resin. 186. A nethod of
worebngpsa3 conposite, the nethod conprising: coP@i/NE20096/610648
filler having a transverse di nension of |ess than 1000
nmand a fibrqus.material wWth a resin tq.provide a
11 1 TP BE I Hhrs Fistori AP rnes mgrenal qostpitatian o prpydde o
oahvetle.of claim 186, further conprising irradiating
the filler/fibrous material/resin conbination. 188. A
conposite conprising a filler having a transverse
goorerginthddfof CRES 191 dMerbBOBe RiRraRd idinfirb¥i Pt iTBIRE ki¥he
189. The .conposite of claim 188, wherein the fibrous
Hreus materidonpr i ses sawdust. 190. A pel l et conprising a
resin and sawdust having fibers having an average
| engt h-to-dianeter ratio of greater than 5 and a
593a nichs mepthpd\pif glajng h9 1o vherefn the fragraneg dson assolid sariphthat is
Sl9htymt k¥RuPRLEEAt of an average fiber Iength
di spersed thereirn. 191 . A nethod of nmaking a scented
material, the nmethod conprising: adding, to a fibrous
@R ey %+th0§ offl::lqgﬁ P4NC %h&%lr{)(ﬁ—? élol_liQ%a 'eI J:o% 2435 a silica,or an
mat er i al Tragrance coénbi nati on; andconpressi ng e
flopmous materi al -fragrance material conbination to
provi de a conposite. 192. The nethod of claim 191,
wherein the fragrance is in a resin that is added to
t9e The lvethed offelis i 28, wha@n thel bvdid eeirienebngrised 2adydlod&dtrin.
wherein the fragrance is on a solid carrier that is
added to the fibrous material. 194. The nmet hod of
t96aiThe hthodwiielaii 091, hders il thelfromsiich & in @ PARICIeSRS igadded to
@%I#ca or angalunina. 195. The nethod of claim 193,

SPEIRmMRIsEak o i d carrier conprises a cyclodextrin.
196. The nethod of claim 191, wherein the fragrance is
k& particle that is added to the fihrous materjal.

7. Thy ethod of laimy § 96 Mhptgintespartipies comprisean ipngr ppiioagnd a
SRNubrE@nddiy theAREr fRRIdnl A vARebiRa BEGhhce iSMEIRUNE HGnhde
|4¥¥3' portion, and wherein a fragrance is disposed in
R ‘nner

198. The method of claim 191, wherein the composite is in the form of a pellet, chip

granulate or particulate.

199. The method of claim 198, wherein the pellet, chip, granulate or particulate has a
bulk density of at least 0.3 g/cm3, and has an average thickness between about 2 mm
and about 10 mm, an average width of between about 2 mm and about 20 mm and an

average length of between about 5 mm and about 25 mm.

200. The method of claim 191, wherein the composite is in the form of a plate having
a bulk density of at least 0.3 g/cm’, and having an average thickness between about 2
mm and about 10 mm, an average width of between about 2 mm and about 20 mm

and an average length of between about 5 mm and about 25 mm.
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portion. 198. The nethod of claim 191, wherein the
conposite is in the formof a pellet, chip granul ate
wo@roopaexsixul ate. 199. The net hod of cl ai m 198, PEITES®061010648

the pellet, chip, granulate or particulate has a bul k
density of

291 Fhepatho ﬁgg&sﬂl}}er mn e sgjﬁ &H gg?es%g[ %ﬁ/eeﬁbqgﬁ

n@&%@ﬁﬂﬁg&kgE&n&ﬁmhﬁnmﬁﬁmmab@upz@umnkand about 20 mm
and an average |length of between about 5 nm and about
25 mm 200. The nethod of claim 191, wherein the

2923 RRShdiRod oF clain LD E WiRER Bt rainodipeisdsavthergopladticlrbsin,
density of at least 0.3 g/cnB, and having an average

t hi ckness between about 2 nm and about 10 mm an

263’ etl?e%etm@éf*?sla% 208 WRESN BBkt i€ séTeBrEona bR gkoup0 MM

an average | ength of between about 5 and  about
CQIESIM ofyolyerieeclpssorhess shrenig plpek copalymetsy §Rdene Emd Ayl g

&go ?:“ \hﬁs%&},&gﬁ hﬁ’ly&m%%d{%ﬁfyﬂeﬁk &Hﬁtﬁl@@ﬁ'&%ﬁlsm

ore the conpreSS|ng ste
cnmlyrm;ts,@ﬁd cormlyme2odf etlyfirse andhalphpeolef®si n' conpri ses a
t hernopl astic resin. 203. The nethod of claim 202,
wherein the resin is selected fromthe group
200. n‘fhesmethgd aff clgim| 2péslereie tha Sthome neterigt gommises gygadss khan

SRRy VBBl Gt Pt e AL AL oGO

et hyl ene- propyl ene copolyners and copol ynmers of

hyl ene. and. al. ol efi.ns. claim
23% 1¥ngtpg$ﬁf ﬁ‘ﬂ%h@ll oY G ﬁ%r{‘%ressgtg l%cglrlf%? %és]de g & 8‘{ eat er
télﬁﬁd’ﬂat&@ oYattyasveioghso «f. t he fi brous
mat eri al - fragrance-resin conbi nati on. 205. The net hod
of claim 191, wherein conpressing includes heating to
B! THPREMbY Bﬁclﬁfn B, Weash cabpieisifpindlédes Beéifiing Tde net hod

of claim 191, wherein conpressin cl udes heating to
terpes e £t fedst aftouk {0 Tceéétat lﬁﬁbat’e ‘%B‘“??& for at |east

five mnutes. 207. The nmethod of claim 191, wherein

the conposite is in the formof a el on :% oard.

2908 Thermethad pHdof LeVhgrein fpcompreieds 1 tgfh Eﬁg’é’t’%aéedi s
the formof piping, decking material, board, or a

pa’f 209. The method of claim 191, further
conprlsing adding a binder to the fibrous

208. The method of claim 191, wherein the composite is in the form of piping,

decking material, board, or a pallet.

209. The method of claim 191, further comprising adding a binder to the fibrous

material-fragrance combination before the compressing step.
210. The method of claim 209, wherein the binder selected from the group consisting

of water soluble binders, water swellable binders, and binders having a glass

transition temperature of less than 25 °C.

71



mat eri al -fragrance conbi nati on before the conpressing

step. 210. The nethod of claim209, wherein the binder
w@edoeaoxsad from t he group consisting of water sPCTIOE®06/010648

bi nders, water swell abl e binders, and binders having a

glass transition tenperature of |ess than 25 0C 211.

Thie 'ﬂEtﬂl’ﬂbhdeff claira 209, 3dereinfhe biafer it sedectsd digay the group

S%Si% tpgofp dﬁ wc[)ﬂ %Mﬁ%ﬂg 8Lt % %b?%bg}gylhe Qkidg |pl$1%'gllrnx1§$ese,s
pﬁilyammsa Qslysquohycauidﬁ pmivssllfanat@sp@mrymdmecalwpb@’\{’

T
Pﬂlyb’(ﬁﬂ[cydcidiPA@l),Cbod}BM)am1@ P?mmﬂwpdﬁethﬁmlgap@pt i de s,

§0| %&@éﬁ“ﬁﬁé’ ?0@?559?@ ‘Z‘VI 2 at%e%a?e),%%ly(Z -acrylamido-methyl-1-

RRIpYedulBshic/dcaty] Ahd nitetnteg kherebf. pr opanesul f oni ¢ aci d),
g m xtures thereof. 212. The nethod of claim 191,
wherein the fibrous material conprises a cellulosic

g eThethethaloX clalki g 9 NI HResn B fibtodk Mafkidl contpeisaiarveliiesic
fibrous material conprises a lignocellulosic material.

pefetiafhe net hod of claim 191, wherein the fibrous
material is derived froma paper source. 215. The
met hod of claim 191, wherein the fibrous material has

21huThe wethed eficlaim 195 wisasin s dibrous mysrigh COMPTEES dabout

?g@§wﬁﬁ%ﬂ§nm%ﬁ ~ The nethod of claim 191, wherein the
Irbrous material conprises a densified fibrous

naterial 217. The nmethod of claim 191, wherein the
|f2|el ? EJ ?ﬁe_s 1{1%5@ bt cﬂlm 13¢ ! WelSsn teBfhhs lih?'&‘t/él‘falgls @Bm?é\dﬁffo?fgﬁﬁaper

o-di ameter of greater than 3. 218. The net
agburcé.ai m 217, wherein the |ength-to- dlaneter ration is
greater than 10. 219. The nethod of claim 191, wherein
the conpressing is performed by an extruder. 220. The
6 h@He pbthod af caik0lD], Whertih dre firuensmiatitiaghasaditkleasiyy of

ore or after the
3@%%? @Fﬁ§%§ﬁ} %&ﬁ F%?c n%03|te conprising a
fibrous naterlal and a fragrance. 222. The conposite
216 T e met%Z& of glzliﬁnt ﬂﬁ r Wﬁergg tﬁesﬁbrgtls mateeéah Qc')mpnses a densified

fibrous material.

217. The method of claim 191, wherein the fibrous material includes fibers having an

average length-to-diameter of greater than 3.

218. The method of claim 217, wherein the length-to-diameter ration is greater than
10.

219. The method of claim 191, wherein the compressing is performed by an extruder.

220. The method of claim 191, further comprising adding any additive described

herein before or after the compressing step.
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223. The conposite of claim 221, wherein fibers of the

fibrous material have a |l ength-to-dianeter ratio of
w@e@atie2s43 han 5. 224. The conposite of cl ai m 2B31/US2006/010648

wherein the |length-to-diameter ratio is greater than

?221h g/% %(?r?%o:ls_ge?%o%? 1%% ra‘iaf%lr sﬁate%fa ant% 4ﬁ‘ \Aelllﬁgg ein the

grea an’50. 226. The
conposi te of cIa|n1225 mhereln t he | engt h-to-di anet er

tiQ is reat A conposite conprising
%ﬁ%é@?ﬁog “%0 ﬂﬁ'hgg ﬁg?gfogmnﬂﬂ%aﬁﬁ ng an externa
surface, wherein sone of the fibrous material is

isible. 228. ite cl.aim 227, wherein the
5 ahe St of Usigr ZTERENHE SBfrs of B Bbrise iatereL vt o,
RAGh-td BRmeRIPMS of Srebr BA@S.M 227, wherein the materi al
that is visible is under the external surface. 230.

The conposite of claim 227, wherein the resinis a

320 10 RbiASdsits of @i 223 2% Rereih IR 16PMNRSHihBetef rafd A g'i@a?e? than

wherein the thernoplastic resinis selected fromthe

#roup consisting of polyolefins, polyesters,

pol yam des, el astoneric styrenic copolyners, polyan de

el astoners, ethyl ene-vinyl acetate copolyners, and

5x (The eempasite eblaindz24, Wheseis dhredength-to-didmeibraniio B27eater than
erein the resin has a nelt flowrate of less than 25

g9/ 10 minutes. 233. The conposite of claim 232, wherein

the nelt flom1rate is Iess than 10 g/ 10 ninutes 234

e SSTBARE Py AT A MIERF G B

Hloai m 227, mhereln t he flbrous material conprises a
cellulosic or a lignocellulosic material. 236. The
conposite of claim 227, wherein the fibrous nmateri al
129. ebtompoeick Jonpiisiag P a3 and QUTbE®s material and having an external

surface, wherein some of the fibrous material is visible.

228. The composite of claim 227, wherein the material that is visible is on the

external surface.

229. The composite of claim 227, wherein the material that is visible is under the

external surface.

230. The composite of claim 227, wherein the resin is a thermoplastic resin.

231. The composite of claim 227, wherein the thermoplastic resin is selected from the
group consisting of polyolefins, polyesters, polyamides, elastomeric styrenic

copolymers, polyamide elastomers, ethylene-vinyl acetate copolymers, and mixtures
thereof.
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237. The conposite of claim 227, wherein the fibrous
material includes a blend of at |east two different

WO pisoes4dat eri al s. 238. The conposite of cl ai PEREBF2006/010648
wherein the fibrous material is obtained froma
densifed fibrous material. 239. The conposite of claim
227, Thakeemeosite aficlaiie?27gwhereindharesin hey zmelt Bpw raje pijessithan
é&gEBS.oQ the fibrous material is greater than 10/1.

S ®onposite of claim227, wherein an average

| ength of fibers of the fibrous material is between

abo 0.5 mm and about 2. 5. . [ f
8?%%622??0%8? gl[‘"ﬁ“ g#’ g\%%rre lélgmée I\?\Aglg?l?}w})—%{g%sﬁ%er sﬁc}? %{1ﬁe
Winrgus material is between about 5 m and about 50 mm
242. The conposite of claim 227, wherein at least 2.5
wei ght percent of the fibrous material is fibers

hayi T RnipBHEIdE cBne 3% vhtlehrthainel floR rite ivtesd4iBn TTHAED
conposite of claim 242, wherein at |east 5.0 percent
ginytefe fibrous material is fibers having a | ength
greater than 2.5 nmm 244. The conposite of claim 227,
wherein the conposite in the foqrm of a.éteoong St??li
B3 HeEhe qompeits, of glain Pty whateiy the flbroupgaieral comptitsy g gellulosic
%PSE%&meﬁh&&%ﬁMﬁﬁﬁjCks’ pol es, fencing, nenbers,

oors, shutters, awnings, shades, signs, franes,
wi ndow casi ngs, backboards, flooring, tiles, railroad
bh€SThd n%)ﬂ%lp%sitetcg%ia'rﬁ 38l BRreirthe kibus fnhlefBlis YBtAAS from a
tapes, Dboxes, askets, racks, casi ngs, binders,
gepardentes. wal | s, mats, franes, bookcases, scul ptures,
chairs, tables, desks, toys, ganes, pallets, wharves,
piers, boats, masts, septic tanks, autonotive panels,
QOMpPThetontpositi afgikim ARD wehercamidie fibtousvngteoalitcledes e biand gf at
qasin S,..furniture vgiﬁnic tabl es, benches, shelters,
fpasl o JilGren OTous BAFIRE- - caskets, book covers, canes.
construction materials, cups, plates, various

AR or ey oath ot oe parte L B P rABREL s PEREF NS

W BsifidhBorewypasidle of claim 227, wherein the conposite
i ncludes an inner portion and an outer portion
conprising the external surface surrounding the inner
PRt TR eorhitRitd HNSHmROY Likmeih ay i veeh gt lagthanidiahdies ratd of
fibrous material therein. 246. The conposite of claim

Aibprs ofiesy feropsirpagerial iwresrater fepdPilal is col ored.

240. The composite of claim 227, wherein an average length of fibers of the fibrous

material is between about 0.5 mm and about 2.5 mm.

241. The composite of claim 227, wherein an average width of fibers of the fibrous

material is between about 5 pm and about 50 pm.

242. The composite of claim 227, wherein at least 2.5 weight percent of the fibrous

material is fibers having a length greater than about 2.5 mm.
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247. The conposite of claim 227, wherein the fibrous
mat eri al includes aggl onerated fibers. 248. A

W@ UposistE conpri sing a transparent resin and BCT/UR006/610648
material. 249. The conposite of claim 248, wherein the

f'grg,s material .i,s visible within the conposite. 250.
#14 gﬁﬁ%l?(tsée o claipadg, whesein gieasts A petgent of tiedibrays material

ti0 BbER BhASE 4 Bnsif ShelteRRidn 2 FhgnCONPOSI te of clai m 248,

wherein the transparent resin is a thernoplastic which

is selected fromthe group consisting of clarlfled

PRlsy Ghe b bifisosit@Of AEH10T SuRAEA B

poI carbgﬂgﬁés styrenics, % P&%gtes asa?%m%s
.arfes, 12Bels, dw@ng:m@fpl@@$,tbeard$, hgmmgsa DASs, bimkesr biickst prdes,

r BrsS t r S ter. than 60
pféf%%n?ﬁﬁlb SRR, ol AR PSP, s J il o
Shaelerops, ﬂqogmg, rilessiadrpad Besg trasast ©nl Itahdlﬂs Sallpdine MrapsZﬁﬂes
i n the.s r

B E0RS o Ll bR B EVALL e BECH Qe
comtplusdist cehami tab[leaj desi) Bys, Wams€ ipallctd) @hiRsd, Blefba&%a@s lhlazt@

0 ent e co osi.te of claim
%E%I ngv% esraé‘ m‘#’ﬁs gﬁ‘}f e CP@Pﬁ%@g@“ﬁlﬂ%{%a% e belot-eroepd
Hheetrivolnqasiagd, Gurnifure lpiinfo 1266, béﬂaﬁéseﬂiéltérb QraP%sngeﬁs S@¥ess,

than 20 percent. 258. The conposite of ¢ a|n1257
mﬁgﬁ‘/‘gt {eﬁ8veﬁsa£%“eﬁ sCOPSé’%‘g“‘FHBﬁefi  GRRScRIAtes, Voras gypaetries

cadpnsiies, Gtapplngipidet AR ckaphenRitdtald) SuteRIRRPakE nbGididaeR
an inner porti'on and an outer portion surroundi ng the
Atiches. ‘portion, the outer portion having substantially
no fibrous material therein. 260. The conposite of
cIa|n1248 wherein the fibrous material is col ored.
Therompgpsficlagn 827, stharein the gomnsite imichdestva i inres portios
GRl 0K Giffer n the
fibrous r?é? gyrnl cgﬁls?%g%q{i}g gé%lgafﬁfugf%fégﬂbﬁﬁ%ﬁér@n 1'tlmflh
desripess ppidiop havingsubstaat@lly wh Sbruamatesaldberpiosi t e i ncl udes
| ess than about 20 percent by weight fibrous material.

246. The composite of claim 227, wherein the fibrous material is colored.

247. The composite of claim 227, wherein the fibrous material includes agglomerated
fibers.

248. A composite comprising a transparent resin and a fibrous material.

249. The composite of claim 248, wherein the fibrous material is visible within the

composite.
250. The composite of claim 248, wherein the resin is a thermoplastic resin

251. The composite of claim 248, wherein the transparent resin is a thermoplastic

which is selected from the group consisting of clarified polyolefins, polyesters,
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264. The conposite of claim 263, wherein the conposite

i ncl udes | ess than about 10 percent by wei ght fibrous
woraioendzhs 265. The conposite of claim 264, wWheCEUS2006€10648

conposite includes | ess than about 5 percent by wei ght

fibrous material. 266. A nmethod of making a conposite,

t dmeorpleiuk polyaroidps, ipely cagbona tesisiyménics, polyassilatesametl mixhirés ous

R ggial to provide a resin/fibrous materi al

coﬁblhation; and conpressing the resin/fibrous

material conbination to provide a conposite having an

ernal surface.i.n ich so of. the fibrous materi al
o B pp BB S e Pikstt R Bt seectol feNoF AE
coreqerdba 60percenper f ormed in an extruder. 268. The
met hod of claim 266, wherein the conpressing is
performed in an nold having a surface tenperature that

| 253 &6 céhipaditd 014 252 APherdin BRtsPQSaDikansMiskids isdreater than 85
conposite, the nethod conprising: conbining a
t#°%ff8barent resin and a fibrous nmaterial to provide a
transparent resin/fibrous material conbination; and
conpressing the transparent resin/fjibrous materi al
corthilhatomBrpstioofia 2&8 wheseins speciral tpansmissign isgseates thag90
Cpeddef. 270, Wherein the conpressing is perfornmed in an
extruder. 272. The conposite of claim 227 or 248,
wherein the conposite is in the formof a pellet or

CJYsP The composite of claim 248, wherein the resin has a haze of less than 40

percent.

256. The composite of claim 255, wherein the haze is less than 30 percent.

257. The composite of claim 256, wherein the haze is less than 20 percent.

258. The composite of claim 257, wherein the haze is less than 10 percent.

259. The composite of claim 248, wherein the composite includes an inner portion
and an outer portion surrounding the inner portion, the outer portion having
substantially no fibrous material therein.

260. The composite of claim 248, wherein the fibrous material is colored.

261. The composite of claim 248, wherein the resin is colored.

262. The composite of claim 248, wherein the fibrous material includes agglomerated
fibers.
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263. The composite of claim 248, wherein the composite includes less than about 20

percent by weight fibrous material.

264. The composite of claim 263, wherein the composite includes less than about 10

percent by weight fibrous material.

265. The composite of claim 264, wherein the composite includes less than about 5

percent by weight fibrous material.

266. A method of making a composite, the method comprising:

combining a resin and a fibrous material to provide a resin/fibrous material
combination; and

compressing the resin/fibrous material combination to provide a composite

having an external surface in which some of the fibrous material is visible.

267. The method of claim 266, wherein the compressing is performed in an extruder.

268. The method of claim 266, wherein the compressing is performed in an mold

having a surface temperature that is less than 100 °C.

270. A method of making a composite, the method comprising:

combining a transparent resin and a fibrous material to provide a transparent
resin/fibrous material combination; and

compressing the transparent resin/fibrous material combination to provide a

composite.

271. The method of claim 270, wherein the compressing is performed in an extruder.

272. The composite of claim 227 or 248, wherein the composite is in the form of a

pellet or chip.
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