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TECHNI CAL FI ELD This invention relates to processing
bi omass, and products nmade therefrom BACKGROUND
Cellulosic and lignocellulosic materials, e.g., in
fibrous form are produced, processed, and used in
| arge quantities in a nunber of applications. Oten
ﬁledsamtbctﬁbém 2066, 4J.8. RrsedionnicApplicatich SélﬁiBNd)i 60/8591,9&1 &Hed on
or are S|nply consi dered to be waste nater
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[ t ir
15, £8I6, HO5ise PG R APt LR, QAT S, Sl 3Ry 23, 2007,
the dlsl@ﬁents%f&ﬁéh 8fl8hich aftdicaiPdrated, hebein By Befeienif, tHedPentireties.
5,973,035 and 5,952,105; and in various patent
appl i cations, including "Fl BROUS MATERI ALS AND
COWPCSI TES, " PCT/ US2006¢ Olidaéa 1, fFiteg on March 23,
2006, AND "FI BROUS MATERI ALS AND COWCSI TES, " U. S.
Paflém inpgrion eelaies to Probessing biamassiand p0educeonsdesberefrom.
SUMVARY Generally, this invention relates to
carbohydrate-containing materials (e.g., biomass
mat eri al s or biomass- deB’A(éHGMBNﬂhI s) net hods of

makj and pr.oces such . mat eri.al chan t.heir
o o oR enl] g e D i IS fFori e S P R BfoKeed, processed,
and G&%ﬂg%}' éT&ﬁzEﬁx'tl@i fra filfiber B gﬁmlcﬁtloﬂ'&a'@’ﬁéﬁfsutzmﬁmf@?f‘aﬁoﬂ@used once,

descrlbed herei n can provi ['ul osi ¢ and

and thegrescelded howiaste, araresimplyscankimtered 4o be avabtoweatenald, @@y sewage,
wei ght and/ qr stallinity relative to a native

baggsss, g?‘i"‘é‘f“ anﬁxﬁ %f t he net hods provi de material s that

cary Pi%u?@é’lﬁlld'sﬁ%ﬂdl lié%lHEélidlgs?@mQﬁénﬁlsVﬁHr akes, Ha Mtlons have been
2008/ 073186 PCT/ US2Z007/ 022719 m croor gani snms

descpibed|incd. Suettent moa;@dﬂ,@;s,@m 309, 6248.836,16,207 2290 61993,035 and

~g., ethanol or butano ani [ .

595308 inihaf Susptss o Bonets gl FrBR A iaferiaLs anp
COMPOSEIES ) POT/052606/®19648/ fil8d¥n Mardt'ES 2006, AINDEFASROESS

the invention features nmethods of changing a nol ecul ar
MATSERIALS AND CGMPOSERES; S U. 8 dtitand dlpplitaioniFublication No. 2007/0045456.

prepari ng the biomass feedstock by reduci ng one or

nore di mensions of individual pieces of bionass;

pretreating the bi omass fSENMMARY usi ng two or

Generally, this invention relates to carbohydrate-containing materials (e.g., biomass
materials or biomass-derived materials), methods of making and processing such materials to
change their structure, and products made from the structurally changed materials. For
example, many of the methods described herein can provide cellulosic and/or lignocellulosic
materials that have a lower molecular weight and/or crystallinity relative to a native material.

Many of the methods provide materials that can be more readily utilized by a variety of
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nore different pretreatnent nmethods that each change

the nol ecul ar structure, in which the different
w@e@soerserent nmet hods are sel ected from radi at PONUS2007/022719

soni cation, pyrolysis, and oxidation; and processing

the prepared and pretreated bi omass feedstock to
micrpprgduises do produercuseful prastucts, sieh@shydmpe, atcebols(ogmsthanol or

f eedst ock . repared and,t retreat
butafy e adifh Bt e e By SO, SEPinic I Entpteing) or mixtures
faf &RRERI. Reducing one or nore di mensions of
i'ndi vi dual pi eces of biomass can include, e.g.
S héaommgspe@uﬁle imgntion feghuresdnethodd of changing abwdmuimtstmcture ofa
. nor e, Qretreat met had e a ied t
bionjafg st gl war inglle s e ik eedpac S bR onpgr more
dlmﬁféﬁﬂﬁ bfindiVigudl PRc&Y of B6Radd! Srefr8AInFRAE bidRIaBOREdt6k using two or
i ncl ude radi ation and sonication. For exanple, the
more¢ didifesanit prctncatmduemeﬁmh thaf eacincbngerthe meddcnlan stnecsune, inrwhich the

.~Specific _enbo nts Iectrnbeam adi ati.on is
dlffeégﬁlpfeélaeag?enén{ ﬁ (1ie Ee%&'? 10Bos%éo%waﬁgs and oxidation;
and %aees@altgl tREpicpard@Rhd s&n@ﬁte@bto%aaé fRIKbEY10ProdRE D profifet.5

Radi ati on can precede sonication, or

soht samg enbedimenisctbe domass fegdstork is grepacad andithen prefgeated. The
r about ,the same tine.

f d t
bxon%%?%ega' n(éa%an eegiﬁg{’i{q% i ?Ib%rﬁp%f‘?dstructure of the

bi REBSEng RISt ARG d%engus}ﬁldfmlﬁdua*ﬁ&%ofmoﬁsays @H8nide, e.g.,
nmore of ‘an average nol ecul ar wei ght, average

Sheamng,stuamg, ai gyndisgir f ace ar ea, poI ymeri zati on,

et ROREH AL B RO Tkt 88l 1 e bomas

feedgtbaygtd#rago\gfthé bendiipeBss feedst ock includes a decrease
in either one or both of an average nol ecul ar wei ght

anf oa@@na@@ thg ey el mmuprgtre@fmcm ;ethodswesinghudamadiation and
of. s

sonig BBy et e Toghin Son RE int P S leclof g n specfi

embbdifAisl MR clRabh besm PREARASs Bfplidakt a%tﬂr&gé)g%to? absmfo MRad and the
corrbustl ble fuels, that incl ude provi.ding a materi al

soni¢dtign i$ applgd eta @taj@gr(guyxﬁ mﬂr@tlpn Sdvad. [Radrtion pan:lgsgede sonication,
or sqn V\%&ISF @%ﬁ)ﬁ%@%@%@g{ (gr}altosﬂ 1331%nga %%f%%%%t% %gr ormed ht 31 ¥bout the
sam&GheUS2007/ 022719 soni cation, pyrolysis, and

oxi dation; and contacting the materi al yvith a '

m & pb@iﬁgmiﬁ 4hn ﬂmgfngl mollqeulartﬁtlruntuye obthe bioneass fegdstbedaean include a

charfly B0 kicaFndl o P R mBREHle: WoBR S ber RaliEispgoce ar
polyfriégikation)) pSrosmy, Bl HingEgtafting! BRI doMaif kizBBE ﬁlecﬂl&’ﬁ@srse'lﬁ some

pretreatment nethods 1 nclu e radiation and _
embedinicotst theehangedn mdlenulanstuenteddthobiomassdicedstapk ineludes a decrease in

R TSI N NS K T e——

increase in either one or both of surface area and porosity of the biomass.

In another aspect, the invention features methods of making products, such as
combustible fuels, that include providing a material that includes a carbohydrate produced by a

process that includes pretreating a biomass feedstock with any two or more of radiation,
2



For exanpl e, any nmethod descri bed herein can further

i nclude pretreating the biomass feedstock with steam
wexpBosilea. For exanple, in some enbodi nents, PEEUS2007/022719

process does not include hydrolyzing the biomss with

an acid or a base. In sonme enbodi ments, at |east about
sonisz&ioenp}}rokyeiscmrdtoxﬁ)gatmm aytit confactimgethisinmatersa with ammicroorganism having

hydr ol yzed, east a ent by wei.ght .
the Y o ek Rl naian s SryiearopRaL [ PHCed fudraigt of the materia
toth%rﬁ%&bﬂéﬁﬁlﬁasﬂ%u@mlb%ély none of the biomass has

been hydrol yzed. For exanple, in some enbodi nents, at
I ekssomembmcbmmtamtem/o nemhmddlffsrepEplfetrcatMnUnethbds:ma]slée radiation

and Eﬂl’léﬁiﬁllgg hrplgl?iagq %Cﬁ Oxi Q?p%;rq%?qﬁlfqgr C g}éat tc@l%fontang oxidation,
somc%‘?f%‘ﬁ'aBtl?@le&atldﬂ1 o?@ﬂﬁaﬁ%ﬂ'ﬂﬁd’ﬂzﬁno@t Ieast one
pretreatment nmethod is perfornmed on biomass in which
s u !Est ammpié Iayy nwthodafes¢rited hieremean fusthevantlede pretrhating the biomass
p d gg such s.water. The bi omass can have, e.g.,
eedptoels Wt SIFAMH3R(OSI% e percent by wei ght retai ned wat er,

Eeﬁﬁfjé)@aﬂl;ﬁé if 5&@919b§(§mfeh{st the @%&%ﬁoeﬁ abAhtii8e hydrolyzing the

' mdity.” I'n some enbodi nents, at |east one
blonmsemtbauimerdtorradctah@d can be perfor med on biomass in

e ERoph G o easf e B ety mdtceion P ighLotahg biomass is un-

hydx*é%}z% eé@ afta&dseht %%r@éﬁt B@%&Qt 6f the bmsgflam %eéd"'ﬁ’ﬂirolyzed In
5 percent 'higher’ than an unswollen state.” In

specdidmnbceim“tsmbstamlaﬂliymobc ofithe dbiargasgihrebeenihydrodyzed.
ent in an

weEor e lean Some AR b na dtes AR IR OR i Karfgrmed on

: blonﬁaﬁ,@ ﬁdJ\Qﬁlcﬁ l§s‘§"ﬁHn' ABOuEHEHreen® DY welkhit Bf BEBR a1 \5@(&%‘ WitiPa liquid,
dose of |ess than about 10" Mad of radiation.

sucfsztsrvmtent&pdclrﬁeaﬂ)s in gomee erhbadments ot desat mem@ttmmismthod is
perfQnedd TG B OV Rt HEE O of Begrompshas wefiis vt § iauid, such

as wagkfornmed on the biomass feedstock while the bionass

feedstock is exposed to air. 3 WD 2008/ 073186 _
PCThBJSBIDma‘Bs oarhave, ey, tess than abeut flye perdeht byeweighoetained water,

t one of treat ment net hods,
mea%ur 4%08 glagﬁﬁyggrﬁexgéelaéyq% $on the bi omass under
a’ pf gsne éﬁb@dlnﬂﬁ@aétqasast prré@é&ﬂﬁle& Rethéd ORSHNRERBmed on biomass
such as greater than 10 at nospheres. The process

in whigh l¢sgithanesbopn2i mieermiov mezgm gf tlmhwnaszus@ a gyol étiim the swollen
I i th b' ) bi f {
state iR HaPRscrlifo B RIS vol T RTE ke Han HREES phyg g Héher than an

unswéllenisedt@ hsnéh, enﬂ%‘dﬂﬂéﬁs tiRbibmdsst iy fiiked\Rith 8r inSRMBIL swelling agent.
silage, grasses, rice hul | s, bagasse, cotton,

For example in any method described herein, the biomass can be mixed with or and
include a swelling agent, and the biomass can receives a dose of less than about 10 Mrad of
radiation.

In some embodiments, one of the pretreatment methods is or includes radiation.

In some embodiments, at least one of the pretreatment methods, e.g., radiation, is

performed on the biomass feedstock while the biomass feedstock is exposed to air.



jute, henp, flax, banboo, sisal, abaca, straw, corn
cobs, corn stover, switchgrass, alfalfa, hay, rice
whos®73180conut hair, cotton, synthetic cell ul BEEES2007/022719
seaweed, al gae, or m xtures of these. The bi onass can
be or can include a natural or a synthetic material.
ExBrgsbuss caif bé uiglizedi ot extenpderet teastrome of dfe pretrgatrgent, methods, e.g.
| cohal.s h r.bons. For exanpl t he, al
radihef 50 el A RS oS Rt of Srethta ASoup e S
atdebPiérH§ Q8ciPds $rBAShan I BE10hEARPRGENI sm can be, e.g., a
bacterium or a yeast. Converting can include
f erT e ptqcngs dah durntlgerr endlede axadizing, mrroblmg, ,or sigein exploding the biomass.

C FRRBPIR oEhiomaSs Ao Rcar AT BB RGO REPT At qood
part@ﬁ:ﬁf@aﬂf sﬁb&iﬂst I ?‘H@ulttﬁﬁl wistd, 3l RJeedilage, %st% @B hﬁﬂ’é’ I T%s@e cotton,

wavel engt h rom about 100 nmto out 28
Jute,ihgnipz flaxy haa@pat snmh abags, stmv e edbscearn atOMelaﬁwuchgrass alfalfa, hay,

ation,, For adlatloncnbea
rice B, B0dsPl heiEcaliT “Bufiistobulodt Sy ¥R ibuen i BBt Ot these.
15 hMbasnass Uﬁhb@@r dh igcléRsEndt@aborof s famwtc nfhtériadl 0 about
10 M ad/ day, 1 Mad/s to about Mad/s. In sone
entigainpien s fueﬂ&melddeommr herglof bgdrogerp [aldohglst and fo'drqmﬂ@ns For

ourc h beam
exarpig B pREDRHESNEIE h-o Bt oo Rk B  iaRires of these.
at Th@nﬁ&%atg%ﬁﬁbh&Bﬂéeégeﬁlﬁa@&%ﬁholﬁ ykdd and about 25
kHz, such as between about 18 kHz and 22 kHz. |In sone _
enbonverting san inhludpifamenting the Impterial g thiepsadugkisiah asghe combustible
fu lhavi ng a first nunber average nol ecul ar wei ght and
the carbohydrate material conprises a second cell ul ose

haviratHatfon A %ReNElg ngéﬂﬂﬁfneé\(ﬁ'h@ﬂg aﬂ%tﬁﬁlﬂh@éduﬁﬁi %mchb@‘gﬁﬂhma rays, a
than the first nunber average nol ecul ar For

beare yoﬁﬁlpcteomt oreultravioleti Crradibieon }aaﬂerrgazgwaMﬁQm bﬁfrommbgm 1G0g1m to
abo than the first nunber average nol ecul ar wei ght
LB t han about one-fold. In sone enbodi nents, the

4 e 280860 fR1ARRnRET idhRRRT¢H4R ba&n ridistidn. cel | ul ose

has a first crystallinity, and the second cellul ose
ha&onexsamnde dheradintian cambe gpnlisdet a tatal dese w%bettweegt about 10 Mrad and
I Lini Fo X i

aboug algﬁgfﬁla os\kllgfrl ¥ &({SE zﬁ gt%ouii @? >}§ %gﬁ%qu Rq\/ﬁ/ %%o% rplerad/s to about
10 MaaR. about 10 percent In some enbodlnents the first

cellul ose can have a first |evel of oxidation and the

second cel | ul ose has a second IeveI of oxi dation

oxi,dation. For

1P Efm A8BodiBEnts: rifia ¥ Fiohcs BSHVRY RE or ks faiBMEh Sources, such
as ghthPEARSS andReamBMetRtrons.

For example, sonication can be performed at a frequency of between about 15 kHz and
about 25 kHz, such as between about 18 kHz and 22 kHz.

In some embodiments, the biomass includes a first cellulose having a first number
average molecular weight and the carbohydrate material comprises a second cellulose having a
second number average molecular weight lower than the first number average molecular
weight. For example, the second number average molecular weight is lower than the first

number average molecular weight by more than about one-fold. In some embodiments, the
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to provide a fibrous material. For exanple, the
shearing can be perfornmed with a rotary knife cutter.
wab@shriies s of the fibrous material can have, BCTOUS20am022719
average length-to-dianeter ratio of greater than 5/1.
The fibrous material can have, e.g., a BET surface
first aelbdossthag adusterystaibnity) aﬁ@ thers@éand deHulostrkaserdsochidharpstallinity lower

t he r bohydr at e can de on
thanghS G PARLGES SRGSCHIRIT B SrorBarallPay SgbsaMe draghe first
crystRiriytbydRbM_RLh AaAbT0 ﬁer@&ﬂ and 50, 000. For exanpl e,
the prétreated bi omass material can further include a
buthf game smbtbﬂlmntsstbd rﬁm’ncblihdasemanémaee afirshavehofioxidation and the
ide,. an suc ot assj.umchl ori de .
scoofi e A% ef BnFesmadereL ok PRI higtes R 3G LoV fguiftion.
angopPéx aplel ke lﬂ@h{asssfé@(!‘st&ﬁk ddﬁ 3€ Ftepaﬁadw sﬁ@fcﬁ'h%rti biofass fiber source
m neral, or a chelating agent. In sone enbodinents,

to proMisletai fmessméterals tFoc kxdngplprtbe sheatingl carsbaper fomyed withea rotary knife

cuttdf? e fbes o e a0l pa@Rbr G e, o ' ARtk 18R orgiameter rato of

greaftd @laRsy1 aPREfbrout HfaterfaY &R Ha08, ef §35 BE?%uffﬁéJ‘zﬁ'@§oPéreater than 0.25
maki ng a product, such as a fbusti bl e fuel that

m°/g.ncl udes providing a nateri al that i ncl udes a

£ elnSRRheaRy B P REE b c}idfioRe prmore £-1,4-tinkages and
hav1§§’ 2} 'nﬁ&bb%er&‘é'n‘i’@l&étﬂﬁawel PtIRtweEh Sbo@ B0 £AN0, 008

expl osion, in which [ ess than about 25 percenf by
vvequhcxaGfplc,hlee piceated biogasy matgrighwan|ferthes tadlede 2 hieffer, such as

sodi G i EPr Bl B o o e SLHEe R ok R &S gride o

soditMNRIriden grbwilefactdn QuStPAN 16t Meh/SEbdIB bEik sddh éé"utribllaa surfactant a
m croorgani smhaving the ability to convert at |east

mmgélrptmnhelail@agemt | east about 1 percent by wei ght of

nat er | to th r oduc conbust i
Fudh SO Rt e S5 Bt oS Bgeara SR DY e or more of
radi AR N QScabibn P kb IS s Band 'R AL bR, ift R oRRr, %r af ot e ishin time.
fuel that include providing a material that includes a

caﬁrb@ttqthhratsleecp oy enfidmfeatpres meghnds iof) makingerpreduct, such as a
comélgﬁi%itaﬁxcgtﬁw gl] @g%’qrgw nog:)as}prrgt‘reﬁgl Batt cﬂa@esqt cgmohydrate produced by

pret&&t@ﬁ%&bt@ﬂlasmﬁsﬁbdk WEES 8ny S oraRerelof Zali ARMC&IMicall¥n, oxidation,
t of the biomass is hydrol yzed subsequent to

pyrqbvsest a@httmtexmaﬁdn,cln rehaght tesﬁgthmh@bquﬁfzé pergentkiytweight of the biomass is
in a O enst?qarut \' t%0981/ 07§ c F)zCT/U 2\(/1107/ 05 719of ore than about
AV NG T e ab ? IEVIE DEBR TR Fge s Dpvine g Solymofgp
2.5 ;ielﬁ@:nﬂ‘ﬂtgﬁéﬂ tBhn a Bolinal, &insWEREH stAOAH cdniaeinohE mWerial with a
ight, to the product such as the conbusti bl e fuel.

mlcmﬂrganléwmstb@eblhtx teeconyireaitlasha perions @2., Aldeasbalousfl percent by

weidfBSrE: AohiatliGhe p RS, 8303 HEUMIBLIGL RfUSL . ¢ hat

es a car bohydr ate
pr oYl aeRlkrdypech ks ifn@eﬁtidﬂﬂfeﬂufbb eetissls of ekt ngcakprwﬁdﬂ sabl as a
one_or nore of radiation, sonication, oxidation
combustible fuel that include providing a material that includes a carbohydrate produced by
pretreating a biomass feedstock with any one or more of radiation, sonication, oxidation,
pyrolysis, and steam explosion, wherein less than about 25 percent by weight of the biomass is

hydrolyzed subsequent to pretreatment; and contacting the material with a microorganism
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pyrol ysis, and steam expl osion, in which |ess than
about 25 percent by weight of the bionmass is in
wa@oeowsaciiseM th a |iquid, such as water; and conP@USI0g7/022719

the material with a mcroorganism having the ability

to convert at least a portion, e.g., at |east about 1
hav1pethce:bthtwo vrmvgtttar least atfioetiomei the imateriab etghat ieasicbout 1 percent by

s the co i bl e f some enbodi ments, the

weiib i gRprb A Eh See o PhitRIB AT nore difrer ont

Pr ¢f ARk dFaShect, TR BQQrﬁloangﬁu% MBS of Hfaking oAU Bich as a

different pretreatnent nethods can includé radiation
combustibéofuek dtat tw]udesgioidinga smateriakindhideon parbalmbrdaate prodamﬂ by

rolization nicatjion and oxrda i on sonic

pre“%@%ﬁ@maésaf"?%g“ko‘?”ﬂb?(‘Fyd%ﬂ"r VYR B’;W%PPz%ﬂ“r‘C& on, Sxidation,
pyrof3aid, @npdtbam eRpIBLibR AR WHECH RS RAPIBHYS 25 ﬁ%eﬁtrlﬁ'lvb@ tIf A Biomass is

expl osion. I'n another aspect, the invention feafures
in congachviid adiquad kiietyasavggen dod contaalinlg tbﬁsmatenebwbhrgmlbﬂoergamsm

havipd Fis: bt b oot 4F 1B ARp A ot aLiehiBuC Bk by e, of the

matd?ia0 FPHE ptRIREE b@BkasWhd EorblétiBRFuEr nore of radiation,
soni cation, oxidation, pyrolysis, and steam

ex ﬁﬂ memnb@mment@ntrlamqthqgis incdudeeselseiing twa ertmere different pretreatment

methé?d &B? gﬁar}rll@ gthe )0 tglgeedlﬁgr(gﬂ{ p%u%agﬁngrgtnv E{}ds\?%p é?]c?u&e radiation

and Sdnidafien, raBfafoh ahd 6)€idithﬁ1 pideies tand piyroiizafont Shication and oxidation,
conbusti bl e fuel. For exanple, t he” shear ed bi onass can

soni¢aiipnued pmosh@ateqre of pyidatsorrandi pyrplizatiem gOptienallyopraireatiog the biomass

rati,o reater than about 5/1. For exanpl e,
Cm’FﬁQmsl% ‘%pggﬁ%have internal fibers, and the bi omass

hasn BefRerabeRE g8k nQe@bnSiteRs ndidids! 'o‘fﬁlakﬁltgehr 8dluct, SAER 8s a

are substanti al | exposed. For exanple the bi omass
combugtibiseianl, thad s etpooviding atreaterial samprising asatbohydrate produced by
densi t an. a 0.35 a/cnB. Jn.,apother. ..
pretigaiing 3 Xh&?f?é’ Q‘%‘r}%ﬁﬁtﬁ%ﬁ‘%g grl{l}ragg oBF gﬁﬁ’é’ée ?‘Jerégi‘g{}%’b Ronication,
oxidBfi O HFEI1 s, a4 ERAM ehkplosiohNgildUdatadtiRg MeBeHieri 96! Dilkcroorganism
preparati on nodul e for reduci ng size of pieces of

havibg gheeablity tqueonyiert atrinast agiortions efgol 4t dsastrapopt bpereent by nyeight, of the

a t nodul ry anged to apply
ma“’r“ﬁgraﬂ?‘g ﬁoqu pg‘t‘% EF %@% Sﬁgﬁ&rﬁ%l cati on nodul e
ar Fengeshple tidstelred ®idrhase Bed fkhide disdftdfiberBigvin@B length-to-
oxi dation nodule arranged to oxidize the biomass; a

dian}ﬁ}?rda%(ld%ﬁmeéteaﬂraa abewt b Bqrsxgmplsathetbiomess can have internal

ﬁbe%)@@ﬁ% 'Biogl?agﬁg@g ?661 ﬁzge«% 20? %{gor trﬁél&qi r}g énl{%m%%%bers are substantially

expod0Q.8F 6389 1, Eht/ BilsA 043 Ha0 Béehlsheardll tdamesttére thut QORS Aibdtk density of

system The t or nore pretreatnent nodul es are
1CSS§raﬂaihg‘etd)3ﬁwg/§@r| es and/ or are arranged to treat a
portion, of t

Crc RS Lt 0L PR BarTop G o2 B0k P{FBssl sttt
incl@iRQf hi6agtSeedtock iphgpatdtivaMiddale fof AdIUERS sE¥ D BiTeed fBiomass; two or
include a reaction vessel
more of the following pretreatment modules: a radiation module arranged to apply radiation to
the biomass; a sonication module arranged to apply sonic energy to the biomass; an oxidation
module arranged to oxidize the biomass; a pyrolysis module arranged to apply heat to the

biomass; and a biomass transportation subsystem to move the biomass to and between modules
6



containing a pretreated bionmass material that includes
a carbohydrate. The pretreated bionass nmaterial is
w@eedocass by any nmet hod descri bed herein. For PXBEDPL087/022719
the vessel can also contains a mcroorgani smin
contact with the material, the m croorgani sm having
withirhthe abodessing ¢ystean riDteer thwoedr rh@ra pretaimoant imodulet atereranged in series

material to a product, h as a conbystible fu
and/prre AaRgAUd0 tiehica RATiepf (g Riomaiss SLAOHE e SERBE fis: Gt example, any
syst&ﬁ‘é‘@ﬁ ﬁfrth‘é%ﬁ@lud@*&%&seﬂ 000 L, such as greater than
. For exanple, any system can include a
r aéh atqthm appadt)thee mndltwnsfeatumatsymmmmduineludb 2] remtiolm gessel

contﬁtp ect }ératt %teeclanl\ég]g%slelggte;leﬁbgtrlg ﬁ%&g‘g%&a{a&t éfrgt?ea%ed biomass
mate?ﬁ?%rp?gd&b@li?%ﬁyB{%ﬁﬂﬁt&Q&%’H%reﬁﬂy one or nore of

radi ation, Sonication, oxidation, pyrolysis and steam
exp bn@tample Flor vesse rph e],so pomame amlmgor@mstran coptatowitle the material,

wWth any t .0r ..no radi ati pn, sonica n, .
the i pLBHUAT PRy R AP L TSR h{eash ARSI thy nalgial g produc,

suchBRRESbubie R € Pbi &andp ?@Eﬁg\ee%se‘}‘ 24 PRIV Bl EvOBER f 8l eiter than
produced by a process t hat 1 ncludes pretreating a
abowdilfIPAds shdeabsgroner thart 5,060%. two or nmore of radiation,
soni cat | orlt oxi dat i on, r ol X‘?I S, ang st e&m . dul
expPoSTABIP S 2RY SHBTREAD %Eé&t“ ILon MY ABY 2 pnicatiogdnodule.
COMP R thdr@8Fect, TRd 1n'v9§tldt'1('¥€atﬁre§ %!nlehﬁﬁht% n¥terthls produced by a process
| i gnocel lul'osi’c material having a peak maxi mum
that melwsles pretreaimigghsheafed lbémgass Iﬁ@dstabbwuthzaﬁy ©06or marecbfaadiation,
stal.l.init han a out

soni 4R it lng Bulysls e st e xR i, & o PR B et eRlip e

perfe@ibdRAMEardy MY QShéré of faditRA! ﬁfmctaﬁaﬁ‘ &(}P&‘tﬁ)n 7;?yr6’l§§1§ eﬂﬁi steam
a BET surface greater than about 75 of a

eXpldsnslty of | ess than about 0.5 g/crrts For exarrpl e, the

co OSI ion c further nclud n, enz .and/ qr
i O SEuher iR dhs v eRieiesifes Do RHRE R Abpto e by a process
that ﬁ{élmi% b?e‘tr%ﬁ‘t%lgt J‘ﬁBntaQsCerdjs@oc% Wit At} (WR) 6t e Bf radiation, sonication,
l'i gnocel lulosic material that includes fibers. The’

oxidgén, plyrsdysis, and Bteg,m@aplotsnoho& c material has a peak
nmol ec r. t.of less th out .25 00 .
andh TR VB iR dires G3rimte s et ahef e Celufosic or a
li gnéﬁéﬂhfb@f& A& e havinp @ ﬁemﬁﬁkinﬂﬁn frRAd I8 Sl BPRESs ﬂ’lfan about 25,000,
meki ng conposites, such as a fiber- resin conﬁosn

and ¢ peystailinity.afdess thaacibaut Fippeacant. bForexamplee thieaellplosic or a lignocellulosic

A58 8 8 S LAY s YD 2PIRARLIAEE han sou

0.75frhY tormuﬂ@&ér@n WEiesdtihak 8bdiit 015 gemd BaCRApRL tHeWotpoSition can
and l'i gnocel ul osic material having a second

furthmr@&uﬂeam eneyy e andipighmicrebtan the fir st mol ecul ar
Y\?grgg%dﬂilﬁr%? ?gﬁ’éngntvggllog{}e%ufeﬁ %gr(rjlﬁég dons atﬁ:j‘ft 1nclu5]e 4 Eellulosic or a
lignocellulosic material that includes fibers. The cellulosic or lignocellulosic material has a
peak maximum molecular weight of less than about 25,000, and a bulk density of less than
about 0.5 g/cm’. |
In another aspect, the invention features methods of making composites, such as a fiber-

resin composite that include irradiating a fibrous material that includes a first cellulosic and/or
7



such as a resin. In another aspect, the invention
features nethods of neking conposites, such as a
wo 2we/7318€Ssi n conposite, that include conbi ni NBCEUS2007/022719
material, such as a resin, with a fibrous materi al
~ that includes a cellulosic and/or lignocellulosic
lignaegtlelosiaimaterial hgving fifirsstmaotedudarow eightue prstvidet aseppnd,/¢edlulasic and/or
. copposite th i.ncludes .the fibrou terjal .an
igndi RS et e A raRge RO SR ETG e B molecular
weig{ﬁ?,'aﬁ& bRAbinie) $B sednd cBRulbsiE ﬁﬁd/sleii%rwc@mlssi@ﬂﬁée@fal with a material,
ignocellulosic material within the matrix, such as a
suchraggiresimat ri x. | n another aspect, the invention
features nethods .of Ki conpagsite uch as a
f 1 Bugtotesgrnect S Beptied (eatues Piedicda et iakingicqmpagias, such as a fiber
resirf dodite, TRdt fidl@de doRdinihB @ Invii&Fal Ssubh b$A r@Bl, WithQSfirous material that
~and/or lignocellulosic materi al hQV|ng a first ' .
inclydgs & eellwesigeidion lignocglhubedicimaterigblaymg abist motesilar agighbto provide a

com G 5 U R B P B B e
irradeAMRItRE Enpdite SEmeREs@blebhiaseigh6l (RE fitst BE1RAGE MMdASH C
material with a material, such as a resin, to provide

lignegelwlapio snaterial andin the awitax.isheh aharesimpdsikt e. | n anot her

aspect .. the invention. features t.hods of nakin

7 et dSersb ARy iliop dBieieS el i aBing T pRg e, such as a fiber
resin/'6@thoRittHSind10@¢ irtadfating @ Fibdosith&tbrial that includes a first cellulosic and/or

car bohydrate-containing material having a first

lignaes|lelesit aratenel aving adigstimalehilartwaight it pronedsch sscontlestlutosic and/or

. pravide an irtadiated wood oduct, .t hat jncludes a

igndts e Pots g e St Biolochle ik fer g A e Motecutar

weigh€GombiniRg felsbednd RIS ahi/BNREndcBMiloiB thakdrial tvith a material, such as
nmol ecul ar wei ght. For exanpl e, the nethods can further

a resith ¢ pig¥idegonamnesiteignd aragliatingrthogompgsitas t er, or

copcurr.ent | it h the. irgyadiating. t hods .ar

i S st okt e Bis s PFbdRing ffpust wopgproducts
that InaRide pesvidiah b Wadderodiry Hadindlulied £ firsh UarBEty@Me cef@ining material

nol ecul ar weight; irradiating the first material to

havipg @ {irg enadecudps vemghtnandd rredipting e Waed predust eprpvilde g irradiated wood

Vi (oo} unher aver .ol ecul ar . wei ght | quwer
prod bt nch R BRSBTS Seoqnf iecutr
weighORighéx theh thedirsianelbehl iy & phtaFoyekdinple the MeBiod s BarSfilrther include
The m croorganismutili zes, ferments or

. e . . . I . 0 .
SONGHIRGy §8-s RIIQIGAvAter.cor coneurssatly h‘dgl theitreadiading. and i n sone

in t e material, . .to oduce . sef

e PSR B 16l Tha TRl gl o SO i T dlndsggituose
havig@atins hulber dvedge dadleduldvdght oA dRkin g B eSirof mhHAIE PPovide a

an al cohol, an organic acid, a hydrocarbon or

seconq yatpriakthet inchidgecellnlqse baving a deqpnt apnmier dvsragemgledularweight

- - .0rt-butanol,. 8,WD 2008/ 0731864 . .
lowe SR % by tyeraf oyl R ool i ggohd Hilrial wih
a micRabgahish. ITHel midesorgantseh LliARS] &g OferBents BNOBEIWisE Qhiverts, the second

material. For exanple, the first material can be or
mategigh andhit] soame inataages thnkiist matesal, & produgsgruseful material, e.g., a
combustible fuel. For exarhple, the combustible fuel can include one or more of hydrogen, an
alcohol, an organic acid, a hydrocarbon or mixtures of these. A preferred material is ethanol or

butanol, e.g., n-, sec- or t-butanol.



wood-rel ated materials, particle board, grasses, rice
hul I s, bagasse, cotton, jute, henp, flax, banboo,
wa@e@alo73iabaca, straw, corn cobs, rice hulls, abgBES2007/022719
seaweed, coconut hair, cotton, synthetic cellul oses
or m xtures of any of these materials. In preferred
e n"hos:brmacmbodimhntsf the $irst meaterial aiclides aceliulesi€ or ariiglﬁocallulosic
fibrous mat that .i.ncludes fibe FOVI ded
sl oot SaP e B S Ueel R RO g B le BisRh RBRATR Yt Wood,
woollr¥ited!mdt&ridly, paffclPbdatdgPaiSesTREShUIR) b@ﬁ&gsecé&tdﬁoﬁﬁe hemp, flax,
synergi stical'ly wth any process techni qué that
bambew stsek abapaysitaay, lcomi dops, a’md/lmﬂs ratgaecscaweedpepepnut hﬁo rcotton

e, the sheari ca erformed with a rotar
synie B lopes it T G A e BAEEat ho {1 brogs
”a'lr??l‘e?érre'aéb?ntﬁ)ﬂuﬁé&ﬁ{ EfilsemdfeRafi91n MHeaDEh 6f 2 FiBiou® P‘Qaftenal that

greater than 5/1. The first and/or second material can
inclivigs bers pgovidel BEhesumg aﬁberesoeﬂzeoShqmemadametdaamedmce the crystallinity

ora el Se 2, B0 B Gy s HETB i Y ariae ey that s reduces
| crysfiﬁ[rfl@/rdﬁ%r‘m&l&u% wWeddHt Z FBfe oMl AlthOdheardtiClindR é)e%HH?d with a

rays or a beamof electrons. I'n preferred enmbodi nents,
rotartytkaifisicottero rIg aoins embedimentsc therfibuonsanateridlunag as avesagehlemeh-to-

. a east nbodi nents, the second nunber

dmn%?v%%%\t O%F;’gﬁﬁgﬁ?s@sl ght is at |east about 25 percent
| OWRE fifdi@Rd/bPGecbhd Rlatdtid Qa9 & AIESBET! sﬁﬁ‘dé@a[reél\@f Ater than 0.25
e.g., 50 percent lower. Methods are disclosed tha

2/g m@yqd@%mmfggeaecrﬂha@abosmmcem@ provide a first
cl udes .cel l,ul.gse havin

(1 PO ol the st A ISP msH SO nkedi such as

gamirQayd dratbehiny kR .eri al to provide a second fibrous
material that includes a cellul ose having a second

nu iibprefemed reathodiméngs; whemionedrgartisth ésvebactéraim ohefinigns; tsuch as a
unmber average nol ecul ar wei ght. Shearing can work
yealsgyner gistically with radiation to reduce crystallinity
angd &me SRb&TikheRE, WEE&hd nPMEEr FRIA3E %lé@ﬂ’arfv&éiélﬁ% at least about 25
i ncl ude conbining the second materiral with a
perceiitdower thamths firstivemntbsd svenage rdolsculaseeighthealg., |Sﬁ<pI6u:det lower.

| el e bred et e 4 G GRDGR todigp g firt ibrous

matdmi gatindfudéeédiost RaBh DY mithbef AredRBS bl cigRY bt Eirradiating
that includes cellul ose having a second nunber average

the fyrsl féltrgu%mawéialgthtpm\éé@a s¢vand fihrous imaterial thatrinshudgy e p@lgéose having a

secogg llrjur?rglgeraa{ve\réa]\%s &%cu ar}?»YeEé]ﬁ E‘%WEJQ%Q%}&@; agl ?t Eag'elfage olecular
weidRETEREAA0 Zéﬁﬁaﬂ&@nefﬁéﬁ%ﬁlﬂﬁ{wth Redididnvte réduck Bystallinity and/or
pre-irradiated material, the irradiated material can

molggalapmeighte and nore
Such methods may further include combining the second material with a

microorganism.

Methods are disclosed that include irradiating a fiber source, e.g., a paper, that includes
cellulose having a first number average molecular weight to provide an irradiated fiber source
that includes cellulose having a second number average molecular weight less than the first

number average molecular weight; and shearing the irradiated fiber source to provide a fibrous
9



susceptible to "opening up" during the shearing. Such
nmet hods can further include conbining the fibrous
worios/7HEBe Wi th a m croorganism  Met hods are dPETUSEET022719
that include providing a first lignocellulosic
material that includes cellulose having a first
materiaibBelativetodthe pmailmadiat@rmateﬁizghiﬂlp iaadlated matkiriat cangbet brigtle and more

first, lignocel] yl osi terlal to provide a second
S“scFl?t&ﬁ%E"e quvlaglue Hrﬁ‘f‘ ﬁ%ﬁ SHEHEL i ncl udes cel | ul ose

hagi, g nR11as e fuRHELRE Y %ﬂﬁﬁlﬂ%ﬁ@ bRt maRirDvith %"iﬁﬁ:roorgamsm.
than the first nunber average [ ecul ar wei ght. Such
neﬂVl{mhbxiscaamdrfsclmddehatnmdhdujmomdmg mﬁnsghgl‘rwelbdomn thaterial that
0si C terial with a _mcroorgani smoy .
nclidsigoforerheg s Febm s e ghacleryRoT e GBS FRadiating the firs
li gnéEéllﬁfo's@'mit&'lQrt@ﬁfoqﬁieaa éé@ond lh@?obélhﬁ&slé'fﬁtaéhh%at R0 dés@Nulose
onbining the de-lignified material wt
havmg asexngd amimber a\reeagenmic@dargmghmowﬁdhareﬂm rfi:nstexumuae average
ol nlnfromthe processing can be utilized as a
m?ﬂ“ &8y aid for plastics or it can be burned to
Pr SdEC MefidES Gézh fu%&ﬂﬁ%d@&&nﬁhﬁfgl tH§ ?&oh@ ﬁéndc@ﬁﬁl%i@ material with a
providing a first brous material that includes
microefganisose rhmovmg hgnm fremn thasepend lagt@n@l@dommtemahto provide a de-

llgnl\sgg%faég ai nr(fo tnirﬁ?lgglier eit lg,élﬁﬁgé) gaf tﬂl a érHaroorgamsm the
mlcﬂobfg%ﬁisﬁlt ) ekﬂﬁgl@eﬂﬁé ilghi@drdnh bRtp rf)ééé&ﬁ% %arf'?é ﬁ’t‘iliz%h as h Processing aid

provi de a densi d sécond materi al i ncl udes
for pdastticsipoy earhbe/burgeditogwodurd enengyer aver age  nol ecul ar

e :l\gfi%odsl%%gﬁs%lp agttflgﬁnclgés tro%?r}%eégﬁ\éﬁé\i%gfe p)@nge{q%ijtlf\lﬂf 1{nﬁludes

celli16deafll gl kst RurhupaverdBd Rolcalar Weighh deAdfif@ihe Frst Qibrous material
i ncrease throughput in any processing step described

to priosidgiardensict finss fiboals noaderidlandhizadiating thddensfied fitshfbiohe material

to pRFER GSRRL oG plasiil e e cattéided haing A pegpnd number average
molddulir Qx:nég%ﬂﬂ’éﬁér' tBdn the fiPst QMinBer @e?a%%%eédl&rv@éiglt Densification, can
r

mat e and then conbi ning the second fi brous
Worlﬁaxn@rglstlcal/ly Mhthanﬁdleh@mtog}awcsmplemlaf weightandagag also in¢rease

L of the nol ecul.ar ight of the cellul ose, an
thm‘éﬁ?yﬁw ang. péocesmgg &P F‘Eﬁ%ﬁ?ﬂ i{\%elgnzyme and/or a swelling
ag8nth meadddeartuithtZiaeludé témBiRiheTRé fRnd @S Rifidastbrous material with
herein. Methods are discl osed that i ncl ude soni cati ng

a mlaroprgagtsmm ferariaingrthesecond Hensefsd fibrduampderial kapriomigiea second fibrous

urrber av.er nmol ecul ar ht.to _provide. a
matlgl hd R Bmein AfkseRond e mABHA A R hesdPregis™h
Se%"iﬁrtﬁéﬂﬁlﬁfn tAY Ridaefor ®X tRE Hio?écul&?bv@%t bOwe cellinade, kienzyme, e.g.,
first nunber average nolecular weight; and conbi ni ng

a celfelytie enzyanerandéor zaswellingwgentyican bowigiaed svith atyanethod described

herem croorganismutilizes, e.g., fernments or otherw se
converts, the second materi aI, and in sone 10 WD

20@«@étﬁﬂd%h%diﬁ’%ée@$ﬂﬁ(ﬂélﬁ)&2%ﬁ&ating a first material that includes cellulose
having a first number average molecular weight to provide a second material that includes
cellulose having a second number average molecular weight lower than the first number
average molecular weight; and combining the second material with a microorganism. The

microorganism utilizes, e.g., ferments or otherwise converts, the second material, and in some
10



i nstances the first material, to produce a useful
material, e.g., a conbustible fuel. For exanple, the
wa@eo0siisbl e fuel can be or can include hydrogeer/uszw7/022719
al cohol, an organic acid, a hydrocarbon or nixtures
of these. A preferred material is ethanol or butano
msta@cgs the first magerial,tto ptodubcm aseful matarigloere., e ebmbiistibie Siel.t oy example,
i ncl ude lul o

the copfrilE R 581 e Oea apitudb Sidiodtn 8t e ol orepnic peid, 2

hydrdBdrB6n 8t meaired Sf eseC A Pfdf@ﬂréﬂ@ﬁa@ﬂﬂ% ethBAGIF bfaASIU €S n-, sec- to t-
wood, wood-related nmaterials, particle board,

butagfplasses rice hulls, bagasse, cotton, jute, herrp,

h u?rf §°mea?r§g<g<9 ﬁlgﬁtga@g ;fj'lrSﬁl gggm{s&chgeﬁ a cglquf)%g B%s lighotellulosic

matéhaNnt Rertdxamprd, thel fasERatefialba b be §an°i§1¢l%ﬁé’ pé}fertﬂh?&eproducts wood,
materials. In preferred enbodi ments, the firs

woogdyelateid anaterialg, particke Yaprdngodsses, flcebhuilssbmm tettong jyge, hemp, flax,

f b d. b b
e 5P godchn e RORAREr gicehe i gpey e oo SRostif HEf Spgor,
synth@RUSAUITBEsSST thiRfur¥ed (Rl o@méé@ﬁla&hmt allinity. For
exanpl e, the shearing can be perfornmed with a rotary

k nilxf ere&ytesi@tmborinn@tﬁmhaaﬁltsbmamak ig in thedornn bf o ibrous matenal that
di aneter rati

aver a Ien
incI(JES Bb&R ppo\ e s RATREY FrerBificg SPedrinhn Sioak Sietiisally with
sonifai6f.to Cediice md 1B SeidhRaml/er @stAMinBy.eBRéedx t& shearing can be
nR/ g and/or a porosity of greater than abo

perf@r@re@ewth a rqiarydmfe ehtierdilmgeme embpdimenisi thatﬂbﬁ@xsmatenal has an

averdg R Aol S AR B ety of rom

abqut figdd aMW@fT?ecbﬁ)d alaesial &Rthavi¥VCirPa BET siffeéedre£6f greater than 0.25
enbodi nents, the mcroorganismis a bacteriumor a

z/gmdém@ POSQEtY oégr@terylmaboum Baseast.enbodi nent s, 't he

b St e, FRSaMCi R Pheothied My B pG0Eh ggguency of

fronﬂiﬂo@ﬁ U6 RHz t@htsit 10@kHz andBr BEMEDBity bOfEH -abMRLIVOWFcr 8 about 600
di,scl osed that include shearing a fiber source to

Wicpy ovi de a first flbrous material that includes

ot Vst A hiSTRR 54 BR G TR KRRl syon as2

yeaspr ovi de a second fibrous material that includes a
ceIIquse havi ng a second nunber average nol ecul ar
veiyame @W@@dlmﬁa&s thp second sumheiaysrags viealeydar vestight is @trleast about 25

80 Y, TR R P B SRR
20084thoes hﬁ@dl?&lﬂ’é&%ﬁﬂdl@@&sf&&mg a fiber source to provide a first fibrous
material that includes cellulose having a first number average molecular weight; and sonicating
the first fibrous material to provide a second fibrous material that includes a cellulose having a
~ second number average molecular weight lower that the first number.average molecular

weight.
Such methods may further include combining the second material with a

microorganism.

11



Met hods are disclosed that include sonicating a fiber
source, e.g., a paper, that includes cellul ose having
wa@2do80%318erunber average nol ecul ar wei ght to prpei/us20a7/022719

soni cated fiber source that includes cellul ose having

a second nunber average nol ecul ar wei ght |ess than the

f i Mathodsundédisclasedrtbganciudesonicatingwe fiert sousnede.gh e apergthat includes

he soni cated fiber source, to provide a f.ibrous
Ce”‘%tl%s(eé}au‘“é‘lg.aaftﬁéﬁ IHMRRE 3y ‘Efag%‘é‘%ﬁqél?ggﬁ’igbgi"éﬁoﬂﬁ? asprypated fiper source
that §RNdCREQhISRHAVINGla s€8dhdRuntYel bidrEecANBleBMALweight less than the first

susceptible to "openi ng up" during the shearing. Such
numpreit dvethge aariedulartvweaghtj ansl shdaringoth sonieaged fikerfspwnce tsprovide a fibrous

marg AL RpBliydtoihe B toieRfe e i e B bmplsTiaiad be Bl and more
suscBRiE ttopehiag up” BEHMERS sR@ring! 0se having a first

nunber average nol ecul ar wei ght to provide a second '
| i §nelemiethods sarcluntherintlate eérabiningdheitibrous olatariabwéth a microorganism.

hayi ond .nol l,. i ght |
PR S S P 5 e 4 o
incliiRt bartlfogeaiaving d fef ndrﬁ'&élr Hd&a%@g‘ibieeﬁlﬁgwﬁgﬁt f976Vide a second

_ Ilﬂgocellulosic material wt _mcroorgani sm or
ligneasfivleisiggnaterigl itint ircdudes kellulessdraling agageensl numbes average molecular

. erial t rovide a de- lignified.material, and then
weidfg it or ooy’ s BT Befifies i Seidli £
M SLEIMEIdUS Bart fuetheMnEln@O EAABINEIE thd/bIcBAE Sgmdcellulosic material with a
di scl osed that include sonicating a first fibrous

micriggrganisal ortrempving digniefsom dled Jeqpmsklegnogeliiesiampaterigt to provide a de-
. er _aver mol ecul ar i ght. -t ovj de, a _second .
ign P e A Rt ot E e AU rRls L P88 o he

micr96fandmNunber average nol ecul ar wei ght | ower than the
first nunber average nol ecul ar wei ght; and densifyin
t h&efbadsrage dis¢lpsndshatanadpdegonicatipg aird dibsousdeaierisl ithad includes

fil brous erial, Such methods can rther. inclu .
cellué%sr%b}}amnﬁglatérﬁémglé%eg!aﬁ:rg%e xinloEeFlgléEw%pLﬁ p{;{PVW fﬁecgng $ibrous material
that FcRUided EaNéMalingfal seedrdaivntbet Beerfivablet@r WEiBhOldver than the first

material to provide a third fibrous material, and

numppiedy eerga i pqudrivrright handadenpifying therpgeand; ftiroyg mptegal to provide a

(hnﬂﬁ%fﬁﬁﬁgéﬁﬁ%ﬁhhTo further aid in the reduction of the
nol'ecul’ar wei ght of the cellul ose, an enzyne, e.g., a

celSuth ledHods c/NELYIES inbludé cobiRingahe dénstfied FRehsiaterial with a
hypochlorite, an acid, a base or a swellin agent,

microgrgapismar ftiezigmgihe densified fibrousdnafedal to beayidecs third fibrous material,

ne.and/ or chenj cal reat nent_.can _occur before,
and G 6RO P g Bl melst B IR A SR EREL o) Gsed t hat
I nToutiehdnaiPintke R@uadtidr 6fthe fdleRliapveldh@bf the CEIEESe, an enzyme, e.g.,
cel | ul ose haV|ng a first nunber average nol ecul ar

a celjlplytic epeympg, OV p gBeraicale € n godiamdryparhlonitgt an apid.adease or a swelling

e I | r_av e _nmolecul ar, .
s S P R D P LB S el
treatwRin@&dn; oo’ itb eferebdurinportaier Sodicafignmaterial with a
m croor&gani sm The 12 . ) )
Methods are disclosed that include pyrolyzing a first material that includes cellulose
having a first number average molecular weight to provide a second material that includes

cellulose having a second number average molecular weight lower than the first number

average molecular weight; and combining the second material with a microorganism. The
12



WD 2008/ 073186 PCT/ US2007/022719 m croorgani sm
utilizes, e.g., fernents or otherw se converts, the
wgeemendismt eri al, and in some instances the fPEBUS2007/022719
material, to produce a useful material, e.g., a '
conmbusti bl e fuel. For exanple, the conbustible fue
microarganiswl widiees; weg. . dermmantseorafthérywitemgpvertsathe abeomd anatersal, and in some

mstafr e P i PRGBS R HERE) ROt Enaromphe el For examle,
the OFHMAGKBIE Rict car MHRIukiE bA¢ oFMbRY dfalydidpeh UGdcohof; @h o AR £id, a
or a lignocellulosic material. For exanple, the first

hydrearben et modwrebef dieses o praferradavatpngds cthpagler bptaneluct s,
wood wood- r.el at e terial ticle . board, . .
or 1o BRbedie e B Bl al mcheb  SefpaS ofi ignoceliulosi
matdrla®XFor XB8MPRO theXir§BhateANREA be 8F EAVinclaRE Pa}ﬁ?,tb%pexr pré&ucts, wood,
hul | s, al gae, seaweed, coconut hair, cotton,

woodyelated miatereads, ipattiokawand, grassesurieshulfs, bagasssf cattoasjpite, hemp, flax,

terials. | f d ' t the first . .
bamfi SispRpBice, % R8P P AURAS A A PRI B, coton,
synthdifel defl@Rsdsl ReRik RN HG A esShaRtiaRY a fiber source.

Rel atively smal|l cross-section can often be pyrolyzed

wi Thprgfesredembodiments, thenirsemaiealen arythe Fomm efka fibtogs makerial that

. .shearing ca e perfor Wt h tary knife cutter.

ino iR Bl Ptk e e 1Py shbisls Relafufly iméf] sesigioR ean often be
Qzea 98 dreA& dontrSl ardl FHEERYy. 'Rk leRarRple Phe Shebing BaNb&SHekformed

p}.’ro he fi rs.étT and/ gr second matyeri al %Igéle%gve,. e.n%., a %E‘I’Orme

withgy rotazy: knidg ewtenf Inggomet embadiments) thefibrens matenial lbas am average length-to-

. rosity. of great t han about 25 percent. Hi gh
dla"%u%rf%tboegfa?_g%gr tﬁﬁ’a%r porosities can enhance reaction
r atrRs firdlBkd/BPsRbAE ateial emRve dd cd Bgtr-suifaqe%sé 8f gréAter than 0.25
a

enbodi nents, the mcroorganismis a bacterium or

m’/gf and{pu e posasitly of greater Jheagibout 25 proeent.cHighdiunfaer areas dnd/or porosities
second nl{n‘oert aver.age nol ecul ar \fﬁlg{l}t is at |east

can %{glgﬁ?e T ACtOR Tp{es, THakiigg RO CEs s P SLic nurber aver age
Mo liepréFerfed WRit@dimerts, he mRPod?BARAN s 4 PaRIriunVet P AMBuA S8ch as a
di scl osed that include shearing a fiber source to

yeasprovide a first fibrous material that includes

o S SRR o iShe PR aBrogt Raraedait otjgpst about 25
percPitQétethén SRERAChubibRf SkttagiRhSlebdhr WéIght, B IS0 BB/ et lower.
cel lul ose having a second nunber average nol ecul ar

we Mithods gyiediselpsed thai andlpdesshearingoefibernsevrsg o provisew fist fibrous

' : . rther include.conbini.ng th .
marcf5 3 HRETs TRAGRR R o B A BTy SFpyrotyzing
the firicfibtoes PyteahMaipieyide 4 bdt0hid HBEHUS Bhatéial that thcRAREA celllé¥e having a

i ncludes cellulose having a first nunber average

secoph N@herAYeIABE Filequinr yreaght dewer thatitlas frsbaumbesayerage modecular
weigfl; at includes cellul ose having a second nunber
verage nol ecul ar weight |less than the first nunber

Such methods may further include combining the second material with a
microorganism.

Methods that include pyrolyzing a fiber source, e.g., a paper, that includes cellulose
having a first number average molecular weight to provide a pyrolyzed fiber source that

includes cellulose having a second number average molecular weight less than the first number
13



13 WD 2008/ 073186 PCT/ US2007/ 022719 average nol ecul ar
wei ght; and shearing the pyrolyzed fiber source to
w@e@sioddasa fi brous material. Relative to the PCT/US2007/022719
pre-pyrolyzed material, the pyrolyzed material can be
brittle and nore susceptible to "opening up" during
avertgremeleednr wgighSlhasd sheagnpmecpyyqlgnbdrﬁtee sowrte toeprovide h dibsous

mateHaf | Rifalife. o the enarolyialm {pglq(g{;cﬁgzce{dﬁggtppﬁ &N be brittle and more
susc@fﬁhﬁé tctlo Ip\@hlBE up” BhGALRE Qﬁé&'n%g‘ Shéﬁﬁl@%l?ie% 4t8¢41R8L£ He less

i nclude pyrolyzing a first IignocCelTulosic
energ}atréensme antia;an bé noreieffisieot] | ul ose having a first

i SR G R e ¢uiininadPe BhSY B b ER A microorganism.
h aidifo B a%&@ﬂgseﬂl{m%%clé‘dfeeﬁﬁgl%z |a§ﬁ§’t| 1#nocMRi G mh{éi’i@lrthat
PoF
than the first nunber averdge ecul ar” wei ght. Such

inclydet heltidosedravingrat ﬁreirnumbﬂr averageoomblenilagwtight tsepwwde a second

ligml?cigﬂB@gﬁgllia} ?réaﬁ tlﬁit]u} e§ﬁ lL@n%sggﬁgmlgir%s%% rrﬁ.ﬁrﬂ)&g P\éerage molecular
weighRI¥dr #han the ﬂfs@\ﬁhﬁlﬁelaav@?age H&éﬂuﬁdr%léfﬁt erial, and then
combi ning the de-lignified material wWith a

m Sndomgtem;is ean fugtheminclndocqabining thevsachdi ki gracellulosic material with a

closed that. inclu rol yzi a first fi
micuRegpRay ot o ving Mentidto s setrel ferschiigric maRrl  provide a de-
llgm'ﬁ%mer?a\l' %agﬁeﬂwnﬂﬁﬁhg EheVeRL ﬁédamefeﬂm Weh @ nﬁ%@fgqmsm the
brous material that includes cellul ose having a

mlcrgetg@msnnunber aver age nol ecul ar vvel ght | ower than the

nb I dd i.
t niEed At oA i Bin By S mAERR thaf iRChuces
celltﬁb&ﬂﬁb’ﬁlgrﬁaﬁ@f hhber @V&BgdRbReGr G/é‘i%hf ﬂérﬂrGﬁﬂe h B@do‘dﬂ §ibrous material
mbi ni ngﬂl}phe densified fibrous nmaterial wt

that mctud@@ p@ ssrhapmgfaj sbeqndzriung})et Aecragamadlecwlar welahblgwer than the first
PRt st e et R ng U R o e o provide
dengﬂﬁ&{ﬁ)&bgﬁﬂbﬁﬁh] To further aid in the reduction of the
mol ecul ar wei ght of the cellulose, an enzyne,

g.
ceSheh miefhoids camfnyther indldecambininghs densfied fdwm&matenal with a
e .or base

mlcrgﬁ&%ﬁg{xﬁ% b&ggl&llgafﬂeegeqﬁ&eg fﬁ)rouTngatglﬁ %Brogh({f/%t:hlrg %brous materlal

and ﬁféﬁ@bﬁl@imﬁg &@&Mﬁf‘ﬁb&@@nﬁﬁé@wwnﬁﬁfn‘%ﬁmr fsng or after
zing. In any aspect or enbodi nent descri bed

herTeufy rthqrymcbln;xhc reguetagn ¢frtbe moteculay werght of thaweldulossf an prgyme, e.g.,

s b bR EBmaRLH Bmisdl B g oMo ki gt ol e S ve

utiligddohitiagnyPmemba ldedcribadBerein® ITHERhAYméE hiPechertiéal ErgatieRBcan occur
can occur by direct contact between the resistive

beformdunngomﬁﬁ@s@wrcaymng he first material. The pyrolyzi ng

Sl S AR} Peliblslor TR b Ghin by JLHGEL &Y one or more
of the following features. The pyrolyzing can include heating the first material using a resistive
heating member, such as a metal filament or metal ribbon. The heating can occur by direct
contact between the resistive heating member and the first material. The pyrolyzing can
include heating the first'material by induction, such as by using a Currie-Point pyrolyzer. The

pyrolyzing can'include heating the first material by the application of radiation, such as infrared
14



pyrol yzing can, include heating the first material by
the application of radiation, such as infrared 14 WO
wQe@8/0@®A8d 86 PCT/ US2007/ 022719 radi ati on. ThePCT/US2007/022719
radi ation can be generated by a laser, such as an
infrared | aser. The pyrolyzing can i ncl ude heat | ng
radlatthm fT he sadiateanesandie ganerhted bw@dmctsuvleasrmamfrafﬁdéaser The pyrolyzmg
tlve e ener at QW n
can GRIHE Bl HE At RMmalyal G20 M ee Bernahe B P50 5N be
genetr@tamsy aen PitrdaRSSE HehRA §a@ Ofe HedB das catBEmamtdifsbat a
than 1000 C, less than 7 C, less than 600 C, |ess
tempeiiatnre4d dese than a@oetanO@§§ sushias Beothan 190@ *Gidessghanydx) “€atess than

t f { t t
600 33055 RatEE s 1S TRE OB 2 0B phlbbioan B Ml ata
temﬂé%wre oY\ daft TRHIN M oL 150 4. SEneBRhPECHIRE hedt UaA bE eﬂe‘i‘atéd b¥ a hot body
f ur nace. The pyrolyzing can include heating the firs

surreradng the fivsit ntatgtabanclass i aformpes.aThe pyralysing cab mcjudz3@ating the first

T. . Met hod d d that d i dizi
maigria] %’t‘thr?gelaglr%é%e’?h%?‘ “thgﬁc’daé‘ °"H§1%u ogeOXIhalllzlnSgaafl r st

NUNRSKoR MR @98 058 BRTh@N SN BBt it shaNeAs tﬁatflhélﬁaes cellulose
oxy%en content to provide a second material that

having e [figsl ewmber a\(ﬁrag@endamlwgvagkst@@d having aifzst axygemepmtent to provide a

el R il e o LB BB LS SRS weigh s

hav1ﬂ'%b 8édoall o‘i?ﬁbn &%te@n@ﬁ?gh&QﬂarYWhte Hirst ox§gdrcontendl- Th@sé@@hd fifaterial can
er nopl as resin, to provide a conposite. A higher

be C‘D@blélbd wfithauesiat ¢-na malien ¢hempplastiariesig, topreddé apomposxte A higher
TOV e CO exceé%l ona

evel G o OB et T BE RGN G <oy oD Ehgsites win

exce"pﬂ&hzﬁ tn%éﬁﬁnc:ﬁ PRIYeARsE] fidh 3§ BMBVEN abrhdi@fiedisince, compression strength,
resi stance, inpact strength, bending strength, tensile

fractytectigisience, irapast arengs bending pigengsl, @fmgde medulus, flaxaet modulus and
be, co

ctong T ERAR or T iR e FRbe eramHnep gy B3N gpdror auid

descABEd Réreini Bty 368 @hd/BEHIA destYibBdirEily ARk hsich@6h, patent or
patent or publication incorporated by reference

publh?@lﬂ@lil mcorperated b eaferengerheveindi spersability, the resin

d i d
o et SERtE SR RRER L. Bfeebifl i e  somponst gt ngludes
hydl@@&“@@ldlﬁ@élbﬁiﬁé/ lsiiéh BCIn@ of b dnhydFidE RS, cafRNPRs acid groups,

am de groups, am ne groups or mxtures of any of these
hydrgx PLg58UuPs) AMiSIAEOURSy FNIEISERNDS 9D BUX tHEaS 06 any hfethew@tm@n {ln some

prefér t{ﬁhéﬁ%e %érggxﬁg(hﬁggérp;go%gg%nﬁd <3 gol\}%n%pco%%fl aq/nazlg{l gf{h and/or grafted
withfrislgic Rapgdiidey IS@Elﬁ iabegials arel enlable fFOASPBEDENuUnter the &radename

first pgaterial can be or can include, e.g., paper,
FUSpdH&NDpr oduct's, wood, wood-related materials,

Pa'ﬁmé ?ks? npa?é’ﬂalq bargf;%gls GR 1n<!lﬁ<fe$ 51 paé%raga}%iagf :agctg %cgoqp wood-related

corn

matcﬁ'QhS parhbléﬁbohtd lgfasse O ills hl@dgﬁssecﬁitfoﬁ Njute$ YethPp.AldxS bamboo, sisal,
celluloses or mxtures of any of these nmaterials.

abacey H@w, FRNEIob& riethis, GopRiul Hair.cortpny ysthete eclindanes pomixtures of any
of th*é?é r?lbt'%rial’?.t 'dtﬂler%zﬂgrﬁals that include cellulose are described herein. Still other

materials that include cellulose are described in the patents, patent applications and

publications that have been incorporated by reference herein.
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materials that include cellul ose are described in the

patents, patent applications and publications that
whans/olsae6n | ncor porated by reference herein. 1BCTMIS2007/022719

2008/ 073186 PCT/ US2007/022719 In sone desirable

enmbodi nents, the first material is in the formof a

fi b sose desireble @mbbtmenits) Heuthstsmatebalris in tBe bt oHa Horeus material

ed by shear | a fé j'rbersource

that %&%E?Lg’réﬁgﬂcfgﬁbraﬁé BBl ogn 567 Hoprouian bu iy

suchra‘?,tb@rs}ieifm f st sb@ke ufi ﬁé a%‘tﬁi%&ﬁ‘fe e TB6r Bk Afiple, to maximize
nmec anlcal properties, i s often desirable that the

mechdriveal prapkrtiendt fsi dd}eolsﬂs81rvdvﬂaematsthe fihers ofithe febroeusamaterial have an

averlgge(e;nlﬁ%élét o gal.nﬁ%r%t o 1% 8? ; Ieotﬁg{hgggfl?l %rengt}g 5/oé1fie}xgxﬁlze dispersability,
it is §f&l d@hhBletAthd M8t ddciisechd/ iRate$A HAREla Bﬁtl%kﬁl:e 4}Y8Y Bf Freater than
BET surface area of greater than 0.25 n2/g and/or a

0. 25p‘0 r/g)amdlyr oporgsibaofegredtertharaitmut 22§erpeltcent Oxi dat i on
ri bed, herein al ded

0 xiOh oF sl IR o RBSLIT R on B PigR G bF 2 Vafigty of fechniques,

mchﬁﬁ 1 sish?*‘opé)kéilr'l}ﬂé Re 6:ABizindCdal FEcIiE Brol§king therst material by
firs materla by eatlngtheflrst mat efi all using a

heatmgsthfs firsy matesiat uslgg amenriselve heatinlg mnberrmhhs & imetalfilament or metal
ri. bbon zi.ng environ such as

rb g 4% p EARE S ToAM ANt 3HETLAR) B B ARG BRA: Rty ggecnrichd inert gas

(e.g§ Erggn) oﬁéﬂ%@h itsOlf. BrSoaRIprefed@ll fnetldds 8 Reding (oREUrS By direct contact
heating occurs by direct contact between

betweha thegsslsuve\k@ahwmlen@emduhe fieah chatewial. f Irrcghernmthfbdsabmdlzmg

ot S AT o S LA o s by
Curti ) Pgint pRB1yzEY ¢hlarPSxiBizi enCHbAihEtPoh Bﬁlepﬁﬁ%ﬂ%ﬁ@ Qkidiziflg #Mludes
oxi di zi'ng ‘environment. I n other methods, oxidizing

pyrqummw@eﬁrstpwmql biyrhgattrmethe firs matertab by the &whmwm gadumpn such as
nateri a on

. o
infragtd SigfRhra g8 oxtibs SnRPNGR e st SRR EEnerated by an

infrdrédl R5&. MR EMPGthef MBthoAE| 'oéﬁdlﬁﬁg iR 1GRE B3I yRshgte &Pt material by heating
infrared laser. In still othér nethods,” oxidizing

the finseinatgeal wigh @Icylzvengvet Ieat fni arsqmdnamgrenwomyen’oe Hot exgmpid; ¢he

first erial w hacnvectlveh t .in an_oxidizin
comerfis bAe o ek st SO gesein F Beatpd o 58 R Badne heated
gas SRNRIALRGIRY a@aién@wrmrescifn&«a MR abBeaIY °@asuch &8ss than 1000 °C,
exanpl e, the heated gas can be naintained at a

less thamySP A€ uikess thn HO&LC, térs than0° Cze0erTessthan 366 °C.ehsother methods,
600 C.

t han 1000 s.than 750 C |e SsS
the GSFFIIE o T zensfR b8 Boy o Sypn TRding fRGir dpasfriat Gt other
metHd¥8, 16O BXRIAhY Richudad p&r@lyﬁﬁi@&ﬁ@ﬁﬁ;@ mieridl BPhedtiag Yhe first material with
surrounding the first material. In yet other nethods,

steamraéammrzturﬁgahomabm@s%@ﬁo| yzing the first materi al

f
¢ oPRP P Tat" 3h SO SRy il i Efep pctuding sonication.
Bﬁfnﬂﬂé ahSokiaizingaplift@eddioniehiihg thetf&mAiteed) M &y 6Lidizing

|nclud|ng soni cation. For exanple, the oxidizing can
envirqsrangeF eforramale, g sonisalion ean hemerformed whiletheditstanatema is

dlspgﬂ§¥4 2 mgl% us':rgéqlﬁr)ﬁa;ﬂ) e Ele ?rg?l%%lfncoagln%)er}ltsc?h s%mcatlon is performed

using sound having a frequency of from about 12 kHz to about 25 kHz.
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di spersed in an aqueous nmedium In sone desirable

enbodi nents, the sonication is perforned using sound
whanosgsiss frequency of from about 12 kHz to abpor/ufH07/022719

kHz. 16 WD 2008/ 073186 PCT/ US2007/022719 Oxi dati on of

the materials can be perfornmed by still other

t eOnxidatjorof thennatgtdals]gan eerpezfongedihyl sl othenteclomgudsnigeluding ionizing

radi ation. oxi di.zi ng_can,inclu
and/pdrRion e iuSH P Sl PR S P Ryt Ripehe firt
matetal Hithi g]ﬁﬁmﬁﬂ"é% RN diding/eAVirddnh &l kAd/bNBralid@ing teSfirst material with

material with™ a beam of "el ectrons in an oxidi zi ng
abe@nwfpbntm@rmm ah oxslgreg eegionaishe enbodi nents for

?I\é{%q%egg o Ibtogln?ﬁgltl hﬁ{, }%Ig)%? Igg]géjx%)fsitg% e ag%xm number average
molécqm et g Ad? %Jré fiah Hﬁw@séma&tqwa&hame%w rRinbeE hedtige

I n sone” enbodi nents for providing conposites, the
molesu oo maight nbesonm/@nlagiememtg ferqud vdingeoyiposites, the second number average

stantla t he rst _npumber avera
mol GRS et Mabgntiter SR uitie trde ks PumBHE Gl el etifarveieht
S e GPEINOIA%AEHe CHBoBIMentsS 1Rt seb@RISIxyBBPSEntdrt YLatA@ISESYut five percent
her than the first oxygen contéent, or even nore
hlghplrg pe thelfirgt oxy@gemeantestr ereaven mioghpriefarstiy, twieaty perqest higher than the
first 2 en 09 ent Met hods are di sclosed that include
gﬁ fﬁﬁqg ‘fiber source to provide a first fibrous
matvedthalls abddibclbstal thislescl6ad shehideea fipet sBﬁlrc@ td 1 %nf 0¥ 1denUiBEfibrous
aver age nol ecul ar wei ght and havi ng first oxygen
matggighthehinclufipecaliulose hayipg @ dstrmumber a\rerag mlp@llzre@elghi and having a

first %refr)é/en C n?enﬁe’&l Prsgf' Eéggﬁ%{m Hﬁﬁ‘é é)gudé@éiqg géo ﬁ%ﬁ% %%%954 fibrous material

that WL ales canwodaamvmg a%e&ﬁﬁqm%be%wiﬁgé ot wéigﬁt"@ﬁ Habﬁh@ a second
the first oxy gen content. The second fi brous materi al

oxygearcoplent higherithandthe dirshorpganmeptest.t Bee sseond ﬁhrans meterial can be

d for a the
it 8 85 s Bppdfe” i BR b StbrdRr b RiiERaf; BOLHampte, e
secohdl eaitétiall esChd RfbiRed ®ith anpsol@inndrs liqdid RBEHHRE Heteitiof any solid
descri bed in any patent application, patent or
and/py kqyid descaihed oy pateat applisgtion; patentearublieationnncorporated by
and when nmeking a conposite, the nethods can
refe%ﬁé&tlﬁ]?gnl ncl ude conbining the second fibrous materi al

Wi [fhdeirédhd when Q’fhkﬁ% @confppsie)thémkinedOtant fuaheriaeiié &@nbining
resin, Methods are disclosed that include oxidizing a

the sepqsi fitypus wateriabwith Agesif s4chcas| 4 themraplastic Opgieemesetting resin.
nuﬁe?ltnoo% n{ @%@ {E(altﬁzﬁ% evﬁlgiQ&%%:}go go+9%th%t mcfuﬁgs cellulose

oxygen co TOV e an

havih§) atﬁrstmafnbeeme@elmléleaﬂamaagmama hagiag Iacﬁrﬁtttm?gén @')ﬂﬁélﬁﬂﬁprowde an
nol ecul ar wei ght and having a second oxygen content
oxidized Hiber $qyEGe tb#éﬂﬂﬂ#@t%ﬂ%p véngha eqepnd myabenavenage molecular weight

and ﬁé\}?ﬁ%a sesch Yéaeﬁ ctoﬁépt ﬁiﬁﬁ% %ﬂn t&]? ﬁg% ?)X&/gﬁhc%gtegf“ 'glikeigécgdlzed fiber

sourté hﬁb&lﬁshﬁ%é to ploviizranteidizdd fitreds hatetiBltRatdAcRES fitrss. OThe

it can be utilized for other
ox1dlzed fibrous material can be utilized to make composites or it can be utilized for other
applications. For example, the second material can be combined with any solid and/or liquid
described herein, or any solid and/or liquid described in any patent application, patent or

publication incorporated by reference herein.
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appl i cations. For exanple, the second material can be

conbined wth any solid and/or |iquid described
wheoosiom3ise®r any solid and/or |iquid described PeT/ag3007/022719

pat ent application, patent or publication

i ncorporated by reference herein. 17 WO 2008/ 073186

PCMdﬂSﬁtS(a?d diﬁcﬂ@'sb@ thavbndiw@tsondieirxgiasfo‘shmtdrialhhat ihdudiescbellulose

.OXi di zi n i rst ter al .t i,ncl ud cell
haviggg %ﬁé B ks ey e g@ g HEEE 2 T F IRy BED | Gifent to provide a
secohé‘lea’tha@tlfa’t [rRiudexYdRilose ‘Pﬁ%ﬁgta sEéanﬁﬁ\ﬂb@?a@‘hrag%%ﬁ@l@é’ular weight and
material that includes cellul ose having a second
having ariseqond way gayecontent bighen thewe thg Hirstanxorgerheonteng  Ahe sacondi fibrous

0X ntent hi ghey t.ha he first oxygen content.

marehi Reog R [ hiedied s SraniBRS GhreRs maletial{; 2g Lo’ provi de a
demsdesired thdse hidafoddRhe firtNer inkfudd %§1’nbﬁﬁ’n% the ﬁél%lﬁ@i f1188s material
can further include conbining the densi br ous

withreattesini dih somg¢ piefearedemibodiment sbermephrods durthed nwimi@cﬁhmmtxon of the
thods f.urt her |nclud fiberization of the,. . .
densR PR R e Liad Tt eh FHAIE o woeael. 34 fhep GOPiging e third
ﬁbrdTBtn@Jtérﬁdl wnfl\rlﬂre'élheﬁcﬁ Q8h 'tl{HnrrHGpltaEE?c FeElhr Ghe Hb&‘iﬁ’é@or third fibrous
material wth areS|n such as a th ernDp astic resin.

mateFad catelrsal$o exmlpined with dny sddrdoansl/or ek deatritedrheben,alr soy solid and/or
) onbi neg.with any sol i and/or |iquid.describe
iquglafEgirbed 4t S spalcafigdiaicn pLstci aRFpeara by erence

here@at ent application, patent or publication incorporated
by reference herein. Methods are disclosed that
i nMajbedscondiselpsedghat ih¢lude comerting alfirstiraaterial dhatdecdudes cellulose

v e O LRV AR o o R B 0P 5l o o

matéFil Bfat flclidBstellulésk hdeigg %%Eédﬁh%&b@ﬁWe@&e@n@l@&Qﬁ%elght and having a
nunber average nol ecul ar wei ght and having a second

secopst ygmvnmnte@hhlgmrqh@t the Hiast oxbigert ¢qn§ﬁtnt,c;m;1 gembing datscond material

- d . h t to
with R PVt eR B Tt st hend oSt da alo be
comBe€ Withl an§ablidbsPobequi® ae@hsaphé%lhhomw s8Rd hﬁw&nﬂcﬁ@a described in

l'iquid described herein, or any solid and/or Iiqui
any u@smrapbb@atnon, paieng op auldwan@xppicpmaratcmby p&relme hgrein.

i on corn by .r.ef erenc ods
D B D s SRR A b I A TS Crn Bt TR GRitutose
hav1h§ atﬁrstﬁﬁmb@ﬁm@@gel Hble&Rar Wé¥htHidhaling Atfirfiixeen eREM &Sprovide a
nol ecul ar wei ght and having a first oxygen content to
scopendansl g@g@ﬁaceihtlwmavmg asecandonmhes avssagenoleeular weight

o I B RGP, A AR B M SELH gy oncen

highBathaf %e&itﬁﬁ&@@@n @M&ﬁna&m&lﬂﬁﬁmﬁ Meeesnd Makerihlneite 4 hﬁéroorgamsm
oxygen content; and conbi ning the second material wth

The aniproeraspisgeansrilize tesepandrmaenialne. enby fmentatipe.do prasuce a fuel,

suchf a‘é&%po ggﬁ,czﬁédh%hshy%raglc acﬁg a.fn ﬂ(ﬁpéﬂg%n%r}jé ﬁlllugtug%sl ogiiﬁg I,c;ﬁthese fuels.

In sdiyelerabadibents, e FRO AR isdontiyedods wemase fuels. In
sone enbodinments, the first material is conbined as
weMethods are disclosed that include converting a first material that includes cellulose

having a first number average molecular weight and having a first oxygen content to a second
material that includes cellulose having a second number average molecular weight lower than

the first number average molecular weight and having a second oxygen content higher than the
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Met hods are disclosed that include converting a first

material that includes cellulose having a first
wooer3iaser age nol ecul ar wei ght and havi ng a PCT/8582007/022719

oxygen content to a second material that includes

cel lul ose having a second nunber average nol ecul ar
firstwesy gt conteng rand hembiningethe sewnd matdyial wather satjd andboee lifeid, such as a

R iR T .

comBRY 88vell aﬂgscﬁﬁ’éTPl‘st@hEHE fhi ?m&%6%391s%tﬁfzb@ihe%édhd%atenal to
solid and/or a liquid, such as a |Iliquid that includes

prodacerk &rebongaad lsyc\romdaloohtﬂsa oegmquldsl and sydecarenniormixtures of any
the.fjrst t [l..1n,.
of therie e 48 30T EhP Ui BRTHFTR T 28 25 e BURGHEY he

micrdBighisal totpPodue @dile a fuel , such as hydrogen,

al cohol s, organi c acids and hydrocarbons or m xtures
of V\éhw a wfcredigadsm isltdized it easrhe 2onsiterel mrENTOQy gantisra of an sngineered

eri al e utilized croorgani s
micBPtaaISE 4F Qi GBR mpEA SR IoE h edieliy P dod oot
bact&@in bﬁfuﬂgﬁ‘saklg" al eleﬁétci ﬁﬁﬁ%ﬂi ;ﬁmlar ¢.8Nae MIghd) @9r6@zoa or a fungus-like

m croorgani sm_ For exanple, the m croorgani smcan be a
protish ¢tgera slime aolg. ,Wherctbk bordanisytsiace co:mpatlbia, mtuaesmmcsutlhzed

€. H.. r ot i
Gen%rlag¥ ovz'\.ggx%w%b?rgﬁlﬁﬂgs Fﬁgoglb(l%@t b eT 8? bs%ﬁilé)rgqqcﬁg Sich a3 a fuel, by
oper@hglon, ‘éf’gerfeﬁﬁ@mgm&réﬁa@r EoL ORI, Rl@hoR] orbaHi€ acidRY

be utilized. Generally, various m croorganl Snms can
hydrpmbms@hmrnmm proteifis osmixiurep pHahycafshess msteriads canfhegiroduced by
e.g., fernmenting the materials. For

organi ¢ acids, hydrocarbons,

hy Me@lﬁkﬁfé arddié164edIh A indThdd él'l’é%g):fnd%'ﬂéérrpéxp‘l&ﬁx‘i@a fiber source to form
materi als can be produced by fernentation or other

a fibpgus deaereal; aadeqon@egn&ﬂ@ fibreus| rogferdal twith a nierpergenisthda pradgee a

d t i ber rce t r
prodfiy SRRl i MG aRohertrafitpt S arocarbons,
protéThs; 2@ EGABiInEMdAsGh&EOH UDRniblesITAgsHil fibdesaumetLmclle cellulosic
usef ul products include hydrogen, alcohols, organic

mat%’@i d@nowmhs@aw@ngl; andopibinations gheeeofonbi nat i ons

S B B A SO W v
perf&ﬁ’f&hﬁl ahy erder.t edddifon, 1§'ﬁﬁ1f'§ilé e arﬁﬂ(ﬁ%‘i@aﬁi(&lp%ihﬁ’@oﬁéﬂﬁlons may

fi ber source to formthe brous material may
be pgréerimedrie dny prdgnySheariag may e perfpmest fo rrmampbt msglemtmrygcmfe

st eam expl odi erati.ons rformed in
cut G etiosd sSTG: BUP bR S PR St PR Al te% <BriBe.
us Fagexaniplé, i YorkerhBodifehis Sthe mbftedf ih&l@desSALArfR tHBYib&Ssource to
cut prior to shearing and/ or st eam expl odi ng. For

formeghepred fibensayuers aedribensieamtexploding the shieetedi fiter selisse to form the

ﬁbro%lé] ﬁ?&rtérﬁg ftEse%lgé E(?Js egﬁ{ erg% & é}b&%’us{pﬂ%exgﬂ @gﬁ‘gglt‘f’r@& shearing the

stearﬁ QMpl@&ed Qhéa@édfibdr@ource DIt @¢ISlsePosRIbl@o. shkir thé fiBérS@urce a second time
possi bl e to produce fibrous material by additionally
to predusgrg segondqsheared fiber source, which is then steam exploded to produce the fibrous

ferm%}{tgtlo 8r 0 b %ﬁsges

material.
Methods are disclosed that include steam exploding the fiber source to form a steam

exploded fiber source, and then shearing the steam exploded fiber source to produce the fibrous
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st eam expl oded, sheared fiber source. It is also
possible to shear the fiber source a second tine to
w@e@docas@ second sheared fiber source, which PET/UR®N7/022719
st eam expl oded to produce the fibrous material.
Met hods are disclosed that include steam expl oding the
materiabelt isdsy pessible fogrodure sibeausmatsndl byt@dditiobalty sieam exploding the
d then sh ' t he steam expl oded fiber source to
Sheabfi%oatﬁ?:‘B SRIdE] HPGSEICE0 Vi 2008/ 073186
PCI R 83 thzlf'?ﬁ&ﬁd@éheaﬁ c% A BafPeRAGEAPIHR fitRr source
produce fibrous material by additionally stea
concgrphtbylfoprodine the fibmue thatestabam expl oded fi ber sour ce.

hods ar |sclo ed t.hat incl ude shear nd st 4
oo ST e TS ore R GRS PR PG )RBTGO ugh one or
mord §L@eén's bé §U§ sé’f@érﬂﬁdv% arl dVe pEithe 91&5‘691 $9 i ®r 84 190625 inch).
may i ncl tde passi ng sheare naterla t hrough one or

Scremmng smﬁawﬂw neitegial accosting trsitea\lHangxamplaywrong enmbodimiaeng, the
ess

met*goé‘aa?lgileés ?W&%ﬁﬁ’%ﬁhﬂ Soar%s e wﬁgcet %%W&%@bfoué% Rpsing the

sheaké@l 08 sEUFBO HHrSRsht 2 ﬁrfsh&reémb E%uh@& kaeaRa fHREM Y stiddfing the
i ber source to produce a sheared fiber source;

scre@m@fnbngsqun@ topheduced sé¢ondrsheaved fibertshursegrassing thesecond sheared

roduce a scyeened fiber source: eari
fiber e Bel b Seann setea b ARE Sy 5z obeas Size Jiig Ciendt Best soreen to
rovﬁdebaegec&wgc@@ene@ #B& é?oﬁrc‘éhﬁldss‘?&@l{‘ ExpIOEAE B sebdrdBLreeAl fer source
hrough a second screen having an average opening size
to pﬂOéE@ tgh fhrouk matériabt Themethod meny fprtherdidelude sheanmgithe second screened

fiber, 58}15053‘2 gr({d:uggé tlﬁ%ﬁ%éﬂed? grps‘%hgqaggn@%{ tﬁlgr? gtlngﬂ %gﬁodmg%ﬁ)e t?nrd sheared
ﬁber@%ﬂ%é & prodh@ tH@ﬁBRﬁs PRYerfair t her i nclude shearing the

second screened fiber source to produce a third
shé#as aldo ppssehle troshearthe diher gonee apd eamlmscptly) gassgt thromgh a screen.

t hi.r d d b t .

it BF PiHods iy oG Shdr ehcRpRiag ific hirops malediaPina
subsEAHBIRE g AN FhpeANSHBIE @Rkt tB3&fovd enftlapddidhs and Géﬁ%ﬂ? the fib®us

nmet hods may al so further include encapsul ati

materiabr Blussuba&aemalm gds impermeablstnagierial Imay hgasglub&qamrwmabh@ may be

pove entrapped gas and densify the
prov?ﬁf‘egl)%ljée fo% g?l The substanti al | y gas i nperneabl e

maEREmples aﬁmlcbso@@[hlsm& Ehat fha?@t: @5ed BPodiRY tRAusef 9wd@l@totnclude
in the formof a bag. es of m croorganisns that

bacterigy ypasts, seaymes, Qrr tuonethggﬁ@f uFormxgmptﬁ, thermicrabeganism can be a
b nbi nat i t.h
o5 L e T S R B ol o5, 0

alga€. a%roto@o@&ldfdlhgﬁéltllk&pﬂéﬁgt @g dRlim@ nidl@gus, e.g., a
yeast, plant or a protis g., an algae, a

pr Et(@mplas of pradagis g@s miay ke pp:dmdsmcluée gwnoaaml pahefunetianal C1-C6
alky%ﬁ?@)lsgﬁbo%%bgﬁ ]&cﬁ < 18pa1(§% lec gmgs %Cle86 h Iocl:JaOrlgons and

combinations thereof. Specific examples of suitable alcohols include methanol, ethanol,

propanol, isopropanol, butanol, ethylene glycol, propylene glycol, 1,4-butane diol, glycerin,
and combinations thereof. Specific example of suitable carboxylic acids include formic acid,
acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, palmitic acid, stearic acid,

oxalic acid, malonic acid, succinic acid, glutaric acid, oleic acid, linoleic acid, glycolic acid,
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al kyl al cohol s, nobno- and poly-functional carboxylic
acids, Cl1-C6 hydrocarbons, and conbinations thereof.
wep@siofilge exanpl es of suitabl e al cohol s i ncl udeCcT/us2007/022719
nmet hanol , et hanol, propanol, isopropanol, butanol,
et hyl ene gl ycol, propylene glycol 1, 4- but ane di ol ,
lactig Iagadev-hmroxﬂmﬂyr ,raad mmbmtahmﬁbérco&@mnfplcs afmmhle

BT T TR RTINS R——

Man@@f%eséﬁﬂfdﬁbt@ n?a%"& usB@hdhukisc acid, stearic acid,
Oxalic acid, mal'onic acid, succinic acid, glutarlc

ac Edamples of migporganisme Hat magibe dsec@bw@ﬂucc us@fubpromw'mclude
2008/ 073186 PCT/ US2007/ Ot2 c aci d
bactirla p@ so)(gglﬁca?}g}piat&oné %wdeo ﬁ’ar Em e%go?figépxélgfcan be a bacterium,
@@Hﬁl‘o?yﬁlc‘lfact%HhﬁanIflﬁlguE‘)édé Of a@@ﬁ%ldn%f YPRHSEERANR algae, a
et ane,” propane, pentane, n-hexane, and conbi nat’i ons
protoztmeroeaffungwsﬁrky podtist,eegs e :;itrmjnnotds may be used as fuels.

=X EF"EJPS%F 8&&{3{1@&? ﬂ-@? an € Q&%{?‘Q?q glc%)glb Tong. drgjf pol?lgugcdt?ocn%l C1-Cé

alkypﬂﬂaidwtrﬁd?ﬁs aﬁ&‘ﬁdl?@fmctloﬁﬁl éﬁmh@ amHJ‘ 3 1UCG hOR6EABSRThnd
can be a bacterium e.g., a cellulolytic bacterium a

combpatens, theregf. Smcgﬁeasampas pf antablsraleohplson¢lsdg methgngl, ethanol,

| I ti st . 0. .. )
progneiEom el et sthshe i e ensfE el s dffalstiod glveerin,
and bd’fﬁl’nﬁﬁ’t@orﬁ‘?ﬁ&eofawe&ﬂh )éf(éiﬁ}?l% lo® E‘lﬁ{abgcaﬁﬁ)xgﬁé kdils 1nclude formic acid,

al cohol s, nono- and d¥ uncti onal carboxylic acids,
acet@m@pmmﬂmwd}msyncm veleribiaeidt ¢aprac adidy padmitic acid, stearic acid,

oxalf\?ge%chc!a Hbq?onelc)‘e(? ngﬁgl?:c&cpch:ip gﬁlg e q%écg Breécp%%%qmogqﬁ aa%% glycolic acid,

lactlghml' RAdrBk ic Ri®RUY @Gxﬂbﬁﬂab{@@ therbofd- d?'s@itable
ycerin, and conbinations thereof. Specific exanple

hydr@ﬁarbo,nsuaduée watiaosethiane qubphnei proltangen-hoxaniecandaioghbinations thereof.

acid, pro butyric acid, valeric
Mang gheS%BfﬂdBFté “éaé’poc? usﬁcgf‘ﬁ‘lﬁ'le[jc acid, stearic acid,
oXx Tht €erACiffbro¥ah&i4l, a6 uded 1Fe16i6] 19 iaGn @il thallipt@des Gumerous loose,
acid, oleic acid, linoleic acid, gl ycolic acid,

discietecanideseparhlle fibyrshyFor oxannle.yr ﬁbroas:mtenamxub@mmmmdi foors a bleached

h . Exannl f bl.e | ud
Kraf) BiieE fber ORI Befined et S0lth whtY \ATRERERe. ' A
COITRE Reddnl ‘@B%eit,NGE BRI herdifdMYeatb a nivdffer e&p&@wfdf%wmg ﬂﬁ@tenal

used as fuels. The term "fibrous material," as used
accopdingonsiz. sExampleseofisarecnsiacludne pexferated phate.qulinde®s ghe like, or a wire
mes f&r&t band separable fibers. For exanple, a fibrous

mat ertar ¢En be prepared from a bl eached Kraft paper

fi IThe teFRUDGR IS, S Aeadel Mereirt nbans W BrBalcbdrdh &f ¥ mafriabby the

cutter. The term "screen,"” as used herein, neans a
applieatioreef heapensrey. ol?yrglyéw |cnrg oerar aithilg|the subinet matq’:gah@ ugflerevacuum, or

S c ude erforated. pl a

BT £ Bas8ou S RAGR G 0SB0 LBl B BBy  pecucing g,
such‘l&gelyﬂﬁ;gem pyrolysis," as used herein, nmeans to break

bonds in a material by the
Oxygen content is measured by elemental analysis by pyrolyzing a sample in a furnace

operating at 1300 °C or above.
The terms “biomass” refers to any non-fossilized, i.e., renewable, organic matter. The

various types of biomass include plant biomass (defined below), animal biomass (any animal
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application of heat energy. Pyrolysis can occur while
the subject material is under vacuum or imersed in
wa2@asexse naterial, such as an oxidi zi ng gas, PET/JS2007/022719
air or oxygen, or a reducing gas, such as hydrogen.
Oxygen content is neasured by el enmental analysis by
by-ppayduot, i V\&tslfeﬁﬂﬁ[) and muaicipal naste biones Glesidentl adBlght Commercial
or above. The t "hi omass” refers to any
refusgomirh Bo¥slpblseench; a3 @eta Bt glrebIeEovedyani ¢ matter. The

var 9 t‘%@cﬁﬁb nald Oaﬂﬂsq’l %ﬁlﬁﬁ)@l mlﬁﬂﬁssb}&fﬁﬁ %irn{fa\gy any plant-

(de I ne ani mal onass any ani na
deri@ﬂ%@@?@@ﬁeﬂ@%dﬁﬁﬂ% @'Bél(?)ﬂ)gwaxﬂgblqofom dnm'gy oa lalstmathmable basis.
et c. nd nmuni c vvaste resid nt|
Planﬁﬁ&maﬁﬁw o nel ot [Bed b ae Bl SEapAstes a8q apidiss such as

cornBRhvaE, v ? +a@vs,’§icé | omaségr bﬁgea"s{Q alﬁ)dal@tlﬁkgl PIRRE BionASfurther

Ilngoce osi C er to'virtually any
inclydlesyritut isdet ilnmtd:d o0, geeas, cwamyteﬁergy\cmpdwmd WMesmrdd‘ys)ldues such as
gy on a s st ai nabl e basj s.

soﬁ\gﬁy%%abl %&iga&k@ wafgs, spY dyssepaperandy Bldustry waste streams, wood
ﬁbexagﬁd hier %ddﬁfoﬂQll LE€&G o dudiER s%'t%ﬁ %ﬁd@@e li€&hdVe potential to

over, wheat stra rice straw, suga cane bagasse
be pmuldcetdm d lakg-sclaleaastanbuhemﬂmst Hiomadsapurce.nEbtban areas, thesbest

not ted t trees ody .ener gy crops,. . wood mastes
Poteawapﬂ n}a s Eogrodsinc ey Vs B a1 B0 STHS Clinnings, legygsiiree

N 5y -
chp eg:?rdsbx% At ﬁ@tﬂ@ br g&w&ltieqﬂ%ﬁdﬂ@é g‘g%gﬁ?edstoyés is any type
of plantdpsmassmbh as baﬂmdtdimgtedﬁs rwmdwmddy plaﬂtdmdrmse qmd)ti\emdl abps, such

roduced on. a | arge- scal as .ano
25, by et u ey G SeRp et B Trtied tpded &1 5%?&4?1? & switchgrass,

d -l {
cond 38R L S 0t c%gﬁ@%%geﬁwgﬁm
procassmgvregduakslueh psbn@m; tngemapnlp, aghbulgrrabte‘slkluetsoﬁ)r@xample soybean

".1s any.ty | ant bio uch as
StoviiGEOrTSAVEblicE atra‘ﬁdwev!ﬁ@ayba&e 1 GHRCDS, WP FUAY egpnola sraw,
rice &F&P%at §Hﬁ$‘ oa@ﬁullsb{:’&m okr, lréJ%fe@ Gvdol: gugf ﬂﬁe?eéwdilgtr hardwood, for

exanpl e, not [Imted’t C4 grasses, such
exangple nmwgrvamsl and cswwdlusg,rsaﬁwood,ynr agroatbenation sleegerith llr“srthcrethd
or a on thereof, or, sugar ..
hg“?fFHﬁ]Q§1§ %"3‘%"&% R é%ag‘b}tc)‘i?ﬂﬁgosﬁa‘@%%"s‘é‘ateﬁﬁl Hek s, S’HF pot limited to,
new§k Catdbdal, sdvidilstl 4RE thellle, €xanpl e, soybean  stover,
corn stover, rice straw, rice hulls, barley straw,
co Lrgmotimlomm&adstscﬂ« mwy inchideloac spac&wof fiberoer altermatiyelpat

lignqeliEietic SEstock ma ek Aminige of Spkr iR AgrBIF B filierant

llgn&%l’lgl%ﬁz afee?i@ﬂcotclf@ %rtl@fm@‘recﬂm'gﬁ@&'llﬁﬁsfctf%(ﬁ%k iy do se fresh
i gnocel lul'osi c feedstock may i nclude ceIIqu

hgnmgu]esmﬁc@sioak el yaksied hgnogebluldsicrfieedstbck ofully dried 11gnoce11ulos1c

rint rdb ard, sawdust, and the |ike.
feed{} é}g%ae?q”aﬁ"l} Yo thegdht ock nmay i ncl ude one species of

fi lpgF the puAlob& dTahis iRkclosure! EAHGALILY 26 hﬁtefrﬁﬁ%it%&&ﬁyosed
include a mxture of fibers that originate from
entirglyffemne 9r more saccharide units or that include one or more saccharide units.
Carbohydrates can be polymeric (e.g., equal to or greater than 10-mer, 100-mer, 1,000-mer,

10,000-mer, or 100,000-mer), oligomeric (e.g., equal to or greater than a 4-mer, 5-mer, 6-mer,
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I'i gnocel I ul osic feedstocks. Furthernore, the
I i gnocel | ul osic feedstock may conprise fresh
wo 2@nocHaBs ul osi c feedstock, partially dried  PCT/US2007/022719
I'ignocel lul osic feedstock, fully dried |Iignocellulosic
feedstock or a conbination thereof. For the purposes
7-megf 81rmﬂrs9-mes of b@-mee) tromenic idyroerit, s menemamne.eWhgh shet qashohydrates are
are pe. or

form3fi Sf FRF® FRE P sirtee ki egh Torbhs T Gho R G e 6 difereft

CapRahyrs 8?6@1 @Fc @ﬁb@l%tdx‘i@! inelude c&lulos%%éﬁhn t;}éct% and starch, while
“Q%r eat er than - 1, -nmer, ~ 16,0
ce

#0s¢ @0d MUJSW@) exampiag@nﬁénnmc(c@rlgahyd@cgsaﬁxampbs ogrn@aompnc
6-ner, 22 WD 2008/ 073186

h
Carbgéi?/?ﬁ %55%??53&"51%96 8-mer, 9-ner or 10-ner),

t 1 CaRyohGdratés ¥BE b&parPbf ﬂﬁgﬁﬂﬁélb@ular\@ﬁﬁetu}@% - covalently bonded into
car bohydr at es are forme nore than a si ngI e repeat

the sgmurture. eaxamplespdsuchumateriglinndlede lignoselhdosie mdterialsy sueh as that found
mwoo(f.nples of polyneric carbohydrates include cellul ose,
pectin, and starch, while cell obiose and

| 20! @EbUBHSle FXA P Biatepfal &ipﬁBl%lo‘f baRMikOINMEE BieSénce of oxygen.
Exanpl es of nononeric carbohydrates include gl ucose

Exargpigs of sasleustibigrfbelp yusludecthangh nipsopaaet, ndjutanol, hydrogen and mixtures
ranolecul r.structure, e.g., covalently bonded into
Ofalfyut% ST If es%xarrpl es of such materials include

|| gRenRiglagb@s ks udvathefdimbhie mAeedls Bt ¢4u8é a HRBEHabIE Bwelling, e.g., a
wood. A conbustible fuel is a material capable of

2.5 nsigent mgrease inhelymeeraien unsw‘di@y@@aﬁe of @Hatpptcwd@fr lignocellulosic

matof R W Aol s oSt BFREOn, o1 B GRE R iom fpgmptes

inchile aliagise subcémbéd @@h&ﬂ%ﬁ&l&nﬂ@d@@& B@fa@élﬁ\mﬂfyﬁrdiﬁieehthﬂxﬁ hydroxide
t hat cause a di scernabl e swel | | ng, e.g.

and grameaiym hydrpxides acldlfmg@g@ntweeh @ﬁmmmmﬂé(ﬁ sx wl@n@facld

hydrsgﬁl%)ﬁ'é %nc?ngﬂ%sgﬁo ?cnrﬁ: al ggéugﬁ SgFln{:I %ﬁmdg, c&lcmrg c%gf)g?te sodium

carbsxﬁﬁtMtUe@iyltrﬁX@lﬁmhrﬁmonidﬁCkm&@e ah& Bhdid\erganib ahissesuchabiethylene
as sodi um hydroxi de, potassium hydrOX| de, lithium

dmnhVErOX|de and annonlun1hydrOX|des aC|d|fy|ng agent s,

S ucAh“ ﬂﬁa}rgﬁ Hl%{e?llal ,agg ﬁjsgd %Er ac‘ HlaIeWai t&f@lﬁ flet:s discrete ﬁbers in which

hydr ochl or i1 ¢ aci I'C acl such

at leZSt abowt 30 o ftke dﬁsade&i fiers; &b@zﬂ &hgﬂﬂcﬁﬂﬂttHfTQL/D?fdﬁ@rbﬂTaﬁleast about 5,
benzyl tri net hyl ammoni um sul fate, and basic ofganic

and that hasan l@e@np@éseétmw dameity of lgps than about Qifegierayy A sheared material is

L | hat i ncl udes
thus gﬁ‘fe%lgtqlred at&?aef ﬂla\?\/ﬁgsel#]e%n c{xts Fﬁo&a@?ﬁ oy %r??{.méo % of the
di ehasditg & hbﬂid‘c%lar bav@uR Jf amismidse ifeddBloek, as séd heréih] Beffs to change
at | east about 5, and that has an unconpressed bul k

the chemigal honghng arzangemant cm@uformammfdhestnmgne Eowmnple the change
in thgmo%éu?e{r s{rﬁ%tultel'l;lig 119311§c{eegh§8n%n£ he%%ra%tieecruiar struc ire ol}?he material,

oxidation of the material, changing an average molecular weight, changlng an average
crystallinity, changing a surface area, changing a degree of polymerization, changing a
porosity, changing a degree of branching, grafting on other materials, changing a crystalline

domain size, or an changing an overall domain size.
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Changi ng a nol ecul ar structure of a biomass feedstock,

as used herein, neans to change the chem cal bonding
wa@eooaogdasent or confornmation of the structure. PEDUS2007/022719

exanpl e, the change in the nolecular structure can

i ncl ude changi ng the supranol ecul ar structure of the

maUatdsabthervoixe d@ﬁriednalbfechrtieal and ecientific tetmaggped hemim have the same

meai§ a5 Seminan byindgiaigng tprs of itk fn HeSHEgrhigh this invention
belofé‘%f1 rQehoRh RRYNGMB ahd ?Ha'té?ﬁls &Bﬁﬂ%r%uﬁraleﬁ%%&)s‘elﬁescnbed herein can

ngi ng a degree of branching, grafting on other
be usraltia theapractiostoatesting ofithe pyesent lhvmonommabln nasithasls aod mzaterials are

descﬁ%@%@%o;ﬁ&%ﬁi%mnﬁ?ﬂ%@g i’é&% i qqgg)/th%g% erences mentioned

herelr€48 Mcoflorabdlby edferehéd 1hcihén€ér{f§et?3 fﬁjczﬁ@ betshliay Belphent
sane neaning as_commonl y unders by one of ordinary

specglidatipn,iincludiog definitionsywiild honthdls In MMn, dhre mitetizlsgnethods, and
Al.t hou net.hod siym.l.ar or equival ent
exarpi)ty R iRty pieatiePanfhadld BUmikBE Th The pract ce
or Jieifedigre® hind AfaRfaB&SSthé ﬁl‘(]@ﬁﬁdn%ﬂl Mpbﬁx*éh?ﬁ&ﬁttﬂ@ﬂﬁlowmg
and materials are described below. All publications,
detapled dastriptppl, andifromrtbe clgament s, and ot her references
mentioned herein are incorporated by reference in
their entirety. In case of conflict, the present
speci fi cati on | NOESCRIPTEON OK DRASYVINGSI cont roI In

adg'&l on, materials, nethods, and . exanple
£} 183 ‘%}%C pgramffusiERting SpRYFRitien phbipmars 1 OtI?TH icls and co-
prodikier features and advantages of the invention wi Il be

apparent fromthe followi ng detailed description, and
f r &bt his bidcki diagraiBGRIakig CdhversiMRAA fliss seurCe irto adirst and second
bl ock diagramillustrating conversion of biomass into

fibroys gaateta: and co- products. FIG 2 is block diagram

i | lppgts atd d?sss%etwawew &fa @taﬁ%ﬁg& %Rtéf-.ce into a first

and second brous materi al I's a
cr 65S- %EsdiloakrrhhgmmeMum‘atmg catversyorkof £ fbersotree inté-h Erstdsecond and

bl ock di gram illustrating conversion of a fiber
thlrdsﬁ*erPE%nﬁaW(‘a a first, second and third fibrous

MalEes| s blgdk(%xaé}alhsill@ét&ﬁh%gé&gﬁ&ﬁbh b ¥sdatedial. N0

densification of a materi IS a perspective
vi @WG0of isa predpeetiveiew of ip@letadilli s a densified fibrous

g AL S SRS I LS Lo o
ENEIGOIB QW trardvérSe bloB&settibh ofa RENYWE pelRt it WRicRS! defer of the hollow
is in-line with a center of the pellet. |
FIG. 7C 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. 7D is a transverse cross-section of a tri-lobal pellet.
FIG. 8 is a block diagram illustrating a treatment sequence for processing feedstock.
FIG. 9 is a perspective, cut-away view of a gamma irradiator.

FIG. 10 is an enlarged perspective view of region R of FIG. 9.
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FIG 7Cis a transverse cross-section of a hollow
pellet in which a center of the hollow is out of line
wowdaok/otiies center of the pellet. FIG 7D is a tPensEsSmOma22719
cross-section of a tri-lobal pellet. FIG 8 is a block
diagramillustrating a treatnent sequence for
pr §8@sHli ing blenkdbagre. illugiatng 8n elsctzorpbeaspeadiation feedstock
view of a gamma irradiator. FIG 10 is an
pretrgﬁﬁn};ﬁngﬂ%l F¥spective view of region Rof FIG 9. 24

WOr7Q 08/ 19%%@%3@1&@%@92{!3@83 fd2Xonfchiing Q-gr rolc€ss@trbAR K cellulosic

diagramillustrating an el ectron beamirradi ation
matefreédsab@lkdnmdatmeat ment sequence. FIG 12 is a

C View f a system.for sonicatin proc
ot F B acEhissfiey PR satrapr FHE o TR REE (P to  sinle
hornE! G 13 is a schematic view of a sonicator having two
transducers coupled to a single horn. FIG 14 is a
bI btG. o iagrbdonki diagrgmriﬁustngngapyrocbytyct feedstanligwetozakment system.

eal ment sys FIG 15 1is s-secti onal
Pl FI6y RGeS o, e View taupr e Siatere &
CI P3G FRiRtal P6kalsestidial M&@We@/fof% ﬁ@wl%ly&hasnwehanber FI G
17 is a cross-sectional side viéw of a pyrolyzer that

| n&ladkkisa ch@satsedwfmal sideview of| ralp&rolymlthat ancd) ndmeatcd filament.

cti o side view o |nt ol
1 BG 870 Y Akt veitrelside tevstTa Cutmatl Sbhet
f UFGCH) ﬁ)érs@héfﬁzﬁfc cr&ls@ect?&lal §dé‘vi%®|"tﬁ"%hﬁce pyrolyzer.
cross-sectional top view of a |l aser pyrolysis

ap béo a2 Wis a2 sEhematzicross-sactamiabloptview of aserqurolysimapparaps.

t t fi t
s RO ch R A e Bl ong e Y& Rk Blamissi Dpdporotyeer
pr eiGest K%rﬂloékycﬁﬁﬁﬂin illdtfating an bﬁldﬁﬁ@féed@t&ﬂkrﬁ&}eatment system.
illustrating a general overview of the process of

coﬂN@r 23 Wilock didgram ibuinatieg h gensral oyeniieye of the pocess of converting a
oss-sectional view of a steam

fibef %?b‘fcﬁpté)rf’ %fﬁg'é‘i%’a? %Setﬁﬂ(’é 25 is a schematic

Cr P$S- ZPigtal PoWRLsestichal VieRVbfafsteandipldstbredppatahidn
beam sonication device. FIG 26 is a scanning

eI E&6r Dnis i schopptippmosstseetidriabside siewsaferhyhridisiastign bgam/sonication
devi éom pol ycoat ed paper at 25 X magnification. The
t¥'brous material was produced on a rotary knife

CUF[@I 264sial scanmifly ele&fdrafitradriph Jf Dibrochmareinl pioduceliiffom
27 is a scanning electron m crograph of a fibrous

polyaated parer pr B deagnifieatipk| Ehe filbrgus material was produced on a rotary knife

cutter utilizing a screen with 1/8 inch openings.

FIG. 27 is a scanning electron micrograph of a fibrous material produced from bleached
Kraft board paper at 25 X magnification. The fibrous material was produced on a rotary knife
cutter utilizing a screen with 1/8 inch openings.

FIG. 28 is a scanning electron micrograph of a fibrous material produced from bleached
Kraft board paper at 25 X magnification. The fibrous material was twice sheared on a rotary
knife cutter utilizing a screen with 1/16 inch openings during each shearing.

FIG. 29 is a scanning electron micrograph of a fibrous material produced from bleached

Kraft board paper at 25 X magnification. The fibrous material was thrice sheared on a rotary
25



Kraft board paper at 25 X magnification. The fibrous
mat eri al was produced on a rotary knife cutter
wa@iRooBi0zileg a screen with 1/8 inch openings. FlET/R8200%022719
a scanning el ectron mcrograph of a fibrous materi al
produced from bl eached Kraft board paper at 25 X
kniferagterf Dosng the. firFhehehring, aU48 mab ecree wasssetydurimgshe sacend shearing,
r ot ar knife cutter iLizin n with 1/16
a 1/{Rripfh Sesl s it Vg fhedhad fong e 1B 591 pebey Was usa
SCRNGI 310is @l s8R AR sTVi89 R R RoREatRdnldpPhrats, \WﬁﬂeeFKﬁbl is a cross-
produced from bl eached Kraft board paper at 25
SeCtlnn@jrwth taoiginthe prasessing wliofddGedd.al was thr| ce shear ed

F?(é @t}?@épan%%quﬁé‘p%ﬁ/@%;q%gg ag ﬁréél %807/ 7%%ﬁ eﬁibrous material

prod%@é@ﬁ&n"éﬁc@arﬁfg%qsltcﬂgﬂaksr& 4 Rfar§ RaHE @ut%?eﬁrfd' théh %aséné/tﬂeﬁsheared
inch screen was used, and dufing the third shearing a

mateIiaBﬂlnghm 3?2 éwh seresnused. FIG 30 is a schemati c side

f t
or S8 R 5 BB bR ek S L ELE e Yo ity of FIG. 32
aftexﬁh@that?rQn with@0 Mad 2hd 3 0§ 3428 icBEinfl 1804, FaPedfively0 8 A0 sat

000 X magnification of a fi brous matefial produced
magﬁlﬁ@aﬁl@hearl ng switchgrass on a rotary knife cutter,

A R S L b SR 6%

irraditfonQgita P Mrad aﬁmﬁmﬁdalabﬁ)uﬁmmt)cfﬂa%i;lf@ﬁu&i G 32 af ter
irradiation with 10 Mad and 100 ad ganma ray

r e§Heciq wwealspannang dlegmmmicragyanihisiof thei ﬁinouﬁnaien@l@fﬂGaﬂ after

. annl on. mcr t he.fibrous materi al
a0 80 S5 Fnfa R AR ehlSgeqitng 5
SOIFIG 237 131an i frakO@ SpebtriRMBTKrhft Bbhrdpapér sheard® oh § rétary knife cutter.
scanni ng el ectron m crographs of the fibrous materi al

of FEGGS B2nanfrared spectrani efttheokrafi papen oF 14 4d afenfrradiation with 100

Mraao? icati Qn,. & t 1000 X magni fication. FIG 37 is an
ot BEPEd %‘B%é‘%“rum of Kraft board paper sheared on a

I OFaG Y3 KRiafseh&ibiticofiew oF h Procdss fof bidthakiédnaeRfbnspect r um
of the Kraft paper of FI 47 after irradiation with

106 1GMGig selftenapiiervacw ablanpthes progessdor B®mass eonyersiarat i ¢

view of a process for biomass conversion. FIG 40 is

schemati c view of another process for bionass

conversi on. DETAlI LBETASER PESORIBIIIONs (e.g., plant
nmuni CI wast.e b

camnass .o BEL Bogep AL E B ﬂawmlgvaglf%oraggﬂ can be
procksseti o pl%ﬁﬁéeeﬁgéﬁﬁ?%cf%@%ﬁ%%sfuéfse SYQSmE h@@?ro@@sls@é’\ére dBRtibed below

can use as feedstock materials such as cellulosic
that ganivissras|feqgistock imatdrmdd sichmas egliuddsec arldéar lignecellulosic materials that are
readily available, but can be difficult to process, for example, by fermentation. Feedstock
materials are first physically prepared for processing, often by size reduction of raw feedstock
materials. Physically prepared feedstock can be pretreated or processed using one or more of -
radiation, sonication, oxidation, pyrolysis, and steam explosion. The various pretreatment
systems and methods can be used in combinations of two, three, or even four of these

technologies.
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readi |y avail abl e, but can be difficult to process,
for exanple, by fernmentation. Feedstock naterials are

wo oost7yaBe/si cal |y prepared for processing, ofteer/ibg2007/022719
size reduction of raw feedstock materials. Physically
prepared feedstock can be pretreated or processed
usilmspnamenses, toprevidd mateadisghatomcludeon¢arbahiydrate, such as cellulose, that

xi dati o r.ol ysis, and steam | osi on.. The vari ous .
can B3t et Bun S eaismEl§ sTRbES B 5 BruER, i as § EBmbustivle
fuel QP diitdniof Haitapbl &ﬁ’l@fdréé%ﬁﬁ FecdSlocRVB 1hOYle She 8RR saccharide units

t echnol ogi es. 26 WO 2008/ 073186 PCT/ US2007/ 022719 1n
can boireatedhbeany ons qymoa o€ thegiresessels slesanibed herelnu dther products and co-
car hohydrate, such as.cell ul os t hat an .be .
prodigfs S B frog e p oG T SaRBI: BUrdh sk Byl G pfgmaceuticals,
and RitEdelficals. URIMBE of cRAMNESirk Br&entbd Blab rdnBe Grom BindRBIe
_ butanol or hydrogen), feedstocks that include one or
implgmentatorscdfandissluakpreigeatment meshodsdadasge boaledripmesseprogessing plants.
nore of the processes described herein. Ot her products
TY 31 ts that can be produced include, for
; food, animal feed, pharnmaceuticals,
an Geﬂéﬂal’ly,ca@l?ﬁlii&ﬂésﬁ mafer{ill € s Rfin@ARRIRhBINPdr8ted EEHHGEE @ntirely of
that range from bench scale inplenentations of
one PiPLA seeRilarige sniteer thetincluds enedy mere sagcheridaculits can berprpsessed by

oy B B8 AR 57 L YD B e

lignéRlmpRsednfaidisel y of one or nore saccharide units or
that include one or nore saccharide units can be
pr Seeexasly puctumptegplsicar ingluds paperdpaner productiereqd, wopdrrelated

| e . th i omass..material can be cellulosie o .
mar Bl et AR C bl e EeatBpalile NPl hrpao, sial
abacAdiraw) ebthddbBaRRhullpaResnud hak Udfe, seaeed, coresl-shfthafieéklluloses, or
materials, particle board, grasses, rice hulls,

mixtygegs gy obdEson, j ute, henp, flax, banboo, sisal,
T T
polydbatédipgrr oid Kraft gpef)aiEligrocElBllosS©Ab&aBuicss lintdeding wood, and
cel lul osic fiber sources, including paper and paper
woodrelgigdmaaterialy 8., pastise b%réd%éplt%}mﬁ%rép@rc%ﬁgéﬁlﬁsi natural fiber
d_Li l]. iCn.fd.ber r hald AC [
o) PREELHLL AR e G2 ph BN ATy, Bk, s

cornSdébs, e dufls, RBEorRQ HAIESFber BElrbékehi SinUk-BE11{16RJonteh ) L &iton; and
g., grasses, rice hulls, bagasse, cotton, jute,

e.
synthestegfiber beyrceshe.gh ewtrudsdsealtm (czisnied yast oranv-orientedryacmb Natural or

ice.hulls, coconut, hair: fiber sourc hi gh. {n
syntieie i soyltkes B8 AP 1alEd flom (RN GRIeP e Siitials g remnans or
theyfcaR 8E p&QEbh&Mer Syadte e.??,(i'a[ devhendfaBerl RbdA £€ u¥& 4% fMer sources,
un-oriented yarn). f\la ural or synthetic fiber sources

theysan bp girgintmateaals,fa.@nsovapr gigin swtealst exthey eamipet post-adsumer waste.
Aside fibm v{rgglnrgvgtrrsl’atgrrials, post-consumer, industrial (e.g., offal), and processing waste
(e.g., effluent from paper processing) can also be used as fiber sources. Also, the fiber source
can be obtained or derived from human (e.g., sewage), animal or plant wastes. Additional fiber
sources have been described in U.S. Patent Nos. 6,448,307, 6,258,876, 6,207,729, 5,973,035
and 5,952,108.
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t hey can be post consuner waste, e.g., rags. \Wen
paper products are used as fiber sources, they can be
W Roogiomsis@at eri al s, e.g., scrap virgin materi al BCT/082007/022719
they can be post-consuner waste. Aside fromvirgin
raw materials, post-consuner, industrial (e.g.,
of frafome emblodimentsstbe narbolagirate i er.igclpdesfa material Having one or more -

LGRS PO P B oo R e Gt B 2650 ana s0.00.
SucH & SAbotyIRAte (LordncludQURAEbse @) wWHh @Heﬂ{/&f‘ﬁ‘orﬁgﬁ-_tgﬁﬁzose 1) through
Additional fiber sources have been described in U S.

condeasation ofigEl-> 8)-gleoadiz boads2 5Byilikage coifsEABElf 3vidinBatofaso(1—> 4)-
and. 5,952, 105, . 27 2008/ 073186 .PCT/ US2007/ 022719 | n
gb@%%ﬁ%%@né%mﬁﬁ@ﬁPb$m¥ﬁ%n%8 BBW?%ﬁQFE‘?% or includes a
mat eri al having one or nore 1, 4-1inkages and having a
nunber average nol ecul ar wei ght between about 3, 000
and 50, 000.- Such a caMOkydrate is or includes
cellulose (1), which is derikxed from ((3-glucose 1)
t hrough condensati on of cosi di ¢ bonds.
This Iinkage contra$gt@Tt s8l i H a(1l-. 4)-
gl ycosi di ¢ bonds presdd©Q- er
car bohydrates. HO HO O CH
O HO OH OH Blends of any of the adMe material s may
al so be used. SYSTEMS FOR TREATI NG BIOVASS FIG 1
shows a system 100 for converting bi omass,
particul arly biomas Jsm/ith significant cellulosic and
I i gnocel | ul osic co ents, into useful products and
co-proflucts. Sysiem 100 includes a feed preparation
subsygtem 110, pretreat ment subsystem 114, a prinEBFi
process subsysthem 118, and a posH{@)agessing
subsyfst em 122 ation subsyste '

O

HO
OH OH

Blends of any of the above materials may also be used.

SYSTEMS FOR TREATING BIOMASS

FIG. 1 shows a system 100 for converting biomass, particularly biomass with significant

cellulosic and lignocellulosic components, into useful products and co-products. System 100
includes a feed preparation subsystem 110, a pretreatment subsystem 114, a primary process
subsystem 118, and a post-processing subsystem 122. Feed preparation subsystem 110 receives
biomass in its raw form, physically prepares the biomass for use as feedstock by downstream
processes (€.g., reduces the size of and homogenizes the biomass), and stores the biomass both in

its raw and feedstock forms. Biomass feedstock with significant cellulosic and lignocellulosic
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biomass in its raw form physically prepares the
bi omass for use as feedstock by downstream processes
w@ e00g/07318€duces the size of and honobgeni zes t hBCT/US2007/022719
bi omass), and stores the biomass both in its raw and
feedstock fornms. Bi omass feedstock with significant
comparients|cas haveamitigh agmageehdledudes iveigh aiBregaBnidyGasén make processing

the (FEHACR I CH el By JRTAPIEIN PRk T AP CHeq oD diffcul

Pr Peatnitat sdb@ﬁté‘n@ e o5 feG ed fRERI0ER oM thPTRE P%p&aﬁ@n Sibsystem 110
fernmenting the feedstock to produce ethano

and piieparesthe feedfoek foe usain mnn@ublsyéuo@lnn pnoil:essea:lw \ﬁa@xample reducing the

f eedst ock f f t t 110
over SRS B0 B % G PR VAT bRt e 18
receiVEOFREERS ﬂéh’dst&cﬁrfro%(ﬁ@ﬁéﬁmeﬁt%qb@ktﬁﬂl 1188nd ﬁiﬁ%é&%eful products (e.g.,
nol ecul ar wei ght and crystallinity of the feedstock.

ethaml; ¢fh¢r3alq@h@1@a§@namst}®ise mdlmffooci producis)s Iipsome @agsethe output of

primg i rapatreee | s B e o el e roccssing
provitita e silirb&eddisng sdb@?b’té?ﬁ IQP ObsRpRPELSING kubsySteATR pFASES further
t he out put of primary process subsystem 118 is

procgiisingde produeistraamyfrem primapy pmcess apstam 1 tiéwtnch egquiratt(pgr, distillation

Y TR (YR SRR X —

som® E436€ e drb@uchy TEUBSysteis ¢ #4TH 18 rlchBﬁ hREbY dipscRG @8 ﬁldlrectly useful
system 118 which require it ‘(e.g., distillation

as segendarypraducansioran mrﬁ@sn)lg the oxerall e&‘gclemcye af system FOx For example,

waste.str t h S ns.
pos R 58 ESRTemh b eofibe B REe SFheeytlfq 45105 5 poggpss water
in otBérsbdiBtefisa88/bt danProdute bluRablk Wabke Qxflﬁ’clh caftbe DQLIU F#] Yor boilers
products and/or in increasing the overall efficiency
prodgemgytgtuemiq/ooeleqtmlt}exarrp| e, post-processing subsystem
t.reated water to be

< T SRRl or B GRS Ryt B AOREHEp G feckoR i

econ@ﬁﬂéﬂsl&@cdl’éflﬁﬂ&ﬂhé Spvasd @va‘ﬂ@lblﬁg/ STBIbNPRs UeAds ?e%ditH&J 1h&Easing plant
boi l ers produc:| ng steam and/or electricity. The

size tgpds tpuneredse ecdnomitsi af iseale asseniated with plapt processdss Ph)f“fewt mdreasmg

o 86316 AL B0 T P O . St

analﬂlzﬁ'ﬁ% Basel fadoRlsagdest thatdke éﬁPﬂﬁlafe%lﬂerfG{ lﬁ&%ﬁss%@ﬁ%@ﬁbr?ﬁla@tg can range
scal e associated with plant processes. However,

from 3009 é@é@ AQ) dosiddens ofifoesistarks pertdeyt depending at least eparten the type of

ati r1 cost

feeafig Bed ok wpt TRERR: Tt 3o G R BloctiisbaSgpgmsiwith plants
des@d&df}mttﬁﬁl)ﬂfbpbl‘bbéds F%e‘&bt@@k WhbschivSiTEE Ry ¢41b¢ 86abRNy (e g., com

pl ants_can range rom 2000 to 10, 000 dried tons’ of
StOWﬁQém@tg(mp@rond exofchite derdbtaek steragethen plants dasignedrio progess feedstock

fse k€ ck The, t ype, of feedstock can

whogﬁyﬁfgll%lhtgcir%gl?ba ste @Qgé Ef J%Bg?re nts with plants

deS|gned prlnarlly for processing feedstock whose

FEED/ BREPARATYONar i es seasonally (e.g., corn stower)
requiring nore on- or of-site feedst ock storage than
pl Hhtcneieasesy fsghads op prosessingrheginswidle k phyiiesd preparation of the -

feed%é@%I %éyﬁpﬁﬁ(ﬂ aﬁﬁ%k?&fw Ye%héfoag I%thﬁalg,eSugh as W&Stgnga&ﬁ‘ld}ng, shearing

or chopping. In some cases, loose feedstock (e.g., recycled paper or switchgrass) is prepared
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In sone cases, nethods of processing begin with a
physi cal preparation of the feedstock, e.g., size
wo edbsotriien of raw feedstock materials, such asp@pUS2007/022719
cutting, grinding, shearing or chopping. In sone
cases, | oose feedstock (e.g., recycled paper or
by slsearing logstasdding. sSqm:msamékd)r Athghéls 2808 (58 1@ femove oversized or

PCT/ US2007/ 0 2 by shearjng or. shredding. Screens
undesiahle POIeEI§ SREL2 eeséna@eWC{%grr &ér fegd sthgangy
ungesi r@pz{r%uﬁpé)? caH B & fr&f togﬁétm& Feed BRHRs Wlth specific

nails r om t stream reparation systens
charaaeridties smhfasgﬁor emlampﬂe,mpedﬁc mab(enu*nstzeeapwﬁt tdngth to-width, or

speci char.acteristic ch as,
specilfscilriepg aredsdatintm A 3 Bart of fred propardionghn LB e pyhof fggdstocks can

be cSRRh (EgSHIctAs&)areas ratios. As a part of feed
ecprepgrzglt onc the)bul k density of feedstocks can be

controlled (e.g., increased). Size Reduction In sone
Size BedugtioRent s, the material to be processed is in the

fopMddfe é}nﬁdcf?fheﬁ'é tH@BﬁEérﬁLto BetbedsBad ¥ g’?ﬁleffbﬁ’?f)ﬁa ﬁlt:)rr?gs material

provi ded by shearing a fiber source. For exanple,
that gichales ﬁgers arovided hyeshEanimgeadfivérishurge.r Bomgxamiphs, the shedrirgy can be

For .ex reference to FIG 2, a fiber source
Perf%duwﬂgn}f)l réfg(“dféc el in a rotary knife cutter, to

pr eyt %nﬁ}at 'aﬁ&B ét@feﬁé@to'ﬁ&eﬁ | beg %&rc%ﬁﬁ) ;S sﬁézired e.g., in a rotary

fibrous erla 212 1's pass€e hr oug irst sScreen
knif@duttendo prayidena ﬁxseﬁb@as npnﬁmahgl%l ’Elm fixfst fibroBs mateoial 2 EXsis passed

throyl s rshiroine 14 teneteet PpSina s ofl SE iR legs (1718 inch, 0.0625
inchPlo ;Q'BVJdQ asB&nd MM Bterifl 296. If’ﬁésﬁ‘%@ fﬁ@{)ﬁﬁg&rcan BpRlcut %I’IOI' to the

exanpl e, when a paper I's used as t er source,
Sheapag,efrg with alsbrefilers Foc exxamplie,ovlsnra mfpet isasedasgthe ﬁbg source, the paper

can %ei)éﬁ t et ‘&t{‘%{@g? VAAE%?&N%Z% ntgdz?es @ using asfisdder, e.g. a counter-
rotatifR Nt AE S Edtr, t&ﬂc%@tﬁ@ﬂ: &Hﬁdﬁ&ure&' bY Munsbi (Bfica, N.Y.). As an

alternative to shredding, the papér can be réducéd In
alterpative th phredding the papea calebé reddce;h insizedyrgttong tg aldled;metdl st usmg a

gulllp B%%}{tfe{h rrpeg()é&pq ﬁ{e&u@fp&@? {tOt ! n%g(ll:lget:dt tgrcag t%e i)@per mto sheets that
are, éﬁﬂ@%dﬂbﬁﬁu&%yllzz inBkd}@8éngd.ONg. | n sone enbodi nents,
e shearing of fiber source and the passing of t he

r ebuasqmmgnbcvdimtentsa‘thb slmasingraf Bbérasourch andi tte Hassisg ofthe eesnlting first

ﬁbroblg ﬂgg?‘g%af réggcgereern%gﬂa Th ﬁrl?cgl%laﬁg h?F@,ﬂ@anng and the passing

can ﬂé@E@?&forﬂéﬂ lﬁxaa@h@ypeq)rb&fs@ry knife cutter can be
used to concurrently shear the fiber source and

scFerexattipde, firpiaty knifr onitsr enntterused fo mt:enrentlygphw th¢ Gbg, source and

knife cutter 220
sore 2R Fieisa ot RerrRalodtlcy P sty BRRECuics 250 intfides a hopper
222 aefd R okdedsiities shrbddedi fRF sty 221 prelgl?é&w ﬁgecﬂdlﬁg fiber source.
source i s sheared between stationary bl ades- 230 and
Shrefldedafibargowice ircshe@asd betveen stationary blades 230 and rotating blades 232 to
provide a first fibrous material 240. First fibrous material 240 passes through screen 242, and
the resulting second fibrous material 244 is captured in bin 250. To aid in the collection of the

second fibrous material, the bin can have a pressure below nominal atmospheric pressure, €.g.,

30



provide a first fibrous material 240. First fibrous
materi al 240 passes through screen 242, and the
wo e®aloriieg second fibrous material 244 is capteeBUS2007/022719
bin 250. To aid in the collection of the second
fibrous material, the bin can have a pressure bel ow
at lepgy i marcent ebesp hemiral pimnspheris, pressgre €.30 atigast A0 peaEstlizdow nominal

o TSR IS PG BT R B AEArgcs 75
percBRtMBelA noRinAPSRIBPphcTicHr&BsMe! En séthe bRBSdimeRtsPL4R0M source 252 is
bel ow nom nal at nobspheric pressure, or at |east 75
utlh@%‘rt@ angintpia| tbvvbmdmlqvanommabstpw@plmcmr@smw e. In sone
d t . 252 i tilli .
Rl e e AAAE R i et Seghatsetin e diyaps materias

makﬁl@&ﬁé telhl&sRdf e AgARE ARO Siicéfible PRABINNGisSBN aAdVEr reduction of
‘stressing” the fibrous materials, making the

crys@élmlm ddwe open nmermc@mabsbé)emre swsntép}c tdﬂmdatmnowimnnrradlated

a1 DF PG ap bE GO £y el 8 gt (o e v o ten
percwnebry wiéi %ﬂ%@érﬁgd wItég bt S wEQUtE & & Hhviy ehR@&eMolifM Ppercent and

dry sta drated state (e.d., having up to ten
abous 8 p @éW@nW mlgéhwatabsﬂrdoféhﬁrmm ¥an eyenba sheangst whilepagtially or fully

vim out. 10 per cent about 75
Submerg% ?1130%59 \%E'i g?ﬂ ea? eﬂ%@oil’l o %aélﬂﬁce can even be
sheag glevddulR daalsb %k: lsMea@éd intinldyr a S44QERMGRY sHesR ror ﬁtmosphere of
liquid, such as water, ethanol, isopropanol. The f
gas afherrthen ainhe sl o5YERn of metmm ¢rrSt€uinder a gas (such as a

L TN T R R M ——

nppmg@ridahhguﬁn@ﬂh@mg@k §1r|aﬂﬁi1é&dﬁnlhﬁ g., stone grinding,
nmechani cal ripping or tearing, pln grinding or air

at {frdesiresh the ﬁlprphsgmaterlab@gn be separdied, kigarcontinupaskyrar an Batches, into

S S —
attribleess i Hoy exdraple/ fod k’oﬁxﬂﬁ?cor@ﬁos&% i§ Bftbh AdirapR t@Ba\tehﬁ%fatlvely

attributes. For exa form ng conposites, it
narrwﬁ@mtu@@npérﬁber lte@gth%lve a relatively narrow

t f fi ths. F us .
a2 PP B ol AP iy T B 6 o B aceriats by
passﬁi@taeﬁbrah§mbbénanﬂ§t&hﬂﬂd@ d TR0 MaltRhEydsed mabidt, d. HChSiBStromagnet,
a ferrous materjal past a nmagnet, e.g., an
and @le@ eesstiedhe eqsultmarf@rqusematgra@ﬁhrnggh neeries ofibareens, ¢ach sereen having
dlffeggltt QIZE@L%F%%ugh a series of screens, each screen

€fent sized apertures. The fi brous

matTheé ﬁaiosls mradlmmwso%ma ahed, . g By usikya Hﬁgﬁ%lo%xtblgﬁb e.g., air.
vel ocity g., air n such an approac

In such gp gprro ébq %&rgusam@tesléks areteparatsgd lmchwmg off different fractions,
Wth%l {I%E e {tgﬁfed' p%g?dmcawg, if es gSch g? i)?ifaglﬁlrl gé]%g?tgf 15 discussed in

oRi-car esired. a SEép
Lmdssy eliafduSs @dtenﬂNoJ_(f, ,BgIB6g7. et aI U.S. Patent No.
6, 883, 667.
The fibrous materials can irradiated immediately following their preparation, or they
can may be dried, e.g., at approximately 105 °C for 4-18 hours, so that the moisture content is,

e.g., less than about 0.5% before use.
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The fibrous materials can irradiated i medi ately

follow ng their preparation, or they can may be
waleoosm73166 g. , at approximately 105 C for 4-18 POLUS200%G22719

that the noisture content is, e.g., |less than about

0.5% before use. 31 WD 2008/ 073186 PCT/ US2007/ 022719

| f Ifckesireds dignini qynibe reraovdderane oy efithe fibnowsnyaterfals that mclude lignin.

Also, 00 B BRI of URmARsaE Frebne itk die ceHutdhe matetal can be
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suchzasediom lypsthlontg) ond/oli meenzymﬂch as sodi um
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S BNaB o GaseRe smeéehes%%%ﬁe%s [esSthan 0.79 mm
(1/31 t}f&ﬂ @o?&sﬁmh)(&g%s& ffah 0.9- r%](o%o' ﬁﬂiﬂb oz@o@mc @és§ than 0.40 mm
than 0.51 mm (1/50 inch, 0.0 i nc esst .
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thantl&@rﬂhzgl LB fm §192%3i§cl'1 WQOG’ZS 1?13 N HRSereeh ﬁﬂﬁeﬂ)zﬁ&f’by interweaving
than 0.10 nm (1/256 i'nch, 0.00390625 inch). The screen

monpﬁlapreetsdlaemgm}n apptwna@airamger tmgmn‘uhb dnmcdsophmng ageaﬁor example,

the BOTOTIRRIF Ear D HBSG: AP H SETES SAST AT PeRing 515 get

smaﬂ&t @hcttﬁal&lema%ﬁ@bﬁ‘ hfésrﬁorﬁ)tﬁ?ﬁﬁentﬁ%aif B@cdﬁf@éfbﬂgr S & QRaflfle, for
| er, structural demands on the nonofilanments may

Operb@sm@ lgssethaneO 40 Fom, 1temdm adyaritageous fremalgths isereens| fews
0 40 it c e ad ant ous

t.h .
mong i heRts THdE o g AR GURY LRSI SiFch o i B, Giapiym alloys,

amoIﬂh@ﬁs l‘il'éféﬂé1 hekel, alngskn, rﬁo&lum Hiehﬁﬁ’ﬁ lé@?fanhést 8P51488. ahlsome .
anor phous metal's, nickel, tungsten, rhodiuny rhenium

embodimentscthe sorreelgisassde from sgiate, eegrboulictabplats, havieg spareiess, e.g., cut

into % Pook g lrciore g e rbnder f 1S maSuie less ghan 52%,

e.g., IO A9 18R ks 3090 9eRRRIh TIf Acithisoesh is |ess
‘than 52% e.g., | ess than 41% |ess than 36% |ess

t héhscm@/smb@ct;menthdhe 399nd fibraug neshsated @ndpmssd thrmeh the first screen,

ous shear d and ssed t ough the f.irst
ora §§fe eéﬁ s1ze(g Fcrg‘endI SRME cmbo fl%ealtso eesgﬁon hbrg aterial is passed
thro@%‘b@@cﬁﬁﬂ&&eenﬂ{h@lrﬁg%%@r %e Bpé&Hisg 6B &fuablo drdesdaBAatat of first
ro

ugh a second screen having an average opening Size
scregyual to or less than that of first screen. Referrlng

to &% G rig %021:01?;% rq‘? hgpg{f&u% r{;gn%%?z}l c?l'?b Qizg%x}regﬁrgg Iﬁfc))%ﬁmF r?%cond fibrous

mateﬁrﬁCQHSjb St AHS tHeskedrdaibrédsOmate alZB$%ind Padshie the $asultingGnaterial
material through a second screen 222 having an

throgghed $£QGH®§¢§W nndp2diay mg| angwenage apertieg $ize koss than therfirstis¢reen 214.

£l fib ;!
navgn et s P HeTou Mgt 8l Fp A2 Bl B verege 1eng-
to-diafieted rith> @:g., déL&ltRin 2mw31)2@vérﬁf fhey hav@Peenfsht4t6y mlded/Man once. In

been sheared nore than once. In
addition, the fibers of the fibrous materials described herein may have a relatively narrow

length and/or length-to-diameter ratio distribution.
As used herein, average fiber widths (i.e., diameters) are those determined optically by

randomly selecting approximately 5,000 fibers. Average fiber lengths are corrected length-
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addition, the fibers of the fibrous materials
descri bed herein may have a relatively narrow |ength
wa@ar@sor3iBengt h-t o-di ameter rati o distribution. P@EUSRET022719
herein, average fiber widths (i.e., diameters) are
those determned optically by randomy selecting
weighpgk longthsait BEY (Bruoagerf Emares and\Vellexpysurfach ereas aneguuly-pwing surface

rect ed. 32, WD.2Q08/ 073186 PCT/ US2007/ 022719
area%vé‘flﬁﬁf’@&“’leéﬁ&qhgse ‘%Efm f§8 A0LPUYROFRNMERY Tel | er)
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14 1€ &mmdEmb&difhents b§§t¥‘ﬁfa?d é@@éﬂon%f%@féﬂgtﬁ%f e seCorfdt fibrous material
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50 pPERgh Ty a¥ereedeneli e PP RGPl e Syorage B! i ban 25 percent
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percent of the average |ength, |ess than 25 percent
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E‘bf o eﬂgfb%n éE& ﬂva% g%% th%an{l ﬁ@ro% 21563%@1 is greater than
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m’/g. hapomBityef @xe seqméat’tbeouStm@tnnaldG aqat bg, €.gr granter thah A pment greater

t 200 n2/ ter t

than o3 iteell, SE0aR b St ierdha M B it PR 6 Belent,

greaR® tha@- T eré},'h?%tger banthaD8 PN greSiELRRERS Eﬂ&éﬁt géater than 90
percent, greater %Than 35 percent, greater tﬁ

percgletr gisnter thgn 83 percent gread thserdaercent, greater éhant%awrcmt greater than
erce eater than 80 e reater than
97. 53R asafer e i g B0 £xgPERAT OO 5 riERt \ han o2
pelE Sithe elb&din@hts! Ao tIREIVERIZE lern@ift @lambfRaatD%f the first fibrous
percent, greater than 97.5 percent, greater than 99

matgsisl toethe aVQIﬂgQalﬁéﬁthgtpéhitI@‘ﬁelt natie of theSeqrad dthnous metesdris €.g., less than

15, BB bt i 28 endfarl EOR O nAS YR s han

1. OZBeélﬁgvenﬁﬁbs@dnﬁﬂﬂi 8fual & 1.0 of the second fibrous
material is, d_% less than 1.5, e.g., less than
mg

1. In parigelax ¢rabo Bts, the seconéh fihrons materad és shiared agomand the

resultmgsﬁbrous mz:llterxaq passeﬁ%hrtoﬁf‘:i'ﬁ1 a second screen having an average opening size less
than the first screen to provide a third fibrous material. In such instances, a ratio of the average

length-to-diameter ratio of the second fibrous material to the average length-to-diameter ratio
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1. 025, or even substantially equal to 1. In particular
enbodi nents, the second fibrous material is sheared

wagasn7asedl the resulting fibrous material pasBerUS2007/022719
t hrough a second screen having an average openi ng size
less than the first screen to provide a third fibrous

of therhied fibdous hmategiat ban bes tgndess thaa InRitel o, loss thirel 4ylessthen 1.25, or even

.engt h-to-dianeter ratio of the second fi brous

lessﬂ’éf‘gr]l al to the average |ength-to-dianeter ratio 33 WO
20@1’84(93@81%@&3 Igylty%g %f&ﬁ%&&@m%m&ﬂ@ pﬁﬁb& fhrf)l!l@{ zpﬂ'ﬁrd Screen to
material can be, e.g., less . 5, g., less
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passed through a fourth screen to produce a F Fll)

material. Simlar screening processes can be repeat ed

Densificatigny tines as desired to produce the desired
f 1 ByeAuBiedRlaBiiaf ca B¥ip P&eﬂéﬁ b9%ﬁ%' Bﬁﬁleﬁﬁéiﬂ&fstde%bed herein.
Densification Densifi mat efi al s can be processed by

any matetihlge. getatfdmi@sda&cmalbmﬂnm wnbulk demstityrcambe dms@ﬁqd toa
fi brous aI aving a | ow bu ensity.can
prodiehaiicehiERer P e Foickermg eae Fiagtil Crapastii i 2 bulk
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impérittsable strettuey &. gl a|b|ag madelofipolyethylegesr a bagmadeafilemating layers of

ol SR8 el e RO RS, i Bob e st

AfteR ¥l RatidN6F thb &R rRYPGEalL&are 1R ARbUARREHaIZaR haw, 8:g,, a bulk density
air, fromthe _structure. fter evacuation of the air

of gfententhand. sg/cmitag.).5tgfen Disrgiers’, Mypmabr ware, hgud,85 g/ cm’. After

d t t
den i BB s B9 S R By Ly
1rracﬁ£f@d Y. 1 ith ﬁﬁﬁﬂﬁlrﬁd@mﬂ Ofhis $4MEbeddQaimaeons Whih RGEa&adble to
by any of tRe methods described herein, e.

trangportati¢ aratadial o, @o;hewiqchtlgam arrgniotet mmufacmqmg plant, where the fibrous

mat%%:( g&%g eous%{w ehagfieq @iaas?o?%i?rnag lgg tot grgdp ehrgﬁ | Aher piercing the
sub%ﬁﬁﬂ?@ﬁ%ﬂﬁ%ﬁn@i@itmc%@ ltRe Hé}ﬁlﬁddm‘rﬂé@s mﬁl@ﬁﬁrdaﬁ |revert to nearly its
conposition can ed to a solution,

.g.,
lnltlplrmdlud@sév,mogreatmf tﬂlem 69 percentrod its hmtlalduﬂsdqmty,aﬂ 8- Wbmcent 80

neabl e structur thedns:fl
perci 6% BERRY Gr Bldrb 'y 53 oo RF T it Bplk' R P Helidy Yatic
elecBicRtif thet iRBuHARAAIC ﬁﬂﬁntpf»tahé Sgenftdnl 7 added to ®e Afitdrial
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som@erpbwmwtsme |strsctum e.gabagis formedof 2 naterigl that dissolves in a
edu

ol B4 B Do HHREPRL 0 vt
that &CHIESOBJ@'@ Wﬂlbﬂﬂﬂ&(ﬁmtad hethsiwatert bised sﬁteﬁn Shagembdithentselow
a material that dissolves in a uid, such as

densmdeﬁrucmps tosogragied diraedly 4o sqlumnséhaianpci@@ F BT SAgm without first
relezPan@/ tYn @Xxlnterﬂ of Hl%lstrugture, e.g., by cutting.

Referring to FIG. 5, a biomass material can be combined with any desired additives and

a binder, and subsequently densified by application of pressure, e.g., by passing the material
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that it dissolves when in contact with a water-based
system Such enbodi nents allow densified structures
wo eoob®7HEcled directly to solutions that includeCHUS2007/022719
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of the structure, e.g., by cutting. Referring to FIG
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methyl-1-propanesulfonic acid).
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pol ysul foni ¢ aci ds pol ysul fonates. Specific polyneric
exanpl es i nclude pol ypropyl ene glycol (PPG,

w@oelogetiigs ene gl ycol (PEG, polyethyl ene oxi dePCEUS§2007/022719
POLYOX(r), copolyners of ethyl ene oxide and propyl ene
oxi de, polyacrylic acid (PAA), polyacryl am de,
polysene ¢rdesdiments] the bindeemchidesea pglymgy that/hasyar glakisrieansition

e sl cnesul Lonat el 0, Bob L2 RSy AR (reEo)

Examipits bBZPBY e R:E bBlyeltRr EBEE Rt NuBR A8 thosd MilabIedBHer the tradename

i ncl udes a polyner that has a g’l ass transition ®
PEBietip @ohesiceelpsiemersssuch asshosp heslable undertthe hgenams HYTREL®, and

styrepiglo e RS DEb poont Bt intd he fidenms BRRATOR®. Other
suitzdYepd1pRb@ HAtRe rahglgsg tfahdHeN RierdnizBAess 25 ~CRALHMESEtBYlene vinyl

el astoners, suc t hose avail abl e under the
acetate gojeaimmer (BWVPREDSlyYlefing @. 2. polyetnilenebpdppropplent, thylene-propylene

uch as those avail abl.e under .th r adenane, KRAT r).
copiiee S e BaETE S TR HEGat oo aeE TREHER RS those
availaBlEARIdet the Erall @fnZENGAGE?. Udgomk R¥IbBaRNSkd) Klg., vARAURS Raterial is a

copol ymer (EVA), polyolefins, e.g., polyethylene,
fibepzsidynod ynogled paperethhynataiial prdspgified withowlgbe gdditien ofmspparate low glass

cepol yners of ethylene and al pha ol efins, e.g.,
trans_tf_f%tle\éw ,r§lérﬁ<?ﬂFy5'§e¥‘t hose avail abl e under the tradenane
ENGRASBArftibulat BmbedmcyBRAiARR iSa li%’liﬁ; e.g VARt r synthetically

material is a fiberized polycoated paper, the
modigddignan. i s densified without the addition of a

separate | ow s .transjition t rature . palyper. . ko, . .

2P0 ol Gt B RAREh R P BRI g s, i,
e.g., drdh bR l0.01rpesoent fedboGedd percérit .41 @03 bét@&it[‘()._()ﬁ\lpercent, 0.1 percent,

sui t abl e anount of binder added to the material,
0.25qgresnt, & Sereresnt.al - poreomi Y nercends] Gperpent or goge, €., r23rpercent, based on

it r t .ab § t

» o Mpntof e BETHE ity 146 SBReP B o f e byt gs et pur
liquideaL£§uid halinp eieCinder disspled Bittein, ke aRiey penllerwft thiedbiader, or as

e.g., 25 percent, based on a total weight of the
pellgjepihebénderat eri al . The binder can be added to the

maker | : } A I =\

54 B e T8 BACASEAEIG 6 5 et
milllB00tes a hoppeas01 fslhoklifg dehkified niatkeial 3 Thhati@bkidéd £carbohydrate-

fibrous material can be nade in a pellet mll. )
contrging mptegals surh e eellubosgeThe hopper PPMBBDIcAES WathiasAyeer 312 that is

. 0 | |

i kTS B L o
condifibhet /300 €hat e tiopRIRAsi Aedmdteriabivih puddlés 302 thatges roddted by

that is driven by variable speed notor 314 so that i
condjHeras sqtpretB OnedRther ingredigntshe g+ panSBE additives and/or fillers described

i . Chat . fiad, o o

P L8R 7L P30 DB DS STl i s
conditibisr. 3B6r cdddittoned ¢ adieial passés. fjom tiegonditioh&xethrough a dump chute

addi tives and/or fillers described

340, and to another auger 342. The dump chute, as controlled by actuator 344, allows for
unobstructed passage of the material from conditioner to auger. Auger is rotated by motor 346,
and controls the feeding of the fibrous material into die and roller assembly 350. Specifically,

the material is introduced into a hollow, cylindrical die 352, which rotates about a horizontal
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herein, can be added at inlet 332. If desired, heat
may be added while the fibrous material is in
waeoeovdiotiiecer. After conditioned, the nmaterial PeEEESR07/022719
fromthe conditioner through a dunp chute 340, and to
anot her auger 342. The dunp chute, as controlled by
axis and whiabrhag gatiially ¢xdemsliigodic holes BSQ.r Dist 2 ip aatad ebait thenaxis by motor

L. dit t i ted
360,35t 5t S PRGN s e Pl o sonstmed i mgter
DenéTBE&@fiafdrial 31® ed. Qn Wfohﬁ'o'f?éllél‘é; e8P flondeRhute 372 and are captured and

Specifically, the material is introduced into a
proch@bdmucheg/bynmdnaﬂah die 352, which rotates about a

; Oni aﬁ;&‘eg\gﬁ}%ﬁ%sa 9{,)%%12 & Fﬂcg/egi%ﬁt gg{ fgé 7190fa }glléts or chips
hav1§§3 vhﬁet&%?@ﬁa%@s appisbelfeRSaf Mheh HMABERE. 1P&8ne %b&ﬁments the

i hcl udes a horsepower gauge, indicating total power
pelleztmmm}mrbyyhrl@cabnohape Begndaving d maxireningtan8vdse dimgnsion of, e.g.,

nthefor eIIe d sfrom ute 372 and
1 iy B e s Apine s s S B, 10URE, £ MiS g A6 A e HGm. Another
con\JEﬁieﬁf iibe f&frﬁﬁ&ngj&ﬂﬁgbcfsit%%bﬁﬂes ;?él‘l@tsklﬁ chipS Vg En%"ﬁlllt)ﬁ 1ik8 in form,
formof pellets or chips having a variety of
e.g. élla‘alpeg thitkeesp ef | ot oc morg, leen Zaam, Bmardj Simeal.8 tam, 46 mem or more,
ellets or c

th d
c.2. 3TABE: 7 SR O0iE: B ROF RIS 0P BBy L O Ao B GRIPT more, e.2.
50 nfnZand a [éngtHo®5 nﬁlﬁb@mo@e%gz @m 18 ndff) 25°mA B0 Sl B mb¥e, e.g., 50

mm 15 nmmor nore, e.g., mm ~Anot her conveni ent
mmshape for maki ng conposites includes pellets or chips

tfeﬁ{we%g %&%H/{?B l%gi]g%&nbg rﬂ%{e ngﬁ%ltlg%’ At hliléhne inside. As

shovﬂ{ tlﬁ@l‘icﬂlow &mnbe, 5ge35ra n-BnéMveth theXdente® oFthe p'éll@?’(F% ﬂ%V& »out of line
10 mm 1 5 mm 30 mm or nore,

w1thﬁh¢ 'cé;m oé'thqepﬁ@heh(FdG )mMaking theeellet, @Jlownmmam@cme the rate of
, 50 mm Referring now FI G

dlsséi&t'%n %é‘”n@f’gerdgﬁélﬁféo%de so that they have a hol | ow
| NReft@ringow $PIR 7D, AR Jedki Qw h‘éf‘:? é%é&?ﬁﬁ(léhé éhabé‘ tﬂa't multi-

with the center of the pellet or out of line
lobayietgh thebai@aslecrwmertdme -lpkdl) pentg-fobd, ﬁ@)a—lowmrmgca-lwal Making the
ellegls Fr ecnlncreati]ete (?t f
pellely sgrhy F‘bﬁ%’efsﬁs aHeF G S uieEess e 23 gf f“é??“?%‘r‘&arﬁ"l}ﬁma er
irradi@nt 0 FI G 7D, the pellet can have, e.g., a transverse

shape that is multi- lobal, e.g., tri-| obal as shown,

or tetra-lobal, penta-lobal, hexa-l|obal or deca-I|obal.
-ia—'ﬂ;ﬂ-ﬁing t he pel lets in such transverse shapes can al so

| NGI SRSk atiipe, hﬁ'ltffga%n ﬂil&S&HHﬁd RBdd 6f lﬁl-ﬁr%tb’d Wﬂﬁe Kfriﬁff)oard having a
i rradiation. .Exanpl e In one exanple, half

bulkjdensity af20t IbHE cambe u%ﬂd a@ra-fpfrdSthEd Ga.ﬁomsecanrbaffol%b@ fatand then fed into
o stup 20 pRguCks ol el s S Pigf SRy af | B End 05 ineh,
a lenigtt 6 between 0.25 inch and 1 inch and a thickness equivalent to that of the starting
material (about 0.075 inch). The confetti-like material can be fed to a rotary knife cutter which
shears the confetti-like pieces, tearing the pieces apart and releasing fibrous material.

In some cases, multiple shredder-shearer trains can be arrange.d' in series with output. In

one embodiment, two shredder-shearer trains can be arranged in series with output from the
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a shredder to produce a confetti-like material having
a wdth of between 0.1 inch and 0.5 inch, a length of
whednsne18©. 25 inch and 1 inch and a thickness PCT/US2007/022719
equi valent to that of the starting material (about
0.075 inch). The confetti-like material can be fed to
firstaheantrdeq akmpfietodhe teeonditiredder. sSmemothet Brabodindent, thred sheedder-shearer
. pi eces, tearing the pieces _apart and releaging fibrous
train AT P AFangRf IR eSS BaPUY 108 fhe STl sheatercled 2 ppbfo the Second
shrelde?lal§ of@t REM3hE §e8RE sHAre? $d £SnYht'td (RURY Shrelidbr. RMfitiple passes
enbodi nent, two shredder-shearer tralns can be
throeghr dmeskldr-shreasee tiags avé articatqdud ifarease tieere® pudicle size and increase
2&08/ 073186 PCT/ USéO&Z#eOZZ?lQ first shearer fed as
overgll SUpface Greawithip thi tgedsiieatider . 1 n anot her embodi nent,
t N8 Gt RUSRPIeS 16318 MatcifaPhiddu S Tr i sitedARY A HRaring juice
series wth output fromthe first shearer fed as mp%
cartans caibe sreatedth insteageditidrulladehsout putonie ases; te firqustdaterial can be

shearer fed as.input.to the ] Ve [ tipl .
sprafibeh waldh o5 A JuBRiastsgiigh ok PRI Y AR 1 porytngiene oxide
prep@feldiify Wadd € Fhé YettBS BRAE nARHEEREhBRPE hlokEssSd oA pellet mill

increase overall surface area wthin the feedstTream
operamngatoodmertersperature , Tie ppllounilheananeraisephobulk ddndityarfithe feedstream
b shreddi ng nd .shea Mg juice cartons can be treated

y moge fgp Anpederiof Magmtydeyensi ty. In some cases, the

fibrous material can be sprayed with water or a
PRETREATMENQK sol ution of POLYOXTM WSER N10

(pol'yethyTene oxide) prepared in water. The wetted

f i Bhyuealkymrepared feedatoakinan bl prasreated feruse ihprmaply production processes

oy, 7 plafoiy iR RELR e o BE R R Ak e anair

incréﬂinﬁﬂfe%ufﬁ@dh%aﬂ&%br&%y ORGP fdedélok. FirbuldaielBREesses can include
Physical |y prepared feedstock can be pretreated for

one p@orepipFradalign, seweaiton; oxidgiane pwobsis, aid steam explegipin.eThe various

reduci ng. t he aver mol ecul ar wei ght. and
precfe P Ny R R BRE FBLE TNl HRlHioRT Reimos tiee, of fuen four of
thes& téchi@slegiag.ea and/ or porosity of the feedstock.
Pretreat ment processes can include one or nore of
i rradi ati on, sonication, oxidation, pyrolysis, and

¢ binatiads  The vari ous pretreatnment systens and

nMefhesise &MBodifiehE SlomassCan b paddeied b9fappMihg twdd?nor@ bf any of the
even four of these technologies. Pretreatnent .
procexsapiesaribeshierein, sishes svbodnaremisadiptianaenication, @ddation, pyrolysis,

I ssed by. |.win wo or. more of.any of the
and Q8 ERREoRE LR rheb i B B oplbci b Bigpilfens foedstock
prepafioRts 8¢scrib&heréihi Qe pRoceshads tAibe applied #SdnS: ordé@{Or concurrently) to
st eam expl osion either with or w thout prior,
the hipmasspe g, arcellulpyic suderkignogellvlesiemateeial. lgrcélmemhoqu%s, materials
AT R R R R—
desceibbd hidromi (in &1ydr@ér dricgRasfntly). Forexamplel 4 edrbollydrfé b1 be prepared

enbodi nents, materials ) ) )
by applying radiation, sonication, oxidation, pyrolysis, and, optionally, steam explosion to a

Pret

cellulosic and/or lignocellulosic material (in any order or concurrently). The provided
carbohydrate-containing material can then be converted by one or more microorganisms, such

as bacteria, yeast, or mixtures of yeast and bacteria, to a number of desirable products, as
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that include a carbohydrate are prepared by applying
three, four or nore of any of the processes described
wheoosiomsigé n any order or concurrently). For exeopis2004022719
car bohydrate can be prepared by applying radiation,
soni catjon, oxjidation, pyrolysis, and, optionally,
descgp@(bh?réwpﬂ\ég],’tlg}? ptrgceéses &an praviss rgatgﬂ@}p g}at can be more readily utilized by
I
a vahét L&‘gﬁ?&]o?ﬁ}ﬁfsﬁaf%%aqfsé at %lgié 10»2%1} ﬁagﬁr Wi gh ower crystgalhmty,
and/ﬁﬂérﬂfan@dd solubilithe Mlliple processes darbp’rooide s?xﬁerﬁi@ﬁ @nd can reduce overall
m ¢roorgani sps, such as bacteria, yeast, or mxtures
cnergy IWE%UK%IW@FIF@ toragy SInglmpreeesst desirabl e
3 / Ol
o S0 St By M BRI AR bl G RANERY B iruce
carbolydeate ahas id produced Ibyb@rﬁﬁs@t}faeﬁ;dlddys ittaldlatia g dndYonicating (in either
vari ety of m croorgani sns because of their | ower
ordef g eansiEentiid iagstulopigaad/or 2 Jignegellplepicynaterighay pypcess that includes
Iof ti S [
1rracﬁzﬂn%%ﬂ g%(ﬁg%nllég El‘l tXe C#Y{i:'éer og@éx?ca egﬁgn ec?e%lufo%ﬁ:p o aqlegnocellulosw
matefr@thlal ﬁr&cd:ss that ﬁﬁnﬂa Bodidiag any pglongigy (i eietes Srdel6f concurrently) a
in sone enbodi nents, feedstocks are provided
Celhtl?ﬁa% araqﬁ%q aignosellyasie Biaiemeah pPreeess thakinghides ieadiaiyg and pyrolyzing
kS
(in eﬁﬁ@‘:&ﬁé Jrlzgﬁcfdr%rﬁ l ozgczedirugcgsﬁctdz}n%gdr%q C@ppelﬁlo% cﬁé\{ﬁﬁglo S} Qprocess that

includeg iremiedting| and istzanedx@iddihg (im cittied ©edes of b@{curreﬁltﬂ)t)tieﬁllulosw and/or a
irradiating . and oxidizing (in either order or ) )
ligneesHulgsic apaterial. dhe arqvme@}ég estosk can then be gpriaeted withmicroorganism

r l.yd

hav1H€H§ dbﬂit?; t@iﬁﬁgg%?ﬁeaétré?orﬁ% % gag}]ég%tra;%ghl? %}genqlﬂg’ weight, of the
feedstotk m>| the prodacidswh a3 thd @naastible!fes) £ d¥edribed dkreird

process that includes irradiating and pyrolyzing (in’

ei {heMmeerakedigents ghe gracessidogy net le@pqi«nh oldzwgdhwellalosw and/or
. I [ . 9
igndegPIGE mat P, ol kb By ler A R0 R b Blel pely oo &8
hymﬁdﬂouébﬁﬁﬂﬁwmaamCelluIOS|c and/or a lignocellulosic

material. The provided feedstock can then be contacted

wi {fHlesired, spH6 P ﬁ?ﬁ"s‘?ﬁ the Eepristeck ¢ra inglndq 2 9yc’er@1>'é@shmeieﬂalatFor
exanllv\;gésih &n@?ﬁfbg&%epe égts eas?&bc%u% §§\Len%bp;9ell%a Pp Wef@hgf B%é f%edstock is an

toc

unh)cimsl’mmit minkedalf elgl, at leastdess pérba biyevedg of tht faed¥ock is an
embodi ment s, the process does not include hydrol yzing

unhydgolyged meﬁrsaél dn awm gmbodimentse ibstantialiycalhef the feﬁristoglu@wn

nh 144 pldorabase e.g., a mneral acid, such
! ﬁo%yg’n c oric or sulfuric acid. If desired, sone or

noAay déedstoek bem@sﬁeaﬂbr crafermentoruharged with Dfepdseock (ian include a
ial.  For in sone enbodi nents, at | east
buff%{biﬂfﬁ’ as SN “ﬁf’éf’(‘tfg?ﬂ» apynapimp ghloge PhEmr daslecelyts, sughnas
potaéé'ilm{ dneliyzed ﬁ?{ ﬁgbﬁ'&e o?ceﬂcmmacthIA gfotwtﬁ Zacﬁ)&f &Eﬂtars BYotin and/or
the Te

wel ght o edst oék I's an mat er
a baderpasraueh esviradil oem squivids tlmnédfai qufatdnt &ﬁclt #eTween® or polyethylene

feedst oc un on ed material .. Any feedstock
glycgls agﬁg}eraﬁ SR S AT RIREHRSQPRST: odiier ey Selgaium, or zinc;

or a EflatifdGgeesith as ethylene diamine, ethylene diamine tetraacetic acid (EDTA) (or its

salt form, e.g., sodium or potassium EDTA), or dimercaprol.
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buffer, such as sodi um bi carbonate, anmmoni um chl ori de

or Tris; an electrolyte, such as potassiumchloride,
waoasomishl ori de, or cal cium chloride; a grow PCT/E81007/022719

such as biotin and/or a base pair such as uracil or

an equi val ent thereof; a surfactant, such as Tween(r)

or W&cdnyedlhtyMemeltlhgd:q; mto:lan ba applmelrtalany sample disat sudry oasvet, or even

I ne, | Jon,
dispGheqin Bl A e R sk emp . (diation iy PERG TRt oRcllulosic
and/@nt f‘gﬂo%é‘lﬁllgélé‘mafh‘?lat BlwRies fiss ﬁlaﬁ(ébgut(ZgE};Eﬁ)en{ %F wlefgﬁt otstﬁle Eellulosic
form e.g., sodium or potassium EDIA), | mercapr ol
and/exghmceldlclammm@ WHMWQQ withca thié,rsuclaals wateonln ssme

embiiginigf, TiachaipB s ot CraiPd an CrIIGsiF PP ETBrogeiIGNe Wtegl in which
subsFaanhaﬁ;f(ﬁ(’iﬂél ¢f thé éé“lﬁtﬁisﬁi drfaybrCI%ﬂo&?luRﬁfcfrﬁﬁtgﬁQ 1Qﬁfetted with a liquid, such

osi c /or lignocellulosic material in which
aSWh@$s than about 25 percent by weight of the cellulosic

ul osi ¢ _mat.eri.al surfaces tted .
heimg i eat o GO Rt B S HOSONEnaBo g hE cellulosi
and/b1r ﬁ@fﬁ)’cé‘ﬂdlaﬁc hiatd?Pal fe?d'a’ﬁ?s%? s S&iuln‘éh 8P hds b’%@ﬁ”dﬁéd e.g., usmg heat
i ghocel lulosic material Tn which substantially nhone
and/olf reflheedqeedsuico Sioc exanplorin somga ombbdinieots; thervalleosialand/sr
suc

. t ed. th. .
ligngtelbFie it i F5 G S0 6vR Bett i iR od o, measured at

25°C@4d®edt i eg&lnt Az hunddigy. or |1 gnocel lul osic materi al
remai ns "dry as acquired or has been dried, e.g., using

hedfidesuedy /acswellealﬁgent, py defmed berefrp lcarehantpimd in any propess described

| ul os and/ [ l.ul o
herefi ABPPE Siba it Fvsi 220087 RofoperERiae naRRLis processea
using e4dRationd1e9@than absiR2S ;pea;@ma; y weight @mﬂe @éuufldsid ahdRNz8BEellulosic
relative humdity desired, "a swelling agent, as
mategiaf lsne@ stotlen ﬁtatecthq skyell@n sthiceingi qhamy:npq:d)@e@gmg a volume of more
n_so

an BB 2B e R0 e g REF o T BoredfE'50, 7.5, 10, or 15 percen

hi ghar m@@ ﬂﬁ:adlswuﬂémateam §9rh@EmboédEments "RRerf@idtion i IBZ6€64 a
ht of the cellulosic and/or |ignocellul osic

cellui@ﬁl@an or liglopﬂltdO%mlateaal substantiady,nongafltheeelkiasiceand/or
characterized 03% |ng a volunme of nore than

11@%05%‘[%512‘%“8311& M %an an unswol | en state,

€. th spedicenibtAiméntdwheén fadiatidn iOntilized e 6ElNtlosidartiAe hgnocellulosw
than the unswol len state. In sone enbodi nents, whe

matqraiblraludéﬁa swelling lagerdcandrswaller wllmmm&/@dmceﬂulosw receives a dose

noc material, substantially none of the
Ofleé tgbm{?ﬁo li gnocel lulosic material is in a

SV\NVHldﬁrfa&hﬁ&:e}s utiliz&PidCanly ipfo B Aafi BB afplvddarhiledle aéllvddkic and/or
Is utilized, the cellulosic and/or |ignocellulosic

llgnwllélomaus @mls%@salraosmtqnﬁgh@g@hpr CYcPXygen itealf, or blanketed by an
ine { n(ftr@%é 5’1%8}1 Il\#rﬂlgﬁl?% We%' ﬁ"?ﬁ g)gaat%tnﬂ? d&sir 58 an oxidizing

an a en ra ron s u rze
env1ﬁﬂ1yndﬂf pagiged,ishclt@miber aiygen.ed vvhl le the cellulosic
and/ or
When radiation is utilized, it may be applied to biomass, such as cellulosic and/or
lignocellulosic material, under a pressure of greater than about 2.5 atmospheres, such as greater

than 5, 10, 15, 20 or even greater than about 50 atmospheres.
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l'ignocellulosic is exposed to air, oxygen-enriched

air, or even oxygen itself, or blanketed by an inert
wW@ams®uxike as nitrogen, argon, or helium Wen PERURNT/022719

oxidation is desired, an oxidizing environnent is

utilized, such as air or oxygen. Wen radiation is

ut i $peedic emboduyertis ﬂm)mocﬁd incdudss omaatingsnd Isom'sating and irradiating

ul.osi c gnd/.or no el Jul osic materi al
precfifesisanfaig 15 PURT rect o ttie RS oG Risdst Meiaie, or
1rrad§‘1§tm%ra§§t58ﬁ1catH§3d'éc§n co]a@urréﬁ:_f V\é 20 or even greater than
about 50 at nospheres. 2008/ 073186
PCHi $482007balments, the peqsrem 1ﬁ¢lod®ritradi'atimmzl sonwatipg Ou eitker order or

i ncl d and .son c i.ng and irr atin
concyREntigRd SRRTR MR oR iR o ite of e pudp B o
S ONV KA th@ProERGRdEdes! rﬁdﬁt‘i’dnamerlﬂadlﬁfmg édfnrliri;‘b’de?fohﬁgd #itzing an

) soni cat | ng occur concurrent | Y. I n sone odi nent s,
lonizihgradrapioassich as gardms rays; adayst emeggaiicdilsondletradiag oy, isnch as

o e Ry SRS SR B 04 BB b o

partx@l'e@ CRSH ad Qﬁédi'ﬁi 8BeleAfn! JION nebithéhsior 'hg)@h ?ﬁhﬁ%s ¢ ﬁpscﬁﬁe embodiments,
perfornmed utilizing an ionizing ra ion, such as

lrradgcamancrlac}@ twr-or ayz;q: ragdfesiog sourcesy Sucheasi gamma raysland 4 beam of
ol et r adi atl on_ havi n a wavel engt h

cteefyiy v Bii485 b QL £1Td e SSgRRMY a beam of

pard febHR, enﬁﬂ)@hné}ﬁs ,3omeATHgan PeAGIH QNS a Fdq¥AYIHERIERN about
or alpha particles. In sone enbo I ments, |rrad|at|ng

15klizrend aliet 25kbz,suchvas ketweal aboibBkhe and d2khzsudizings bEWrer larger
rays an beam rons, which can be applied in
horn,¢ h@? g’rjgér OB?VCB&IQ(S#W cfrfly In specific enmbodinents,
SO §ithé EfibSdMeRS! the CARGoAE arftl/ér' IBAUEE RYosid m%hﬂﬁﬁ@ludes a first
about 15khz and about 25khz, such as between about

cellui@iethavinga fretehumber aWrzg&ugohcalawmght dnglrthe resuliog igarbohydrate
el be-Patpelulpifchabing { segurn e g PP BIeGH By Mg lower than the

first WBfBEr Alerdgd %dl%ar@véﬁ%ﬁts For @)@rﬂ;ﬂé IREsedsNd MemBerfavEr@ke molecular
number average nol ecuTar wei ght and the resulting

weighé rsowgithan éle firsiciumhes aversgaomoldcdet Weigbtly maxd than about twenty-five
cond,n r nol e ar_ el ht |ower than the
perc?ﬁr%g %ﬁ’%os a@‘ei%%ﬁo‘f@&ﬁﬁg r‘?ﬂﬁfé‘ﬂl‘ For exanpl e,
t hen SREORHLEHIMBEE, 1BY BERYEITB Y Iafﬂ'rst c\“Fs‘taﬂhﬁlty émdl tA¥&<cond cellulose
than the first number average nol ecul ar wei ght by nore

has g spganderysiallinyip dewerftharethe @t@eystallngt)g suchoas logsr, th@xabopk two, three,
Ox r §ﬂLf°t ion. In some enbodi nents,

ﬁve’]tﬁn f}f%f:%?rg Einl%%gggerﬁ VET ¢ st crystallinity and the

setpgineahbidimests, theirdd cslfiesechas b Xizétaével BT b¥idAatRdMInd the second
than the first crystallinity, such as | ower than about

cellutlwg hag p S@‘@nd lgviel @ oméa’clonfhlghee thandhe firselevel-dfioxalatien,cuoh as two,
e first cellul ose has a

threer, T iy \t/eéfoorgcf% e%g? ¥“:tn§ﬁ psfr?amtt}ﬂ%h “%econd

In one example of the use of radiation with oxidation as a pretreatment, half-gallon
Juice cartons made of un-printed polycoated white Kraft board having a bulk density of 20
Ib/ft’ are used as a feedstock. Cartons are folded flat and then fed into a sequence of three
shredder-shearer trains arranged in series with output from the first shearer fed as input to the

second shredder, and output from the second shearer fed as input to the third shredder. The
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cel lul ose has a second | evel of oxidation higher than
the first level of oxidation, such as two, three,
wo oas/07f1B/e, ten or even twenty-five percent hPghes2007/022719
one exanple of the use of radiation with oxidation as
a pretreatnent, half-gallon juice cartons nmade of
fibraws nmtérial prbdpotd/myotht edn bé spireyddrwith watcaand pracessed thrdughla pellet mill
density of 20 |b/f e u as a feedstock. Carto
operES UGB dermpeEtuBn T He BB P VLo o4 BecRtreA o 8145k Rggle which i
seal NURAARY aRRAKGE of KRl The SUIIATAK: ifip e hi@Srmiibild Yifitdinma
fromthe first shearer as input to the second
radistondddaout 3 hdums at deSefm@mftaheutsldﬂm&bes lhemrterprcb\edle arsirradiated

i nput 1.0 the rd. shredder 7318 .
matqsi S HEHRI0SE s PSHGE Misksea ey HFigh U bR bigus Reat sarting
maté&Al be sprayed with water and processed through a

pellet ml|l operating at roomtenperature. The

densified pellets can be placed in a glass anpoul e
M"ad enfeal ed under an atnosphere of air. The
pe
S5 # g EDRLATROHS st et ek ORIy o
frorrM wileparietyoofidi ffereptr souicde toagx tiact wsetfid st tances forndhe feadstock and to
provg\c%epa[rtll Fe e l :o?gsagtcgrggtpﬁzbl w ! g‘npmggr%uaggégu\gﬁ &gtther processmg steps
and/df &ﬁh&ﬁ% Qh@la%ron'@ﬁ feduteé AEInILQIrRi SOR38H/08 cx%@%gﬁﬂ?%? feedstock.

can be used to process raw feedstock “from a
In sonag ¢érebgdimentyj énfeegyedepositedrin e snateriad that ssl¢asesaf electron from its atomic

f t he f dt '
orbi3h RS foy Tt ot lan; e e T Ap B e v, 9 gaveharged
partl'cl?:ﬁ l%tucﬁ s f1phd B@rﬁcl@ﬁ 29 %ﬁe%ir&gs ﬁﬁdﬁﬁ&d %}@x%ﬁﬁew&’&:ay or electron
Irradi ati on can re uce the rm ecul ar wel ght and/ or
bears pgasieaatpisnon 3) edéctiosmgnetoohdiatiom fsmmnmhdo @ainMRITRYS, X rays, or
RS SR 25 hohd, BB by o RERR e be v o
irradi4t€ tHEee@IstRkS In INRhéra ?bﬁ)tablp 'éleréﬁrﬁmlﬁgné%%{dlgﬁ&a R, Jﬁrodlsced using

heavy charged particle such as al pha particles
eleceprebeamp ersitiepy) odu be dsedfto nrrw@tnﬂleefeedstockeﬂdae deseayapphied depend on the

desir?egce?? rtloallglﬂ tﬁ?e g&’g@%ﬁ%g@?& ; aﬁ@ eiuge“lf éé;ggggl;aglatlon can break
cherbichIGpMHO Wethin RY¥EstocktoRiPBnaRPARPIOW: ddsédb AhdidfloPEAAHERke chemical
by radi oactive substances can be used to irradiate

bonding(& ge@QSSohIhd(mg)an&nmfmstoalpmmmntse | ect romagnetic

d b '
"B 80 e P SH, S50 S 5L RS lges sputose having
a ﬁr&%ﬁfoeﬂﬁ\f&régf%dg&léaﬁﬁdvélghtt(ﬁﬂNl)Olg ﬁ{r;{dq:éje@fefge Gy (RsaéMSvith ionizing

particul ar dst ock or exa;gg‘Za doses of
radiatipg) (Qigl, dhthedprmp pEgamme nahatioal m@mmnhil% fimdd 280 ok ultraviolet

(UVzﬁ g{a]z{r% Bgﬂg?tlﬁo&vsv(og %&%% o %%(ggquia E% ;:)raq%cienmcs:?goande material 3 that
inclifdes 8elhéde HaPIMRRNREd Y nueiee Mérﬂ% h6lebh16x w&rgh! ("MR@Elower than the
ha

met hod, a first materi al is or includes
first gumben ayseagaanaleqylaraveights fTha seroad nmt@“raéger the first amdisecond material)

can %%%ﬁghl%lﬂé M}lh)a mlcrooggra%gslmafeegd a gacgeriu § )r'eea%t) Tt caantlhze the second

and/or first material to produce a fuel 5 that is or includes hydrogen, an alcohol (e.g., ethanol or
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radiation (e.g., in the formof gamm radiation, X-ray
radi ation, 100 Mh to 280 run ultraviolet (UWV) light,
w@2eamied el ectrons or other charged parti cl eBQT/U82007/022719
provide a second material 3 that includes cellul ose
having a second nunber average nol ecul ar wei ght (TM\2)
butaheleuchtas a, sebreor tfhutasol)namenganiaaeidag bydrocazben e mimtirghof any of
thesThe second material (or the first and second material)
®an be combined with a m croorgani sm(e.g., a
bagiReithiReRbnEmYRASL I hi@llukddhatling 4 FRQutdPmeREMAtweight relative to
and/or first material to produce a fuel 5 that is or
the fistinaigosl, Aydinogore, instancgs, whdmce@@rsgtalhmtmmll dire s¢pondOmaterial is

8/ 073186 PCT/ US2007/ 0
genegglgy mgre (fiswlé‘fﬁfoﬁvge%fjg aB Qéﬁc? Bblg d]il a sglgtlwgl rg%lglrnlg&{m&roorgamsm
ThedB prbperBss RhkARY s€fond M@ 3 Phdie @ugcelﬁlbﬂ@fooaﬁnﬂ@aq &hiz@hatik and/or

has cel |l ul ose having a reduced nol ecul ar wei ght
biolegital attgek netative mathmﬁrgnnatma:} 2i whichzay] grqatlg amprove the production rate

nst ced cr 1§ nit t he sec ond
and pESioPRGIER 1670 SR A ol bl pRafatcnson aisp gtenize the
maté@igl or soluble in a solution containing a
m croorgani sm These properties make the second

matepomae elabod;rr@nts;utél@ &grong ngmber meagemlecmmtu(h’lm) is lower

o RS s GG A BT SRt e, .15

20, 2386, 3saad/5U &e&ﬁtwpe@&nt QY elerPhore tﬂﬁﬁaﬁoﬁde&dmt
et hano Radi ati on can also sterilize

rrag@ goma¢ mstanne%me@nﬂmtmms callwdose dant has asorpstallinity ('Cy) that is

ow G BAAE BTG e RS of e G Frarie Pof gl (Ca can

be 16w IhaP0at) thOmBRIth&dboub1 @percdm, e.g 205, 20525,39, 38240, §9ven more

50 percent, 60 percent, or even nore ‘than about’ 75
thanpﬁépbfeﬁﬁpemﬁmtsorre i nstances, the second material has

o d o EnbRRenRy e S ity g filorad i) ytrom abou

40 t(S Bigouf | '8'7 3 feP@hﬁ el ﬁ'ﬁorﬁ@ﬁo&&@ﬁ@h&)ut Ogggﬁceﬂtélﬁ frd%?albdi’iﬂ/@() to about 70
t han by nore than about 10 percent, e.qg.

percent, arztthe swst@lmltymodemﬁeémm@mnes ﬁlohaaboab bto mut 50 percent, e.g.,

LT X T NN T a—

embaBidtints, 4@, taﬁeﬁ&@éﬂsn%ﬁrr%lﬁﬁférﬂ 213 poﬁltﬂe to Have @c@ﬁ@d—lhm@omdex of
to about 75 percent or from about 60 to about” 70

lowgsdhanehpercerid [n sang embediments; thg magenak af¢rigadiptiomigisnbytantially
amog%o(l%om about 10 to about 50 percent, e.g. from
out’ 15 to about 45 percent or from about 20 to about

40 IpssrieeibodifieRithe staftifpOiEnbe ARG A MOlcbulatweight @tbEto
ext ensi ve |rrad|at|on it is 8033|b e to have a

irracigtioa) 38 from jabguti 208000 &9 abqus A200008.. 5, &@m@bﬁut 25|0s009ctqebout
1,00?6@8 %ﬁ' %Hlt ou 515‘30 (%Hptﬁ a'bgllt 'R)frqto%gh%{d tﬁg lg&hg atvgrag{: ﬁréolecular weight

stant’l for phous.
aﬁelsii'raﬂiatxﬁlglsrfbﬁm aboa\éem@gao aBdue 200,800, wsd. Afiiém @P6wt®0,300 to about
150,000 or from about 70,000 to about 125,000. However, in some embodiments, e.g., after
extensive irradiation, it is possible to have a number average molecular weight of less than

about 10,000 or even less than about 5,000.
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irradiation) is fromabout 200,000 to about 3,200, 000,

e.qg., from about 250,000 to about 1,000,000 or from
wW@bwan7A80, 000 t o about 700, 000, and the nunmbePCHUSI08YE22719

nol ecul ar weight after irradiation is from about

50, 000 to about 200,000, e.g., from about 60,000 to

abdusomd §6batiMents, the senoat aterizd c@0avea lated of o&@&;@ﬂ(@Oz) that is

nighfF Y] of PR O 0L RS it Mgt KeGltgiitation of he

matdF B£14idlin WeHEPErsaMility Eswelfabaity axﬁi?&lﬂolumlatgoﬁrtﬁér &Mh8Acing the
| ess than about 5, 00 43 WD 2008/ 073186

matqrEly USKPOBiloR R7demital, eeymatnbcplegivakattacke lisssmareimbodiments, to

) t | h a |l evel of dat.i TO hat
inerqyet e ot & et e ot soind e 6TA £S5 P B alfia, he
irradi®{dR ik perforthed B8 arl Gi@kin ?fen%ﬂi‘ﬁéﬂt Q) Olfmdehﬁ bléﬁﬁéﬁff‘aﬁ" or oxygen,

can aid in its dispersability, swel ity and
prodgioinglai se¢ang, matamlhhat nemommmlgedmenthmﬁretmaﬂesal For exmple the

tibjl t bj
secoRt FRIA fip ket S BP0 Y SHoRerendins, kel e, gter groups
or cérﬁ&ﬂ%'a@ﬂigr@ﬁbsofwhidh%aﬁ%&%e IR hdrophiliciy.ati ve to the

first material, the |rrad|at|on i's perforned under an
oxi di zi ng enV|ronnent e.g., under a blanket of air or
loniziggRadiation” b oduci ng a second material that is nore

OXIBdtl fimt dTaadittieh fohizeé themi®hissvia fa@ticuardntetRtiond)@s determined by
second material can have nore hydroxyl gr oups,

the eanetgé"rﬁfdbe Batties, Hearwehargpdnapiclesayinanly igigssmatigr via Coulomb
i
s SRR s UG BB 835 iy may ot onic
matueadAhpﬂ'na thrtlctdSlaZaeﬂeﬁti‘tﬁl toi themsdews of affretiincasdrarand are produced by the
interactions, as determned by . the energy of

th
alpha dacayiqfyarioysadipacthvenyslel, pEFh %sclp%tep?ﬁq feagyth, 90691}1%@, astatine,
radoﬂaﬁﬁr‘fé’lur}{' ﬂdwl Q%E’al afRAuLE l'sﬁJl‘xgas alfcﬂﬁﬁlﬂxe tHEHu u}mﬁﬁ, neptunium,
I hteractions pgroduce enerdetic electrons t may
curifird ¢adhiéorniummianreericivmt, taad pludoritia. parti cl es are | denti cal
to_the nucleus of _a heliumatomand are produc

b
t h&leckiops Hiteractaya Goulombisgaftering ang aaqmw@r%@}geraglaga% produced by
h
cha@r%s hﬁt:ﬂta %%éltg |BE ?nlacctgﬂéx% o ;E{ljﬁ%ﬂt)f?{'ﬂngfg Eﬁ)‘ii?%ééft}?yaxgd%g?@% ndlclel that
undérgo betariecay; sudhlas)isatees ofiiodine, cesium,Usthnetimnf ardniridium. Alternatively,

%6 ricium and plutonjum Electrons interact .via
an efsiEpPR 8P SRS ‘é“*Pfi ﬁ@a‘hﬁla"tbqf’eﬁ?é‘&eﬁ?%l eHH’@“PaFG‘i"é%‘?‘bn
r .
Pl 0 haBletic RN ithdhaly 0 o R bldckadl: ol ftSsbsorption,
Comjnetesqgtierired, amﬂ pmaprodacmfn éﬁlel doatingeg inferaction isajetermined by the

cesi chnet.i u iridium_ Alternativyel an
energy Q¢ dﬂmé eﬁm wnaégaata@waw@eéaf gtiflc 4 hgisimmation of
mte{al’:‘t%d? BRrbufift ﬁﬁﬂh@ Bbsdrb&GhiANEY Hﬁééllﬁlo@ﬁ%ﬁ&ﬁzﬁ 'Ran be expressed by the

interacts via ree processes: otoel ectri
masablmrmianmo;afﬁcmmhed balotreasi m@nctmmfpmldem eoetggt i on.

The dominating interaction is determned by the

energy of the incident radiation and the atom c nunber

of the material. The summati on of
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interactions contributing to the absorbed radiation in

cellulosic material can be expressed by the mass
wa@abmenpison coefficient, graphed bel ow as a fupPCt/UsW0D622719

i nci dent energy. 44 WD 2008/ 073186 PCT/ US2007/ 022719

Mass absorbtion coefficient for cellul ose 10~ 102

102 rn E 10" 3,100  10'massaistdston codefdéhtrad @edios ' 10 10" 102

| nci dent energy ' {VEV) Bl ectromagneti ¢ radi atl oj i's

t

subcl assi fied as igamma rays, x rays, ultraviolet] rays,
infrared rays, miicxowaves, or radi owaves, dependi ng on
its wavel engt h. For\ exanpl e, gamma radi ati on can be
enpl oyed to irragiate the materials. Referring tlo
FIGS. 9 and 10 (an en arged view of region R), & gamm
irradiator 10 ingl udes, gamma radi ation sources {408,
e.g., 60Co pel 2¢ts, a Working table 14 for hol diing the
materials to be firradi §ted and storage 16, e.g.], made
of a plurality hfjon plat®s, all of which are housed in
a concrete contai nment chanber 20 that includes a
maze entranceway,22 beyond a -lined door 26
Storage 16 includes a plurality of nel s 30, je.qg.,
sixteen or nore ghannels, allow ng the
radi ation sourcégato pEss tnnpugn SO age, o thgkr way
proximate the working table. qﬂﬂﬁerat|on the sanple
to be irradiated is placed on a fLegeYbl . The
irradiator is configured ygelgliver the desired dose
rate and nonitoring equi pnent i's connected to an
experinmental block 31. The operator then |eaves the
c ollesiramagreticadipen issubelassifiedrs Gagmaays, Xayse ultraviolet rays,
infra“?@& Fagp %%Mg ok IP:! 11;\' ek hcﬁeg[:&ggg 51!1 i§ %988 h Th e

mans & con |nstruc

C Obetlé)EHinp'iB gafnhd lfathahbﬁ cﬁrﬁb’d @hpl@yedst@lifrﬁ@l&telﬂe mﬁte@als Referring to

klng osition u5|n? cyl i nder
FIGS 9 and 10 P enlarged view of region R), a gamma irradiator 10 includes gamma

radiation sources 408, e.g., “°Co pellets, a working table 14 for holding the materials to be

irradiated and storage 16, e.g., made of a plurality iron plates, all of which are housed in a
concrete containment chamber 20 that includes a maze entranceway 22 beyond a lead-lined
door 26. Storage 16 includes a plurality of channels 30, e.g., sixteen or more channels,
allowing the gamma radiation sources to pass through storage on their way proximate the
working table.

In operation, the sample to be irradiated is placed on'a working table. The irradiator is
configured to deliver the desired dose rate and monitoring equipment is connected to an
experimental block 31. The operator then leaves the containment chamber, passing through the
maze entranceway and through the lead-lined door. The operator mans a control panel 32,
instructing a computer 33 to lift the radiation sources 12 into working position using cylinder
36 attached to a hydraulic pump 40.

Gamma radiation has the advantage of a significant penetration depth into a variety of

material in the sample. Sources of gamma rays include radioactive nuclei, such as isotopes of
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36 attached to a hydraulic punp 40. Ganma radi ati on
has the advantage of a significant penetration depth
WO paos/02318@ri ety of material in the sanple. SopeT®S2007/022719
gamma rays include radioactive nuclei, such as
i sotopes of 45 WD 2008/073186 PCT/ US2007/022719
cobattpbaltium, texhuicimm, cheomining galtimme mdamn, Linglingakdn, krgpton, samarium,
i.ndium. iodine, iron, krypton, samarium selenium
selery iy fﬂlﬁluWhtg‘PﬂHﬂaa“élﬁ@ "Mnon. Sources of x rays include
el 8etiicedloBeAs HRlddetl @fobEdin BBH@lon WAIDRER taPsted) s@ch as tungsten or
tungsten or “nolybdenum or alloys, or conpact I'i’ ght
molgwienem r aboysh oneonmpaot kgl sodges: duchmasitboseipaddugedgommercially by
L Lyncean. Sources for ultraviolet radiation include
yn teriumor cadm um | anps. Sources for infrared
r agbaickidr ultFAvitsla radRAGH IBludé dB&eridth of €£&ﬁhﬂﬂaﬁ4p§ dow
ceram ¢ |anps. Sources for mcrowaves include
kl petrcenfor igkared radiajioe iRfudscapplaes, zioe, atselenide ayimdow ceramic
sources that enpl oy hydrogen, oxygen, or nitrogen
LZfases El ectron Beam I n sonme enbodi nents, a beam of
el gshicedfor nficléMadedclulEkRGbRAL ¢ SROIrSGHE RE- sotrcBEBFhBM beam
el ectrons has the advant ages of high’dose rates (e.g.,
sourges that emrpley bydrogenybayepeor mwoganddaseshi gh  t hr oughput ,
| ess contai nnent, and | ess confinenent equi pnent.
ElectdrESdalyONs can also be nore efficient at causing chain

Es{}m{)@diﬁ%gfst 4 B&km 8}' gét SRS ¥s LSE@H faﬂgle?g@‘r’t?% e%)apée A beam of

lam

4- can ave a ene |on
elec@onsias che mmagés df@xlgh'ﬂosElrzﬁesI (e), lbéaﬂiﬁe\eﬁﬂotMrad per second), high
generated, e, el ectrostatic generators, cascade

throvg@w@f 488 .cgntammeaﬁgflé lase porfineareat euapmensy Elssipgs can also be more
efficét gi @arui’l'hg cRaift s{:xEm@n S &%?t% ?%gt%@ylﬂail/ﬁgaeﬁ&%feg%f 4-10 MeV can

accel erat a linea

havéﬂﬁ:ﬁﬁie&ﬁﬁémdépth ahsltq30 sadorarace| suchtas memrEJ ectrons as an
ionizing radiation source can be usef ag@_ for
r elEdgctrpR |b9amh Fan tﬂﬁ geasrayyd, g by |e¥ﬂ°§05tét“‘ggeneT § Qapeade generators,

tran&oéﬁér%nc @ggl eﬁérgy &&%ﬂerﬁoé »{rlﬁi:yscagmﬁﬁbgﬁgnwblﬁt\xﬁene{qe

acceflmetb@ywmfﬁ a tiaedr cathedé, lmearadccélbtozs, @ad poed aceleratofsr &dectrons as an
about 0,3 MV to about 2.0 MV (m |lion, electron
ionizigg fagyatiog squrce cam b wsdils ©-6-» éorwgl\a/twqiy g pileso snmmﬁls,cﬁeg less than

0.5 %?lg::@éél‘glgﬁttharpoz ﬁ@lvr(#g%gg%%méh e, h%@gwn':d Ginchl s a

ow di agra inc es vari ous steps
embbdindsnts tiRcheqy ofbeamledtfoaobfahe electfomestainds rom about 0 3 MeV to about
20lglleetreat ment sequence. In first step 3010, a _sup

'y of
Y (ruBiggtelseron Valts)ees fEm 08H9-2 MeWtp it &8 MRY, or from about
0.7 MeSGHSEES 12R0ovey the dry feedstock fromthe feed
source

FIG. 11 shows a process flow diagram 3000 that includes various steps in an electron
beam irradiation feedstock pretreatment sequence. In first step 3010, a supply of dry feedstock
is received from a feed source. As discussed above, the dry feedstock from the feed source
may be pre-processed prior to delivery to the electron beam irradiation devices. For example,
if the feedstock is derived from plant sources, certain portions of the plant material may be
removed prior to collection of the plant material and/or before the plant material is delivered by

the feedstock transport device. Alternatively, or in addition, as expressed in optional step 3020,
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may be pre-processed prior to delivery to the electron
beamirradi ati on devices. For exanple, if the
wo ewd®txsk i s derived from plant sources, certBETUS2007/022719
portions of the plant material may be renoved prior
to collection of the plant material and/or before the
the lp'blaass feerdstogkicah be suhjedtq:d/tenacbhbgdcaltmecesﬁegi &t.@cto reduce the average

ort devyi Al ter or .i i ti.on
enell SRt (b s iipeilarios RejeiyEnio tielrobdamoRadiafin devices
PCTA H@%@@% Ql?@gr%&eedsfb%kbé PARESreli €6 Q?ée‘a%cl@ﬁ@n Srt device (e.g., a
subj ected to nechani cal processing (e.qg., educe
convelyer balgand & distahyted owvér the brosssdctiondd ewﬂél&rfﬁhe)fch()stqmiq tumsport

X A TE T 7K Ma—

or bf' ﬁﬂ@@&g%“loédléé‘& %Fétloﬂ@f{dtﬁﬁ & Sorfle poidt intR Y&Mﬂbcl@ﬁhﬁsbort device
is distributed over the cross-sectional wdth

prIOI l@ethc eleciserogant readstion procdssuigce  appr oxi mat el y

rlsrgqrrg?e X‘HE%‘HHFP? a 81|1>IE§ gy S H}Q'E?élgge%o Tnllcfi agent 9{)45 into the

feedytbm At dro6ptidRkl fBcedt 3§4mambmces B shi§. f(%@lﬁhﬁig Kvater with the

transport device prior to the electron beam
proc|e$aeécﬁ¢edstp91mrpmu@®stﬁm 3040 ereateman aspooh feedstack Sbmn thatrgay be

i nt.,r aduces chem ¢ ent. 3045 int

wangpiBge Mot rexeEal, Bt Hhse B8 ainadSt el ctinpyeyog bel

S| ghe YiextGRPH 03018 WpQhat WhédinpdSes eRb@s‘iﬁ?ﬁx‘é%é‘d@f%@ﬁ (8% or slurry

in mxing step 3040 creates an aqueous Teedstock
formy|tg elegtrombgannradidtion via enesyanare dsawhNbclgcttronfhmmmdpnen devices.

he B LBt S B S AR e A e s e 052

The SidveMeRnhy6itHed %@ﬁf Q@éﬁt&h@usdsrp)éecpfhr&ig‘l’irahﬁ betwlelhd Showers, or there
el ectron beamradi ation via one or nore (say, N)

maydiegqransmthbenghn dach shoiveer,i foHo‘ded/by: esuddeﬁm@vreg@dtstpdh«next shower. A
S t.hrough ea N ~showers
smaflsHd b SRANEH TET 583 to Lo hRubt IR Radsiérmined exposure
time@ s@p 395%.0nti nuous speed through and between the
showers, or there nmay be a pause through each shower,
f oElleshven bbgmarrgh@lmﬂqvwe maptbetpooquies ensvmersiabydrom Fon Beam

AveBiBlaa T St i e TRTT dn S Eomer SR S o G Topical

elec@@@@ner@b@@iﬁ 1 RRARINERMY. &M ON ﬂ?MeQe%r 'I'@Mélﬁ Typical electron
procured commerci al'l'y from lon Beam Ag i cations,

bearp gmadiation devide pewer Bul byl LkWo 5 kel OﬂiWaﬁ , BOKAYi 99 kW, 250 kW,

or S@g@pzbef?fec\}vmcﬁes%g{gqyo?w%lezk}g%ﬁ &o tE ?edzgng sﬁwg Bg}?ﬁ%d% on the electron
energy QSdd 2d thd@ssapphied] nile @Rpstam wife a%mas 61@fhe%wlar KW dSze.

W 10 kW 20 kW 50 kW 100 kW 25 or 500 kW
Typrpkdases may taks velueglebbkGiret k&ut IQ)kafZOtMCw e &&r dekkGy, or 200

slurry depends on the electron energy used and the
dose applied, while exposure tinme depends on the power

andrsiesffs in Jongidedhg Elestesn Heash irdliRitiva dedse pdwdr sE@iﬁczﬁlons include
kGy, 10 kGy, 20 kGy, 50 kGy, 100 kGy, .or 200

cost to operate, capital costs, dépreciation, and device footprint. Tradeoffs in considering

exposure dose levels of electron beam irradiation would be energy costs and environment,

safety, and health (ESH) concerns. Tradeoffs in considering electron energies include energy
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Tradeoffs in considering electron beamirradiation
devi ce power specifications include cost to operate,
weapsiaiiscost s, depreciation, and devi ce f oot pp€TUS2007/022719
Tradeoffs in considering exposure dose |evels of
el ectron beamirradi ati on woul d be energy costs and
costss hgie; @ lnveartelectronfrergy may delduintigepESiH)encouraging depolymerization of

certaf, REATOo1 Ry SEBeIP0 S ritle mchEb S 3 Sy e LY 15: so1-610)
hertenaytbd QiVBAtaBERIS té PROVRIREY dbib[EBYasd Bf aleMAM RaMAHSdiatlon in order to
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devig U ke SRR i g Mty PSRN T PRt irction o
its irffifl\tHaflsport diRdclol DeablespasskS By FBH hERY HRckdp FA8D8k slifties to be

exanmpl e, the feedstock transport device could direct
processed prcbenst prokid¢ g mate ynigerns depotymdrizatipn thuelghribe thickaesk of the
feedin a.,reverse direction to its initial transport

%}P?ke%{lﬁ'%‘n. Doubl e- pass systenms can al |l ow thi cker

f eqds REforbbasnt irRdidion RBvicPEACHOIRE cither £ARedBcAM 6% Ranning

more uni form depol yneri zation t hrough the thickness of
beamp.hA scansprsbesak may be pgvantageows widh tasge ssemsween lgngthand high scan

Vi canprpduce either a fixed.bheam. sganni n
speelg S it S BRIYIRAN e KrliE s 1Bec G AL Tl vgfhore sweep
widtBEa0.S e Etn, 1261 @F hoadgreivailabi:an  speeds, as this woul d

effectively replace a large, fixed beam w dt h.
FuPngaes podigaiof dgsdatogknelapy has birendrapspasted threugh the Aelegtron beam

. . . j | e, ' f feed k .
O B P DS PO SR o mesarcan

sepab@ihe liquiddtidablie BompunehtSof thé feaBdtodkSsIYeE CmBE enfbodfifiEhts, a
. enbodinments, as in step 3060, to nechani call
liquid perttom of theteedstogk durants fgtsredsfor ensstyakselid p@fth%eand recycled back to
- n L ment Liquj
the LR IFERAE S HEP Youdhoh SORPG AR PR Bioaf syt B n advanced ono
the neRSprdo@kingGtepBoparid tht fdatock framyeilt devib@clh dther dnft®diments, the
slurry preparation step 3040. A solid portion of the
feedstaegistarintaied in sluiry fembfor derthenpegessing o t he next
processi ng step 3070 via the feedstock transport
Electfbghdic Rhdla®hher enbodi nents, the feedstock is

majntajned in.slurry formfor furfher processing. . .
El ke%?fﬁb?ﬂé@ﬁ%‘f 1R WRIH BE ITB1ARS Ehiss riRg Pt eiéqmrr@sn?tweradlatwn,
the élécﬁ_%giagﬁétﬂzg'aﬂiﬁti&?finq{a@&de. B érﬁr@ ﬁégghegﬁQﬁeélé&roR av\?lets) of greater

radi ation, the el ectromgneti lation can
thand.()@ey, @ege gwtepé‘ranplﬁbtl@ﬁ 10r,n 04 eevemgrenot tha 10 e\r kagonte

than 102 eV, e.qg., greater than 103, 104, 105, 106, ,or
emb g B ebiebidiies radyion s egrray gveqnip*and 10, c.g,
betwRkE ¢6Y HARQAEY! rheathicabl i En £
© be&ween 104 and 1%%&2#185}&?@32(?%@% 131%(’%§§g90602f\?f’eg’greater
thanTHY he| greatenthagn6titz, Haid 145, 6% parrevhagrater thand08rzy Insome

e..g.,.greater than 1016.hz, greater than 1017 hz,
embdighis S techombaaye Tl Siptdins dsdupey ol POmioe 10 egd 107 hz, e,
betweH80'? to 10?' hz.
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enbodi nents, the el ectromagnetic radiation has a

frequency of between 1018 and 1022 hz, e.g., between
waows/0rxsd 021 hz. 48 WD 2008/ 073186 PCT/ US2007pORRFH97/022719

Doses I n sonme enbodi nents, the irradiating (with any

radi ati on source or a conbination of sources) is
Doseser f ormed until the material receives a dose of at

| e%ﬁo@e énbddiAfntsethe 1rracﬁ£t1ﬂ§€(%t‘h ahy QadidMsourte drﬁ%%inbmatlon of

.5 Mad, at |east 5. , or a? | east 10.0 Mad. In

sours@r)ms mwﬁv@mwlrenmléhe maeenal rercadcsaa dosg of ot ligast O&5dtadupgi, lat least 1.0

Mrag 38 a%% Il\f?rgd zﬁ‘i }\;f Mrﬁlg oosregt gtgl%ta(xﬁﬁad %In%pg%ae%wggments the
irradi @i i€ pa@&hmninm tHehﬁ’atérﬁdl aébeplel B dobcSo MR @MNEEMEhd 8nd 6.0 Mrad,
dose rate of between 5.0 and 1500.0 kil orads/ hour,

e.g é’eg’veentieﬂ'(fé&]all(b‘}@l\éﬁ@d 750.0 kil orads/ hour or between
0 and 350,.0 [ orad [ hour s,
ol sfiRe eBSithentst 8 IPESAIRIE BB GTE oBTRRE dFeBieep 5.0 and
150010 kfloral R 8., bashiedh i10/0%nd F80.08xRFAs AouSE HRNeEenCB0 &R 350.0
treated, in any order, with a beam of el ectrons,
kilorags/hewted by ganmma radiation and UV Ii ght havi ng

o E SpbBe el 8% by rd® R e ¢ bvo or more

ioniiAY ki ABnE. aHbEdKafiple, SAHPIESSan BelEdatedS infanyRdRrOWith a beam of
el ectrons, gamma radi ation, and energetl c Wilight. In

elecionte fllopisdibyeamma radiation aed W light hewiag “@Nelﬁwha pwrebout 100 nm
to abo%I? g(&ﬁﬁs l%‘?’gﬁ ?mg?élgleggr %ef:a\g? §' tlsﬂ tﬁﬁﬁﬂ%& 1onlzmg radiation

sourt@&} Sudhals a beb@lbf@fecBons; @hinilaGadiaticH, ahd BR2E&R1I UV Ahe
mat eri al (e.qg., ceIIquse) Such a materral having

i nén sameembedimenisl refativelydpw deses afsadiaticm dan ceosglink, igreft, or
' ] r v chani _cal
otheg?'lg% g%{é?a(seé &W&héuefar ﬁ%glgsolf g%&b@g?/&rg&hcgg?amlng{ n}rﬁgergf HCh asa
cellbsi€ bglighoctihdledit riterRb (cSd. Adtlialost)TS¥eh a nSdtéreid ﬂh‘hn§ increased
bendi ng strength, tensile nodulus, flexural nodu
molegyipr ayeagly s8n b%u%ﬁfulbqa Bal! MR a£Ompasits; £-gl, NAYNE mgproved mechanical
€
propggﬁeg,osgllﬁ? |qsé %@aﬁgﬁ' ke@[sta%%: Q:Iaﬁlg?%gﬁgqu gtdég’ tLﬂéarc a? p%%ﬁka{ﬁge qmpact
strerighlg; IbeAlding strérgtls ttersélb htddQEus clléxugd] diodulu@rad @ldnghtisi & break. Such a
material having a first nmol ecul ar wej ght can be
matgrial heying Bgreasedmelsculanwpight caadetuselyt By nadng a campeyition.

gglggﬁ%& mjﬁeé%u a{?lﬁs \Alllélhtgﬁ?ﬁﬁllt 1#18&4{591 i %Elhﬁ)!sw%?]o‘? %gﬁ‘ocellulosic

matetial Reuhgs f\r&tlngﬂécula{?Welgx aﬁfﬁ)belrradﬁatﬂﬁiiﬂmcli aetaaheérai tb Provide a
utilized as the radiation source a dose of from

secong seHulasipangior lignaseliilosiomptesial having a swpwnak@ukar weight higher than

the ﬁ%gﬂ?fe&ulgpwgg? lioar%;(%g 15 lg&r’hﬁ‘ﬂi‘ r%@?ﬁ'&n % u%h% glg éadu%tlon source,

a doseofi fadrh @bouttineradste abowt 1©GMl‘adll, e.gl, Croanabionk 1.5 Mrad to about 7.5 Mrad or

l'i gnocel lul osic material can be combined with a resin
fronhqh%)uf g:BrMEpd taapout 5.0 Mrad, can be applied. After the low dose of radiation, the

second cellulosic and/or lignocellulosic material can be combined with a resin and formed into

(..D

a composite, €.8., by compression molding, injection molding; or extrusion. Forming

composites s described in WO 2006/102543, and in U.S. Provisional Patent Application Serial

Nos. 60/664,832, filed on March 24, 2005, 60/688,002, filed on June 7, 2005, 60/711,057, filed
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a conposite, e.g., by conpression nolding, injection
nmol di ng; or extrusion. Form ng conposites is
waleasnriied i n WO 2006/ 102543, and in U. S. ProvPeT/o8aN7/022719
Pat ent Application Serial Nos. 60/664,832, filed on
March 24, 2005, 60/688,002, filed on June 7, 2005,
on AZ@ust2#, R&5, 604711 8822, d1ledo2 S8 mB& 1B B0PLHOIRIH0F/ filed paDctober 12,

4. 2 60/ 7. 822, fi nb 9,
200836848485 B 59550 Dy 2s 025 TR 1528806, 2005,
60/ATiREnatiVely, 4 FibRds alatddal Maeinciudes 20 cel RMskiOMd/RighBsllulosic

filed on Décenber 13, 2005 Alternatively, a fibrous

mataril baviag a finsimdlensilargepsghi ctn be torsbinediwithiagesim tf provide a composite,

and {ggf - Cempps g e abi R T ARTubiely o8 PR o fdiion so as o provide
a se¢oRdREFhIbSe m&Bﬁli%rﬂ)F@llﬁlBﬁc ﬁmamha\&n%cggbceﬁd hol&dia2 WRekht higher

with a relativel ow dose of radiation so as to

thanghofiistmolegulse wisirght. cEor axmples ifzgaunag ralliagion éscutilized g$ the radiation

soul Tt Y Bt FRRER P! BEM B abbigl g i Bbron
incréagél Bk hidledufar Wi dhit 9€ thedBatérd wiaKiiflsivAth a &SR &rix 2 Ifl&nee
of fromabout 1 Mad to about 10 Mad can be appli ed.
embogiimegts; Hiegesn praoeress-linkablegasie end pesueb litaasegstinks s thhearbshydrate-
contt'he rmter.ilahcrv\hi Le It is1 Wi t.h g re%: n_mat r.(iix. In sams ffect t
BRI Pt dnoTpRgs Fmplecyiar Weighty sdugh Gep provads & Syrgrgiptiy effect to
provide Bibtihuit meéiRmdal ploperfiss tohBie 6amnPpediedIFaE Exanfifélisatédi@posites can
material increases in nolecular weight, which can
havegxsoilens law topmeraistpecfonanset e g.ohavyingy reducedeirndangy to break and/or

el . - > e ., )
eracklBE A eereRr et Bl Epli St BBl R R 4 €1 digl s B aefioc, 40, 50
°C, $86r€ oF 8ReiCelow - ID0 °C) and/Bexell @l PeFsniaM08l 8 thiyh tethperaés, e.g.,

and/or crack at |ow tenperatures, e.g., tenperatures
capaplg fynani@ining @pl,r agwangageoupmerhanjpgl gropertigs @t relatively Ligh temperature,

- C or even hel.aw~- 100 _C Lar o~ 20N 0 o
o.¢. 3k RpiiehiinEy B BB, EBpatelPRel LIGRE DGR 2302C,300 °C, 400°c,
or eVERAl dbbad HONTL. t eidditRey aith 26@PUSitefRaNRdeGRbelRhOEIRIMit A Fesistance,

at relatively high tenperature, e.g., at tenperatures
e.g.. aposiancedo swelliag ¢n a selpeee. 4.28 hlrog@borcsolpayy, resistame tgchemical

00 _C C, 00, ev 5 : i tion, h :
oty 380 Eie o NEDs 80 B Hafs b AR a8 brreducing
ager@s @.g., dc6iS¢ Rlc@iEsich @s SydhhiaRd pbfasdumpl vent, e.g., a

hydr ocar bon sol vent, resistance to chem cal attack, .

e. dilterng{ivelyr mrgother example.radrjowsamatsnialdhatapgjudssiargHplosic and/or
. . i Ae: Of: h r i .
ignde)ogic i ot BB om Rl MBS {RPUNR &b e,
ultradburell nati vely, in another exanple, a fibrous materi al

that includes a cellulosic and/or [|ignocellulosic

madepiesxample of theusg efgadiaton e preteatment, halégallen jwaeteartons made

[ [ .8, [,t r A
of uff R PBLEBRER 1 E et bolfa PR AR A RTEr FBI) G Bed s

feedptotlc eCartdris QRS folddeflat @hd then Péd inteslsq@be@Ttiade Whedder-shearer trains
Kraft board having a bul k densitédof 20 I b/ft3 are

arranged 4n geyieg witheurytdram thedirsiohearsy fed s inpaliter the secand shigdder, and
outptx?ﬂofn%@ sédonnd MEGRLY ?ecpgs ihgﬁtqg tlféqﬁﬁ:&i gﬁ"édé&e € Fibtoud kfhPerial

produced by the can be sprayed with water and processed through a pellet mill operating at

room temperature. The densified pellets can be placed in a glass ampoule which is evacuated
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arranged in series with output fromthe first shearer
fed as input to the second shredder, and output from
wo bessexiecnd shearer fed as input to the third Bor/esmer 022719
The fibrous material produced by the can be sprayed
with water and processed through a pellet mll
undeyjhéghatacngmaind thiendrick-ditipeé mathuargon gdse The Mpbuleds smalddetnder argon.

The Gest e Sebaue Bror ksl 7 UbSDa TN (AT Shoa) A D00l & dose rate
of at¥d 1 ViGA Q@H&Jrftb E}o%‘fjde"qqtlﬁa@iﬁﬁﬁ%ﬂéﬁl 1%%10%@@ 1Rildse has a lower

sealed u der arg e pellets In the anpoule are
molécutaaciicaghe thanithdstgpdmganaterdilat i on f or about 3 hours at a
dose rate of about 1 Mad per hour to provide an

Soniic; o%dl ated material in which the cellul ose has a | ower
—m#ecul ar weight than the starting nmaterial.

SoRineat nmmne sddneation pnEessiggstquatcencanveorsed 0 pngcess raw feedstock

sequences. c e used to rocess w f eedst om a
fronw% A eRL 5] e PRI S ek SURESRron ot fStock, and to

dde@otdRic R :
Sy S50, M A\ s
and/Dn@queItocs f Sortitetionpan celuse thg maleqdar VngMtcmd@e qtystadiﬂﬂty of feedstock.

cr eleGng Rt ot 1 oG anethods sl o e cebulose
hav1ggfﬁff ggg{blaﬁgver%g f1h5l?éulw<§ %lllte('rM%e? vlg ér@&i i?&ec Aedium, such as

avi irst n
watenginghsbnicdtetiidhd/os ottiesyisr cavdated, ta pmddeuarsecsud: hlaamal 3 that includes

and sonj cat.ed and/ or rwi ted
ce”%?%?jwaa’élg& Sge%ifa"m aysrage @Ogﬁ‘glf“ Wﬁl@ﬁh@ {outer thaaélée first number
averQ@é’x‘nBchﬂaﬁ@Ei%ﬂij THERESn BN AN o st ARH sc%‘dng matéﬁméertam

I'ower than the first nunber average nol ecul ar wei ght
embddicnentsy omubaeinabined witbra mlhmofgamsm Gergl, zsmtﬂnmw aydast) that can

t I
utilifgd of Siront And i R ratehial fo oMt > A0S g Ineydas hydrggen, an
alcoh'él' lni &%aﬁlh QRIS APdtoBHbP6r thixisres BPA  dfdhestO Produce a

f uel that is or includes hydrogen, an alcohol, an
or §zm:|e theasecond mateydl lwsaelhdosedravinga mdu@doﬁolwyarcwelght relative to

T R L T R
gendtALEMbA disfeidbleswadiaBlel ﬁﬁl‘]&%@ﬁfble i ars%ﬁh'féﬁ@ontalmng the
crystallinity as well, the second m%terl al

mlcrgemnam y-gnot e coltmp@atmnbifegreasmhma emcmocgwrsntséhbb fl"bese

t t th
pronghied sl P BhLL ot Siaehilsad shERisah buintiv fidor
micrbBRP SttacR rOREVE ﬂOQEe RS ehatdifal 3 e\ﬁﬁl@ﬁ‘ cﬁﬁér%ﬁt'l)aimﬁoﬁ@!h@ production rate
susceptible to chemcal, enzymati c, /or ~ m crobial

and/ax praductios|lexdl p€a tigsuteﬁ@rdiducme gnﬂtlmnplal Scmlcatwhn cin glsmsterilize the

mat i butspolR 8L B L3P BCIBE migOgeih Bon ARCuPboB RO HE P
Cafn Mri@emib&diilehi®tht BEcondRLRbERdvErage lﬂﬁol&d"u%'v&h%}ﬂt(TMﬁz) is lower
used while the mcroorganisms are supposed to

thangh¢ {iest numbeysveragavwde M@ghtt heMslé bymepre thapaboetvidy peeent, e.g., 15,
20, 1?138% %b W pe(iIcent (6-6 per ent or evéll\{e thore than about 75 percent.

In some instances, the second material has cellulose that has as crystallinity ("C,) that is

lower than the crystallinity ("C,) of the cellulose of the first material. For example, ("Cy) can
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than the first nunber average nol ecular weight (T MNI)
by nore than about 10 percent, e.g., 15, 20, 25, 30,
wW@20084031860 percent, 60 percent, or even nore PEENS2007/022719
about 75 percent. In sone instances, the second
naterlag has cel |l ul ose that has as crystalllnlty (TC2)
be lqw\fatthare( Ci)dwemnoretthan abiost t0 percent] 6.8 13, 20723,)30035,t40eor even more
than § { ose of the first material. For exanple, (TC2)
3R BPRE 2008/ 073186 PCT/ US2007/ 022719  be | ower
t h@rﬂs&ﬂ_&éﬁmbwnﬁﬁfsethk bRARiAREtalkRitPRIdEL (Hnor% Qomcallén) is from about
20, 25, 30, 35, 40, or even nore " than about
40 tqg@bqu@ R7.5 gerpegbng ,drano dbont A0 49 abdue 7§ percentrog from about 60 to about 70

ystal | ini de or .tq. sonjcation). is fro
perefiyy S st it Aer Sanicalioh s 15 avSr) b Appk psreent, .
front sboaP P8ito abouP£Y F&BENt OF fr%ﬁ%oﬁp@(}'fo HRuf 40 fr64H:. ABwever, in certain
percent, and the crystallinity index after sonicati on

embpdinfentsne.ghafier extenstyesbuigatiBn itpepessible todhaye a cryfstablmity index of

TR N YN A I T T R S

amoqfhtoag extensi ve sonication, it is possible to have a
stalllnltg i ndex of Iomer than 5 percent. In sone
e gimeembodimiatsnthe etarting numbsr awagecmoieo\ﬂan weight (prior to

oY s OB 205 SEPBET 5o o sou

1 OOS Q00 e frofiabous2 50,000 BhBuit 7H0D000hd!tRe ﬂlﬂﬁyér averi80 nfdfiular weight
g., fromabout 250,000 to about 1,000, 000 of from

aﬁeras@w@tlczs@ fomo abast $6H00 taa®uo200,08h ¢- g, Heom abds 6008 tageout

508 S A8 S bR ey, . e
exteAdi®dI$onichBOn,00R p@EsﬂBlé @6ThARQLH N Qo&ag@mété@ﬁ'lhr WwéizhP&ess than

However, in some enbodi ments, e.g., after extensive
abo%dﬁio@ﬁtoré‘fﬁn1ﬁ15th@1§h9§§5,@0% to have a nurrber aver age

o 20 o 55 SR BT B i

hi gthﬂﬂhQﬂi thel lewcBf BRMStiGh qTQY)eéftHé fifxx hﬁ&triap NA higheér 16vBIRdf dx¥dation of the
t ?her than the level of oxidation (TO ) of the first
ma

vl ean aid in ias ﬁlﬁ%&abllntymdl@bﬂwmﬁ@n sohubdlity; fuetheramhending the

mate?ﬁ?@us%%:?elp 19111&)? %éﬁca@,neﬁg fltﬁ](,yg Ortrﬁyv?ob}ét gtlffl?-ktaylgasgg/e%mbodlments to

increass e péved bf iheYoxidatieh 6 fihe 3bcond Maatered] ir€lative tBitle 13t Material, the
attack. In some enbodinments, to increase the |evel of

som@qﬁ'@nes(p@&mﬁ Ipan mélzmgctapmump@dueng p &econid yraterinl thag is more

o T A o DR e pons
groum radeehS’éIé gionps] ketdan gtduds,dsted brotips 6f dabox ytie aci@’e@diPsEwhich can

the second material can have nore hydroxyl groups,
mcr%s%léhbﬂtm@lb@lbs ket one groups ester groups or

CoRPEN i BT BT R B Spbil, apeis e

medmhdéaiﬂhtlﬁd@ﬁh aﬂd@xﬁuﬁcl’(ﬁﬁi petoxide (6@Shh@@get Péroxide), a dispersing
agent and/or a buffer. Examples of dispersing agents include ionic dispersing agents, e.g.,

sodium lauryl sulfate, and non-ionic dispersing agents, e.g., poly(ethylene glycol).
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medi um can i nclude an oxi dant, such as a peroxide

(e.g., hydrogen peroxide), a dispersing agent and/or
w@2shfase Exanpl es of dispersing agents i ncl UBET/USI0T022719

di spersing agents, e.g., sodiumlauryl sulfate, and

non-ioni c dispersing agents, e.g., poly(ethylene

gl Yrcathyr erd®ANECIRE,0B¢ Sot3d8i6n RETUSBOMN- QRRFIO For nxamlbie;the

enbodi nt S, soni gation nediumis n ueou
soni AR SBBe pRorEAin SRy R ﬂnbeegpf@ LeBF RE ReRtaeyan eher, €2, dicthyl
etheMﬂE@&%Mﬁraneoxgeven §0h Hﬁﬁ@ieﬁ gas gﬁ&%%r gANx&joAebr niftogen.

di et hyl ether or tetralydro or evén in a
i &bﬁfquemsglag tolbetboasd by gmnpartieniartheay, ihis bebigesd that sonication

breafy v . eoilSie 5 B AOPIR i e fiaining g ciulose, which
grov@ aid t‘HEI‘P $ﬁ)l&1¥ly‘ébﬁ§ﬂsb n g)uHHE lﬂllee&ll'a?setmh@ﬁﬂibm @hRakDlace in

he cel lul osé, which grow and then violentl
less d@hlaapamecm ihvegintphesivedlorcapaisescthe {del tbmpbltamre whthghthe nbble to

abou 3F TR Gt Boore Rt s G el S 2 MR A, 52-55) and

genetrzges ﬁ)@%‘tﬂfes%l? @nia feeoy ﬁﬁhd?écgilﬁ{os%l{érésqg%véxnﬁfo@r&ﬁﬁosp‘ﬁ@ﬁ:s or more. It
e.g., Suslick et al., Nature 5)

is thmdegtateamepmesswcbgesshrds tlahbecak dhre bonddr &dadsiithos p/hﬂmelswwhmg to

be b G Ay AEict dhG R dL PeBeYeH b priged PReta g arsqinat leastin part,

fronﬁtﬂ@ lekir&ilely \M% ilng\’rzﬁgﬂ cﬂ&n‘g%oll&%e %@Hﬁ%uﬁﬁle@%lch can be greater than
artlcul ar theory, it is believed that reduce

abou@ ﬂQStIé(lSd;qondt SFhfahlgb&‘splng rales @nerallhy danot, alloﬁvrthmcelhﬂose to organize

and gr)é/tst%ﬁlgg r\é%ﬂ mgrgﬁe%@g a]agbz«?vz:rrg H%ry%%e}g'l 8Jl?rasomc systems and
sond&&ﬁﬁﬁ’? %e &E&%s&'dgﬁ &%’Oblll"& d.aUsS BRARMNY. |5%'76@®/6W°Roberts U.s.

he cellul ose To organi ze and crys 1'ize
PatentaNoil 1,828 56 Mmpm,r(ikmlngstt)hmth MV@ouaduﬁiwler Oxford, (1990); Suslick

(editgg)yﬁlt?alg{g%fgg é% Cih%ng ! ??ﬁ%l&lf’%ﬁﬁg@gmaﬁyf@% Sfil-i,r%’smi}glm (1988);
Pric® "@ﬁﬁeﬂtﬁlﬁrenﬁqhgoh%heh‘n&oﬁy" dé‘a?%m&'? of @h&%&t&%amﬁﬁ@é&n(w%)

Cheni st ry with Utrasound, Elsevier, Oxford,

Susl@list alc,kAnr( Rt dvlpter. Ubeir 29.5204dl(1999) Sgsléck etal. Nm;@iiaﬂm (1991);

Hilld 3o Bty SIRER (Lo %&ﬁé%ﬁ@é?ﬁ'ﬁ‘e‘%et&“aﬁ%b%?i%@ (£551); Sustick

et alCUeMtCMemCSH@HO%S64(g1@9@ TanSeSdll, Chefl @Jmm AN (2000); Wang
Rev. WMater . 1999 Suslick et

et al drdyprcedddaten 112, { 130R000); Hancllaelret et alof Captiysis, 2Ré,v22 (2001); Perkas

a8t P58y AR . OB B

20011918 ¢t al. 2aNIPIRYs. @hem 03N 3368 r(mggg) 214\]191 ét2009) AméAnGhem. Soc.
et al., Advanced Mater., 12, 113 (2000) Landau et

121,196 ((999%fandayaviyet iak, J. 2mer. 2Chenp9ag) ; 1226434 20Q0). al .
Chem Comm, 988 (2001); Nikitenko et al., Angew
SO,,,Q,‘,g,ngysLemser Ed. (Decenber 2001) Shafl et aI J.

éfﬁ} ]%@m B 103, 3358 (1999); Avivi al Arre
Ch ows fgfnergllgygtem@ggl)lc anell q@qlq,ma@pag;tream‘]lmo is mixed
w1thér(§£ter sg?}:%ﬁx‘ 12%9Gn 2 ]‘gs%rvo‘qi'sl%:& 443800 a 9&% CBLdR lrl?. Iu%/ géqugﬁ pump 1218

ows a genera system i n DRI ER & Ce
drawsgtrecesatreanr EHIG ficil Gesesvoiri 12¢d and toward a flow cell 1224. Ultrasonic

transducer 1226 transmits ultrasonic energy into process stream 1216 as the process stream
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with a water stream 1212 in a reservoir 1214 to forma
process stream 1216. A first punp 1218 draws process
wa@eosamid®16 fromreservoir 1214 and toward a PeDUSIE/H22719
1224. U trasonic transducer 1226 transmts ultrasonic
energy into process stream 1216 as the process stream
flows shrowgipfios/cell 3236 RGF¥ans 00T (239 11dvs Prioesss stréano L from flow cell
secand punp 1230 draws process

122{?¥¥%ﬂ@%§%éy%W6WﬁFP%ﬁP8%|| 1224 and toward subsequent

Pr ReesohiP 82 1 RS RIAYLA first thtdkel 1'29? Yh&s sé‘cofntl histhkd Mﬁi‘iﬁ fluid
1232 and a second intake 1234 in fluid conmunicati on

communitation withmevol g 123. o‘bnmwwr (nbshosind delj veretdl mbosis material

s LR e P S5 e ol MRS e spters reservon

1214 ﬁﬁ&f(?h%'eéondliﬂﬁiﬂe [§cfe) Uﬁ@oﬁﬁ‘éﬁib@dhﬁ@n@d‘ ale?3ttearh 12 §235i’ﬁers volume
ments, water stream 1212 enters vol une 12

123@alon@a éarlgamtg:@m)héswb pwishingifow veittiin Nolngwfmw W cehrtam
|
embi Rt sis e E5 o Men (RIPaR FAlKe Speel kb0 aschematic view

ofagpd@eﬁqbfglomamor@grsampr ocess for bionmass conversion.
12 are introduced into volune 1236 al ong opposing.

ax 842 ks intedused iie xphgeniZBhialonglepposieg ¥tes to ttlapee mpgeg within the
controls the flow of water stream 1212 t hrough second

Yt ake 1232 to produce a desired ratio of cellulosic
matvaiveal238 Qoﬁ\@éle the(ffove of waepstedah Bl 12! tirohiBfG&cdhd iMt@ied 1232 to

mat eri al , ght by volune). For exanple, 2000
prodﬂiemﬂ@mgﬁdcsath:@ﬁ qeuug@iccnamzé 1to wlates fng.beppreximstele H0%iceHulosic

| | /
margif g Riesodr e BriobS Wikt By Maend tréBginloan b
comBitle@ Wikl 1 MtoMes BS nillidn ﬂbmuary, églti 255miteet gQloh§dayof water.
the size of volume 123 and the flow rates of

ceMiginggif cehlpsie materighandvaater in rﬁmvctlh &2140is gaptrolled byghesize of
volu%lnblozg; 8 %5% ihe’ dﬂow rallf%s oflcefhgllom?; ﬁtzatgrg i PR eg&tﬁg{e vmllgﬁlgu fﬁdsome

volu

m X1 ence er)
embB@in®hts, Felun@X20pliEsizeds l&ré&%nirﬁﬂﬁﬁﬂﬁﬁu@é reSidehdél tifie for the
material and 1.25 million gal | ons/day of water are

cellylpsigumateriehanstiypier. diureyamplel whan 2Q0) tangdayxgdeelivlasipanaterial and 1.25
mlllf%lﬁ Sgilﬁclons%z o%aqg’l alrg E§wtn% tg{oﬁgﬂ?%e%o Q'l Mhﬂhé 1% can be about

ence-t1ne of eseTv0|r

32, 000 ghllsiR 0 protiues midunk Mikihy rebideacanicnt 68aboud 19iniihutes.
volurme 1236. M xer 1240 agltat es the contents of

volResgsvaip 3314 wchidspe maxerd2F9 in Buid commuaigaipn withoiedag 1 236.
Mlx%pPMOVXg{t?t'tés {He C%H%H%g)f ld'gﬁlme':ﬁ%%( ﬁﬂgérge céﬂui(o%gclégéﬁalct%ughout the

vane SpOSGd Inres

wates @iifthe/saak. nEd‘ﬂeS&amﬁleXﬁﬁxeltZ&@O garsied ffftinghane dishd}ﬂedsm feservoir
mat eri al substantially uni formé/_‘throu ghout t
S

1214alnsomemathodimaets, moixar ¥40idispersenthe galblosip maggrial gubstantiplly
unifbinitl S SQBIBIPLGALJign Wi th vol ume 1236

Reservoir 1214 further includes an exit 1242 in ﬂuid communication with volume 1236
and process stream 1216. The mixture of cellulosic material and water in volume 1236 flows
out of reservoir 1214 via éxit 1242, Exit 1242 is arranged near the bottom of reservoir 1214 to
allow gravity to pull the mixture of cellulosic material and water out of reservoir 1214 and into

process stream 1216.
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and process stream 1216. The m xture of cellul osic*
material and water in volunme 1236 flows out of

WO e@8nviBe 1214 via exit 1242, Exit 1242 is arpenysmo7/022719
near the bottom of reservoir 1214 to allow gravity to
pull the m xture of cellulosic material and water out
of Firstspmypi 218124 aapof severnl repessed smpelier eartexipuraps madafgy Essco

I AT BT RO

flowEeHCIQ2 BUPSorde §bddiMksts, firSpudid €2 BSagitarek tfedontenls STPYSiess stream

the contents of process stream 1216 toward flow cell
1216 sueh that themirduierad cell ylesie material and watapis spigarndiglly aniderm at inlet

122(§11Q§ f{l(ﬁ\? gtelgﬁ%% F}%qu%réglﬁgl%ﬁgf’sgﬁﬁg}rp 1 %ﬁ%%ﬁgfeé&%éegsa gtretart}le1216 to create a
turbSlRSl AW tHad pér¥istrbldril the pfockddlstream bédteR thd fil¥pRPp hnd inlet 1220 of

1224. For exanple, first punp 1218 agitates process
flowseelld@@#1216 to create a turbulent flow that persists

P IR PRERRer BT YSLAHE T i B AR tgpdnie 1220
and Butlé? 32 DT InvidhieBinbloddftents) rédcttird oRMANIMAGEh is@ihI¥ds steel tube capable of

_inlet 1220 and outlet 1222. In some enbodi ments,
withstanding eloyatied preesgwasi(ci &, ) barsli dn additien ewin the plécrnatpygbieactor volume

f it hst andi el evat.ed pressures (e.g., 10 bars).
124?%}“%‘?&? t 5 ang}xﬂ?ﬁrotssn%ecgw.er native, reactor vol une

1244ow béll UERSfupthérciftianesH ddat EXchasge? @246 Rtherma okifiluhication with
1224 further includes a heat exchanger 1246 in thermal

at leg® mrpgrtiaefi redrten volume 1 244 {sqolimg flyid {248 (sfg..rvexier) Hows into heat

o2 RO LU R o110 g i st

voluntter4ar Of Ssifie Stbediedid 1e fHwsaty df&:b@ﬁn%' fluid €248 @ito heat exchanger
volume 1244. | n sone enbodi nents, the flow rate of

124¢ 5sontaglled tginapintaingan sppeoxiaatelyesenplanigemperapue in rgactor volume 1244.

oL e R O B 5 0 S388 PBf o e

exchafgeral2ue lig\éinitrofled t1Rain@iP el aipisanafel¥ esstanftehlpetaturé 24 feactor
flowi ng into heat exchan%er 1246 is controlled to

volumgi 12441 dn seme pbedimentsethy terapesetare ofiredptarrvalume 1244 is maintained at
I 44 . ' .t
20 $95% L. YOS 1808 49 3. ARSI U TR e gt

cool&i} fld 304&frof i@actorXlurde 1 28bcand, uséd irddthdr. parts of the overall process.
Additionally or alternatively, heat transferred to

codi aigpter sgehion 2426 encatss Fluidosrmyrucation bebveen geastasgolume 1244 and

r . .
@ boSEE1 250 RN OB ey IS UL P 9655 1o REHIAP scer
1226.cBatextampis, adaptek 2detican@26 aab whide ra. flangd andOptithstemily arranged to
mechani.cal ly coupl ed using a flange) to ultrasanic
creae plealytiglhtconnersign beiyyeen xeagior yolumealidd and beestes ) 290 fn some

embBQiQnén%? L go c Er%fgﬂtggerqa% Rd ﬁi%ﬂ-gé%%l%as@ﬁ{cqwg cgﬁrepade by

create’a | ea connecti o tween reactor vo
Hielddtved Udtnabohiee 8f Teltak Xermhany.some  enbodi ment s,

ul trasonic transducer_ 1226 is_a hi gh-powered

ul 17 SRGANQD, fRERYTAGE &2 Tdsdiverselectricity to ultrasonic transducer 1252.

Ultrasonic transducer 1226 includes a piezoelectric element that converts the electrical energy
into sound in the ultrasonic range. In some embodiments, the materials are sonicated using

sound having a frequency of from about 16 kHz to about 110 kHz, e.g., from about 18 kHz to
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H el scher Utrasonics of Teltow, Germany. In
operation, a generator 1252 delivers electricity to
wabkdsasxssé c transducer 1252. U trasoni c transeOL/Es2007/022719
1226 includes a piezoelectric elenent that converts
the electrical energy into sound in the ultrasonic
about JAddlz arrfragw ateoud 20 dtlizite abayt 40 kdznufees: i salisd hawang a frequency of 20

onj d using sound having a frequency of from
kHZi%gg%ﬁ%g kHz to about 110 kHz, e.g., from about 18 kHz

t 0 The ulifdseile %ﬁ&g? 1866200 ?ﬁ&@&ﬂ& m&hﬁhﬁtthﬁgk béoster 1248.
or from about kHz to about 40 kHz e.g., sound
havhaylteasénie guergy yravdlingOhrok gl boestetd 2|48-|zr) reaqthevolume 1244 creates a

asoni c_ene en delivered t he workin )

seridh g5 e BP A BT G UPr R Agocesy it | Aeopfy B by suficent t

creafel AVRAtiondn phdc@skiireRR0ID1 81 Chertdtionidagafees iRl celilodié Ahterial
creates a series of conpressions and rarefactions in

dlSppnsatenszrom staganm PAI®. avitataon alen prediges f@gfradlcalemthc water of process

sredf EBHE, TReec@erhBottoR P BERR: B R P kel B BbAl inprocess

streddh Q2RSS Stream 1216. Cavitation al so produces free
radicals in the wat er, of Erocess stream 1216. The

f r degeneelcalosdMOMI/m’s eig s hr250p @002 SOB 5@eIQQQL 6@9(1; or 3000

Ml ufisni® <BEES i B4 LB Ham J6 BENEl it iis'oR about 0.2 ms
(abokPPID0 ZPGRs/ma). JGRY expdbufeo ultasbhic reﬂéx‘g? i reRBRF giluine 1244, process

applied to process stream 16 fl owi n a rate of
streaab b6 €xit flogy ecll (ZR24dhmougizowtleydPP2 n&mmh pumpfl289 moves process
ner n reﬁctor viol u

sreff DRR SuballgineiS e e I il Seisffl S5t mplioriex pumes

mad@ By [ERbcolBidrps LTHANGIsPUSPAAZIE, @a}{ﬁfi’mﬂf ocess stream
1216 to subsequent processing (e.g., any of several

r e Velsiteceertainprmbagimeonss have lmnﬁsscnhqﬁ othsy e@bgdlmemmpss pessible.

Cont {
enpoanerroRny Dl BistRes b LAhE et MersFipE R P AP foy patn,
othep @3 &ridehRnts afSp&sRibEX AMRbAe ewoaﬁnmmeaﬁarﬁplé gioeekedteam 1216
has been descrl bed as a single flow path, other

inclyges an@@ie perallel Row) paths (51 @, flowing ahe rasedb i gallondmmdr In addition or in

the aeft)éml & th$ gl\ﬁv?pgé P%rtaﬁ‘%‘l Jt% ofl r ces%?t%egn} !3 GOtlg?w %o separate flow

celli}ﬁid| @OSdhidted ihPandidi tel D) rhsﬁ’fg d ;liluratht}eoiai dlewnafraseflic ttdneducers).
mul tiple parallel flow paths of process stream 1216

f | év anather exammatvdite aingle Bltrasonip tragsduces dAP6 hespen gescribed as

beinB P lo, 06y Pt 22, BB il n host b, Yoty 3i8BUFnenc, o

plurality b8 GRRAkENit transides 236046 ahasgdadn Modesdr 1228 @e.8S ten ultrasonic
bel ng coupled to flow cell 1224 ot her arrangenents

tranggugerp garsbparsanged isd feweel da%be dnsomg en}bpdlmmntss ;hembund waves
genei%t%él 3? ggéhcoftt{waaﬁlgqtﬁf éfg 1(1,)1iL 1<‘tatr %nﬁg L an?ﬁ% aé%tlglgg Y\é g, synchromzed

out @ﬁmﬁﬁtg@dh bfie ancfthayvtoc@mmb%él&avnlaﬂors SdtihgIpbR Provest stream 1216.
t he sound waves
As another example, while a single flow cell 1224 has been described, other

arrangements are possible. In some embodiments, second pump 1230 moves process stream to
a second flow cell where a second booster and ultrasonic transducer further sonicate process

stream 1216.
56



generated by each of the plurality of ultrasonic

transducers 1226 are tinmed (e.g., synchronized out of
w@b@s®7318¢ h one another) to enhance the cavit aP€DNS2007/022719

acting upon process stream 1216. As anot her exanpl e,

while a single flow cell 1224 has been descri bed,

ot Kerstillanothapeapis wiile reestwivolume 1244dmrbeandaschiibadras s, closed

second pu 1 noves .process stream.to a secopd
volufiEo acial FoEr @4 FSHED B ~B S SAndiiads i Eeragbfingodiments. In such
embbdidEREUSHHicahish pRFeafmaitk 68 5o 2@6&%@@ substdnBaNy dighPranedRisly with
WD 2008/ 073186 PCT/ US2007/ 022719 As still -anot her
otheepiztrpatmienimechraquasa Fooexamyple mitradsdri¢ chergyiser be apieditd prdeess stream
s a closed v .reactor, volune .1244 is open o ..
12163 Rao oiiaF 0 B hile SRGH e 0o iRt sly AN GRlafed into process
stref@PPY. MENt S, soni cation pretreatnment can be perforned
substantially sinmultaneously with other pretreatnent

t edisrangthescxakpie, evtalepl flgw throughgoocass bassregy destmibba, other

applied to process stream.. 1216 in reactor volune 124
arragaenre SRR JOaRE APPSR SHEGHERF 3P e POig i & batch
proc%f&t. Fop E!&ﬁﬁ;ﬁé, a %lﬁﬁ@Uhrilgélﬁlled%itﬁBQU%{%%QQ%@%M%&& of

ow t hrough process has been descri be ,
celldesiamgteme hinswaterand e podstd ¢o soundswitteingamisidyl fromrabopt 50 W/em” to about

600 30 Aot B0 3PanE LB dope e PR dr 10 T4 45 Vg to about
200 W’ch‘l%)\dmt%héﬂlyeoﬁiltenﬁﬁwlw 88 nfix R Blth@bolue\vah BE séHichted from
exposed to sound wth intensity fromabout 50 WcnR to

abousd hour tosOut@Ehurs,e. gy, frorh mboutdbbheury ® akooh2 heursmeditom about 2

TR L T B et B e B et
timeY M dWBn §RGWRPoSeMATSE £6kcbh®@Pre-RRIHinel tRdbetbR BRRUing4bain.

ours, e.g., fromabout 1.5 hours to about 12 hours,
or Refesrmgbowto PIG.Huinssome endmdimdigs, hwa retectrbacoustic tagnsducers are
nmhodi nents, .t he erial i, sonicated.for a.
e BRI St ST or e Rt APFE AGHIe7 S epsghesgs 60 and 62
is conple@nél a Bloted 8hEdFh BE By réspBetRRfifeAn &Rt €AUPING IRER 70 and 72, the
Referring now to FIG 13, in sone enbodi ments, two

lattephlee being snomn s boastarhidmse The areshamest vibmaticas pyovidadddyettie

randdBods SR8 B PRa SR Moo fisREkr bR RS e Bansmivea o
the rgﬂ;ge%élco?ﬁgﬁg RS,/ NiEh hidl Bk FBANtACRIGS PRIV MeEMARicADgain, such as

: | atter al so bei ng known as booster horns.
a rativhef’ IntechanTleahorns preproided witheirespactiyg mewunting flange 74 and 76 for

trans, ers, responsive to high f.reqguency electrical
suprgh RS0 Sihfnct RIPE #erhfty e AR BAYE {he

r eTpe ibiratfong AdRérhifted Ohthe tahdduberd®irotich & @Sﬁﬂlhi]‘gt(ﬁ(ﬂ)obﬂer horns

provi de a nmechanical gain, such as a ratio of to

are cpupled th thetippui sudace Tradvheleemnand aredransmptedithspughitherormtp the

n 7 6 1 u rt.ing the transducer, and .
oprstFR ol o ol S NBRE Yol oA i g gment wit
workpiéRg bt shedn§ foouhith ehet viBrat StcRE appliedough the coupling

or booster horns ) ) ]
The high frequency electrical energy provided by the power supply 82 is fed to each of
the transducers, electrically connected in parallel, via a balancing transformer 84 and a
respective series connected capacitor 86 and 90, one capacitor connected in series with the

electrical connection to each of the transducers. The balancing transformer is known also as
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are coupled to the input surface 78 of the horn and
are transmtted through the horn to the oppositely
wale@posdass out put surface 80, which, during opePer/UsIV7/022719
is in forced engagenent with a workpiece (not shown)
to which the vibrations are applied. The high
“balfn’ exfarsinrgy foe [ ‘bal andinglinit dﬂxgwahngi\mg dradsfosmerhaclpdesermagnetic core 92

and & pBRpY dERN) wifinesa G oo, o et HRBHINES ipding angssecondary

W"Khﬁgqaﬁ@aﬂﬁﬂ 84 and a respectlve series connected
capaci t or 6 and 90, one capacitor connected in series .
wi {hsareemeodimientsctht transdueers instudecosumdiciolly avalable piezoelectric

transducers. The | anci ng transfo
nansdy 865 YR 3B dTpoet Cazorpn 2itls 10598 fiireath Ssigned fo
operafi@Nati 200kH O4nd" doxﬁhﬁﬂﬁirr[‘ﬁow'él" rhting Jthﬁkwa'ﬁi%@n@%lzmg voltage for
transformer includes a magnetic core 92 a pair of

providiag may whumjinradionglsexoursindit 96, oudpug surfaserod thet transdudentsr330 volt rms.

The SRl Ao R AR iber e et GRESEL NG pmprly $¥ending on the

loadaﬁl?bdla%@é EAPOSF 08I BR¢ fhe Gutput AOBEN SCApproxTMeR]1yED ﬁrc@mso The
rasoni cs Corporation nodels 105 or 502, “each

maxifewh giféerenasrin t@pemaétvpbagesfor ﬂ_’@ sk motignal amht\rdﬁmmmﬁene can be 186

voltr STt hg? elterrnea et PG G PeafceisiiBoe Sup RS Bl g Bhoveen the

tranddi€er " TRS BMERIing SniPFIV ¥hres b Eﬁlance-ﬁh.%n&l‘ﬁbﬁ %S}tpré\h&m’% equal current
through a transducer may vary between zero” and

flowzhyough thicipansduases, bencelebminasing thepsdibildy of gircud@mg\coiments. The

wireifh ondfs SIS oL bF Rlocls R e e M A 0t e

max Rl ¥8Rhg eadﬁkérlr{gda%rosfs AeFigdiaf tpuf &HPR1LB6 vol t. Such
e difference can give rise to large

a volta
C| A@@na?tﬁmgtlmiortémgsﬂlfrmwmem higbtfraguencyt rodersdiatordeyices can be
- al anci uni t es a.bal a ced ondi t.i.qn_ by
witigg30 78 QR E et Arpdite RePrabiet, R Efesieien BRER e
disifi@t&te bdrhats MRédristt Wi aels firéds! ITwo &fmrﬁéxfci-“a@llyéﬁlhl%le high- frequency,
currents. The wire size of t wi ndi ngs nmust be

rotorsgpter thégers@n deviees arg the Supdatonr r@ﬂceﬁ otagufagtucedsb yakipphe

Indun?%ll)ét nHris\( B@%ﬁ%%ﬁaglﬁ%@e ns?laacr \éer aeﬁli;sglgl%(?gngﬁ-g?fé§onnecncut and

the Diisgdk" M rde dieey dnufa el aal AlaPket6tEly BASWOAR, BR. 0¥ TiddikRe; Ohio.
This type of device produces high-shear,

Operﬁlen o€ sughtagmiceeray ivativaglenise @hdlecaxsseddnﬁtmgk&t Batpintd¥ie $5370,999.

TP 28 R st BT Snflucile opepr more

plez&ﬂé’dtﬁe§ctﬁfe%lén5@1tﬁéﬂﬁ@dt@ﬁﬂﬂ%cdﬁ6/é&?§y MHﬁﬁ&{géﬁﬁﬂtsthYe possible. In
Krupp I ndustrietechni k GrbH and rar ket ed

sompgmpodiyrientsy ulbesanic WansduceGB26 ticludenarsive |elﬁmentsan@|de aftegher types of

sy ERTIASHGET T RHABF LY, BTt ShEab ko ihpowered

ultraSohif transdudras atusséd AHARM &l .91 Basf IR 6162438921 some
U.S. Patent No. 5,370,999. Wi [e ultrasonic transducer

embadigEnisaultigsamic encsey istrasisged cpraensa gtreate 1 6 thremghean electrohydraulic
system.

While ultrasonic transducer 1226 has been described as using the electromagnetic

-response of magnetorestrictive materials to produce ultrasonic energy, other arrangements are
58



pi ezoel ectric active elenments to create ultrasonic
energy, other arrangenents are possible. In sone
weniwedritent s, ultrasonic transducer 1226 i ncl UBEBUS2007/022719
active el enents nade of other types of
magnetostrictive materials (e.g., ferrous netals).
possibdsi hysoarecenuipdira¢nts racofstis goérgy ithihgfommovfareiditense shock wave can be
ul.trasonj c transducer i s discussed in nsen et eg
apph&d irepily (Q-RIORESS stée’:a@?k HBE ag yn ter gﬁggdfwmesqm odiments,
ultradbiti€ BRQPY & teAMRIeDREd it plotBRSireirh 86 thBugt £ ARPROBYdrAAY shtem. For
through™an el ectrohydraulic system While ultrasonic
examplayrsduservav2? 61 high chergy dersityrcah dd paslucs ygapiphyng power across an

enclﬁ%ﬁé{o,&@n@gfp gfeif)t?%lé{{?:;gl%{)ﬂ%g’ig%tg{% tggggf&t)%g’ev% u Ca%nidvperoducing a pressure
rise faf %%gﬁdgﬁﬁ%ﬁlﬁfﬁsmﬁﬁeﬁl\fgﬁgﬂ)§/s9t7r§1];§§pfggf6ﬁj§%9ﬁﬂ @.2g2,t71§r|]r§cess stream

possible.” I'n"some enbodi nEnts, acoustic energy In
1216)oDresigh aad operatos of sich ekhammobydranlibeansdyger isedisalisseddn [Hartmann et

C am 16 using an underwater spark. In
al@gn?a&?gééﬁi’éﬁfs ultrasonic energy is transferred to
process stream 16 through a thernohydraulic system

Pyroh@is exanpl e, acoustic waves of high energy density

can, be produced by appl.yin ower agcross .an encl osed

Vo R Blorepaals i ayo il rtuBReR caf h e Peareraed jecdstock from
a wiH@{/M@y NG FRIAE MRS t6 e RS SIHA subdtifeel ABIn the feedstock, and to

subsequently transmtted through a sound propagation
providecpaniiallyedegradeg orgasiranaterigdavhicl Améionss st tafidther processing steps

d/oFer ation of such a thernohydraulic transducer is

AV FAUEEEY in Hartmann et al., U S Patent 6,383, 152.

Py R@FeffihS agdi® BE oBRYA eNdRAteSh FIG! 9%eH3i MgteASIURACIRCudes

can be used to process raw feedstock from a wde '
cellulegei havingaf firdi Munebes aversgamolesulanweight @i iiseiytdlyzed, e.g., by heating

the A ERETH R Br! 4F At dssP P maRReLh e eldgn ellplose having
a seddMBWumber AverddiGholBENSERE LING TR ORSwerREA He MSAHBIYE Sverage
Referring again to the general 'schematic in FIG 8, a

molddutag twengitt e Thebec2nd hwteriah(ir dlikefirst arel deadrobmatieriol ingerain
first. nunber average. nol ecul ar .weight (TWNL) is
 embpiny AR G0 Bl T AP B s PRUPET &7 @ pfes] tha can
utilizd4Re sédonB AR or filst MaRtHaf® prodReAlelPhaf is dk irdhidedthydrogen, an
i ncl udes cel lul ose having a second nunber ave

rage
alcohe| (e gu lethanoledrdintanoif vngh) as roysee or trbntandid, ani qrsanimmigxahydrocarbon or

mixavero?ge F@l eecul ar weight. The second material (or the
P AN 0¥ nd material in certain enbodi nment s)

| SKaice tiodbbmPRlatelihihad cBllfb@MAaP SiddhcedInolecular weight relative to
bacteriumor a yeast) that can utilize the second

the firgtamaterial, prd inrfemerinsiances agedunsd erystallinity & wallthe secend material is
| udes

eendgf LB RO BBl 0P Sl Rsoy B R e
micr@6igdnisih, B)d 208 abiRhAtreion ofi gréaidraBarOf 0°aMivrodtganlt@&AnL. These
properties make the second material 3 more susceptible to chemical, enzymatic and/or
microbial attack relative to the first material 2, which can greatly improve the production rate
and/or production level of a desired product, e.g., ethanol. Pyrolysis can also sterilize the first

and second materials.
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Since the second material has cellul ose having a
reduced nol ecul ar weight relative to the first
wodosn7HEBe and in some instances, a reduced  PCT/US2007/022719
crystallinity as well, the second material is
generally nore dlsper3|ble swel | abl e and/ or soluble
i nIrascsd erhbahmentst the mqogd nivaber average gaoleauar vezight ( Mtqz)as lower

than SRS by her o eise Mot e L en) P AR BRI (D Percent, g, 15,
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aboult B3 REQHE, eD, A&t aBA\t-501t a§cﬁm75' BREATTRom hbut %@@&Q&mt 70
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thangt pereenh glncsoynsteatiodimhengs, (the inaterialafisy pwojl)§lSSI); sulzstdntlaﬂy amorphous.
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or frémYabbad 70,000t t8 abH&tere 500! GltfVeverd Hﬁs’br& &%&Erﬂ&nts . SAHER extensive
enmbodi ments, the material after pyrolysis is

pyrobisiss ttanpasaibletodvane pnowber average meoleavbas avaightiof Jess Hran about 10,000 or
evenslg rtfl%%ﬂlpsgﬁé r aver age nol ecul ar weight (prior to

om about 200, 000 to about 3, 200, 000,

e th sond @fibaliRefits 280 sQBAd hiateMaPtln hale QQ&JC@ 8Po8atdnqD,) that is
about 250,000 to aboLllt 700, 000, and the nunber average
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incrassg the levet ofibie ghidaben pEihs sedead ndierial rel @ @00 th firsemeterial, the

t t dj t h .
pyrolyids PATHRA My 3+ 80 v SRR BRERGRE R rocpp RS 4l s more
oxidiYed e thé At iateriab VRdr eRhmprel thatsbed (nlfiddal @fm h&\e rhérelydroxyl

material. A higher |evel of oxidation of the
groups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can

increase its hydrophilicity.
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material can aid in its dispersability, swellability

and/or solubility, further enhancing the materials
waemseptisbi | ity to chenmical, enzymatic or m crp®i/ak2007/022719

attack. In some enbodi nents, to increase the |evel of

the oxidation of the second naterial relative to the

f i Issommensbodimentshibe pysolysisyafithe mstepialsfioconsiupus. dn other

emb{ebiatenfo B gt 3 B0 e 2t it BEE e oghen Blqwed to cool for
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groups, al dehyde groups, Ketone groups, ester groups

or carboxylic acid groups, which can increase its
Pyroly§ia Py i city. 60 WD 2008/ 073186 PCT/ US2007/ 022719
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conti nuous. In other enbodinents, the material is
feedpfpelepeirasiniest systept o InBrst stap ABLD, miskpply of dryt fleedstegk)ipyaseived from a
feedlsBueg ol for a second pre-determned tine before

pyrol'yzing again. Pyrolysis Systens FIG 14 shows a

pr A elsscribedaboveagiealry GdStotihfbmi the feed @urdefragbe p$é pRBessed prior

in a pyrolytic feedstock pretreatnent system.,
to deljvert todhepyratysty, chamberp dioy exampleyif ﬂ@efa%dsts@k i§ @errvgé éwomemlant
0
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mateprail amid/ort tmf@ielthe/plam rthatetidlds @va@féﬂﬂjy&hé ﬁ&ﬂh@ék trimbort device.
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Alte%‘&?’%‘ésor lie @ﬂ@lﬁpﬁ tb%btomsiﬁ%fesflstwecaalbsmleﬁﬁﬁ@ fQ mechanicaberocessing
6020 ﬁegg)vt%q g‘rﬂge aiv% %g:l%r%ﬁ 6@1?%e?% in tHg f&gﬁp%) é)rrﬁg ﬁL&&{vErg to the

yroﬂﬂmmambkr transport device. Al ter natively, or in

addi tion, the biomass feedstock can be subjected to
me& H%‘m&m%ha@éémrgsswﬂﬁ {eedsgock undergeas & moishere adjustment step
603%2@?@%%&?2%%89&6@% ﬁsgrlnéﬁ't Jab r%grgl?ﬂafoo?ﬁ gﬁvﬁ xﬁé sRIrre Edhtent of the

meclmndwllyip@@des@dd‘e&ﬁﬁiclagl“yﬁlbell)f epgdﬂysi)s:&xf fHétli&fcRQﬁSura most efficiently
mpi st ur e adj ust nent stdgg . The nature of

whep-iespeisareenian ek He fegdsiock éﬁol&ﬁwgemb@ﬁt t0ve and a'aqtu 30% (e.g., between
S%Ca%ﬁtﬁ @’t) b?ffwél f 'ﬁ?ecf%@ﬂ &r%l lIY thig rn‘?(ﬁ?tﬁtseec%nfeﬁ?gﬁglg Y’é%dstock is larger

yS|s o edstock occurs

_ thaneabf)mtoﬂoefhby yVelgML&ne &l theinsdl load peesshted by tiie witer content of the
feedstock i s between about 10% and about 30% (e.qg.,

feedgjaekigrrasepsh efEeEmsuBP R GNPseaueRtpyrelytsstertk. | f

the, MééM%@dl&g% %‘Pihe edsRRKhaE Qﬁx{o‘i’%e c ntle Whith id lg r than about

about 40% by wei ght, e extra thernal present
30%kby Wéighw\dnarfemMOkMataﬁalbhéO whevhdms addw mutstms:eﬁtehfmm be blended

R A N I
iSRG} Y 1 1y e 58P ho I A oo con
simpdph¢ dned eadisparsing dhredfeedstock material on a moving conveyor that cycles the
feedstock through an in-line heating unit. The heating unit evaporates a portion of the water
present in the feedstock.

In some embodiments, if the feedstock from step 6020 has a moisture content which is

too low (e.g., lower than about 10% by weight), the mechanically processed feedstock can be
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in, creating a feedstock m xture in step 6030 with an
average noi sture content that is within the Ilimts
walcassHesd above. I n certain enbodi nents, feedB¢DUTK2007/022719
with a high noisture content can sinply be dried by
di spersing the feedstock material on a noving conveyor
combimad wethovelter féedstolemdteriab62 X0nwithug higher innisture cortients $uah as sewage
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presmrmed ighies 03 H0 {0 thpifeedstaek $teaars t Diskgasesitate a mﬁsslra ngra‘dmtnn a

oS BB UL R BB LIGER e B even

throd g}ﬁﬂhé @91‘61% dHandePY TR Ldis embadiRnts! ﬁ’aﬂéﬁgﬁ b@the feedstock occurs
sis in step 6050. In sone enbodi ment s,

meCEzrrmﬁé bt isf a trh@ppéémsméhat iincludes asonvEyoy Suehidisag auges transports
ur|z ases 6210 to the feedstock
the {2 drsgg?%% eepeyéglggg P8%e a pressure gradient in a

f e ihdrQakestd2a0spilko BO A o tHe fegdRtdck piok REthE PebysCdhamber. In

into the pyrolysis chanber (and even through the
somg gmbpgigiestse faelanple, one Q,fémraucmabﬁbgmmw addechiesthe faedstock to

st cha v, t.hat
s e s T P B o E e b iR gme or more
scavehigl n% afdn@GadWet lded foethé @&d&basi@ th@ VolRi1O MK réleased during
cha O her gases 6210 can al so be added to the

pyrof ¥sésd sﬁoa @Karpplueovarto@s ﬁw@rmas@i sommpoupfasHshas sulﬁdesméne liberated

f
auri SRR B en Fer oM R B B0 B RLErERTe LT BB gp cause
desufurizitéonf crapks bR lysiiprodigtsd H ydrygenombines &¥ithadulfides to form hydrogen
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sulﬁaa gasd wheeh ¢ea begemeyeskikom dha pyaplysed feedsteckemt er i al s
}P??cﬁ? (?s SHEE @e%dstgé{lg\% tXl%l tﬁ lgagﬁbsegéa{rglgﬁldg éﬁgt Q4Re feedstock to

base Sth A R
relatﬁVelIbeh@h @ﬁnpdiamre@@o PMise biiiaBdecafositioR o Lihe f&d@%cl@s Typically, the
hydr oge as can be added to the feedstock to cause
feedstock is eate to a temperature in a range from 150 °C to 1100 °C. The temperature to
which the feedstock is heated depends upon a number of factors, including the composition of

the feedstock, the feedstock average particle size, the moisture content, and the desired
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desul furization of the pyrolysis products. Hydrogen
conbines wth sulfides to form hydrogen sulfide gas,
wokiosi7xiaer be renoved fromthe pyrol yzed feedsporks2007/022719
Pyrolysis of the feedstock within the chanber can
i nclude heating the feedstock to relatively high
pyrol ysigyerpduiaty. eortnoanyayvses of didmask fabdstocky den axiampley bytohysis temperatures
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heatmegast Be systgrlnatllu\{l?ulgntrf%‘%v gan)i)e a%hltebgd §}¢ Ll%%r?g the feedstock material through

the chamber using one or more injected carrier gases 6210, for example. In general, the carrier

gases are relatively inert towards the feedstock material, even at the high temperatures in the
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pyrolysis tenperature wthin the chanber. For exanpl e,
t he chanber can be designed to heat the feedstock at
w@200ane31eé bet ween 500 C/'s and 11,000 C's. TypPCHIUS2007/022719
heating rates for biomass- derived feedstock materi al
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further pyrolysis heating stages, thereby |essening

the thermal | oad presented by the feedstock. In sone
weniearitent s, pyrolysis occurs in an inert envPCDORENT/(22719
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in squge GrAbedimeRis e filtgred ggs aaqbbetﬁoméﬁnsgé%@pw difigeenhgasgous
comg&ﬂ'gfut\{lﬁm? }'qué egra¥ m&tﬁfe'mlﬂ'l b&{ff&‘éﬁ{‘ ctlgqceanqﬂl&li%/ %r example, various

gas m xt 'S Opt |

hydrdtarben pabdutte (g bhl@w&ﬂs Qll&ﬁes theﬁcfs blﬂt?ﬂ@@étﬁ&s) ﬁl@dﬁ@l during
pressure by blowing air into the m xture. The

pyrohysis Jp&ertain epbodinnings ﬂ@oﬁlie@ecbgaswpmammg)ﬁngﬁéﬁ #Mdrocaribon
comp&}e‘ﬁﬁ Jaﬁ?e%@ﬁabﬁﬂe’é%fh tg’%ﬁ gﬁar@@ é?ﬁ ln? At S { whif ?rag)or and oxygen)

act ore
and pubjdateitoat esckanrprotdie to tedpey mble€®lar Waights of the hydrocarbon

components.
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subsequent step 6150, the filtered gas can be
conpressed and stored for further use. Alternatively,

wo b@sfriiser ed gas can be subjected to further PCT/US2007/022719
processi ng steps 6160. For exanple, in sone
enbodi nents, the filtered gas can be condensed to
sepasaicerdbddirentsf thg pg@dysss chambpomohideshdahsourtdsehay dam
m xture. The different conpounds can |n§Iude

hydr@gagh%ql gasey sHchs gnetmfgeamogp Prnanedo gatéhe fefegsrtock. A portion
627(%@&1@ iratéd SR088an k?él EERGFatenty ng&@ ?P’rme tgkg&ﬁ%rhbgf R \46f8Bustion, to

during” pyrofysis. In certain e
gendratk pevcesh lmalStocsosttAm thé pgrotysisiprocese of hydr ocar bon

copponents ca ecnblndvmth steam gas 6170 . Q. ,
o W SETLeTPOdEERts @saw&o W mPERsAn TecEYF grafﬁ%ﬁ?aéghqt Gan be used
to inﬁreﬁgeat‘ﬁg &ﬁﬂpe?ﬁtﬁ&%f%éd@to%? PHiE&iaTD 1R W %%IWHQB%ﬁnQ feeli@6ck with

ydrocarbon conponents. 65 WO 2008
radi 0N/ (kI§2 @amh2adibfon, letectrombeanioatiatioanosothértgpesyaf ohdistian) can heat

the ORI S1S CBlSAY Mg SRR Ut an i hes e {afelotogk falgrials can be
coolbly A HEATOEIa &RGh L Rom A2l of 16 AERE kIR Sadined
can er for

e reC|rc into the pyrolysis ¢
feedstockb uFhe lorat exmanmysteat @nmeamaﬁ surhé & trmspsnn sorae of thedweat energy to

rolysjs pro odi ne t he
the Fgé?‘éﬁ“% §1“§n‘gﬂﬁé‘h§%@r‘ (‘E,Iaﬁ{ © i?@ﬁsta%é@gaﬂ thefebyygducingensegy cost for
the @@lgmgg)cbggcr ease the t enper ature of feedstock
. For exanple, irradiating feedstock with
r adhasiuary o(oetaﬁming baudwand amjlch;byroiysis pralictsean bedargo an optional de-

radi ati or ather types of i ati n heat.
watd RGP OB P etV RiEr i By drpor RO AR UMEY iadirocesses such
as m-EBﬁanlﬁ%@f)l%g&ﬁg %%év%‘ﬁgraﬂ@ﬁ eTh@é}&eWat@t%ZS@% ®€ filéred and then
heat exchange systemthat renoves sone of the excess
rec1mekatedffpofnrﬂ1heusenn quéerwheg thé pymmsmscdccoxﬁhfmthmwroémehmrﬁg@ 6250.

o PG e T HerEq 8 Ao A BEFbAR0r oL SSPE IO SEP VA vhich solid

procfu@texq%ﬂﬂ% 178t 8d ﬁ}atedtﬁ’&ﬁ‘ﬁlaiﬁdrﬁg&&'t HatpAE6GD0 l?yoz?'&erfeg bf
the pyrolysis process. The slurry containing’liqui

mcrwsmgbeﬁnd fipgnsoly steys 6mﬂpdwdtc3ud:pmdu¢tdmtgml &09Q@ pan tihnlabe condensed
- waterjinqg step 6070 h ter can b

(c-85 Siagy SROPRUGIHS e v le iter ol B tig i progesell soch as

extri@ﬁﬁaﬁk&%tl&rcﬁﬁ%&&eﬂﬁg ad‘ﬂié&%%de‘tﬁ‘ mo-'fg %rg“aﬁﬁ;es%ﬁveﬁ@tﬁfio for

can be filtered and then recircul ated for
exalﬁplllel toeseparate provdugtsencinanglst frem pyedoktssitsh wbs:dm’tpbs iSuiteble organic

roduct n ste 6250. The de:watered s t hen
solvEiS 1o o ekt s BUGaraibe Brnd Pels st ertas i purified
llquﬂ%rb&ct%m%h tﬁ@tlférs'u fgct@& I(Qfdrﬁnelsﬁrlé@és@ﬁ@q‘tefpgz O dsteAMdtél 6190 can
product materi al a series of
be ﬁalnqmdeﬁmqq@ay)e fandh eec{rpulta‘@d@r furthertusp 116q@Mching ¢hd pyyalysis

r eri.al can then be condensed (e.g.,
decd BRI PSP Bove wast o water 6160, snd

PUTA fier §6halPatioRIiA SR $O80, IHE §bl-prodick frdedriaP1 1058 bpAéHall§Bubjected to
can include the addition of one or nore organi c
a drging vien 16426 theocarfipelude evaporation of water. Solid material 6110 can then be

stored for later use, or subjected to further processing steps, as appropriate.
The pyrolysis process parameters discussed above are exemplary. In general, values of

these parameters can vary widely according to the nature of the feedstock and the desired
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exanple, to separate products such as oils from
products such as al cohols. Suitable organic solvents
wOo p@BodEse f or exanpl e, various hydrocarbons anBCT/US2007/022719
hal o- hydrocarbons. The purified |iquid products 6200
can then be subjected to further processing steps.
produgist dMareesr, BB vedety of élffqrenteayedysm tenbruqmsamludmgdlsmg heat

[ eci rculg}t,aerd for urther e in

uenc g
sourgs, Fly & BTSSR B Ao way hgates,
induS 6 BRheHkdrs) '}eélﬁlv%t}ﬁ@tefko St oth&ene%ﬁhg GeRERAHE Eoﬁ@é&&ticﬁ‘ﬂs can be used.
Ois optionally subjected to ~a drying step 6120
t h & wiglgrvaripiyl af dlefmexyrdwl@ nhambenmaerbe sed taddegampesecthe feedstock.

stoored for l.ater use,
In g PP e ey g sty relyene S Snk St inhaf helBE RE materia
usinB ¥r&distive he i CASHbHAAERARS @fetsl AGMSHESY ndd?A\HHbBA.E The heating can
exenplary. In gener al, values of these paraneters can
occuy éw;dlmtob@mactabﬁwpm thg resistivh deating memlbdr and ghef metdsalo c K

the desired 66 WO 2008/ 073186 PCT/US2007/ 0227
o Gyttt ERboERsaR, PYoRPRE coh ety HSAing the QAT b induction, such
as bwglﬁg musné-%m bgﬂé@ﬁer | MGbHEieifbodfrhéis, pordllyziSOtHnGRSlude heating
such as hydrocarbon fl anes and/ or furnaces i nfrared

the matgaaldy thﬁ apRication pEvadiatien, suphanjofiersd radiatian: sThe radiation can be
e heat.,er s her heating devi ces and
send %0 BBl SRUTiin BESGELEE AW e Var

TA wide vari ety of

di fih esresm elﬂbédlhl\éﬁtsspﬁbmgrc%n rtudeehebStitht On 4@ W@ convective
the feedstock. |In sone enbodinents, for exanple,

heatplihelcguvestjve beat stk gengratediey ajﬂewmemewg of heatndag@r iTie heated gas

can B b bR b lFLRER 65 SRTRRIL ) POET, Bier g Thag 1000, s
thandis0eCt 1e§9MaR 600 *!@tllé\!,%&ﬂari F0B) “Costi ey bih 168s DRABDOEC MER®Réated gas can be
and the material. In certain enbodi ments, pyrol yzi ng

mainfained Alct EPeraE iof greatse thmtabwtaESOb(} iThe gemvestive beat pan be

send ey KR BB s p Sk P it FRE TS haatr REesee
ey Edrad elﬁlﬂodlhﬁnﬁpﬂ"rb@@lrﬂg(wn chhid&dieaﬁﬂx%ﬂhe nfdtéiinl @8th steam at a

infrared radi ation. The radi ati on can gener at ed by
temperptyeceabove pt 330 8p i nfrared laser. In certain
[O1VA}
SO ey 00 63 DR RS e 0 e

an igsalhtddechgaber ahi @5 Dy wath fal veni 6@)0%{ edaudigakesd plrdiay of bumers 6520
The heated gas can _be naintained at a tenperature
that gerggate hast fabba Py RTocesschiranspod ductiGian fq.rmsmmne&@ feedstock

throP%}?‘alazrﬁ) g%(bd %@ergﬁﬁ%@gﬁq glng atgg gea?ﬁ&gék t%%hgﬁt &g%q? a turbulent

flowg ah@aetrhingesystmgisgatiea indades ahauger 3600 Tor rﬂ'&&ng the pyrolysis
convective heat can bhe generated by a hot body
prodiigisy Wak§Hictgd RO sraxingthedyrelysis Biodhcta &ithcogling,watgpand a gas

sepa%ﬂo?‘ﬁ))??eepr aﬁl% ﬁl?«ﬂ)tu? Pro[zi)ﬁ{:tg l6¥§d) ﬁg éaﬁullr? %k%jg A?ﬁﬁ‘fn' gh? and liquid

eam at " a UP e above
prodof. C. An embodi ment of a pyrol yS| s chanber is shovvn
in FIG 15. Chanber 6500 jncl udes

Another embodiment of a pyrolysis chamber is shown in FIG. 16. Chamber 6700
includes an insulated chamber wall 6710, a feedstock supply duct 6720, a sloped inner chamber
wall 6730, burners 6740 that generaté heat for the pyrolysis process, a vent 6750 for exhaust

gases, and a gas separator 6760 for separating gaseous products 6770 from liquid and solid
67



an insul ated chanber wall 6510 with a vent 6600 for
exhaust gases, a plurality of burners 6520 that
w@eosnaiies heat for the pyrolysis process, a trBoEpsIN7/022719
duct 6530 for transporting the feedstock through
chanber 6500, augers 6590 for noving the feedstock
produbis 6780 Gbab&II00 iscomfigureluo entste i thewlireatiah shown by arrow 6790 to

uenchi.ng .s) 40 t u n for
ensu e E R g eOf yapulens kel B hSoek e B
sp (Aaﬁ(l'rtﬂgr SrhSodMMER! of S @rcﬂ&ﬁg b'l%l?oe‘ﬁ’ﬁst sfho%% FIG. Witﬁfament pyrolyzer
and a gas separator for separating gaseous products

1715 Bgndes @pamapls haldey 1 B30It taststive heaging slement hdl 4 unqhn tbrm of a wire

i e SR e BOAEL A CHIBRT thoses
elenfehBEdee spah hbduf hRis 1@ 15 ?&qﬁ&@&%léd §y' BRbY 1916) toﬁlzr%g}e tRe material that

sl oped i nner chanbe 0, burners 6740 t hat
incluglss Breanelulosigtmatenal tnln mmlc bb}ylsn K713 (leespaceal T8 defigerBty enclosure
or_exhaugt

67
171 Bmtioig opa Eaity et SO SERREBIPIa 6 AR Brs0<6: e typical
usag@7a UQI&O%%/ O3B theRGHS, L@%QQ)Z(%O% 319redi§|?é’19$l E&t fra®et&Q-through the

00°7s conflgured to rotate in di rection
Samslh datdeby 7 6 while $i296sistiye heatingrederneu derotatedrand hegtedria a desired

t ur.bul ent t he feedst k t hi
tempeitpHie Be gD a menicr o SPIBGTEF JEICs En AP FIGHIEndup Rz
matdriafis ehfpticliiftonTBietsaRpleNId@! Thé éylsterh SRdWAHRSFIG, $2RRA Be scaled and

hol der 1713 with resistive heating elenment 1714 in the
madf gentinyous E@rree&amwem thithey thamraowig as h@pterg mpmber, thetheatin member

can Q%l @%T%e elsg &E‘ag?ﬂﬁ rcg%g(t]ﬂ mg%) iy %}nllg Oytgg gé{}ﬁ}?}p ggﬁdgg sB’S}dng a heated
screwthaWylolized tHendteridd| At tHtsafiRitRARd, We stcw carl pifsh ¥KESyrb8ed material

cellulosic material in sanple hol der 1713." The sFace
out afth@sataiile heldeblp adlowt fos theentry pf frests unpyratyaedmdtesia

te at ur bov oom ur.e,, €.0. ,-200,t0 .25

o TRRIR: EhBoRBRNE o RO L STREIRbS hefintiy FIGO g yPhip features a
Curi@%mt‘ii%«@ﬂze@x B2 ﬁiaﬂﬁhcﬁlﬁﬁ £ )18 8h4ft5er 182 AM&IsHfSa ferromagnetic foil

t hr ou npl e hol der 13 while the resistive

1825 e%urrmgndmgéh@sﬁmpls chambard82 hrsdanﬂia%c@bll825 T h¢espaceekB24 defined by

Af te ti o
enclb SR TR i el ot SEmeEine phor Do R aRF4 e 4200 10 250°C. In
a ty;ﬁemg@g b eaflet HR tRABREEhRRIgH ke salt}fle SHARARM sbpwﬁue the foil 1822 is

FIG 17 can be scaled and “made conti nuous.

indugitegtp heated by areapplicd REafielil tepyrolizdibe madariah gt znéesned fempegature.

he 'n nber ,.can be _an au cre
Dodeh RbstiE e toint el aP § pRLALKHarBEE 5 b i o) Himpace
pyrdﬂﬁs@if €30 in3Riieya hmablsxmﬂbmmei %1 &Rt £finddce 18D. hh@ty%@di?usage the
time, the screw can t he rolyzed material out

sampjg ig lowesegr(as mdmméw ar@“al?r%)mntp @rhot ReneekdSraf fama¢e B3, while a

camlép ge}/srfﬂlsytﬁg g%&angi%ﬁéaand thavv\:,?gsre tgxr%'%qgégneﬁ]%ﬁ%lﬁerf 16_36}t L]l;,hg gample 1s

heated toGhé desifeaitethpddatufd 67 & desidAinkd@tproviaé u?s»ﬁalyazea Pprguet. The
chanber 1821 housing a ferrormgbyetl c foi 1822

pyrodyzed @md@icwg rfrﬁ@vﬁsiaffﬁjn ¢hedhaplyeer bygaisingdhe sangrte h@l,dpr (as indicated by
arrowd33). The space 1824 defined by

In certain embodiments, as shown in FIG. 20, a cellulosic target 140 can be pyrolyzed

by treating the target, which is housed in a vacuum chamber 141, with laser light, e.g., light
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encl osure 1825 is maintained at a tenperature above
roomtenperature, e.g., 200 to 250 C. In a typical
WwWQIs@gm73186 carrier gas traverses through the sap@l/@52007/022719
chanmber 1821 while the foil 1822 is inductively
- heated by an applied RF field to pyrolize the materi al
having a avattelengtb df fronparoat 22 enm Ye abear d66@nme Hoo dkanepie, tbé tasget can be

BRSBTS Py 5 SRS gy oRi T,
San FoseUCAAOE ThaDptikdl cBnfi YRAEGH sheSAGBows AR neaAYRhdhotRromatic light 143

| onered ‘(as indicated by arrow 137) into a” hot zone
genet@sd by tifeunsead 42 18l divdriddeising romrors £44 guis] 45i dnites thiehiarget after passing

o g e 08 b 5 SR B S chmber
is mhiffaifedde Hst 8fhntabsR 109 RMAYE. If BridYenHodaRcht £ PRUHEd radidi®n is used,

pyrol yzed product is renoved fromthe pyrolyzer by
e.g.,ridiésinregort radiasiamfitosn hdldeEAG(laseri hosuchtesbobiments, r dvirared sensitive

134). In.certain enhodi ments, ,as shown i | G. 20 )
dye & Yo pepiced vty e PSR ias Y o Senn callastiaatien gfhe infrared
dye tdi€erhah@ahe hwin?r(‘)f ke RAURSR rhdledal Y 2ast Abahai Redesdribld by Blanchet-
~with Ia_ser [1ght, e.g., light 68 W 2008/ 073186
Finchat @b20A7.50 PanoNohaMhet% wavel engt h of from about

22 m.t o 1500 nm . Fqor exanmpl t.he target c
e ReTAE locF ISt 2558 SRME TSR TG ~PYIPHC sl Fahien G Hagh pyrolyzed
by cHtingAGuhSREH filaRRBECT I08 iR IaGSto 2671 (thgste? 3 lard@8 Swith the desired
Calif.). The optical configuration shown allows the
cellulesie mptemahwbile theemateridliighausadid a yenemahenberyl X1hd'd affest pyrolysis,

142 to be,directed usi m.rrors 144 .and. 145. on th
currgit Sy pusaf ieief TSRt Ml dalS arrdpig Bedting S8 el or
desifeQMREITyhckily TR hedrg)is cohtfubd BSTSEEShds BefoRCalloRAHS e filament to

chanber "is maintained at | ess than about 10-6 nm .
cool| An semecwhddmientsnths heatifgria perdormzedi aatunher pStimeetd, effect the desired

€.0., 1..06 mcron radiation froma Nd-YAG |aser. In
?mogﬂgﬁpm%%?'rrents, a infrared sensitive dye can be

COombLdHREh ¥hbbdikts CalrbdHyafk & coAifindiothsss PG Barfbe heated in an
cellulosic target. The infrared dye can enhance the

absehesef axygot int hBuidiged bediactonalfalesizdd, theaarohgdrate: dontainisg biomass

can §GA5E1 5 BB AR GRS RE el hy f B s TGRS desrived
hereRI B G BitheattrsiRfer UTAS hfateial €inl 7l heaRB bRehdrhAS Ransfer from a hot

pyrolyzed by coating a tungsten filament 150, such as
meta) o5 ceramps sehl astglasg beads of isanghinrihe reagton; and thedesiiltingipyrolysis liquid or
. | osi terial ile dhe nmaterial i oused.in a
oil <G5t uPPhlsd Bl ol HBhesb b alifh SppBlalse AGRERIT wu
prodaassed through the filanent, which causes a rapid

heating of the filanment for a desired tine.

.Typically, the heating is continued for seconds before
—émox'd ®Hwi ng the filanent to cool. In some embodi ments,

t henBeahiotgokidatPelJro¢esBiflg Sequeid8ca®be hicdRS ptde&f th®dtedstock from
the desired anmount of pyrolysis. In certain

a wiggrpsiatnehdigfereobsayaees do axteact usefielisubsiencss Gomstbe deedetotkaland to
prov?&rbapt?alf}ecﬁtg‘?a%eh grg%ﬂic material which functions as input to further processing steps

and/or sequences.
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absence of oxygen in a fluidized bed reactor. If
desired, the carbohydrate containing bionmass can have
WO edoan7ides y thin cross-sections, and can i ncl UPeT/a83000622719
the fibrous materials described herein, for efficient
heat transfer. The material can be heated by thernal
t r Refdneng ﬁgalmtan Ko, a fiest alatepial 2 ¢hat irictydes velhilase hgviags first number
eads, or. sand, | he actor,_.and the resul
avergi Gl SHIaT WP (MbY) erik T g Bt SRR URERG O Tnoxidized, e, by

heatfh%'iﬁé Atst FfdrfinYa tuBE fUFRAdCNS sﬁé&ﬁpHﬁilf 5 Sylobiflefriéed Al @ provide a
useful products. Oxidation One or noré oxidative

secopd ovts il B ghat erplietes esllWese Haringsesdcorsl mimiee gveragamolecular weight

feedstock from de var af . differe ources fo
(M} EEh it arciond BistenetEnt £k Desriascibe B Sug Daleht (o,
The BECOUA AR [drahd HrsHSSH @A65H RLQADI i ERAR rehﬁJodM‘ﬁHn@&) can be, e.g.,

functions as input to further processing steps and/ or

combimgd emh@sremﬁgsu\bmaQ 0 a®11Bi BB oplaftidusS007 A dR2iddeganism, to provide a

compie dutad e aTRUE BreFA s PPt eor by 1A widinge higher level of
oxidARSEEM iBlproR cﬁgﬂersfag of tﬁ@ @xfé@éﬂrﬂﬂat&zﬁ il §I’esﬁ?%ﬂle<ﬁn also i Jmprove
content (TO) i's oxidlzed, e.g., by heating the first

the inetfaciablbonidrbetveenishe brudrzad eateriab andedheresin. alimrproved dlspersablhty
ed.air, rov i de second materi.a
and/BF HFEF T o BB G s B REGH i owOieBon d TR alsgutar
weighP) @ PréVid\Edraitsited wwg)(ce%ﬂgnah AYdchshiéal %?(gféﬁﬁas Ogti¢H %E‘ improved
content (T02) higher than the first oxygen content
abragipmrgsistanThecoggresswnrstiength aractwre resistarice rigtpactratresgtbobrnding

terial i ertai n . enmbodi nent can
S“ef@hﬁ?%@amr&t*ﬁl ﬁ‘?"é%‘?l @?}Eﬁn%@é’g %ﬁ?r‘iaﬁer mopl ast i ¢
reSuéh Qnrateﬁamc‘éﬁ QRb6 B8 @bﬁﬁlne& itk £301id@nd/or & %Q’Qﬁs 'Fo? eﬂample the
havi ng desirabl e mechanical properties, or a

liquidrcan b urntjleaform ghesollitgaredndghe salid chathiepartisakatd mpfprmeTime liquid
d/di%;fgrsab of the oxidized terlalg)n a resi nPand )
and/REp1g) B Hoiie R ITOEATHP S § o PCTB ANGOF AR &R, For cxample,
the %ieﬁhﬁ%dy@teﬁfﬁﬁé caWotklt the 8élflosidH l?gﬁ%@ellulosm material to produce a
di spersability and/or interfacial bonding (in sone

fuel,i sush anetbandloramopradact, suchvastalproteinn tFaielsiand copldoductt are described in

FIB BRI SAMB GRS VSN TS0 rHlEs tyne 15, 2006.. The

entire@3hShRRE BachCHTRE R36d ol ApliSRnk ard 15@(9{)Hfa?edr}f%§é1§ b? Rterence.
i npact strength, bending “strength, tensile nodul us,

f | &xsamag embethimgstsathd sedood gambcmavaragb medéculadBiradight is not more 97

perR i T e oA R S S B Safas percemt
90, 85, 80] 18, 7016284, 35180549, 4d, IR0 L. pemto 9\, 8i024.0N3.002. mzoornot
The Tiquid and/or solid can incl'ude’a m croorganl sm

mor@thgn 1.Capeiyeant &rwanthanathel fiost nambemazvyme n’remcu@ravqmlé The hmount of

cter |um nd/0r en 0 ul osj c. or
redup i S mHRHRE e B) SRe i (ool e alicaSi or XaBle ihome
pref@&éﬁladi\ﬁéodlrﬁéntél tHa® Prod fléCompdsieds, e sécoRll AlifbBr avekilendlBGhlar weight
coproducts are described in
is substantially the same as the first number average molecular weight. In other applications,
such as making ethanol or another fuel or coproduct, a higher amount of molecular weight

reduction is generally preferred.
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FI BROUS MATERI ALS AND COWPCSI TES, " USSN 11/ 453, 951,
filed June 15, 2006.. The entire contents of each of
wo b@shoxiegoi ng applications are incorporated hPCBUS200%022719
reference. In sone enbodi nents, the second nunber
average nol ecul ar weight is not nore 97 percent |ower
t h&er ¢xaspi¢, is someiebbedimentsdlbat prvlidcautempaseeghe staging number

averiige m%&ﬁa%&%&&?(%\gge{o%ggédi@n R fein aboLP; an 390 éa ébA)ugfi 266000, e.5.,

from3atfdut 25(2000%0@b8#t 16060, 00Ul @bouk 280,060 £4Hout POEN00, Bid'the
the first number average nol ecul ar wei ght. The anolnt

numbér aveeage otdlenlasfwenglit eGent @mdam@mghfrom abbudbve()ﬁﬂ) tagbout 300,000,

o 2. HRBo Rk ABC 000 & eopH D TRDo.sy i ol 20 0 Eabomtsoonanger

av ReAASulTRic@%Hh 8E tH¥ s oﬂ tReririoPiisacy | BlahpldshT tR@ABpRftic resins
the first nunmber average nol ecular weight. In other

inclugdgpigid and dastomenathiermeplasics.nBigd thermodplastica meiuderpolyeddfins (e.g.,

0 Qpr o uct a hi gher .apount .of | ecul ar wei
polyB BB ivHe e Py B Pl Bhersh g5 b 8 68 B0 pahvgthyiene
tereﬁ@lewg&@éﬁm%zwg E?lbn %X@/Imlo%/lw 2R PBlyRIRALTTNAES Examples of

t hat prOV|de a conp05| he starting nunber average
elasteplede meamowestgme&(lpmcmdetetaswmmtsmmlc cepdlyroens 4 g styrene-

t 0,about 200,.0 about

ctny {3 e p3ere R G b Bmerdy Bl ctesiegp GOk E PRl ipotyamide

i{erdPshd @Rdlehd1@inynasehies capvBmage nol ecul ar wei ght
ComggﬁgrpOX|d§?Fon Fg fronwgﬁbut 175,000 to about .

3, bopartodar ensbaglimerits dignibiswtili2ah e @Gy digaivdbat iy seneoped in any
e S({e gglout 225,000 to about 600, 000. Resins
PrOcEsSi 7L 5 he t her nosets or t her nopl astics. Exanpl es

of I EhdBRbARMmechts! BE kitPmoplAsicuiesin hadlh theRTIHWETASS CBEBRNEH 10 /10
t her nopl asti cs. R gi d thernopl astics include

mmlpgs gpcﬁoa/ i (hmquwsesg ¢.2., bebyaga 2\ Khainuiss!tg 5 ghif) remeltesmr between 30

g/ 10 lrn}é/%ﬁ?(h%? gfl@)mmé (5" Ezﬁle&glge g%tﬁg 7\ %.]['yf 6%386 I% %){nboﬁlments

comﬁétmﬁé bleAdo MR M&Hbydbﬁﬂétlféhﬂ&ﬂastié&@m G Héfused
el astoneric thernoplastic resins include elastoneric

st Vit sameernbebmentsy (f@n@oplagtcayrp@n das a polydispersity index (PDI), i.e., a

ratio tf*?l){% \%ngg é’\;(eizzl%r}&lé&?f %}‘ftqg g'reyyn%bg} avqué% r?lﬂ,?g\?lgs wgi'ggt of
grea® aneNg evd. NutbatacBihd ©, grepet har .5, biftafka ian®., Rfeater than 7.5, or

enbodi nent s, ligninis utilized, e.g., any lignin that
eVﬂigf@éW@ﬁ%ﬂ@Q in any process described hereln In sone

I N T

ﬂmnaogmguhemmeen 20 g/ 10 mnutes to 50 g/lO n1nutes or
between 30 g/10 mnutes to 45 g/ 10 m nutes,
negéamék@s a§thegnewsttmgresss include aptuedl rubbeh butadwnﬁgubber and
pOUﬁ bIe bl ends of any of the above thernoplastic
eS|ns ‘can be used. In sonme enbodi nents, the

t et somd aabodiments iimwhith the ﬁx@{eyidisfaﬁ@ﬁsﬁ‘eﬁtw miakél@fud] BPh toproduct, the
i.e., ) . g N
starting number average molecular weight (prior to oxidation) is from about 200,000 to about

3,200,000, e.g., from about 250,000 to about 1,000,000 or from about 250,000 to about
700,000, and the number average molecular weight after oxidation is from about 50,000 to

about 200,000, e.g., from about 60,000 to about 150,000 or from about 70,000 to about
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rati o of the wei ght average nol ecul ar weight to the
nunber average nol ecul ar weight, of greater than 1.5,
we2@s/7yseat er than 2.0, greater than 2.5, gremtBPUS100A022719
5.0, greater than 7.5, or even greater than 10.0. In
speci fic enbodi nents, polyolefins or blends of
125, yHDwf:vqnsmespmemHOdmtSas gt ladter c)ttmsmqua@ttloo, it &gpassible to have

a nu R RieFot ol O aL s R v MUt cRh ehithan ghout 5.000.
e”h@ﬁirﬁ@&hﬁodlﬂle%' &b sécBﬁd BRY @Ml Bhenfis At 1458dbb& fiRKRré@nt higher

fuel or a coprod uct, the starting nunber average
thanyilag Brstipeygenwsdriant, ¢:r, i7dy pareenbhighat, il @ﬁ)pewnf lmehq:rabbﬁpercent higher,

15. Otpgrngnggfl gg%dt%cegf O OOQ.BB%I&? p %lg%na\fb B%tﬁrt(:{he second oxygen

contdiQs H0Bast amttzb@ predeRehighMahade m&g&tﬂoﬁfen\f\@f tﬁB ‘ﬁrﬁfrﬁa@énal
oxi dation is from about 50,000 to "~ about 200,

Oxygerycontdnt ismedsoted bolanemtal analysia by pyolpng @sarnplgm afonace

o PR Bl RS L DRECEEARG 2 e

wﬁh@@?]’*‘&bﬁ%%m ?Eﬂaﬁﬁ‘e pyﬂolysﬁs faRmsé.bl e to have a number
average no ar wel ght” of | ess than about 10, 000 or

ev énsqr@%@nbmmeatbmmdaloow firgt materind 200rHogsinot resslt in & eubstantial

second n,c ent | east .about. five perc
chanlgI érhﬂ'lre cr)(%zg m{)h%ﬂ#? ;r‘%l ul%%e(-yg{é) eXS‘h{’b?ﬂme @sténces7e g aRer extreme
ox1d§l€<5ri3 e seBd)tﬂﬂﬂﬁbenilcha@ cBil6®thatHal B@érgstlﬁmﬁy R @rﬂltt is lower than the
her 15. 0 percent hlg er or percent_ i gher.

crYSIalegtdr{eCﬁméﬂ@rqeéluloemﬁms tmaateriah, ngle@@nmlmk@é an be lower than

(s SEEBER e B SSRRenE SR Dy R R 2L R Btesravte
wheh Sptnmsngr @ fleyurdl AR Floparies ¥5ths c@b‘lg fe% h{ébilg For example
anple in a furnace operating 1300

redugmgttmréfstéhh@w SeamimpraYe ghz @ionlgethm@ bmds@r@m\@nmge the impact

resis e nég icorpgv:f)sg h gTrFEB %P ﬂ\?ﬁt sua&;%n{g ae[nﬁ%rﬁreg?ﬁﬁlﬁ% %4? he materials in a

liquidpéuehiagh 140 tﬂmﬁcm@és dsterium dhdhoratRaiy@nd.i al  change
in the crystallinity of the cellul ose. However, in

sohesameserabediments, the stagingeoryssallinigmindex girtoa ta oxidatidnd is from about

40 to ?@P@P gf E’atﬁ{ec%g}ta%,gcgorq ﬁ%c}ulflﬁg Y : h?%? E%ﬁelﬁﬁ)@ from about 60 to about 70

percéity&idahé bRjstalirityGAdexOifiet Bﬁldﬁt‘i’éﬂ idlfneattiut 80 € dbous 5.0 fercent e.g,
material. For exanple, (TC2) can be | ower than

fronba}boprbfﬁ%o tm@pu&ﬁ@@me&ep@qr&mm abq-;utg7 5 to@bout®5. Ozmarcemut However in

coref e nREts 8- prenRend P ar Rghit it EBeRn S pvepstatinity index

of IOWHﬂﬁﬁli;ﬁrcte&t aAlnG0ale. enftddirRd A heEmatefi@ICHfel BLidhféh is substantially
crystallinity can inprove t he el ongati on at break or

amoghfuenhance the i npact resistance of a corrp05| te.

Th With%?lpw?g ?n% tB%e %%§+J g)ZL@ ;t) rqﬂgogy,‘ 1 bb'ﬁ;}/eﬁiytpat oxidation
incrda@w thd ﬁﬁmaerbﬂ“(htyeﬂ‘dgeﬁrbaﬁtﬁﬁg) fg,ro&ﬁs Qﬁlméf&llulose such as hydroxyl groups,
aldehyde groups, ketone groups carboxylic acid groups or anhydride groups, which can
increase its dispersability and/or its solubility (e.g., in a liquid). To further improve
dispersability in a resin, the resin can include a component that includes hydrogen-bonding

groups, such as one or more anhydride groups, carboxylic acid groups, hydroxyl groups, amide
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In sonme enbodi nents, the starting crystallinity index
(prior to oxidation) is fromabout 40 to about 87.5
w@eoos®rniige e. g., from about 50 to about 75 per cROIL/USI007/022719
from about 60 to about 70 percent, and the
crystallinity index after oxidation is from about 30
groups) ankineIgronps Or pextarenof arry af these fgranps ahommeslﬁe&nted eatbodiments, the

ompmﬁgg&c %ggg p@l&p{egggrgo Dot ﬁépﬂﬁban abo eélf\yléhr maFeEcCa(.ean]lydnde Such
mat&EAiSRE hyflapie fisth | 'D?J'ﬁonﬂ Jndbxsthe ‘&%&ér%ﬁ‘e lf@SA‘BW
crystallinity 1 ndex l ower than 5 percent. In sone
enbedemiptaxidatior ofrfitst ma&tnah_ﬂ@(bocoum idanioandizisg environment. For
exar%ab g g%llg?{u!?%gﬁn%z % Hfg)r aiyd\'éé Bg lfl)%)a ysg}lgggto%gi(lggg gr?\%ro%ment such
as inCaft St8rbSenricREd BRSESTS B iR HERS deffion [WAToRY BRenieR GgBits, such as
groups_on the cellul ose, such as hydroxyl groups,
oxidantdefrydser @as:ﬂs p8n bk eddmdeo greanzpisnaiaxriootqm duriagiodidgtionpBor example,

or . hyd rou crease its
a pefiifp ba by PERGRE) R oo paten. i n a
liquid). To further inprove di spersabl lity in a
Oxidit@®iSpsterbdie resin can include a conponent that includes

hy ﬁf@ gﬁn'h%% qld)ri](gceségflgg )ﬁr?fi‘H %BO@glaP Hl%lu(a {7%{ gls stew; in an oxidative

yar car grou
feedgbaup&treﬁmﬁﬁsy&%ni/‘@nﬂa&f@@iﬂl86a R@P%—@Zﬁ? Tée@?t%lll& received from a
roups am ne groups, or m xtures any of these
feedgmsas he feed spwrcp pat imclude eh@@mm@ tstoragereed Qr@ﬁpt@n@hthat is
conﬂeg{éh %j gxf ln?e %H%[onﬁgfc(?éy\ﬁﬁﬁ Yot ahts(%Q’Se er I ?sftéﬁ(dtransport
devié¢g.om Dupont under the tr adenams FUSABOND( r ) .

Generally, oxidation of first material 200 occurs in )
an Aéﬁﬁ%ﬁr%ﬁﬁ gbaey thesinmbaedstogtofromehes fRgH sourepmay bie ae-pioressed prior
to d&@@r)ptg tﬁé 3)?851?0% ggct&' q‘%g e@’mﬁ rx?él%é%‘g%dsgo%lr(?% q’QJeg 'ﬁzolnpglant

soura'es &trdim portibes &ché plahOmatertal hayibe ﬂahﬁﬁe@ plion@easllsctionlwTlthe plant
oxi dants, acids or bases can be added to the

mategal @hd/en before she plantgpaterialiingelivereddyi the feetsipcletranspp devige.
Alteﬂﬁﬁ%ﬁp d&tlﬁ %d&tl& qg@ ?Masgfesggfb&e%gpé% Qgggctﬁcqj goergea{ahﬁzﬁl processing

(e.g.proaedns the mmgeagm@m)ﬁﬂa&s ihthe fegdstovkhastior a6 dau&rysto&ns oxidation
in an oxidative feedstock pretreatnent system In
reacof.r st step 5010, a supply of dry feedstock is received
fr
Sk SR SRl SO SUs e s RNs RS o Pl

systdm) wam:}u intrbduves wxued al$®imts the déedstork én amectingdadmixifg prodess.
m;not her feedstock transport device. As_ described
Combiung water witlthe prosersed faedstoeiningmigineesiep 90icaeatesen agueous

feedStb& 8[1199 g?@@h%'c‘&{n theﬁl%fquﬁ{e\ﬁ%lﬁl ) &Eﬁ(l)rg)égfzﬁilf\%ggep

reactor: f eed
pl Agpicalbygwne Hger of ezrataanmdﬂed td the snigfurd foe epérat 02k terll.(hkg of dry
may be renov riogr to collection of the plant
feedsto%’k. "Iehe ratrlrg o??eegstock to water in the mixture depends ugon the source of the
feedstock and the specific oxidizing agents used further downstream in the overall process. For

example, in typical industrial processing sequences for lignocellulosic biomass, aqueous
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mat eri al and/ or before the plant material is delivered
by the feedstock transport device. Alternatively, or
WO pooa@diigée on, the bi omass feedstock can be subPemUsmOT/a22719
mechani cal processing (e.g., to reduce the average
length of fibers in the feedstock) prior to delivery
feedstock $lerrp 2D incbides fremcabont 0.5&EItoabawy 1Peghefidry hiomass per liter of
rocessi ng 5020, feedstock 5030 is transported to a
Walehi xi ng  system whi ch introduces water 5150 into the
f e gHSIRCEmb iR AR CHIRYr Gifdre 'I'ibéﬂ-{)’kﬁtd@fiﬁg 8&ditives31N0ich Ao be added to
water with the processed feedstock in m xing step 5040
the feedstock sluary indersisiosk nfisiagstepdi048] Hibeypostinglaiiditiveshelp to reduce

deg o ebASEHs b B PEE S B ABSR Ggpign ot e
feed§tBEK. eméﬁt?x%te@,ang 8ddifveb-cdn b8 ugdd, BrlexahpRAFaekiredBt8duct from
ratio of fTeedstock to water in the m Xxture de

ends
procegsing & hgnosellirlesic ffedsthek inthideseadlukosa fidensh @xslpiegfry fiber-protecting

.0xi di zi ng_agents used further downst.ream,in.th .
adaifffisrinind B RaS L PerRbounds sikPies TR R A Hide Soneggtrations of
fibePprotcRfRs REHiH RAUS m&a&oaogluh'ggos@ Barl b B6m ®. 1% @8R, of the dry weight

aqueous 73 WD 2008/ 073186 PCT/ US2007/ 022719 feedstock
of the|biemgss Segistockdbuerssnple.om about 0.5 kg to about 1.0 kg

of ;dry, bi onpas er liter of ter, S0 . .

oL PEBo BBt s BrasishR shistverBoFgh Beswbirqjed o an optional
extrti6h 5¢80 with$8 oP@anddistent B rehlofe WatsSARAIbISUbstalicdsTrom the slurry.

feedstock m xing step 5040. Fiber-protecting additives
For ¢ysimple, extrectionef stiexyr Wdtwithronsfor geare grganioysedventsfyields a purified

slurrg/i)gi%ga 3 %é#nﬁc?&?%é&r%&%@?hb%18%}?%(5 Irvsp %r§' %ojﬁliﬁ Sx%terials such as fats,
oils,addotteY B6n-pofar, Mg dtbeatonbasednbsmhRs. Bhitabldl@ivdndfor performing
product from processing a |ignocellulosic feedstock

extraation of slyriy S0P O insduservaenssale yérogarbonse pngphale-hydioggrbons, for
ex aqditives i ncl ude magnesi um conpounds such as
Shesiun1hydroxide. Concentrations of

f i Degoré ahBedimeatsalftiebusvieedskdtkisRRESS 050k af Ibe Kiibje@EPd an optional
can be fromO0.1%to 0.4% of the dry wei ght of the

theripploineasmerted 8 tofilther priepag dgplcedstaok forpxigatipn. An example of a thermal

T

bion@ds§ BeldSo 810 [tNEPpYessufizE RO sWellthe KiB&R] expbsing Usba R Sion of fiber
fromthe slurry. For exanple, extraction of slurry

surfgEs o i eauene selvenieng toexjdring agents dhat sroinpdyced in subsequent
urified slurry and an organic waste stream 5210 t hat
proclgﬁsclzlf%%%pss' wat er -i nsolubl e materials such as fats,

Oi II1$ certuile@bbdimeRBNaqueb@ feedrysbkRARFYOSUT0AR 8 subjected to an optional
subst ances. Suitable solvents for performng

treatgent withibasic egenss 2200y Besmenhvith gre ormprsbasiglagerisran help to

.oc.ar .hal o- .C Al f
L R
subsegiine 6%idatidroofahe &Rtst6¢la! Exemplary basic agents include alkali and alkaline earth
hydroxides such as sodium hydroxide, potassium hydroxide, and calcium hydroxide. In

general, a variety of basic agents can be used, typically in concentrations from about 0.01% to

about 0.5% of the dry weight of the feedstock.
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thermal treatnent 5190 to further prepare the
feedstock for oxidation. An exanple of a thernal

wo e@anrasé | ncl udes heating the feedstock sl urpgr/usone22719
presence of pressurized steam In fibrous bionmass
feedstock, the pressurized steamswells the fibers,

ex paseny faedstockelunfyr WS0iinmanspottédoerg., tylanfindine pipng bystem) to a
| t t d ts that
charfHY Ol B6F Dot e SRt eorofisEiog SufBErSE ap SO msaptgr. i
oxideIPFHePRIBEDingBWHEV6D, SIREFThAE oxRIiAAS ¥geptd 60ake RRled to feedstock

subjected to an optional treatment wth basic agents
slurry 2060 torfogmt aafmmdlmng megliign oIn maeemmsilmemg,efm exapprie, ol dizing

e TR O R P SR Sy 50
an a@@o@@!‘;dl@t"brpfan& hﬁﬁﬁ&%h@%gm@%h%% beBWeh 3@9@51{@35% by weight

include alkali and al kaliné éarth hydroxi des such
of slgopis0Hd. nilpidrogeni propidt hasa oumbegraf @gdvantgges aslarcaxidizing agent For

exarg, o yassf g oresaRib RS B Ry PPORTTa e fschemically
stabfeQis r@bgﬁlcﬂaﬁo Vh8farddi8 rélativesiotyr onddﬁ?aéeﬁ%@iﬁ@ﬁi&ref&é does not
WD 2008/ 073186 PCT/ US2007/ 022719 Aqueous feedstock

requyk lburcgﬁnsmﬂs@hamihng amp@rrc%md( aatpgnswdcgaf@v\ equipineriy Mopéavgr,

v b P8 R TR 0 ot Yl GAReer G R L IPis e o that waste

strez tidadiipds rd AR PR LS SHtTRwaldaRd ensVie Or nore
oxi di zing agents 5160 are added to feedstock slurry

50Bocertpirf @mhmhmeobs; eNidizing ageats 560 ¢an inclnde em@u (er@noBygen gas)

. exanp ents 51 an inclu

et sePBTHEh S vaBEEn bRt SO B Hdsgupyed nto sury

5056 InWrbporB6R raAsing FdnRQ S 9PIeS 090by Wefdiht oﬁél@rrg 5050. Altematlvely, or in
proportions ran g from 3%to between 30% and 35% b

addifien,ghygerogassan nalgsy bg§ wmdup{;xum@gasselﬁ&phad@nmglldvnmmmgh slurry

s05le £t 8 1B E B el s RS edsian bf FERYSeq ino eitheran

oxidafiGK PrRPfoc¥Ring chamBbRdr M@ n dxliditiof addcior (&tiatdl dth), 8epe@lling upon the
rticularly hazardous relative to other oxidizing
cont{é}@

gfton qfahmovtlﬁ@tr\@fm@ssmesysm Typieallys éortseipmiples hewartial pressure

of of i 1R RO Sl oL U iR e B LR Hebayeen, and

rang@d!fromd. O Barckatisdar Qferérﬁmgeﬁ Khe figtufchFithe'\@8dstockSt r eam
cleanup is relatively straightforward and i nexpensive.

| nThe pwgem g@ﬁﬁ@mbmﬁpéucedxn aurzn fﬁgn,ea;@nn be g1pBl Wiy one or more

carlg D s o P e G e i G R0 s e oen in e

vapdlu bt &thin BhBodinéhfsyoxypeR @ad canWeGRppliddVdstifidngiyts the por phase to
0.5%to 10% by wei ght of slurry 5050. Alternatively,

ensugg thaha ceueantration, of@%yg@ﬁngbﬁsvacpan respaies Wwishin gevtaig @cmtennmed limits

oot b B RSN RIRG SRR A B et

initigl&ninka ffididnt @dlhb’éﬁﬁathd'iit@ oRidiRethe Fedstork, dal kMM the feedstock can be
preprocessi ng chanber or into an oxi dati on react or (or

trangpefted ko elpseds prsssiizad vessel{ehan oxidation reactor) for processing.

In certain embodiments, oxidizing agents 5160 can include nascent oxygen (e.g.,
oxygen radicals). Typically, nascent oxygen is produced as needed in an oxidation reactor or in

a chamber in fluid communication with an oxidation reactor by one or more decomposition
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configuration of the oxidative processing system
Typically, for exanple, the partial pressure of
w@x00gemisé t he vapor above slurry 5050 is | ar geeT/UBEN7/022719
t he anbi ent pressure of oxygen, and ranges fromO.5
bar to 35 bar, depending upon the nature of the
reacfiesd oo ckamﬂlh,s’n GRIg embgd'n;nanan nigecitroxygeiucancbei progucee from a
n1xe Wwi.th one or, nore carrier

for or n ses.
reacki ey 85, R o Pyietas s rip S0t et srabdifiments, nascent
oxyg%hQ\éh de §r6dtﬁ€ecpﬁfb’xﬂ%c6rﬁp$§ﬁ?on VEHROC in! 31! DtRer methods by which
mbodi ments, oxygen gas can be supplied continuously
nascpm Ctxtygen/mche mpbduwed includendaelectrdchemicat geneeationan elsntralfte solution,
P gplnthe vapor remains within certain
OrﬁBWég ermned linits during processing of the
f e@dSéRed!; nasfent Gﬁ?%eﬁr{?Qﬂjéﬂﬁféh?ox@medgegtacﬁle‘%@'Ehek%%latlvely high
introduced initially in sufficient concentration to
reacoyitYiofAbe phygehaadisalodlowexen nasvent axygerf eancdsoouska xedativbly selective

onic SRR 2B M i B DB SB35 s ovygen,
sele@VR Sl dXBBA 8f lighth dbairdth &Gf’ef’én%e BLBE 0BRP cOMBOAR Jﬁﬁ&ﬁ@&stock such
oxygen (e.g. oxygen radicals). Typically, nascent

as cajhuyagen Aiss rpsldt;i oxiddtiasofifeedbatkiwithamasoont daygenrproedes omethod for

fl t
selegiye glnp G OF Bikdiein Boctohat soith pogBthsmriyBice hraseenygxyeen
concdRPRdné %lgétwp Gl Ab&R 008/, QP I D tRERG W QBT of ﬁi%rfeé‘d%ﬁ{mla?e used to

in sone enbodi ments, nascent oxygen can be produced
Cffeﬂftreﬁimaltoweianomon bet ween NO and 02 in a gas m xture or

a7 Bisth wiine oE o B BFRRG 10 Bitteypd R ekopne SRV roacts with

li gn&‘élltﬂl‘b'sl@ FeedslodR Elcd'&&lﬁg %atbé’as‘l‘ﬁﬁ&ﬂhffefh%? ARBAanPNYIaH adf#t mechanism,
be produced include via el ectrochem cal generation in

nascentaxiygerl ynd@ry@s ae addition fe@ptl(m(wrtb the. lignin, gesulimgl in partial oxidation of

nasce t oxyge efficient oxidizin
e RRE St SRk Mo e Pt e SR SR rSiueifeed tignin
can lb'@l\éﬁitﬁéd frAASHE Rést ORIhE FEedsRbk flaSPashigd Ih &lsédond §héthanism, nascent
sel ective oxidizing agent. For exanple, when

oXygenghsuRis butane pross-ialisandx opensiaremetéairings: thatrras cenmected via the

outafi YPE iptss e el B 5 fhs e B Techs afan Pgegeses, and the

lignif{EadtioarCiey éeﬁhx@ﬁa@ frofe tiRe re@aikder ofdlé fRHItOk Wh washing.
feedstock with nascent oxygen EgOVIdeS a met hod for

s elesameembediments, efidiging agenys b HOG inglsle ororier(Ogler The use of ozone can
oncentrations

dst oc cept ox
el e Y R e sk coRO8A n B Brig ARG Ss Tt ffence. 16
heaté @S/ @tbusty, dnag8sbuk @olufbh B£6z0RE Chit 8B Ipaxd di@le'nﬁ? with potentially
W t hout mnshln to be bound by theory, it is believed

adverseaonprgserdss for hum@asstssenwpmmtom agd Gy#emehvipment. Accordingly,

ozoJqu ﬁiﬁc%ﬁ%@ﬁqcrgtreg | rsfqn%‘(b& gh{h\’“f(n\gglieéin\{es g(f/ed)&flte from the

vessbllrtﬁﬁro@ﬁﬁﬁnsa]‘ﬂe Radétbekodlurrgast ltﬁﬁsp&rt%ﬂ' tHeldo bt G0 laﬁpr\xgnate process
resulting in partial oxidation of the lignin

Stag&o| ubi l i zes the lignin in aqueous solution. As a

r eStfout (fvlfb‘f‘lnfgot i bohﬁ(?gy Hegﬂ), it is believed that ozone decomposes into

oxygen and oxygen radicals, and that the oxygen radicals (e.g., nascent oxygen) are responsible

for the oxidizing properties of ozone in the manner discussed above. Ozone typically
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can be renoved fromthe rest of the feedstock via
washing. In a second nechani sm nascent oxygen
wale@soptise but ane cross-1inks and/ or opens ar onBtT/TS2007/022719
rings that are connected via the butane cross-Iinks.
As a result, solubility of the lignin in agueous
prefgrontigliyonxidinesrtbaiigein frandon indignotejhilesid matetinlsnieaving He cellulose

d fr,o h remai nder of the feedstock via
ﬁamﬁﬁﬁﬁﬁﬁﬁqyﬂwdg nbodi nents, oxidizing agents 5160

I NCoHEiBoRT RN Bz6fDased BLidHEch 6’ff biOASNITeddRibck 'g@ﬁérﬂﬁ“&e%end upon the
several chem cal handling considerations in the

natuesxéfahe biomass. otesxamples g geltidesic hiid/ohlkgioeellulosic feedstocks, ozone

' I hu d
concP B Ry ron L B Brrdl G T SR o R FaGEs e FELGeTR gredstock
oxidR@é W@d‘l‘lysﬁﬁt\@ﬂér%@ﬁfeﬂf i‘hrs%rﬂn%ﬁ)}@ bEMeBAHORB Weight and 80% by
Accordingly, ozone is typicdlly generated in’a

weighi & gmbcttwecrséﬂ%tbe'dyelghﬂao& 6041 bse‘denghtés Blurigg pzoretaséd oxidation, the

th I t f eedst qck . and .
empepsipesSarn et B HEtacd Rt § o e Ot asls B yglen
deco\A‘{ﬁdgmd)h ol dAdet 0 be bound by theory, it is believed

that ozone deconposes into oxygen and oxygen

r adh samesembedimentas fepdstoaksjuyens $3Adian &k drepled gith ansagoeons, alkaline

solufip B fis detns ablsod qulalife SVRATARESBTAS doifum
hydro¥idle C@dtb%luﬁﬁh%)&@@ &n@ ¢aitffn ﬁ’ﬁ%kﬁ@ Ofid/tR@PiFdk%ed thereafter with an

preferentlaly oxi di zes the | gnlnfractlonln
ozonercgnmlm@ng g an oxedadion agastor) é‘ hisipreceshkasdsen gbsseeed to significantly

fra tion rel ati undi.st ndi t s for
iner g ksoRiboafioRor ik aH5H bilbmabaoy davee bh S sshpls pgoncentaton
of hytﬁ@ﬁae i3HR A tHelkalind koluBoR{s BebPeddl (XIS and PI% BYaVaEIR of slurry

for cellulosic and/or |ignocellulosic feedstocks,

505@ zofier the deedstncl hasi bvas Wetted vigrpootagt \gvtlmﬁietad;ka:kme g¢luBowmfthe ozone-
eedst efficient. feeds

con§ipig 58 S5 gyl e vithe o EompeRee ‘f‘ﬁ‘?"s“ﬁﬁ»‘%“;f’%é"é the

feedktoclbet ween 10% by wei ght and 80% by weight (e.g.
bet ween 40% by wei ght and 60% by wei ght). During
oz 6xédipiag egerd b Hk apralsotingdude @thprequbstan@min ssqnm ¢r§xb<5ms©nts for

exar iRy e d R SR MR i DB S od By hgens e,

hypehieHé)Ganhe inttRRged PEKsIGHry 5050, SRR rieiareniRdirh@nd, ditrodehtontaining
an aqueous, alkaline solution that includes one or

oxidjgpg:subistenqs can be antradupeseintoasiumy AQ &xmarwetmg&g containing
oxic i BB R AN PR ISOL 450 SRR g Eor i Wlbots can aso

be coOBnbINEd HAMhtoXly Eérﬂﬁl B@By 505026 cesatdalditishal @daizitig agdts S For example,
process has been observed to significantly increase

NO @&H@p dethtqopbing with exygesria skirmyr080 te foyrnautwe compounds, which are

r t
e RS ol B BT R AR A1 gl in
agentOAnhih soeiedithbadimentsldalise Hi€RBingAf RS bibMassf @&I&MC&ﬂéﬂ&ng upon
been wetted via contact with the al kaline sol ution,
the nagre gf thedeedstock. The bleaching may be desirable for certain biomass-derived
products that are extracted in subsequent processing steps.
Other oxidizing agents can include, for example, various peroxyacids, peroxyacetic

acids, persulfates, percarbonates, permanganates, osmium tetroxide, and chromium oxides.
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containing gas is introduced into the oxidation
reactor, where it contacts and oxi di zes the
wo ewd®rsk. Oxi di zi ng agents 5160 can al so i ncP@m®©s2007/022719
ot her substances. In sone enbodi nents, for exanple,
hal ogen- based oxi di zi ng agents such as chl orine and
ox ¥ohdwingnaidagempreptasessing stépy fsdh fesdstoek) slmam SQﬁ) is ox1dlzed in step

' uced into slurr 0. In certain e
5070, PRI AL PR 8h g0 sy S0 S S aaprygactor, then
oxidhtiéd REHERS irl i Qamb %a%bbrSQ@Qmag&é e 8%Mizing agents 5160 were added to
ni trogen-containing oxidizing substances include NO

slurrzr$@5N@R3 pieprocessargnthambhl, thangdurryc Hi0as trameportgd to & @adation reactor
. aqu. be .conmbi ned with ¥ en n. slurr 50 O to g“ﬁﬁﬁe
via agqiyline HIpINg BNsteR-- PREE ‘é‘é‘gﬁ 108
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nitrate conpounds, which are effective oxidizing

he cxggintion réastor s oo iwiricalewgssedthiat isteddsed émthe gnigrnal environment and

nitrog xidj.zin ents ca
presws& AR R Can ol ap RSt B b tie B Ee enirompeptal
cond¥GRRNL PiddRP @amérh@ c@ﬁﬁfdl ril?memé b ﬁ%géfsi‘ﬂg %pefﬁh@ns

bl eachi ng may be desirable for certain bionass-derived

pr Oaudation ph &ledaoek gwry 483 (ypicallp atsesjatehtvaied dereperatuges in the
oxidé{'@ﬁ%ia%tq f egé(xlgg é{}{%g% ergti}?e %aes? I n qg éhef ogféflza@n reactor is
typid%ﬂ?’%lﬁ@ﬁl%& abBS H)@r eonAl Bage HS&”@@Q@J}@Q% *COH} Hlﬁiéy types of

tefroxi de, and chrom um oxrdes. 7 WO 2008/ 07318
bionRSY faed007 boRRtADis pléctldutanlyragﬁ@mtdﬁtheaﬂnpmetpr&nfs&lsr)nijﬁo is

. st.e 60 t ock slur 5 0 zed.in ste
mairkyjof Setpesn | S 9T R R SHmaa0lsed t2 heehi ting 5oy of thermal
transPEfevicRs. aPorxafiple, AsonRAGhBYdimbRE the %H%ﬂ RO QRERHES heating
in the sane reactor. Alternatively, if oxi di zi ng

bathglgs incdudss 60 oneradtendalésd Ingertain @mbydmcs aserzes of heat exchange pipes

r epr.ocess r then tra rted
sure Qg B e e OB 57106 P cfifion ol iy TGS Beffes heats
slunglwso ith deactdre OMdrdRhti dvRRS HRE carPhd k3l It&ﬂea@éluh%oso include
i omass feedstock proceeds under a controlled set

resiseimg he&ﬁmg@iﬁmnt% mmmh@tersr;apd oEibioyavé squressafop bgarnplteh e
t hat i

o1 SRt PR BRE OF PPty ShaE s RS iartsBiit Sunspe varied s

desu%@tt@p%@éééhh@ﬁ@dﬁ@ékt I T4y O 5050 speRd PRSH lk}hfhute to 60 minutes
al t hough environnent al condltlons are typicall

undesgaing pxud@tltubmtth@reapuqr i Forirelatvidzisoh bpmme ggliqmgl such as lignocellulosic

mattf{; gl{eartgfl ?}108 élgtﬁ, 1§1%g? 8)39%&%{%% St o6 E’Fgf éimfuhtei }?630 minutes, for
exan@mb dbh Bﬁ%%e%qjiés@ﬁre JfBEtVR%A TRING, 12tblaf% ih eERh@bY hkd 8fa slurry
slurry in the oxidation reactor is typically

temmaatmealf hé@ve&bdé@ ‘Gond 210 1Gy EOHthémqs@tﬁfesﬂstock thowzue, residence

es of, bionass fegd oxidation is
imeg iy EenlEARYy AP et BB RE. 1 SRR PTG I BlesPiiy bpropriae
residef&tirnss foHBluﬂtyFJBOB@% hetowRRIfod Rfdcfor %Qu&g Qf the sﬁlrW &anh be extracted
5050 can be heating using a variety of thernal

from the Feaetor atiwgridiednterigls andanplyeed tordeteomineceneantiationssof particular
prodh&? o?ﬁltéjrgs& std a{sec%%p(?ex scagcr:}ga%%%stc’ l?lfor}r%aal}lon Sbout the increase in

concentrations of certain products in slurry 5050 as a function of time can be used to determine

residence times for particular classes of feedstock material.
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bath that includes oil or nolten salts. In certain
enbodi nents, a series of heat exchange pi pes surround
war@sois@ct t he oxidation reactor, and circul BT/082007/022719
hot fluid within the pipes heats slurry 5050 in the
reactor. Qther heating devices that can be used to
hest scsnfuembocﬁm@@tsj duringdidaties o facdgodiedviry GOH), edmstsent of the
ctl heat er d, m.crowave sources,. for e le.., .
sturty [ gk B e ey BFOH BB i Fh T Blas s TR dhe Siidation
reacf¥ B&f é)&&p‘l@e%’&&fal&@rﬂb&ﬁmﬁ‘t@' SddAAon deBEs hift éﬁcﬁhﬂg #°2pH range
the feedstock. Typically, slurry 5050 spends from
of abriub B¢1d . tIo BaAntamapHsn this dmggagants :smlrmtalkah and aﬂltvdane earth

reactor. For relati.vel materlal Su S
hycrpR e caitea G g oRiy el Alliee PUETaREEn samba AT dEed o th
oxidaXorfiRhigp reactor can be from5 ninutes to 30 minut es,

for exanple, at an oxygen pressure of between 3 and
12 Cegnkatipm of $larry 6859 duningaddaitonaas beimpgortang rqmmaltewuﬁﬁclent contact

berwRen AEHIRE agatiey D Mg B tecastonR, ChaBlioR ¥PHE sBlmvpan by qchieved

usm%ﬁ%ﬁél& of %hﬁﬁuésor}gﬁ'rexarﬁ 18; in sBfheleAMBAfRerdO 4 nSechdfcal stirring
eterm ne appropriate residence tines for slurry 5050

apparafus thet meiudes impelleebledasror aa:laddia owtl@elcrfantbhemslemmyedoa he oxidation
e extr cte rom:t act or speci fiic interval
reactyt, R Ghbadin Gl P p KRS eadtor SHS oG rR5DH 8 aihih the
aquedid %IGéni quNhlc'ﬁttEé RBHstSACE s@s%eﬁ&!@]ﬂk SuIRARENATY d#8ified from the bottom
I nformati on about the increase in concentrations of

of the@eactirrang resigutatedi intoshe topyofSiscBacter wiapumpirigp theatbytensuing that the

be. d to.dete
sturS A e Gl e BpEEaR Mor oy sBindl Habin hiFelg v
20081cP 6380 ETH héjﬁ%gggé]@%%zﬂn%leté MheSQaRy RTRALHIFRAIS a separation
during oxidation of feedsto slurry 5050, adjustnent

appapdtus waerslamedhapicalmeparpéorpsser 6@8%@1:0191375 |Trypmﬂuan¢nylamné separation

sep BBRT RS B rmeBriatenoLRbBa Ran T 0T BRer BR BrelPs

mechRdall§fsbpAat@ Md 361idnd liRtid' RAGRuerftd. about 9-11. To
maintain a pHin this range, agents such as al kali and

al Mllﬁl&mehaéaﬁﬂ?ﬂ istsppiaraieil dom solidrbeseai 169, anshthre e phasasiare processed

nce BB UL S kS ar D B A B SR e 120 m
dryi@aphatdtey) ferdRamplel TRYngaMp 312088 Hicfuds ok 'eﬁzirﬁ;ﬁl& mechanically
contact between oxi di Zi ngsuhgents 5160 and

dispersiagsheosorid naitedalioatd adryofg suniece land pyap@aailngevaé@rfrm eolid phase

e N T T —

w1thbﬁ1ﬁdﬂd€1%%1ﬂgrﬂ}9in|g%fep@ 1205 S0l pltas@ 340 B th§RIrted I8¢ fRher processing
| emented in the oxidation reactor. In certain.

Step% iments, the oxidation reactor can be a | oop

react o us sol ven ich th

R 2000 S B PEUERAS BRI Dbl B
condeheatpt dfovaterah thdlequi@phdse,r Irﬁﬂﬁné &fbddimbRs Sor é)(hhﬁblé IEﬁymg step

top of the reactor via punping, thereby ensuring

511Q ¢pa inglpde evlpp@tl@@ and/audistiNation anilios extrastion oéwamfrom hquld phase
50909115?&9@1 %ex\ﬁﬁ tr{hé ngulﬁe%qttepnrahvely, or in addition, one or more chemical drying

agents can be used to remove water from liquid phase 5090. Following drying step 5110 (or

alternatively, without undergoing drying step 5110), liquid phase 5090 is transported for further
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After oxidation of the feedstock is conplete, the

slurry is transported to a separation apparatus where
w@2o0mohsasé cal separation step 5080 occurs. TypPCHIUB3007/022719

mechani cal separation step 5080 includes one or nore

stages of increasingly-fine filtering of the slurry to
procassaipestépsai1BY, wbiphlcat mclude agatiétyt ofinberhicajLand biological treatment steps

tit se 5090 is separated from
SuChgaglrz’ EI%B%E‘?@@ 9’“3‘%&‘&[ e¥8iSo phases Iz[a)lre processed
| NERRARARPIFIY0 thEfs @\fatsf‘erstreﬁﬁ Isslo %%%ﬁeo’f_h% QQluﬁaﬁ‘ that can include

~optionally undergo a drying step 5 ina drying
disseipphelemiesl agents suchraslaeids Bnd/basgs wi refatisdlydow annamtrhlumm Treatment

f | | h
of wiSle SFFAN Dot hanelngh g Sl B el Maiang Chaosy minera
acidé 5pms§9I Dsbeaaa@elpoé 1 RYerianbh 8f aheﬁiwea%aﬂé it WestS ftrdath 5220, the
material. Foll ow ng drying step 5120 (or,

solutipn avapi e iperially devipripesi . &MWDQ@GM¥IWGWéM®m@ jon exchange

SySt%IPL ﬂ’egli&% ﬂqs?]r elﬁiiiﬁh‘rﬁ@@ﬁ %ﬁ%‘ﬁﬁg B{}%éﬁ.lyu%t gﬂ §£Thﬁ%r§ft‘3{§ﬁ%ted into
the di)'eﬁlﬂﬂ‘oéés@?e élﬂsowﬁt@r 5 By ChRveria to ﬁ%ﬁﬁ"’ﬁr&ﬁké oy dféﬁh&?@écﬁ r

in the qui d phase. I'n"’some enbodi ments, for exanp
dr ¥ ypgaléy,épr ligibtellwasic brovassifeedstagks rfaltlovemg aeptasion step 5070 liquid
raction o

phasr 09 inclidsd By et EIShlz 3ot ane Sl eae hagifis Which B then be

sepaﬂté@ﬁrﬁ%ﬂ ré@hctd & SmhlleraUdintsh Qhari @i furllRF ro%&%fﬂg%‘f’éps Sohd phase
drying agents can be used to renove vvater fromliquid

510 typellg q)g:(b.ldeﬁphtrxawil)ntg:l]dlqse rfgr exampl& Mith gnpaller amounts of

nat i ut undergoing drying step 5110),
- hemr‘iefiﬁ\% éi@x@o%' g 9998 ported for further 79 WO
20@1%(91?@31%@0(? Q-EMS’S&Q@&{OQ?Q%K 52 caﬁ%@ 6@5&'&@a&ﬂ@8ﬁ?e§3ﬁ% in a reactor

whi ch can include a variety of chem cal and bi ol ogi cal
sucht asecymelysis shaspler. §ur:¢v<ample hefisiting agandb&rIGehkfnmstock materials can

be ofi4s8 i Biebnealioheet | 2, 1A At ol Bigier B Sridizhig Gt gy o8- air or
an afthegindAbnB @@ MrSestHolgR $heAahihfe R18erl 3 S hilld thetlesibtiveedting
| ow concentrations. reatnent of waste stream 5220

elemgahisirpigteddad heated wad@hred tqmpenaures e.i, 339 PG Adier hn appyopriate time,

e 8. S0 DrEinePahe sriofhed S dlay MRt oG e Bl adr L T system

showi fh FIER |2LHah 8B sEBdd HR1 add doatihtoude FoPdtaale, (8ther tha¥ wire as the
passi ng the waste streamthrough an ion exchange

heatyggnemper, thadgatingraembertcan be eBauger sogwe Matagalegn sontinuously fall
[ e-ci t ed .int

into gl\ll esrrarlgr]rpllel %?@%egtgkl(ng aameagg §0th | C ul @bz)es th&I r{}‘g‘?‘{l‘gd %tt 6he same time,

the swsw baT puRh MeLHE dized mdiesiah@lt @€ ehe shinplecaldet to hlddw for the entry of
gnocel | ul osi ¢ bi omass feedstocks follow ng

freslselpamétaeém%qr@b 5070, liquid phase 5090 i ncl udes a

va 0 e har.i,.de I G h .
caRe g bt S LRI IO BRIp A0 RE6T BHURET md Clfipaim

pyrobye€ 1820, das: typiealfushgd)an oﬁfd@&@g,sédrﬂét gk elaserssshiotigh fisAmple
5100 tg pically includes primarily cellul ose, for

charales 8P b While the o822 is indwsiively hepted by an applied RF field to oxidize the

material at a desired temperature.
Referring again to FIG. 19, feedstock materials can be oxidized in a furnace pyrolyzer

130. In a typical usage, the sample is lowered (as indicated by arrow 137) into a hot zone 135
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hem cel | ul ose- and lignin-derived products. In sone
enbodi nents, oxidation can be carried out at el evated

WO 0perasare in a reactor such as a pyrol ysi spchast»er/022719
For exanple, referring again to FIG 17, feedstock
materials can be oxidized in filanment pyrolyzer 1712.

of furmaca 182 pwhidd amwagamgamnmrl gds fillnthedmnsing d 3§ asd travegses through the

samg hgfder b3 B HPE AERED (hber B8]k EpRTER [ohg Bresieiipe to
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gené?é’cle@l By tHeQa@r |192Vtcf ] dl}&?edelﬁirfogymﬁfors {48500 14504 Eﬂe%ﬁ%et after passing

material. Referring again t feedstoc
thoughaderisal4é it tire \bleuum ictiamabet 1idh. & yp)ga]l;e -tlﬁlt)pmssurq;)l_\prtbd: yaanm chamber
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‘to oxidize the material at a desired tenperature

dye Ref ey cantignayaith thtecceHulGsic hegterial éalptodute aved]ltdsi target T hxeinfrared

oxi di.zed nafur ce 0 1 a typjcal .
dye GRL AR b® bmeet R seliloSiniatear Lasee weabnasy Bhidtimers s
deschB bl B feithore? @teall?‘}?’U B0 N0 2008/7 3186
2007/ 022719 of furnace 132, while an oxidizing
caRefeemng agaif id FI&. 27 efehdnmkrrgat&ﬁﬂs aartbe rapiddy exidized by coating a
le is

rngp G S 350 o8 EMBerauH L Fioenlysuch GCa PR Wil s deSived celuosi

matdHaP Whele tKH}th%th' ié ﬁS’ud@H %els Ghcuutléhaibetll 96 chPﬁﬁ’éBt' 6$udh§on current is
renoved fromthe pyrolyzer by raising the sanple

passhd Haeugh(the filansking.avigch bauser 2 mmidli4jing REthe flamentdorad desired time.

TypiegrtRghea BEfs PQERE fof srepnds iere e 8ing hf Bfemagit t cool. In some

emb@éﬁ'n%fkt thesﬂéﬁlhngaﬁ pRrfBRh&QId ﬁ‘lﬁnbé%%‘f*hhfe@@d bfskt THes eﬁﬁécgﬁﬁount of
is housed in a vacuum chanber 141, with | aser

0x1dlat1@}ht e.g., light having a wavel ength of from about

22 m. to ab 0. nm Th onfl atjon .y
ipg S BHEIGd Ao ieerihod ieghs facSiopk A nlsifap pe oxidized
w1thtth@ ald@¥Rburkighdic? caeitfiohe eRbrall§) tB %ff@btrdx‘i’da%oﬂ Adle m@enlaféare
onto the target after passing "though a lens 146 in
soni¢died incanuaxdicingrebeironiment, syl as whtey sateratedpridseygen onandtizer
vacuun&cha er lgﬁ% ITB.I nt al ed at | ess than about 10-6
qnfy Sy ®infrared radiation is

us %femﬁg fgain fo ﬂ@}m%ﬁﬁOrﬁ@eﬁﬁlh%%ﬂﬁﬂérﬁ‘s ki 2{AEradiation is used to
| aser. In such enbodinments, a infrared sensitive

aid in the oxidation of feedstock materials. Generally, to effect oxidation, the materials are

irradiated in an oxidizing environment, such as air or oxygen. For example, gamma radiation

and/or electron beam radiation can be employed to irradiate the materials.
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dye can be conbined with the cellulosic material to

produce a cellulosic target. The infrared dye can
wenivancHase he heating of the cellul osic nateri aPCT/L8ROT/022719

treatment of polyners is described by Bl anchet-Fi ncher

et al. in US Patent No. 5,942, 6649. Referring again
Other Bramesses>1, feedstock materials can be rapidly

OXSfya gmél&l%hlb@gls albHIREER ahl B?fﬂ%"f)tr?]&@%s dEQaBES ﬁéreln orin
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produfigtngacsdl] T Bl SO at el rormeg b AR P auS e 401 through
a nuﬁllb@r oflpbssible MAHEIC RAMIFER USast 5&%%%%&?%@@&? bhdhtde&sfBne steam

be oxidized wth the aid of sound and/or cavitation.
expl@nepedcbg;s, to effect OXI dation, the materials are

onj cat ed d
S P SHeBip 6 00 OB e USRS BN P e T saech Loliyed Y optional
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0, 1n certain enbodinents, ionizing radiation is
whichsead then beastehn pxplodeddr |pdradu|co thedibréwsedatenalidOa Tbe istehm. explosion

prockryia APy RGeS ROl e Mt rerio Bu@ B regiiquor”

404 FESI f&%&h@é&@ﬁﬁ' Kplo8/m N @éjl’ﬁfelrﬁﬁ A RELDS SAlsteaf explodi
eamllrigaél ation car(1i %0 g1§?%)(/aed to | r?rédl atue ngﬁﬁ exploding

the s’naared ifibbssousct ey Bofigherrshesed bEDptised 0ddioomat shearidgistep(s) and/or

qErocesses %t e(g? expl osi on can be used aI one VVI t hout
op l%s‘iff:enc‘%s esses described herein,

C O'I‘f‘Phl'ilﬁﬁérQﬂetHbd tﬂheaf'B(ro(ﬁ mialeiaP4(ACS Fig st St ?ldﬁ@ﬁ’ to produce a steam
herein. FIG 23 shows an overview of the entire process

explofec:iibersouice gl @ Thorsulsog stcemmplonicd fiber soprce duthen aBgected to an

opti i P e VEp IS F o Fesho s sS4 hraseffigsiéhm cxploded
fibeAédhrcedah §ien be shB&ed tﬁ’ﬂ‘b@hééztﬁg ﬁBfUiils SRRt TR st@arfl exploded fiber
fermented, to produce the product. The fiber source

sourceparbalsa basubjast freehel armaore ptidriabsereeningsteps aaid/cr@ne or more optional

addifid SHChrin SO, The BioeBREE shefinlahd g HBRtHGAgfBer source to

prod®¥®tRShedte® ARF §84in ckFlbdQXFBLEMaRAg] Wil beoMirthexCdistdiSsed below.
shearing the fiber source, followed by optional

scride rﬁbngsos,lrmag)be&ntjm@pplﬁ@ﬂsaxr staipaiof p@rfatltl na¢feraliprigr to shearing or

h
stea RPINIOR. PR E SR OTR Gt P B BEA e & Bl 1sS than 0.2
perceBt 81 Wéikhtddborbe & akdr g ANHiated] S1sdven while the material is partially or fully

submerged in a liquid, such as water or isopropanol.A The process can also optimally include

steps of drying the output after steam exploding or shearing to allow for additional steps of dry
shearing or steam exploding. The steps of shearing, screening, and steam explosion can take

place with or without the presence of various chemical solutions.
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process is optionally followed by a fiber recovery
process to renove |iquids or the "liquor" 404,
wo e®alotiieg fromthe steam expl odi ng process. TPET/US2007/022719
material resulting fromsteam exploding the sheared
fiber source may be further sheared by optiona
addh & stemalexplosi@nipnoresd, @m(ffher anuatoor the phéaosdfibes soweaisrogntacted

S ASE e bRAE oE 2 ABs H R h ) e s
(e.g.f 1R, gg%&'ﬁlﬁ)‘:‘slc%cg}_%zt zgééﬂeirh ﬂ%n%ﬁ@éﬂs@ﬁ‘tﬁidggﬁ%hfp'r&%re thereby

sour i's then su to an optiona
wetmeg éﬂterfybep sares sTheomoistuoy/m the fjberdwprosrcan hpdrolygaany ackiyd groups in

sultin am expl oded fi ber, rc hen be
the 22 SOUIEE (ke POARRLA) ARSI hechreningl (UgSe qTact el lopis organic acids
such%%l:&ﬁe&dfdrg’ﬁﬁ acilOUTHE2 G i cglf cﬁﬂfglrz]t?ﬁfe dteﬁolygﬁn%tlon of

nmore optional screening steps an e or
hemoptlilosa Ireleastie Xylamraid lghited amounds effglucanh @hpr‘eet’sfibenfource (or

shear n and ste t he fiber sour
sheapdi e SSUTRE h LS AR sRpIods Ll uihe BRSRIY [aF e’ The condensed
mms!fﬁte%étﬁltaﬂ@ohily Reagorittd\@le t6 'tl%é@ﬁ&gd&?éa%\’in prB&ufd fRthe expansion

source can be cut into pieces or strips of confetti
of theavateri vabompexeds atsheas erae ) umz,p the fibsx wmee(npsmgredrﬁbefrmuce, etc.). A

sulF§uRg gt B VR Cer 58 mesiiedi bR facuth Brbe e Dispotures (e, the

the lY@E@I‘h)Ioslbyt%ﬁ&tﬁﬂas) 6’I‘th€‘ﬁ§9r éﬁ’ﬁfdee the "Hte“ al is
partially or fully subnerged in a liquid, such as

waflbe shearédsadrseppanaiplodeddibpousaeateria anthah smwmed med hyseful

i I of d th t pyt t
prodyRt st SO (1B SPIR SRR e orath P eEALs cupvepied o a fuel.
One#hdthoFHERNY EUng theSfiiai ﬁ%@thCIhfbga fulh8 b ADIREs to produce

shearing, screéning, and stean1epr03|on can ta
fermghtable sngark, 412, whidhcme theh derpreatedic progfice the lpmchlct; I@ther:lqhown and

sol uti 2 WD 2008/ 073186.PCT/ U 07/0 Ina
unk%fm%e@@? B’S Gogergpg dibralis “?‘ﬁ%“af‘? B‘é‘?a& LIP%Ye %‘III

sheassife Er'nB@dm%ﬁId r' t§ c&ABinAf Re nﬁéxhbrg‘éhﬁﬂmﬁé%ﬂ%ed and steam

hi gh pressure, e steam di ffuses into

explgde:djﬁlnmusgmatﬁhat 4Q=,1 1) |stgehngugrkc]d3 any g)xgpqtm'g hmcroorganlsms that may be
t nocel | ﬁeﬁ struc uretss. Thetst {)hetn ‘c 3 th

on PUR"g “ﬁ o G AP g APTous o ?‘I hECHIEEOY EXposing the

fibre\R Wi tErial T EadTHROR ! HICR ab fhﬁtaP&I radifafbn, Wﬁ&ep@maﬂm ro@ la Z6hizing
any acetyl groups in the fiber source (e.g.

radiatiomt wchg!s @ammal radiatien. hElnn mEroQrgassms e $Q)lmsl§111€d mmg elypmical

steriiofGRuch 3 Hise (¥t BrpaTeris) alpBRyHRr bERyfnEprice
he@)rfé%étb’&@@%ydfcﬂ&&&ﬁé E‘Igaai%d A0 s é)dple'e& @ib?dﬁ% Hﬁ%{t&ﬂfls by the use
gl ucan. The "wet" ber source (or Sheared f

of cgbulases, Celtudasgs ars atgrgup oeomlmde that am@qurgletlcplﬂlggcg hyd;'olyge cellulose.

I d. .T i Sf. t ant I
Conisiif RS e AR e o o vhieh FoRs RROBPES SR tovmes tat
redut&€li @roBARAb N bioRTass e RAhEtah8BREareXRI i Bt wgar force

upon the fiber source (or sheared fiber source, etc.).

A Asgerding tersurrshiamdenstandiaguihe cowporants ¢fcehulesminclude
akdown of t ruct.ur

end Y G bbb st Tty e} HEt-eifsidastsf fostib618ses).

Synergism between the cellulase components exists when hydrolysis by a combination of two

or more components exceeds the sum of the activities expressed by the individual components.
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The sheared and steam expl oded fibrous material is
then converted into a useful product, such as
wetdvanedise | n sone enbodi nents, the fibrous mateeT/ab200%022719
converted into a fuel. One nethod of converting the
fibrous material into a fuel is by hydrolysis to
The gerstialtyeaccemedrortizxnism sfig aaflhl,lasd Eﬁstemhpm'hcdm\i’y ofhBnlongibrachiatum)

on clylaGth FefuloR B oS Ese AT oS bt e pe & i pends of the

BlLiS reFhs Ah&RbP TackE8fhg thdnERE of ERRAEIRE -Fodubink @hdd. ©
amof:dg’nm%. ngst he %pcrcg%ar%ggrglé;rrlr] théﬁsheaEed andust ggmdSI

Exogluganastsdhdn deaeoiheelobioat umiGifrors thet rmnlr¢duzmg ends, kiHi¢h in turn are

hyeB Red By Bues RGP hraucosRhetr P e My popfigurations of
both@ABo Pfdxe! gﬂubixfagest&{fm' s%edsB@clﬁ&hQi %Sgeﬂata? Eﬁeaéyn&%lstlc

radi ati on, Such as infrared radiation, ulttaviolet
actionendithe q:Qmpormnts am vaniiszonfjguratiatisas raqmrectfm lepasiugecetialose

radi at m cr oorgani s n,als killed usin
hydrbialy finlasge RV ore BQBHNEEn ) B Ao o ghe arpheyregtons of
celhﬂd@éo mllrié"af F&Qtlonfjﬁlb Qe @f}@?allnﬁfy ﬁﬁhﬁjfﬁﬁf‘ﬁl@?&le@ %msg\@hereby higher

met hod to hydrol yze the sheared and St eam expl od
crysfailbmiyusdines eoriesponidgo slpweh enzysee hydfolgsi$ tamsas%morphous regions of

ul t h t .
el a8 S Sy SR in s ofopeard nd
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f eSmm mlcslcamjémmasamombtmeso@umhe fmtmmloﬁlgy pmducts e.g.,
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cel | obi ases) Syner gi sm between the cel | ul ase
over mmpg)ﬁehplsoretmfmnmn tmy@pmntytsusgmbyof shedgmbantat Farrexafple, the pH
s exceed

of thg Seap UL gt PROSEE o 13157 ook DT WpBTERt e pEbof 10by
addiMPc A0 d3d:88e m@g@qgﬂdmylgsteﬂ— BEICSRARE Md pH to about 5 by

accept ed nmechani sm a cel lul'ase 'system (particularly
adding HISQonbheeveclitned fibjous matemaymtaa theinrbe used hwis g thouthe removal of

et N R N R N N -

hydxbf}@xswmﬁtﬁslheﬁlfed AP R RPIRdEEHBOUS tha®S but it is also contemplated to
ucanases then cleave off cellobiose units from

Peerlﬁé%ﬂ@Nﬂé@m% pigp @fersthe Wpdrelysisrstapuand paioeto uhy cﬂ‘rrmemzwstm

in u | ucose ucosi dase

L oE I A Rpicks B PaRRITA! Sytity 8ot BbrBRf agn) "HeSuPexplosion
appa@Atuc a6mERIdeN 4 feattidiOcHambet £66h WARGIth fibdrisB&rce bAld/or the fibrous

general, the synergistic action of the conponents in

mategia} ploces @mhgﬁt@r sqmse indet deduiThereastpon @pmbnumsealed by closing .
fiber. s%wclé 1 gfe\{alb%%dp %a(itﬁgl g%ﬁgﬁ%ﬁl&errm\é@}l(&% & pagssunzed steam inlet

466 tfat Indluvdsea steaﬂllvﬁﬁi@f46l7€'l“ﬂ§ k06N ShaBeeYRRthef n¢hides hi Bpldsive
and hydrolysis rates exists whereby higher

depr§ﬁ8y§¥3é10m|Orurl@wSﬁhateé@u@sranwﬁ@tmlwecﬂ@ lammrremo}n@n with the
dr-el te regi ons_of

eyeI PR 3B IR o PR R (PR iefioniBabg Bfludes e fiber

sourET&ﬁuth}f(ih@dryds fieroutde@nd ﬁmﬁl%d b@l%ﬂ)smg valves 465, 467 and 469, steam is

delivered into the reaction chamber 462 by opening the steam inlet valve 467 allowing steam to
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st eam expl oded fibrous material nmay be perforned by
any hydrol yzi ng bi onass process. Steam expl osion of
whesasHasconet i nes causes the fornmation of by-peDUSDF)22719
e.g., toxicants, that are inhibitory to mcrobial and
enzymatic activities. The process of converting the
traved Itiran ghtisteard iletett. édapk dakextadtidorohambemreachica target tamperature, which

can GRS PR - O sSoelitiait AR e tkins e BpastE Fmagariffs held at the
targdt thFufe foF e REREPASdink Hendd Whuﬂ’nftyﬁleﬁl)sﬁ@@rﬁ%ﬁl ?db‘ﬁt 10 seconds to

st eam expl oded fibrous material may be Trai sed
5 migkiceedt theeng ldf tfe hoddibg timegdiingd, auletvalve ispderso aik@w for explosive
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exitoHe E#/él&hdhﬂtosﬂl@ ranﬂéstpﬁérettmugryd&ﬁ l4ysi Thébtein @faﬁloﬁbh @;spa&&us further
ot ermenting ste FIG 24 depicts an exanple of
inclugies aasleqytiad §7g wnhppa;h@uust wb@.479He cgmealmcenm wsth@nnnectmg pipe
r.eact on ch

4720 RE B0 S EF BV G0 R S35 R f PG Sleampplasiogyepparatus 460

for sPdaBC &P Bﬁtholﬁénéd @lﬂingstﬂé' Wa@hlhg bethe4&4tiod Bﬁarﬁl%? @b OMhe target
chanber is sealed by closing frber source inlet valve

tem}zp@gureﬂf ¢he agttianhambemddris praferhbly betwdend88 and 240 degrees Celsius or
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an outlet valve 469 in comunication with the cyclone

47Beeanse mtqaheemn@tpﬂom}s pesplds u7psludgecad steam expéasiedl fibrous

matH A dPE Lt Eubtiih fSus iAol HRY PN pRiBO e Fecpuery process

whed e 4BGuorsisaeparhed fided th\é%feﬁﬁﬁ dxploded fiBrdug dedtértd). THRHWRF recovery
62 by opening the steaminlet valve 467 all ow ng
steps&@pﬁ't

 that 1ma1a@@ guities sh@aring and/sp s;@wrmmgesswmaan allow for

nlet 466. reaction chanbe
the RS ENEN of RO Mhtsa niocLER ndFiveE ROV R sl ouss throueh the
use &Qa BEHONE, to bERrAO R Merd froM tReBhUds. Fliker'deyiff bftesses can also be
enperature is held at the target tenperature for the

mcllul@d ite peepARSIthe Abrous materiashpicsicany pxledadyfitieasousce foosubasquant
roc10S seconds to 5 mnutes. At the end of the hol ding
p F?%perlod outl et valve is open to allow for

ex PingPrdcssifE RERSGUE dsatibédheréin @& bE uselig pREQEE aSovefor below
expl osi ve depressurization propels the contents of the

norma e thdpupd amphmrewreof of jgsaraRig) i mecess that utilizes radiation,

sonlgaqﬁhe%agﬁtloﬁaéﬁgﬁlsw% gl cy ?Slﬂl‘é,hoz:%gl%lglﬂggl é’x bl}eg%igréacesses to

provﬁdd)ﬁﬁteﬁﬁlu £ irRludel dacbshydRtedan de p%ff@ﬂne@ﬁﬂdeﬁhffgh?)ressure which, can
cyclone in a sludge forminto the collection bin 474

incregge FagetiorpRatash Eof examme.#gy pracgsn oregmbinatind of processes ¢anths

b TRRIE SN 25 S, B .7

MP® moa) ®Pay amm%moo NPaO230UMIPG 23 5 0OVIPY) 300 MPATS0NPE 10009eMPa, or

greater than 1,500 MPa.
85



472. The wash outl et valve 479 is closed during the

use of the steam expl osion apparatus 460 for steam
wexpBo%ilen, but opened during the washing of tPeT/US2007/022719

reacti on chamber 462. The target tenperature of the

reaction chanber 462 is preferably bet ween 180 and 240
Binatigas ofdy ing, Senicatina, and Oxidizing Devices) degr ees

Celp$tdise eﬁb@drﬂféh@' it ﬁlaty'b@l’adbélt e@ﬁ@fo%hiblmﬁn@r@ separate

~ seconds and 30 minutés, or between 30 seconds and
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such g BRI Re R4 AF Bcesaay bEperTomedds bt wkfnguan or even
simfltaREQULEy, WRthahE BénefRY S &Eﬁe‘aﬂﬂé‘bf&rehtﬁ%‘nﬂﬂ’ﬁo whph Rl potent1a1 cost

recovery process where the "liquor” is separate from
Savmgse st eam expl oded f| brous nmaterial . Th| s fiber

ove ste fuI in that,. i.t bl es further

ERY Frainnif e Briog PEuRi tin bibutiaaislion SATeCuot pigteises. Each
sepahﬁ@ pFoRBSTE effedtivefin fodrerink @ﬁ@rﬂéaﬂﬁb%ﬁhlﬁf wbi@hpoff déﬂhlosfmﬁatenal by an

ber recovery process occurs through use of
ordeneémagmltudh or meepadbysevdia dridre pﬁmhgmmdre rvehehrpqtfonned serially.

or G5H brapiaion S SHECRRR Braree8 Pt eshnlied fribaapypg glectron

bearﬁ@é’ﬁr@ﬁlJanevﬁH ks %ql}lﬁmat&f RFEESDA gHybﬁ('F ¥leBkAFER/fhication device
techni que describ herein can be used at pressure

250Qispresursd abevwhaﬂigwmlol (dsptht-h3Scmmcbfatstyspdlceilglosic material 2550

s S i BB i OB B SRR lr 7 G perovide
Hybamwrse 0500 Rds dnQimBlgyabuRB25 06, viidh fdwdrE 85 M6l BEAR emitter 2540
to provide materials that include a car bohydrate can

andsmn@éuombmnsc%aﬂder hi gh pressure whi ch, can increase

tion,rates cess .qr
o RtelaR P iy usC 580G, BorfieBrs ohicH gss hough an electron
bearR aRRiRY dBVIGE 284 £io ihpa&t (ROQUEry 25 W&&rtalhmg@eﬂ&o%%atalam The
greater than 50 MPa, 75 WMPa, 100 MPa, 150 MPa
electypnbeaps @mypgdees@cavpm a @gmqvmt SWeEPps M:kaam]pv@f_)@ramga of vp to about 6

han 1 P08/ 073186
foct B ER e &siohPR3irtg sy aneh B PonETs of fiFatiny 3579
SomrcéthenNgdde 8fithe QecBbE bén BRittes 8540 AreSORRatRIHIRFhIEIHOS which

it may be advant ageous to conbine two or nore separate
deliver ul{ersemic ovave SBeTRE i the rslunpy%épr The somcatipndyoors 2530 end in a

xh da into [ chi ne. For
cera iR RsF 2ed S AT oot oI B HYBb28ele mey b
perrhe komication HorsEs 30 axd aﬂﬁs&lo‘f d@Magy fréMaOng-term residual exposure to
simul taneously, with the benefit of increasing

the %@Cérondo&@me*h@a@w olftptlie harns cppbe prategtedcwith a S@adard ghield 2520, e.g.,
made 8? le%é %{IQ[h av Cr%”t%i goer{talh aglog %ﬁcrhoag qu@ rrnref%j 'vﬂucﬁ)ﬂ impervious to
processes. sepa ate pr ocess 1's

elecﬁ‘éri Bé‘dnh bh@hdtfcbﬂ (Pﬁ&hutﬁ@strﬁlﬁt be tleftobeudto sdu@thatQhe ultrasonic
cellulosic material by an or der’ of nagnltude or nore,

energyé 1y affected by therniesescoof theghieldu JheWatanhabls ensipiases 2535, are

constrac fea olfﬁie same material and attached to the horns 2530, are used to be in contact with

Co

the cellulosic material 2550 and are expected to be damaged. Accordingly, the detachable

endpieces 2535 are constructed to be easily replaceable.
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Both irradiati on and soni cation processes can be

applied using a hybrid el ectron beam sonication
walenwsoe31as is illustrated in FIG 25. Hybrid ePeruUsmnz/o22719

beam soni cation device 2500 is pictured above a

shal | ow pool (depth - 3-5 cm) of a slurry of

celA furthsr enefit eff suah azﬁﬁﬂtaneblsmdﬁcsred beam and aljrasours, process is that

oxi dant di um such as ro per oxi de or carba
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iy 0L S0 ATt 20 s
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rotof5 0% e MBI IAGH RE USRS En AP Rt 0 Y GO G duEEE s s, and
perfaﬁysed ShSRONntQord. he sl urry 2550. The sonication horns
30 end in a detachable endpiece 2535 that is in
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devigs, g Biogus Eaits BHiabOT BT ISIART-Ach -t COrPelF. e Rpgmbined with
an elt8fr &S b&AN s&ﬁcé)&{?ﬁ@r%‘?ﬂ’trﬂbﬁf@ v@av%ts@ﬁ}‘é@r Shisluig x@ﬂl%?@ﬁ’ents may be

e.g., made of or a heavy-netal -containi
morssmhgasmt}mwscz met al, which is inpervious to

beam r adi.ati gn. caut i
Po B iatas SENSaR TR P DA BISted AUREF G 190 pogombined
f
S Sl 5 SN
comhbindtien may lagaintheve the alvantage2d Bizhentheoughput. théemﬁhelnss caution must

ont ct l.ul osi ¢ mat er.i 2550 an

be of LY Bty ey BE e e R ereliints b odheromsn ARG Brocesses and

pyro?y‘k’i’so'Nﬁ%ﬁarﬂﬁ@%lﬁﬁ&n‘f@ﬁ&aﬁkﬁ H@ﬂcés%%ﬁreg@ﬁé {h¥ feedstock be immersed in
repl aceabl e. 86 WD 2008/ 073186 PCT/'US2007/ 022719 A

a lighigraxidizingamesfiurn. ©h the othemhanidnad dlmmdaareheusiy,ohnbyehcmdvantageous
and It soun ocess i s .tha t WO processes

for e PRI BUTEE R Rfalhote oo AP aeir oo Sl CraniApe. In this

caseheMBw s%‘tem's rdﬁféfxfah@él%e%ﬁ?@aﬂ@ﬁﬁorﬁﬁﬁ frla Ibaﬁ‘tlcular moisture content and
cross-linking of song of the polymers in

regutad¢ thelsemi 6 urtheresorag or aliwi the abaieatesiced eS}Efcfall(yltha’lpyob'Sls device, can

t he. de rizati.on process. .,Lower doses of
be C%IPEHIF%{&W atgecg('#q%roﬁge gYige pPodischs *\IP¥!%sound radi ati on
may al so be used to achieve a simlar degree of
PRINVERRWYPROICESSERY as that achi eved using el ectron beam
Irradiation and sonication separately. An el ectron
beam devi ce can al so be conmbined with one or nore of
Fermen requency, rotor-stator devices, which can be
us Qﬁnéﬁll?maﬁbbﬁﬁxﬁ@bbfﬁ%lhﬁs barf prodedd £ 8Y uskli préducts, such as a

and perfornms a simlar function.
fuel, by operating on, e.g., fermenting the pretreated biomass materials. For example, alcohols,

organic acids, hydrocarbons, hydrogen, proteins or mixtures of any of these materials can be

produced by fermentation or other processes.
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Furt her conbi nations of devices are al so possible. For

exanpl e, an ionizing radiation device that produces
w@mm7yisdi ati on emtted from e.g., 60Co pel | B¢ BHFUSAT022719

be conbined with an electron beam source and/ or an

ul trasonic wave source. Shielding requirenments may be

moiTée stieroprganism ganthisiasnabaslenicitneganiam ar aroengirsetadenictanrganism.

retr i ng._bi omass di scussed.above can
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various m croorgani sns can produce a nunber of usef ul

oxidigepslisbtas sodiummyaechiorite);and/obgn epgemmet i ng on, e. g.

fe L he ret reat ed, bi SS or

| DIBR WRS ER SE TR SRS ahEh or e
sacchatificagemnstep) faﬁ’é erﬁh%nt@ﬂ tdlied. Wiehoh byat¥m®dntihp @si€roorganism such as

materi al s can be producecf by fermentati on or ot her
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fragﬁzls'dthb @eﬁﬁ@W@@W@ﬂtaﬁ%eM@bicﬁY@ ah8 @anliida|preksidaBahe genus
cel lul ose, one or nore enzynes, e.g., a cellulolytic

Cla"é‘ﬁ’f%@ BodReHes Glavisperadusifapidscng @mmrwenmzaetth@genus Pachysolen,
t{ Ig:'ca{}oﬁ&ttﬁnﬁ%% led ?het %;%ug %l %gnn%%zﬁ%%r % 8 g SP?]CICS Bretannomyces

claumtze{thbpﬂlm;I G I, l%z @alllnlbsn: lﬁbbo@ﬁbt@@u&ecﬁﬁbwgygﬁ Hahldb&ok on
terial can then be conbined with the m Croorgani sm

Bloerhﬁmelt Reqdugtion and Etilizationn W ymaenet iBal efl. . Taador 8 Erangis, Washington, DC,

9.6p)yl ul ose, the one or nore enzynes and the
m c)ioorgani smare conbined at the concurrently, e.g.,
by Commiter¢ibilgavailable yessi dhsdes fr ékample, Red Star®/Lesaffre Ethanol Red

(available from Red Star/Lesaffre, USA) FALI® (available from Fleischmann’s Yeast, a
division of Burns Philip Food Inc., USA), SUPERSTART® (available from Alltech), GERT
STRAND® (available from Gert Strand AB, Sweden) and FERMOL?® (available from DSM

Specialties).
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Also, to aid in the breakdown of the materials that

i nclude the cellulose, the materials can be treated
w@oms/o7¥is@di ati on with heat, a chem cal (e.g.,Poi/nsr081/022719

acid, base or a strong oxidizer such as sodi um

hypochl orite), and/or an enzyne. During the

fe Baetntiathao nan feogent bimedsga sthandlranchother prdduttgtinaude, e.g.,

Zym?édr ol é‘ﬁogtrzds acgé}ﬁrrglpgell@g} Q’%.fq Sﬁ.f.ﬁgilpﬁéﬁsupra) Leschine et al.

(Intéi‘h&fd?@!.%ﬁhé j%%ﬁ@m@ﬁc aﬁ@ﬁ%tlunoﬁwwrsbzfoﬁftg?%m R, 1155-1160)
m croorgani sns have the ability t'o conver

isolates dnoinaeokice mesenhdlic, asllulgllyug bscéq:nuny froseforest shl, Kdeseridium
nnose alacto oI| ar 0
PTG Sy it oy ST BRF b RBhuct s
Fe Femitnk Abn Hf GidR4s8 &éthiiol hAE biheeprdlindts My 8F chrtrd 98 kg certain
Sacchronyces spp. e.g., Sacchronyces cerevisiae

typeg bﬁtherm@}ylga@t genetgaaélyh:agmngrgd; mictperganismgssuch Thermoanaerobacter

T W T R LT PN

straih b@g"l |nia$krahn$s A cS@HYd 3R SotheIHanseR 8EAId@dpplied Microbiology and
pseu otro&;ca is, and Candi da brassicae, the genus

Btot@rhaologpéi? 38, 537 S4Pseibengiensi (fovia Mmm&tdn|1287dr6§ 114-119).

P
opSErABRB2u bR e leA sHRPY tied Toniergemiaton S Bnversion. The
optiRuALFH RRPRMER $s fr&ngibou —‘P}F@ k&S \ﬁ‘il@et A8 BptiMaRSH %r%}%ﬂidnas is from

(Philip gldls | ul ose bi oconversion
about ethhtel @glypical fmwdt@@ok tigres a& aboth2thiol 96 IRnstiwith tevapesatures in the

range gk 25 £t 40 “Scievey o sot T iy ats R ghi emperaturs.
y e &afyrh &tV MdR brdaR do R4 didth&s, JoeR asséaruﬁds):/ tbq&a&frﬁ&ecular weight
Et hanol Red (avail able from Red Star/Lesaffre, USA

carbmcLate(cavtalmm)meteflabmulch &5 glunossnduringvageharifigatian are séfemed to as

f Phi d L, USA) S ERST
cel ety PRSie ot SEHIER: oA cnedBe ma bR o o) B AR dhat ac
synefrgrxgtﬁagy;ﬁé d§re0| a %ﬁiﬂgg%ggd&miggrggﬁg%yolwwyﬂﬁk fhclude:

endqg@mums)@wlmgmda@acax@rqeaobxhw (B@iucbsidasss). Aicetbdesi¢ substrate is

iniig] AR by CerdB i P Fab 86t ioms pliur P SRERBORC

interhf2fitesS UMes) mtelﬂﬂé&ibieﬁ Bre&therdubstratbd ol 'éﬁ&tsﬂ)lﬁﬂﬁ% 8111@&’![2\@% such as
of Systematic and Evol utionary M crobiolo

cellopidydnol®e Yo progurecadiobiose fnmethe bids, ofnhtschuh?dw polymer. Cellobiose is a
t f Cl ost
watef SobBled YRR e ofRicoS P BRI s Biane olgafeR oo vield

glucédehanol . Fernentati on of biomass to ethanol and other
products nmay be carried out using certain types of

t héreediplase 1S<§amblg@ﬁ@qgra5hmg Yiomnasd andanaibawiciuogal gahacsenial origin,

Ther mo
SuitF A5 TRARA SH0RE loon PRoRipealies Bifdordgnas micote
FusdMung; %F@Z&\Qa A cramoritimdChry9bspbriuedndr@hbddrimaldidinclude species of
described in Sonne- Hansén et al . (Appl i ed M cr obi ol ogy
Humigoda, Coprinus, Thielavia, Fusarium, Mycelzophthora Acremonium, Cephalosporium,
Scytalidium, Penicillium or Aspergillus (see, e.g., EP 458162), especially those produced by a
strain selected from the species Humicola insolens (reclassified as Scytalidium thermophilum,

see, €.g., U.S. Patent No. 4,435,307), Coprinus cinereus, Fusarium oxysporum,
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Bi ot echnol ogy 1993, 38, 537-541) or Ahring et al.

(Arch. Mcrobiol. 1997,168, 114-119). Yeast and

wa@yomomdias bacteria can be used for fernentatiPer/082007/022719
conversion. The optinmmpH for yeast is from about pH

4 to 5 while the optinmum pH for Zynononas is from
Mycelophthopidtferinoplsla, Mepiptlak gigentees)tThidlona tarregisadereatvaiim sp.,

24 to 96 hours with tenperatures jn the range of 26 C
Acremoniyn persicEiay SCTamHE BRTMOB Uk} c4‘6‘8’i“§’é’ﬂf’ @tigp, Acremonium
dichPoresBbring %%rfi‘&r%;ﬁ%bc@&%ﬂeﬁcr‘éWoﬁf&(rgﬁzﬁﬁé?td;zﬁé’wAp}m%

such as cellul ose [ ower nol ecul ar weil ght
roseagm&whydcraatr@namnirmolromtgmnatcbﬂmainsmumful"atﬂm; prefecaidy from the species

Huniials (fglegt DSMEISYRELs Grut eprsareD S Y2 nsohinpbiigag thermophila
CBSbﬂ7365°@3P)zc% tmls,r%mgﬂat ; é@%onrﬁr)fbrf‘.?s §s'4§§.bh,yAJr9monium sp.

degr ade crys
CBSc245194, dlm;dmomuempgrmmunn@BSd69 65eAd@gzbumafmasomum AHU 9519,

I | obj oh dr cello dases)
Cepliglasporiyn &oéigﬁf TLede r%omﬁ"ﬁ. ffr@mn &%ﬁu §°/§6§ éyremomum
d,chﬁawcs}gbwcsse@m J?l%%mn)n{’&&%\ﬂaﬂﬁn @B@O&iq'ﬂ Acremonium

igoneric intermediates. These Internedi ates are
pmkemi@masGB& 158t70s Atremoaiu spkagrisewy GRBtHNG ergumtivragncoloratum

CBSC ]f bl X ?r{ﬂ%lgganb@m/ﬁgoéﬁ%g?§ 2@{{ ?gﬂﬁlgl}félrc%rrpzytlmhgs rgarl])(/j also be
obtai’i@B ‘?forr?@yzkl}?b oV, ﬂrelfér%qzq sethitet G?frys%l Wluc@uﬂ?énsé’

| obi asé cl eaves cel | obi ose to yiel | ucose.
Addrt@lnhhlw szhoéermariamleulaﬂy deighedtrmg vmdmﬁsshcadadnmmesaeand
i35, PSS AP B 7 Bl SL PR No.3.500850 nd
EP 438 8610 ORI Soprdihiiles Beél-e.g. FE8 53 167) mh)inehiddd. 2.

Acr enpni um Chrysos ori um and Trichodernma, and include
spéanesbisicelliHalytic cblaetpna:bqwel alsesheel hﬂo@tai/fram sbisag. anpvel
celi Acr enn oriu
cellof Gt RIS AT CRISHTEITT Lot B TR Sbeno (gee Lasghine et
al, M}é%ﬁ&)azJ%%%ﬁ&)sbén{an%ﬁdm%%ﬁd#ywa%bzﬁégﬂlzooz) 52, 1155-1160).
sel ected from thé species Hum col a1 nsol ens
(r Eellalobiticiendyrass Wing ratérabinantttévhnologh chualso beesed (seege.g., WO

5 Bat 433,307), Copr i |
R e
PCThYSARI G2 difzb thes Mé@éah%lﬁtbmk@d by eriRRfAtibR of the above-noted

Meripilus giganteus, Thielavia terrestris, Acrenonium
mlcrgblal stramsrmmtunmtpm@um|cnutia1nmg:$uetnbhucarhoa@né nisregensources and

ni um brac eni u remoni um di.chro oru
inor g SR S Rno Vit Bl GR ie Ble PP e TR ah Lasure, L.
(eds AMBFEOGERE M ahiPRRAGHS SN, AHeh IR IP#E8s| OANI99N Rt SiflabRNHedia are
Acr enoni unfurat um pref erably fromthe species

availaleifeash sommstsiasupigKs qrgnay béprspared aeasxding by puhliBiBdd compositions

(e B e ot AR A o6 ERM e Chtsiiony dmpeistrs mpegsand other

condMdriR RRRABIE YT RrowEBad %@ﬂhl&s’_@ pr&@dc@iﬁﬁ Bfe%ﬁo%ﬁﬁ itted 4 (%e&ERSy., Bailey,
169. 65, Acrenpni um acrenoni um AHU 9

].E.,@ap Milin$hbs Binphenica B isaming unﬁ(cmemh; MeGpavadhill ook (fompany,
NY,CE§§6)$66 73, Acrenoni um

Treatment of cellulose with cellulase is usually carried out at temperatures between 30

°C and 65 °C. Cellulases are active over a range of pH of about 3 to 7. A saccharification step
90



di chronosporum CBS 683. 73, Acrenoni um obcl avat um CBS
311.74, Acrenonium pinkertoniae CBS 157.70,
W@\e008/003180IM r 0seogri seum CBS 134. 56, Acr enoni uPCT/US2007/022719
i ncol oratum CBS 146. 62, and Acrenoni unfuratum CBS
299. 70H. Cellulolytic enzymes may al so be obtained
mayflast np Ghi 3Gbawser Thewwellplasé enmiiedasagst achievend sufﬁciently high level of

' | uck Addi t al Tr
T T T
and Wﬁllteﬁ_[’hﬂ?‘mﬁ{s '(PP@Q)’F mspbéé)grarﬁlok‘ @élﬁﬂ&‘el rT"r‘le Bag) ik |alé§dndaFl>rd

(see, for exanple, . t ent . 44,890 and
mea%@m&ﬁ)apd andefded @pd opsesd sgc@eei,mgatog}hosEPl %3 gh@Rjandeyppl. Chem.
§ed Anaerobic cellulolytic bacteria have al so
59:23 7 28]

solatedfromsml e.g., a novel cellulolytic
species of Costiridium d ostridi um phytof er ment ans
Gasﬁ@tlomov (see Leschine et. al, International Journal

Systenmatic.and Eval tlonr | ogy 02)
o I Y GOt Wy S i e éw;m@fb i phBBRG cnm atso be used
to pI‘b@é‘sB?Qé ﬁ‘gé&ed:&@dﬁbé@to@%trﬂé‘t%@eﬁlﬁﬁﬁﬁem%sgIn M@cular a form of pyrolysis
2007/ 071818 and WO 2006/ 110891). The ceF

knowm zglg@sﬁqasem canbe @nplpy@ijno@adelbgc ﬁlelrgaecstaidmgmxtbfvamm other gaseous,

iou oo RGP LTS, i B BRSSP e PO FAed thedageiuifantroduced into

a pytd¥i 9@ htbed fhd ﬁeatédstb ragu@\{l eﬁﬁ,@%ﬁé tmemy 1760 @& Rbfe. The
(see, e.g., Bennett Sure, L. s.), Mor

tem}@gateremml fbcpeads s 4 murkbgn guf facAnfadmtudeﬂssza;ure:Af ﬁ@sfﬁgdstock and
th ‘§ g r{edl a are available from comerci al
e i Mo -

may be prepared according to published

CO@QﬁﬁtﬁésW%xy éﬁ (G £, ak Puex§h QPR AnAor bOSIr IRt e.g.,
Type Cul ture tion). Ténperature ranges and her

supeglatidisteany awalscaml@dft@ thegryoolysis elresnbice kd facdigase gamﬁcatmn These

comg b lsjgé?:qggvég {c:?@%ﬁ%\ggta{n?rg %Sﬂ@?ﬁtkééi’te'ﬁﬂdp ﬁ%@}l aﬁ-step reaction to
generMb g%ﬁ?ﬂﬁﬁhﬁc’ calB@E mihdsisl das BO%yfREDaREsentitlly, djaﬁslg)gasmcatlon a

Treatnent of cellul ose wmth ce IuI ase i s usuall
llmmé ramogut efiaxygen isentpatuacdiingsthieglyredesis @ember torallogbsadie feedstock
ve over. .a

o e S B g B R e ot cn
then %@Us&ﬁl%qg&‘ng?e2a7s7e90nd%)(ctio%&hat%n@&ts]a%@nﬁﬁh'lrt%edsi'&‘:ﬁ material to

cel lul ase enzyne dosage achieves a sufficiently high
hydrpgereandadarbanehbndxadee converS| on. For exanple, an

ap 9 gs:t_-?tes Q?ﬁﬁléﬁlgl?a llﬁﬁ? (gllx_e[gyjn% I}/egfegc%ké% n&aﬁ ?od?lbgs a char that

can ﬁeiuhel hQwge vait®y EF’Mffeﬁen@h?dr@&ﬁl@érﬂbas@E 3petiRMenRttamnfbldtde materials
defi ned and neasured according to Ghose (1987, Pure

can %proﬂmﬂd (e.ghenttain ggseggszhgﬁggarb@amatﬁen@la), rc_snltlrjgnn a reduction of the

over{alg gﬁi&lhg 8&&0 Ffu dg{]ogg %t%%sz&eglfo ?r{)% eﬁgg(ai Et%fi‘ tOFﬁle reactlon some of the

volatile material that is produced in the first step reacts with oxygen in a combustion reaction to

produce both carbon monoxide and carbon dioxide. The combustion reaction releases heat,
which promotes the third step of the reaction. In the third step, carbon dioxide and steam (e.g.,

water) react with the char generated in the first step to form carbon monoxide and hydrogen

91



to process pre-treated feedstock to extract useful
materials. In particular, a formof pyrolysis known
w@300g@a%ilké cati on can be enpl oyed to generate feRel/Ugae®B6822719

along with various other gaseous, liquid, and solid
products. To performgasification, the pre-treated

gas. f@earblcm m@koxide cant glemiteaeidvitinsteam ain aywatérygsis shifrraadsion, tarfdrm carbon

h tenperature, typically 700 C or nore.

dlox eanﬁt ?’3559%8“ 8% d depends upon a number of
f a@a%i%atldrf&lnl&'tﬁ&l AEpAbM RoREs fd‘f‘en@ﬁ?éjﬁrb@lféfs ﬁ?&tly from pre-
the desired products. I%}Jant i'ties of oxygen (e.g., a$

treatpd fesdsirgig fom sgesqeant tronsped aailioy sale,dosexanplg. eAI;gematlvely, or in

R SRS LI A S BRSHITIS o v
procéﬁﬂfgt sy‘é@ehh W}B@%%éﬁm&'s%é& that %j?é nReeed b &fe ElﬂcQtléh process can

nmul t1ple-step reaction to ~generate a gas mx ure
be bumkdl efdr examitie 30 genpaate (atgptribgy mg@/gl‘ proc&s deattthaticay be directed for use
i cation

: .
ot ol PEHIGHEE PP E R ST b S EREIEF OYBoLL P eLig stem can be a
leastf;féﬁ‘ijaﬂy%if sub@in®id. 3 nhRbESTYR pteIukR! ﬁkﬁﬁfr@%&?ﬁ@ Biléjﬁnd gaseous

génerate process heat. The pr ocess heat ¢an
hydrbearb@ebased sphstanses can slee bedbtamad dinng amdor fotowengt 9s1ﬁcatlon these

ddi tional feedstock | to hyd d carb
can e i 1 o7 GBS RIS overal | react  on,

heat vaaty bediffeRd ﬁ@f&s@‘éhﬁﬁbéﬁ aﬂ:rs@ﬂblﬂs ?or%a&'ﬁ@ﬁtldd"@tpre treated
can include a wide variety of different

feedstpelt, mwm th@aas/e@lysp elednghers d:ecrlomdmemm alr? pagtiwdarefliidized bed
reacfif apinf i VBt Bieiparof Tebhat B RIS ) A 0@ Phygenvair

prowR rghativell; higtethf Redsitesl sﬁﬁ“gﬁtrfmdard Easvw oPpRJIAES! Osshd char that
step of the reaction, sone of volatile materi al

remaipgtollowing gadiftcedon im a fleidized bed sxst:qm oz a othempyrhly@wgmbers) can be
ti t d bot h
oo e RS o el B etertsE Prfhele Sisatent sftfieklon resstions.

rel eases heat, which pronotes the third step of the
pos]epgb@]gssm(;t he third step, carbon di oxi de and steam

(e.g., water) react with the char generated in the

first step to form carbon nonoxi de and hydrogen 91 WO
Distilalion) 073186 PCT/ US2007/ 022719 gas. Carbon nonoxi de

canfet fPmerRatdn, Whé Ressitieg Muids %a@b%ﬁsﬁﬂe(ﬂ@n% b dxample, a “beer
reaction, to form carbon dioxide and further hydr ogen

colugs to gparats ethencd ang ahenelcohnbyiiram the majomy of wat@t@ybrealdual solids.
The ?%ﬂ)? Q%ﬁg%eolg e {nglu%'nrc%ﬁtble)ﬁ (;{n wg §ﬁt etfx?n& ‘gé?.ﬁ%g? a rec %atlon

quen ransport an

colufint &Y matturead Hheardy aedtropid 92. 5%2 ethgAdliahtl @vt’!ix‘térqufn@ﬂil% r?ﬁlﬁcation
or generating fuel for

used as an _auxiliar rocess
colugiy c3y be aprifiedioouse él%g/ ok gthanodusing ¥aparahespemolerelar sieves. The beer
coluﬁ%%ﬂé I@Qﬁ bé gﬁ:ng f(p&l% %&%ffl%&taot{ar}ﬁreg %?fect.t{ e%%é(#rg&) D"rgig fe?/:ﬁﬁcatlon

columndéiix Wrﬂeﬁ@s ciregrovide &hbat@aﬂthhﬂh@t ¢feset ealftbothe figs effét, solids can
other locations_ in the processing system As a resul t

be sgpeatesl using 3 contiviigs anddried igraggiasnAryse Atportion (25%) of the centrifuge
effluent can be recycled to fermentation and the rest sent to the second and third evaporator

effects. Most of the evaporator condensate can be returned to the process as fairly clean

92



| east partially self-sustaining. A nunber of other
products, including pyrolysis oils and gaseous
why@socasbon- based substances, can al so be obtBTEs2007/022719

during and/or follow ng gasification; these can be

separated and stored or transported as desired. A
condeasdtetwitiod srdall pertientspipyafbloysaste whtantreatmentrte psevientllig-up of low-

for gasifjcation of pre-treated feedstock, including
boiling SOMPPWIASsi s chambers di scl osed herein. In

particular, fluidized bed reactor systens, in which
Waste‘\ﬁat&rtaeatmer&t ed feedstock is fluidized in steam and

h
o FeR o onalPoeh! s MU ko0 Wk TP e e plant by
treat'ir%rfﬁ’b&%s vater oY reGsedaiih 'tlfeaﬁlhrﬁn W&té%vd‘tér%e%rﬁ&ﬁ ch?Qiso ﬁroduce fuel

system (or in other pyrolysis chanbers) can
(e.g4 gudgmanddtiegaa)ithat ¢canriwl uSpd tcieggovecthe ovaralh Bffmmney of the ethanol

* prodgy Be FHEES o ROT e e AFCHPe {rorher et Rela Shief g hioges can

be uScino Reeatt dédnh hﬁdjelb'&hl?igy thfapéan@&aﬂ@él & vatioud Baht proSésyed”
to separate ethanol and other al cohols from t%e

maMoastawatafis watialy pumped dhriodgiah sgotn (@, a Bnecreapdo remove large

£ t he eer colum c be t. et hano
partgley Ve 15 o TP e v BERPEG R Dol Aot e i ladsparicles are sent o
a larAGAr | Adddsally 0P herhRRreR?heahpd DatichdhrdGirREd {0 &Eﬁté E‘t@am and/or
rectification columm can be purified to pure (99.
electacna avHesgeberhinfapber-dstealdeelawn| brgednaral, sthemsmgmeth@bmscreen is

ns, can. be, sent_ to,the.first effect of a
bet"vteﬁli1 Zfemgafé’ ]?mgt}ﬁ?%l‘%’t((?rg n‘ﬁ@CPéB%‘il?s)cat. on col um
r efthewaSeRaRPBRA oA to %ﬂ%?li’a%zﬁ'tﬁﬁ{ tahl® wiiehd ﬁlefo'rga%ic concentration of
effect. After the first effect oli'ds can

the \S@pﬁa‘raé@résj equelingl durowgrat retentige tised Il génegal; the aetf:mttcmrtyne is between 8

N LN ORI AT AT T

the tBI8C ORGoAREN{bAU RerRY, ARMBESTof nfikérS AlsposeiiBlouBhovk AR tank are used to

evapor ator condensate can be returned to thé process
stir the condents of thiedank. I coumin @@@b@m%ﬂi@@ﬂ’wm&ﬁnﬁlﬂ@ﬁm&es the contents
cand smal I.. portio of f t
of tn§ AR ek ety RgiaRES b WiV e Sopmentiahor g temperature)
throSghIROMB Gink AAGhiorat er treatment Wastewater treatnent
is used to mnimze nakeup water requirenents of the
pl Anfirsbgump meaes wetepfromdbs equalizationgank tnsghwi liquidita-higuid heat

excrB A ot BU et LTI (£ 2 SR SEHE RN s ot throvg:
the HeE)leex@l’l'&l’fg@tgI su@ﬁ fHa@Wﬁﬁ@\Vat@f exifiSs @ %@ﬂ@xch&l"g&dﬁ Gf 4 Q&Hed temperature
rocess or exanple, as described in further detail

for an@frr@lw: trsRunpge M&Xbmobadﬂechﬁlredienmseﬁlrc foraneerpbic dteatmmant can be
and,ebect ty that can be used in various plant
betwﬁ%é@s g 86 %ist ewater is initially punped through a

SCA@eReXiBn@the hraldichSifzer Y whlew KRB Pers BAESr more anaerobic reactors.

In some embodiments, the concentration of sludge in each anaerobic reactor is the same as the

overall concentration of sludge in the wastewater. In other embodiments, the anaerobic reactor

has a higher concentration of sludge than the overall concentration of sludge in the wastewater.
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particles, which are collected in a hopper. In sone
enbodi nents, the large particles are sent to a

wo a0vdhriiBe Additionally or alternatively, the Pergys2007/022719
particles are burned to create steam and/ or
electricity as described in further detail below In
gerenudtientishimtiop gentaigingnitrpgenzad phosphorusiis metasedimémneath 4naerobic

esclg S PR BT s b PoiRBEHRA i TpEanacrnic
reactol € Prodact BioSRANGIERR EAf doRiR 0% MahNREIE WAV €4 héa?tinﬁ value of
equal i zed during a retention tine. | nm?)eneral , the
n

approemeately d 3,000 Beitisk thesmalewmtsgor Boyupes panad)3 Thebiggss exitsgach

anacfqhiC Befhh QU W sty SRRE TR S otfisoleh e it io ibgas streams
are dOmibidd ihdb Ddingl ¥@En dATRAPLEsSrithOHE MR trdattCofitadYas 8 £boiler or a

1

used to stir the contents of the tank. In certain
combudtiodicngine o5 desesibed toefurthertsictailtelew .| In somessnbddéments, the compressor

contents. ?f the equalizatiagn tan sucq.tha .
also QY85 hesing 6( gre&m otsgéggag pugha gﬁs(l:l FiZgtion ca t. Additionally or
alterh RS, Ml MpredsOF QARG the BRgleiea!o? bipal Ar&ighh deldlridnt trap.

punp noves water fromthe equalization tank through a

| i dusedondpurnpniotehamerobexeffaery drom thieaniabic esechas tpeene or more
srop AP s SRR PR o 8 e aroi
reactt@ 86 Rivatherangerbbic REIUAE shAgE, FRYERPRIL  oxlyBerféorfaiA&PIn'a®Y. Within

tenperature for anaerobic treatnent. zop exanpl e, the
eachpssghieeactonpaidation of eddlularmeaserés i therapagralin effbrent preduces carbon

. t n 40 C to.60 C. After exiting the heat
mox%%%ﬁﬁ%@épgaFW$”ﬂ%stemater enters one or nore anaerobic

I eagtaYiSefflubit HOVER (€81 OR iBAtYY to b B&HarASIS SMbrehids i®deparated from
sl udge in each anaerobic reactor is the sane as the
treatgd wiater] Sewaof Hiershudgens tsfurs¢digdhe pre eritporgastobigancastors|te create an

r .embodi nent s,. t.he anaerobic reactaqr ..has hi gher
elev @i BT ST Ndn INfGrsRIREHERE. [6RBy MR ferufbhis
breaRover 8@ uiaR nidhgialasihe wWakRvater. 9 A WavePS8emb9dstkcess sludge from the
PCT/ US2007/ 022719 A nutrient sol ution containing
sepapater: dyfedesemmrdgh dephes deteilibslove ther exgedsislusige scused a Brebtsi @eate steam
tor.. contai ni ng wastewater. The nutrient sol ution
and/{ngeg%itgm\t&?t h the sludge in the anaerobic reactor to

Pr Ot Geatbd AES i9Mingpeddfdin q_ferye?&rato% ¥a E@ﬂi'ii%rﬂzﬁlk_a Hblidg¥Rpersed
a heating value of approxim elg 12,000 British
¢

throyghephitie tigaied avatessete to thedottpamafdhe setthing kinkgad arsqubsequently

RO AT 0d PRLBy Agt B B sl e v

filtectorrbiBeslarynddditional gide rehdigiafin theGRgH g6 S6he BRYBEEInich®, chlorine is
stream of biogas to a boiler or a_ conbustion engine

addegdo ¢hesteqatadematpitorkill pafbpgenis bacterige |l spme pmbediments, one or more

oy SEPSRLTEN Spublin FRPAERS wrslel iRy Bl dfc B8 Jaer For

exandysleli tidagdaldtyr cah bepuirped erbiy@ ¥ carbdifadsOipiof $€a@torC AR another
nmove the single stream of biogas through a sedi nent

examplg,dreagdyeaterfan pumpeddvesstomeeyeisp pemedis regetar. from t he
anaerobic reactors to one or nore

94



aerobic reactors (e.g., activated sludge reactors). An

aerator is disposed within each aerobic reactor to
waoreoosthEs@naer obi ¢ ef fl uent, sl udge, oxygen (ePQI/US2007/022719

oxygen contained in air). Wthin each aerobic

reactor, oxidation of cellular material in the

Wastecomhuistion ef f | uent produces carbon dioxide, water,
anq-hg Rk fon S GRHOE frgfnfﬂleﬁ%s iR }‘éasglt (e rodﬂcﬁon of various by-
gravi to a separator ere sludge I's separa ted

prodhctostmeams asdfelfongtreratingemanoidnd diectisditydgdeiused mtathergadrts of the plant.
he one or nore ge;obl C reactors to create an

t
For gyamplg, stpam graget ReruRg Byrproduetstreams 631 ke ysed iy thedlistillation
er | 1 Qf
ok EARE LA 081015 @AEAR DRIt srcams can e
usedrte poweseclextc@siseanl grhgmtdrs and tlvasorseparsdticars uskd in pretreatment.

de ribed {n further detail bel t.he excess udge
o Tt bnf paedutpaised 19 eGSR AR ClastHiP Y SEIERRE] fww number of

I § i r
BB PR, AALB SEUR et s
bioghs kigh &l metitaae asdh tsﬂnell amotifte flvaistedriomésst(slad gt Wslangther example,

and subsequent |y ved. After ettlin
'pOStﬁjZ?th]éEF solhﬁég&%dumpweﬁélgﬁmrﬁ%gﬂ?seomq hranigelt ?ﬁeﬁanenam from the
pretfelfnRAPin Pl priddstB] cdnbd RERYSa ARY addi i onal soli ds
remaining in . I'n some enbodi ments, chlorine
i s Thadobeds tsahvdntedtto eabmbustmhengine cknidctedad hogleniric generator to

acteri a. i.ments, one or re .
prodg'ﬁ%/ SeefioghE ee(ampgﬁlsr gaa 531 BE KSR adug)sguise dor 3 wark-ignited
natuféi' i g‘ﬁ{&n&“ AL ¥ndtfie ekﬁrﬁ el as ca%"_tguse@ ﬁﬁm& source for a direct-

wat er can be p ed t irough a carbon
inj ecanimmaplralcgas eegine.oAs arhareatingle, thexxiogak ean be extied awatleource for a
ed th ou a reverse osnosi s reactor .
combguisRaeIns IR 0n Rl MBS it Fane configured in
aco gérféijdﬂfbh'cgﬂﬁ Qlra@oit FWRlexAh I RLQERSR oA the %§H1|b{1stidﬁ etn ﬁ"les can be
production of various by- product streans usef
usedge pesadé g vedteramsteach thfoeughoutcthd ]ylanto be used in ot her
paﬁ{lﬂ: ﬁEldg%,ng | ag{is'tisl{a'}:or ] xa quddg glaat v%at A %ﬁg tlIr(r)l(l)ng a heat
exctahgér! ITh %m@%b9ﬁl%ﬁésthe%tém R tRSHRhEhef |e§‘8{ahg€r'1§ ¥vaporated
geRerated from burni hg by-product streans can
and supey:iwmd tekteatr dm cd:r&amrmgbmhmntsr the atedmus tisedso rhluecpretreatment rector

tran ers .used .. retreatnent. The by-pr.oducts_ used

and R et B LB b B Ao tipn r eegies, Gaatonaly o

alterdd e stes@ EXSdnds f(mcﬁ#@lﬁ%ltltslﬂa%e Ricamefifbind @nnected to an electric
exanp ‘e, anaerobic di gestion of wastewater produces a

gendatoy aSte ghiting thestemm surbmd laaccmndarhsed a\rrtlnmmblmg wates ted returned to the

heat §58¥a§§§r(té be%e%d&tgf?;@ Iggﬁglgﬁ suﬁ}%dywd 132 tl wgter through
the He@MéxeRhn dék RS@nir8 N 3l behih b YFy étfa?ectrmgtduﬁﬁh R th@Rekam turbine
primary processes) can be used as a The bi ogas

connested ity an elgotric @eaerembE@t ¢xempésm yiates cembmadded do the heat exchanger to
ensute &10{ {he ste nt?lrrbéllltleo{s operatlng above a threshold condition (e.g., the turbine is
spinning fast enough to turn the electric generator).

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

95



produce electricity. For exanple, the biogas can be
used as a fuel source for a spark-ignited natural gas
wer@sne31sAs anot her exanpl e, the biogas can berPupEs208%022719
a fuel source for a direct- injection natural gas
engi ne. As anot her exanple, the biogas can be used as
a fseh esamplegwhide the bicgastddscaedtas rbbingelivmdito A oomblistion engine
or alternatively, the combust| en i e.can
connbied 6, BRCHE Belralo R EPTT SHOROEN G et s Chbpe passed through a
fuel FfGHrGo Yéﬂﬁ&@hﬂﬁ@%enf MO Hy B 8RS | b&neﬁéwtora&tﬁary Bfough a fuel
used to I‘OVI de” h wat er “or st eam t hroughout the
cell.pl ant. The sludge, and post-distillate solids are
bur.ned tix e | owi ng thro

t t
o Eargbe St Yl e Bk descohe aehalfe puraed gt from the
sludé@ﬁﬂ?ﬁﬂﬁt Hﬁﬁllﬁ\@ 3blidx ﬁﬂ%ﬁgﬁf enhBodBYERE AT the Wikde b% -products can be

Superheated to steam In certai n enbodi ments,
burned éegethies tayedudersté¢ane pr et reat ment rector and i n heat
exchange in the distillation and evaporation
[ ly or alternatively, the steam
PR(E',S( u&iﬁég'@g&pﬁ&?gul ti-stage steamturbine connected
to an electric generator. Steamexiting the steam
Alcohursbl ne i s condensed with cooling water and returned

enBBarRRRProRHET FRoR ¢ BPBoBRNEN FohohAdhefianoh o AERRYdroxy
alcoﬁ‘é‘lC@ @ngﬁl'yle'n% gfRo! 61%1&/&9'1& Exaipiisdf alchRE18 Hat 84rFEd pro@hded include
fplit fromthe steamturbine’ connected to an

methalneb temanolgpmamlolrwprﬁmnoe)batqmbb €. g/»at ggeccent-htammdibthylens glycol,

t he heat er ensure .t e st a turb| ne
prony £ 4Bab 1 ng e dick BikSeRRs Fa Barertfesk aRaMs (o

t UEREIST the alc%l%l@ Brdlﬁcéda&t th%'ﬂ)%@ Ha\t&o&rﬁﬁ&ciahealﬁé 8Ctntdirial

generator). | e certai’n enbodi nents have been

feedstoslcr Fckreezx,anmteh erhamﬂstad beresrdsin sheempmfadtiesf vagishegand perfume. As

anolficEIaR Pl THUP| T SAeo0E HIPTH B prpobetihardsieid wiper

ﬂumen&é ﬁﬁl arfoPEr @G ABHle! But@d] BAEE fidel iR PRSEAEDE, redin, fR ﬁe’%é laind brake
mbodi nents, the biogas can be passed through a el

ﬂuldsefor mer to produce hydr ogen. The hydrogen is then

d to.electricity th f
o bR baec Uyt plafns YafigHle o8 ob Wisedifiste e food and
bevé?@éeﬁﬁd@s‘ﬂr"yn Fdr ar@ﬁﬁ;slefth@ BIhbA prédud8@By eeblant can be purlltl'led t}o food

post-distillate solids, in certar n enbodi nment s,
gradefatcohakand usgd py opiuary ipgnedisat inshe nledhctlmgt@wregesr 0

produ st ea P [ P S | Al,cohol
D Biikifens SRtbecd e BEnke bR ANBLs oA iR ¢ FerkfSrtation ful.
The ew@mhano@ ﬁs AtrRpY AN ORYI caﬁlbeqhglaneetea wunerelradvenqlme capital
glycol or glycerin. Exanples of alcohols that can
inveptnegiti frenh spark iguidion gngina nmlnpfaetuhta‘sl and ownerp gl changes to njection

tlmlgg,ﬁgel-gﬁ%?%:ag%,gl%h%Qr%pbnentsgof the el mjectlon systemfl lelnany hutomotive

manufacturers currently offer flex-fuel vehicles capable of operation on ethanol/gasoline blends
up to 85% ethanol by volume (e.g., standard equipment on a Chevy Tahoe 4 x 4).

Bioethanol produced by this plant can be used as an engine fuel to improve
environmental and economic conditions beyond the location of the plant. For example, ethanol

produced by this plant and used as a fuel can reduce greenhouse gas emissions from manmade
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propyl ene glycol, 1, 4-butane diol, glycerin or

m xtures of these al cohols. Each of the al cohols
w@e@docHass by t he pl ant have commerci al val ue aBCT/US2007/022719

i ndustrial feedstock. For exanple, ethanol can be

used in the manufacture of varnishes and perfune. As
sourggsdelge trapspomiation somrcdshnAk anethermxampted ethanal psedueedby this plant and

used 85 i R R e R bRt b ee T ol
Pl BIddtkdnbEhss a §r@steNSotarleARBIHRF than BAVAAEBLA g|a§dlh'1ie%d, thus, can be

Bi oet hanol produced by the plant is valuable as an S
used tagmpthiverthe pesfumiancet (eeg..fablow fanbighérevpspaepsionmalins) pfspark ignition

50 0 ) SBClBHEDS S el g et v
gasdline kAt @80 hn bltahdenhah& TRY fubls REUEH PSR igRtiOFEABRAQ. As another

produced by the plant al so has conmrercral vallue as a
examplanigrger ampurgs (. g1e83% byhvelunse) ofethabdlaran be dfended with gasoline to

t td I be, j.npl ted with | ativel
Tt FEFRSE ol PRt e LRI P RATSGHI e

Mepidedndl SFReAfidroWRBiSed, @&, by IS1PARLBSR JbRraPbEOLASYR for Biomass
timng, fuel-to-air ratio, and conponents of the fue

Ethdnn{ Boaduotiorsqret Rerpand\gily Feueastot,i2062; Sheehenao Biotec/siology Progress,
8B Bl SR e B 820 ST g ger n BroCyce, 1

65, qaﬁﬁmmls; Pynd/ial MIBRodi6lo8y and®MNERIS B?&H%JDRE\%WQ B63, S08YY7, 2002;
ahoe 4 x ﬂ;ﬁ Bi oet hahol produced by this plant can be
g

Ljungdeld ehal. an Patentt Nex4,292,406p auad/ Bellaamy inr 6. Sndateat Nand,094,742.
econoni ¢ conditions beyond the | ocation of the plant.

Orgfn@gaggsanpl e, ethanol produced by this plant and used

uel can reduce greenhouse gas em ssions from
madhegrgan@mcils pod LY 78136l uRCTopsL:obYy Yz 27id8 or 8 pakycaboxylic
(eng. . .transportat.ion saur.ces). .As apother exanpl e, L
acid Fikmaplen SRR e PR NG acifcre iR e SHRNE agidnbutyrc scid

valefid s&idp_@?r&& SAIAItRALRC SeARRHIRKLRNRd, IASHL W88, SRR,
fromoil. Bioethanol has a greater, octane number than

glutarsraceh oleanadid dinodeic aad.sglycolichoisl, lachmadié, v-hghroxthatyric acid or
.l nmprave the performance (e.g., allow for higher
mlx@ﬂ%ﬁ’?é%eg?aﬂdgati os) of spark ignition engines. For
exanple, small anobunts (e.g., 10% by vol une) of
Fooddtéksol can be bl ended with gasoline to act as an

e RS BB hpisolt LTS oy BERlaioh Arieerod g be imermupted
befolbfife R¥IIMOdit iRterh is%hﬁil&ély‘é@ﬂve@@d% BRARS. ThE hiaasldde

to further increase the fuel octane nunber and
fermgngpipm produels drrludediigineencentrajinns bf sugar Bidcartrolxydrates. These

. t [ e di e.qg., b . Par ' ournal .

inergjel B RBRn i broBiE 65 hs el pdbrraliof bRot for sl g amima

constfEpfolrOlessd Embodi@eats, iradialiapretteRheSNOLQRYosic material will
Progress, 15:8179, 1999; Martin- in Enzyne M crobes

rendqielbh igproepgliate fermeatationpreduds sterile (a.28ifts @yrdiumangpnsigaption). In
somégélbéc\lél%ggghé}ﬁrﬁgg%@d#e/ ?err%g%t%{igrggro%ﬂgs Mﬁl ?é:q%r% rpos I—porloge%g/ing prior

to use as food. For example, a dryer can be used to remove moisture from the intermediate

fermentation products to facilitate storage, handling, and shelf-life. Additionally or
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Lj ungdahl et al. in U S Patent No. 4,292,406; and
Bellamy in U S. Patent No. 4,094,742. (O ganic acids
wab@sorysasni c aci ds produced can i ncl ude nonocarP®DX§100T022719
acids or a polycarboxylic acids. Exanples of organic
acids include formc acid, acetic acid, propionic
alternativa]y, Iblagt iylteirmediatecfserrnanwt@nipmochmtscban begraind to pdinmipaiticle size in a
.acid c ac i c,aci | oni c acid,
sair S5t Sl B Setoly My pinee S0 ksisBPESMer o | ol ei ¢
acid, glycolic acid, lactic acid, y- hydroxybutyric
Anin@f fgddOr  m Xt ures of these acids. Foodstocks In sone

t t f the f tati
 STBREUERT g 304 sl e 0y QBB gt of the
distilTRIGL- éiéﬂa/dfa%oﬁ BrRk& %&ﬁ'er%’@éﬁ@t’il‘la@fontdéh%rg%’kpﬂ)mcgsg distillers grains and

internediate fermentation products 1nclude high
solublesicanta dridddn smpfovs tlgpaabilitydo stardmidydindledke mateagk The resulting

aried TRl et e o BOURIRG AR o iieh mdRe i prtein, high in

fibe1I Bn@ﬁl%ﬁ 1§BH@$h8?%ﬂ§ SThﬁsr f&@kﬁthnDD"GSt $ReRRfabRfastahBurce of
lulfosic material will Trender the intermedi ate

anmfadz fevé rie.gt, ko a fgpdodurce $orstagyicattle].eDPGS dantbefsubselquerdly combined with

nutrf QPRI RS 1 T SRR B GieTP AR EPTgits SEShebs CalEEPHES of animals

(e.g PBélQﬁcmé GigHsiP1 AT sih@af phRph&rus it sfvinedidisy er can be
used to renove froi sture fromthe internedi ate
fermentation products to facilitate storage, handling,

Phargage -life. Additionally or 97 WD 2008/ 073186
PCTHLBRRR N2 frbdesstd AiSEURdd a68VY carl Beappib& fdI9h8 Whth medicinal

fermentation products can be ground to a fine particle
propeities. imscane embédiinests; whiwation eancstiaudaty biviattivityoand/ardieayailabilty of

the ediciG] ppneged AT DBRS Srivee el 8Perte Aty of afEmatively,
irraditRINQEHAN ated blbgt%wt lafd/ot bidbVARLAS B MhAhb@BinRl &ﬁﬁiﬁ)‘hents of plants

After the distillafion-dehydration process, distil
w1thgned1asalandperscﬂ UHeir esarople, soaicdtiorand mradmppoval beh@ombmed in the
and e mat
preciiaisignt Py Bk «§PGerRRIbEpioTRi et uni es ( ooos)
is lowin starch, high in fat, high in protein, high
Nutricautidalder , and hi gh in phosphorous Thus, for exanpl e,

A R R T SN P L N—
hi ghsdé%&ﬂrléﬁﬂﬂ cyf s‘&gﬂtﬂnﬁ%grb%%}atewah'ﬂe'sﬁ?ﬁlam@ﬂ@& td 48ste hQutriceutical.

neet specif letary requirenents of specif

For exngge rlntesnclﬁata férmehtatioq proglugts oam be mpp@enmbngﬂbmlb tadcium create a
| ysine and horus for sw ne die .

ook aho R Bt v Blp e O g isincbeve dhengihs e
above can be applied to plants with nedicinal

Co-Products

Lignin Residue

As described above, lignin containing residues from primary and pretreatment processes
has value as a high/medium energy fuel and can be used to generate power and steam for use in
plant processes. However, such lignin residues are a new type of solids fuel and there is little

demand for it outside of the plant boundaries, and the costs of drying it for transportation only
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properties. In sonme enbodi nents, sonication can
stinmul ate bioactivity and/or bioavailabilty of the
wore@soryias conponents of plants w th nmedi ci nal PCT/US2007/022719

properties. Additionally or alternatively,

irradi ation stinulates bioactivity and/or
subttaicbﬁtmiitsaiotdrntiyl oflug. e sndiceses pgasifmapomefthe lighinptadues can

t h .medi CI erties, For exanple, sonication and

con"epf%%f’t‘?}i‘)‘ﬁ Yﬁ‘bﬁ‘egee%l“ﬂ@d‘)}”ﬁr ¢¥E  pretreatnent of

willow bark to stinmulate the production of salicin.
Othe}\bkt P:ioammti cals In some enbodi nents, internediate

R et P S S R s b g prpgcs o

blon%dﬂm AR PioREssiy fasiffbs IAteidtitial EtlhhtéetlcouldRvaRMBRPb® might
internmedi ate fernmentation products can be suppl emented

requii signdfzdant mfm@m eMarketafor fusBualiapd lacetitaacidarova gl@se although it is

d
i A R e e a8 Pt B BBl p e RGN e
lignéRNtRsAtdethaes ity f rom primary and pretreat nent

processes has val ue as a hi gh/ nedi um energy fuel and
can be used to generate power and steam for use in

plant processes. However EXAMPLE§ni n residues are a
{
f o‘?“hg %‘cﬁl%m%g% %)?An'ggg %gﬁlltﬁn%&?toblglg{]tr ge:, Igrédsdo rEot ﬁqlﬂﬁg&n%nsgs of this

disclofurdrying it for transportation only 98 WO

2008/ 073186 PCT/ US2007/ 022719 subtract fromits

ot ntaI valu _In | S asi f | atlon of the
S TERA 314 gdFapert her - val ue

pr (AdLBI)O pMuh@ slh@\bﬁ? Rllrg1<ﬁ§half @ll'tﬁxrj uﬁ@ 'cBﬁ@ﬁ;liﬁid?e dEaihlprinted polycoated
matter, furfural, and acetic acy d have been identified

Whﬁa&&%bwﬁﬂ&m&&@b%ﬁs 0520 1bsft o\ﬁ#s@w@ﬂ fiem International Paper.
Eac}gé%%%dsr}ﬁldeﬁlgll { aﬁa ﬁiép /'] 55 'h}) l’fﬁlal%l{%:éd%er gtoauxlage of

al 'uab reqU|re S|gn

apprpkimatdlg as it®n0 Eb{afds @Eﬁhcﬁ@f Theshrddddr val ‘éqﬁh@ﬁéd WwitAewel 12ih rotary
pl ace, although it is unlikely tha ey are |arge

bladgsh 6tig hixedbladessande Q. inshdisgharae sereqny| The gapbeivasnabg rofaty and
ﬁxe# gﬁgpgsc\%g A‘ngs%&f t%)g)sﬁ)t a‘?gﬁ]‘ .Ok'%é &gﬁ@tff&n I]ﬁgﬁgérr glﬁese:mlﬁgd a%nfettl having

a w1m(htof |bbmdent0fﬂemble aﬁch‘) BGﬁcl‘Qﬁ lériatiBof bhwedndk28 Rich @ Mich ahd a
- Preparation O Fibrous Material From Polycoated

thickngsseequpyalen ¢ ﬁbsmfdhgktmlnaﬂnaﬁmagu(?bouhgw )-on juice
camy,0n ﬁ fgﬁldﬁkeoégﬁéflﬁl%és%ggo @Rf#&ﬁg%?{obgy tkéﬁ'é E@tér ohel SC30. Model

board havin densi obt'al ne
SC30 linequipped IWlEH. foanmitariPdjules, four fixed blades, and a discharge screen having 1/8

inch openings. The gap between the rotary and fixed blades was set to approximately 0.020

inch. The rotary knife cutter sheared the confetti-like pieces across the knife-edges, tearing the
pieces apart and releasing a fibrous material at a rate of about one pound per hour. The fibrous
material had a BET surface area of 0.9748 m%/g +/- 0.0167 m%/g, a porosity of 89.0437 percent
and a bulk density (@0.53 psia) of 0.1260 g/mL. An average length of the fibers was 1.141
mm and an average width of the fibers was 0.027 mm, giving an average L/D of 42:1. A

scanning electron micrograph of the fibrous material is shown in FIG. 26 at 25 X magnification.
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Each carton was folded flat, and then fed into a 3 hp
Fl i nch Baugh shredder at a rate of approximtely 15
wo 2008075180inds per hour. The shredder was equi pperiUuszon022719
two 12 inch rotary blades, two fixed blades and a
0.30 inch discharge screen. The Igap betvaeen the rotary

Exarnp_{g 2 —fRrepajatign{fRibrays Materia ghed KraftBoard The
f
o g{’wﬂo fﬂoggatl %te]g rc])? bfrgﬂl fHac cﬁﬁﬁﬂgé Kﬁjaﬁ:&??r@ h&\hﬂ% §\6{1fk9denﬁty of 30

Ib/ftbetswetsaingd £6mi IntemagiodalPaperc HTenaterialtwasfalded ﬁat and then fed intoa 3

SREEITE T KT Ty N —
was @%ﬂﬁﬁ’é&i Witk f’ch 1 f HchoaHf El@(‘les Wﬁied% ah@del30 1§§3&sé}ﬁuge

' pped with four rotary bl ades, four fixed bl ades,
screemdl'te ghpdehecegehe mtagand ﬁwemglades&vaa adgpistagte B Igsch. THee output

from(3F SBSE R ey 0T HETIne PGS Py oen 0 eingend S inch, a length
of b&%@r{ @@5 1@ HENFiRLl .‘md 4 {h%kﬂe&%%ﬁlvﬁfehpﬁﬁthﬁthﬁ the startm% maéenal

edges, tearing t pi eces apart and rel easi
(aboﬁt tmf)%ijmch“ht "Brd @infeti-like mmtfmacbfwaaiﬁenim advfengoouotrplarfe cutter Model

The fib had aBET surf f
SC3 80 gwi?gr glsﬁl%réé gc;‘rgelil]?}laér@@ erﬁb pgemggsp l‘&ﬁapjalé{”eaeg gh%z)%gy gnd fixed
bladS/@%@% F]o %{;ﬁioﬂnﬁ{‘éll%o @??: filchY ’Iﬁ@ot?x% l&?fe%tt&f shgarlgﬁfe confetti-like

erage l'engt he fibers was
piecesydeleasirpvefilrges matd:hlal afa ratee)ffab@ﬁrcme \pasnd)pfﬁtlhﬁumﬂ' he fibrous material

nad § BET S fiin 8 oF a3 1% BrGue” Rt e s BORnbon 55 4dsabrosgt and o
bulkadens%% (;% blfa §€4.189% g/%ﬁ, V)Ql S0/ ORABBS the fibers was 1.063 mm and
PCT/ US 07/ 19 Exanp - Preparation O Fi br ous

an akérage walth 6f mmfﬁbsaméhomaﬁm saa@anmvm@e Lo wh stIk iAdscanning
of whi t b 3
clecfim Tidrgphog 1he Fpros mgdrioh RO 1S o s K Begtfigtion.

Paper. The material was folded fl-at, and then fed into
Exarap|3 3 MeﬂrhrmmﬂgbssdrarraﬂldBfouauwaaerraahenomeached Kraft Board

ool Eiflpemen s el HhHERhRE kgt bisird Aieng f ol fepsigy of 30
Ib/ ﬁNvQéj@&aﬁ’lQﬁ fBmCinAndtionkl Eiper hﬂ{&ﬁateﬁé’lr\@&%ld—g@ €laf) %Hd then fed into a 3

between the rotary and fixed bl ades was adj usted
hp Rlindio Bangthshré&dder atud ratet of approxirhdtelyslisrte 26 @Dundsqmnhbmd The shredder

aV|n a . wi dth of bet en .1l inch d 0.5
was ERuRpe it e 17 insh ToarRaeso e S EFiadisand 2 0o g iscparee
scre&h' ﬁ%@g%%&%ﬁﬁé ?diﬁr¥ta9d el bI%ltlest \k}ﬁ‘s &faidd 189. foﬂlheﬁ ' ﬂle output
(about 075 1 nch he confetti-li1 ke nmaterial was
fromt theahll‘dkldﬁcrasendﬂeﬁ gonlfe’ttlf(as a‘how)e rTheldbufekti-lisCBAteriahwas fed to a

M5 G HE B aMPAERRCHY e o ks nan b ABGnch openings. The

gap BV HHERbALY il £ 1A way@& t6 ‘df)lﬁ‘b)(nﬂfdﬂél?@ 020t1ﬁ&f The rotary knife
sheared the confetti-like pieces, releaSing a fibrous

cuttmh@mrétttldtkeamcas gelefsingda fibrous enaperiahat prate dfabout ofteepound per hour.
e.ar a of 1.

The .r&a? i al fesuting f]{%n htg}zé'st e%girgo\ggs{ {93 %?,C]%lg th gaIB% F%@?} flescnbed above
and ﬁ%re@ agathl kl’}féergﬁilt‘i ﬁt@us’sl%aﬁﬁhﬂiadojB@T %ﬂl?gceg’[rég-of M08 m?/g +/-

average ength of the fibers was 1. mm and
0.0156r ég;e pmmtm 06908028 pérbent sndvabulk. @2%)' (@9. 5§Jp91ahgf A h298 g/mL.

An zfav\erearg%%ngh{ of t%@ ﬁ%grs%vas% Sqﬁannl and an average width of the fibers was 0.026
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el ectron m crographs of the fibrous material is shown
in FIG 27 at 25 X magnification. Exanple 3 -
w@e@parasé on O Twi ce Sheared Fi brous WMateri al PEr/OR2007/022719
Bl eached Kraft Board A 1500 pound skid of virgin
bl eached white Kraft board having a bul k density of 30
mm,| givihg 3nwaeraghl A n£34:1 r Anschmting elattrammicrélapplr of thedibrous material is

' oIdedeat and then fed into a 3 hp
Sho"ﬁ?l"ﬁ@ﬁag@v\gﬁsg P a rate of approximately 15 to
20 pounds per hour The shredder was equi pped with

xa:hme 41-29rb£;]btldmd)ﬁl’m‘lcb Ishefred FibréusiMatathl bhﬁﬁi BReadliydl Krafl B3Ard
cha

nan %0 ot e et e 9B BB biGng BbRliRaciBy of 30

lb/ftf \Rf@%ﬁtﬁ‘lﬁe& Prb%dl‘ﬁ%martﬁﬁﬁ"f‘ﬂp&d m&’&ﬁﬂ vca@ssfoﬂla@‘ﬂﬁa and f2n fed into a 3
confetti-like material was Minson rotary

hp Flincli Bawgit s@ddewdniatmproihaatdhysléha 26 @osudsgen htnard The shredder

1/ 16 inch eni ngs. ap, betwe he r ot n
was o Baed i dnBES 1 B cotREadiir ik FNofed 2088 riolntl Fieharee
screérpt'ﬁ{eygdf)mefﬁeenQHé Pcﬁirytatlﬁ fi Q@@Bﬁﬁ&é wad deused® 510 inch. The output
releasing a fibrous material at a rate of about one

fronpihigishiredder ressmbled cindetinfasaabont). s wbnfettiylike materiabwas fedtto a

shearin ed C th ne setu cribed .
Mg s katfE Snlses MIREESE D “riaind @i b Prd T hcn penings. The
gap U&W@Eﬁ e bty MdBedided s @ét%‘ aPfirodinf:# 4 0208ncH. “The rotary knife

0156 nR/g,” a porosity of . 8998 percent and a bul k

cuttctieh@rccyth(e @@nfsBi-pké piecesfactsy ﬂ@&algﬂefﬂdgesArirlmmatagel resattgpighfrom the

the fihe s, 0,891 mm and ave e w dth, of
first Shestag WasdSh bR o Tt s BOGING 19 BEe T IS ER Wi 5 16 inch
scre€iN TS HaRFiaP W a@MRLAYE The bhaddriab feshlting R el se€orfl sﬁ@ﬁrﬁ%"\was fed
m crograph of the fibrous material i's shown in

backsintopthe }(arnggﬁupj amh'dlp sereerEwasisptacad witRragld3d mch sere€. This material
was Sk RSB na it i Pl tad T Biicacerits ok 8 ki g - 00155
m%/)a@oebsiave ema@perkexﬁl @H&h biIkdens (53 bﬁa)A@tso pctnsag/ﬁ&d An

from | nternati onal g The mat'erial was
averpgealengthed therfehers wes 9.824man and mpa%ragfrcmd%afghe ﬁbﬁre@@eﬂ 0262 mm,

eivif aulePihdeb TR Eh spin iR ricro B AR R R ey materia s

shovot RIS 29 W2 J Krsbnbicades. and a 0.30 inch di scharge
screen. The gap between the rotary and fi xed bl ades

was ad] usted to O 10 i nch The outut fromthe

Example 5 + Pre Densified Fibre 8 o Bleached Kraft Board Without

Addéwm‘neéutl -1i ke rmterl al was fed to a Minson rotary

e e et "h%ﬁ%f AGPERIAIRY g of water

was @}Bx@ MEgactel0 b TR B! A! Th@ fiBERs inedtal WS dER A dusing a
Kni cutter sheared the confetti-like pieces across

Califorpia Wnllctdwdbgw opEtatingat ¥ PGl Peléstuweiernlptdinasihaving a bulk density
f|r § j(lntothe same setup and
rangp}ge E%‘ﬂ f\l\llgg‘t r'a%mﬁg-‘d i'th a 1/16 inch screen. This

materi al was sheared. The material resulting fromthe
Exarsgie 8 rPrepee ati drmlf Wms-fib&ﬁ-brha;:ﬂatbﬂil@rdmelaam isattBoari With Binder
t he. screen acedd with a 1532 'nfh screen. This
ébf?‘éﬁ haterial was f repared accordingto Example 2.

A 2 weight percent stock solution of POLYOX™ WSR N10 (polyethylene oxide) was

prepared in water.
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was sheared. The resulting fibrous material had a BET
surface area of 1.6897 n2/g +/- 0.0155 nR/g, a
w@eooss7itge of 87. 7163 percent and a bul k densi t pCT/@82088022719
psia) of 0.1448 g/nL. An average length of the fibers
was 0.824 mm and an average width of the fibers was
0. Ogproximmtelygl b sfghastoeky solaism wad3pedyed dnfo. eaéh 30 dmof fibrous
h of the fibrous materja

matqerig?c':fégg grrggg ir@%r&?wggﬁqzqs;f&gtqsmg a @Jgﬁﬂl%lbgle_t M111 1 180 operating at 75
o 3 3
c. Bt 0l BRI L G IR LS o sonn

e mat er i aI was prepared accordl ng to Exarrpl e 2
Xarnpie gebICN el Mp d . : oy 3 :

Radiahor@fvlﬁwﬁm&kiﬁ\ OB o B The 11 broue material was

ensif1ed using California Pellet M1l 1100

ongbJPVSrf@atﬁflaIFS p@pawéwpeqrémaé? Exgppigidn eherfibrpusKeafinapgr is

m about 7 |b/ft3to about 15
den#ﬁ%k%grdg@agq gflJS)Prepar ation O Densified Fibrous
MatTae Idaﬂ151ﬁ$d)pﬁllBts%e pldedinaf gladsaatpdulditiakinigi arrdanmum capac1ty of 250
Fi brous material was prepared according to Exanp

mL. AThe glassmpoyés ig EVRCI3teR RO g VHIBH (| POLOTONTAA Q/mqmsa and then

o RSk D80S AR ped B B ot

- irradifted stth@anmed tatdiacion ¥f@abspr y@ds sy dose &fth oﬂﬂ)dubl OMirad per hour to
fibrous material. The fibrous material was densified

provids ayradietad maserialdn wémqhethe wllyloseapa pyesr anqlegylagiwerght than the

6 bt ai ned having a bul k density ranging
ﬁbr?réﬁggf}ot‘?n%@gtl%g ft3 to about 40 Ib/ft3. Exanple 7 -

Redum ng the I\/bI ecul ar V\él ght of CeI I uI ose in Fl brous

RadFiu&EQHﬁM&ﬁﬁrﬁH gk,dhﬁo,prepared accord| ng tO EX&“”D' € 4
F ous paper is  densified accordin

to
Exzﬁsﬁsplés IS‘ateth’e‘S aéem’grefiuaé%pré@lglteﬁgalapk@ %l%é‘dwwgféra@ naper is
dens?f&oéélcgrd“ggt\jt{o@caﬁl ligagu mum capacity of 250 nL. The
gl ass anp e’ls

P&Acuat ed under hi gh vacuum (10-5

t offhy desifidDpalietslire plac@iel & §1€53 antpdale-Havingednintitdinacapacity of 250
gas The anmpoul e i s seal ed under argﬁg. IThe ellets in

mL.¢ e glafSummroul s sealed witler e atmyisphere 8 heipaltetson theygmpoule are
a0 A28 43P0l Sl PR o M AR EMAE B rour

providd drlinadatddanatarialdnehidithe celluddse\was @ hdwdrmadleduld weight than the
fibrous Kraft starting material. Exanple 8 -Reducing

fibrqus Krplistagtingamat@iiplght of Cel I ul ose in Fibrous Kraft
Paper by Gamma Radi ation with Maxi num Oxi dati on

Example 9 - Methods of Determining Molecular Weight of Cellulosic and Lignocellulosic

Materials by Gel Permeation Chromatography

Cellulosic and lignocellulosic materials for analysis were treated according to Example
4. Sample materials presented in the following tables include Kraft paper (P), wheat straw
(WS), alfalfa (A), and switchgrass (SG). The number “132” of the Sample ID refers to the
particle size of the material after shearing through a 1/32 inch screen. The number after the

dash refers to the dosage of radiation (MRad) and “US” refers to ultrasonic treatment. For
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Fi brous material is prepared according to Exanple 4.
The fibrous Kraft paper is densified according to
waxaspras®é. The densified pellets are placed i PICHUS08F622719
anpoul e havi ng a maxi num capacity of 250 nL. The
gl ass anpoule i s seal ed under an atnosphere of air.
exarfple, peimpde BD ('Rl 320 80" anefrostoK rmftepaper thatdiaabech shieared daaparticle size of

132 (R S behnsth ot BRI Mo ac ea matorial in

whi ch the cellul ose has a | ower nol ecul ar wei ght than
the fibrous Kraft starting material. Exanple 9 -

Tab'%t?ﬂ?&@%fagmaﬁwwm 'éf@dlaéﬁd 'V‘éﬁtQHPefof Cel I ul osi ¢

and Li

Chr onat og{a Toh | i ghtmselmdbl 03| (‘Std Dev.

rTB_t er | SO T O ottt yor o tor Ot oot o SO O O ot ot O

Exanpl eKraift Pagefy| oF erl aI present®d in t AR 53*10003*

fol l owi ng tabl es fllrj ft paper.. (P), v%éf ggr aw

(W), alfalfa (A)p;R hgrass (SG . The pu

" 132" of the Sa rrpll,lg2 refq{s to theg, parti %@séiﬁ? of

SCI‘&)@ ?e o ra 1at1 mcre%s the ma rwelg P rtne mftﬁnals
Osﬂga A fof ﬁ ﬂlttés Qfﬂh §d¥ﬁ§mras§1ﬂlq usi "105@ ErPud@ re- -circulating

Ul ter@Sioidingth the GRRE BipersEh wilbe VO 2008/073186
PCT/ US2007/ 022719 exanpl e, a sanple |D "P132-10"

refers to Kraft paper that has been sheared to a
Tablparl?eatklﬁeresageMoﬁculﬂ%nmshlraudtdda\sathm i rradi at ed

Wth &8 - . 8 S

of Irrad;h.aisled) Kra‘f age arrpleltrSaﬁmde

td Dev.

Kr af t Paﬁ’\é?UPlSZ 0! No 3285310006 MB2- 10 1306189875191
2468** P132-100 1%)0 8444 580 P132 181 181398583427
P132-US 0 Yes 3095} 1013 **Low doseg of radi gt¥h!77

appear f ) easelthe q’qu ecul ar WQI ght of &= 3240

0 *
mat er a 132; P s ageRat-e% 1 NRadl b S04

s 0
mi nut es wt¥ 20kHz! ul tragound usi ng a 1000\}?’”‘7}? ﬁ%‘er
re-circulating cohditions with the materia fsed
in watery é{@@.l e 2.7 Peak fverage Mlecul ar V\g é%fs

o WS

Irradiated Materia s Peak Dosage' UItrasound lé\ﬁerage
MV A132-100* 1 100 “ 38291 + 2235
2 “ “ 2487+ 15
SG132 1 0 “ 1557360 + 83693
2 “ “ 42594 + 4414
3 “ “ 3268 + 249
SG132-10* 1 10 “ 60888 + 9131
SG132-100* 1 100 “ 22345 £ 3797
SG132-10-US 1 10 Yes 86086 + 43518
2 “ “ 2247 + 468
SG132-100-US 1 100 “ 4696 + 1465

*Peaks coalesce after treatment

**Low doses of radiation appear to increase the molecular weight of some materials
IDosage Rate = IMRad/hour

*Treatment for 30 minutes with 20kHz ultrasound using a 1000W horn under re-circulating
conditions with the material dispersed in water.

Gel Permeation Chromatography (GPC) is used to determine the molecular weight
distribution of polymers. During GPC analysis, a solution of the polymer sample is passed
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Sample ID # (MRad) Std Dev. WS 132 1 0 No 1407411
175191 2 39145 3425 3 2886 177 W5132-10* 1 10 26040
wW@2e08/07308d. 32- 100* 1 100 23620 453 Al32 1 0 160EE8BE6S2007/022719
151701 2 41 37525 3751 3 2853 490 Al132-10* 1 10
50853 1665 2 2461 17 A132-100* 1 100 38291 2235 2
throaﬂl Qd@ﬁmﬁ@acl@@ wiBPa ﬂzor@uiﬁﬂ'ﬁfﬁ@ﬁin@3ﬁﬁﬂ n2oldab&s4 Tzh¢]sdmpB: is separated

49 . SG132-1 9131 SGE132-1
based 53, ucTay Sitscify precs niglechlen GRS SEppsaah RSBFIcpmaleouigs. The
reter%?eﬁ%nﬁ@@f caelPcdmpordP isUost oﬁ@x@dé&té@@?re’ff‘a@ﬁve mﬁ@ﬁbﬁ) evaporative

coal esce after treatnment **Low doses” of radiation
lightegepiecaamgt(ELSh or edtsayidlete Ul and gbmpaned itghtaldfratgonairve. The resulting

data s gt aSecip cAle B e 1ol eu B NHETG TP OB G9a0F RBPPIeundor

I e ACHi5EiBUBSH HOmoleMd} {/LRAR rithbthbhg uHi%h@ frioBdcufb %I%?glﬁ %sed.to
in water. Cel Perneation Chromatography (GPC) is used

charagfeniizet synthietie poltymemgl TBrchazactenze ¢ins dlsttntmttlpn,mmtlstmal @Verages are

o5 s PR R e S8 el Bt e 00
and WW@Q\?&Q%%@%WIBP@&%E” (M Jolum packed with a

porous gel trapping small nol ‘ecul es. The sanple is

S eybéflatsmdlar m&edta@adandmhduudztmmmswated With gegroup of numbers.
When appfie(; to po )lrrylérs re%o '3 80 theha%grazg?rlollecularrn\%!eleg‘il% of the moqecules in the -
polymer. M, is calculated affording the same amount of significance to each molecule
regardless of its individual molecular weight. The average M, is calculated by the following

formula where N; is the number of molecules with a molar mass equal to M;.

R
M, = IZ N

M,, is another statistical descriptor of the molecular weight distribution that places a
greater emphasis on larger molecules than smaller molecules in the distribution. The formula

below shows the statistical calculation of the weight average molecular weight.

D NM;
M= Sy,

104



retention tinme of each conponent is nost often

detected by refractive index (Rl), evaporative I|ight
waeaseriselg (ELS), or ultraviolet (UV) and conper/e@s2nn022719

a calibration curve. The resulting data is then used

to calcul ate the nol ecul ar weight distribution for the
s aFr“bf: eolydispersity indax ool ksfdeﬁm@suheratmf@m/%r dihiedarger the PL, the

broal At sfort Pispeie I b ion U Rbwbs 13t E Rt & BLgpn g is 1y This

reprébefifs lal iRoHddperss kathple! thadlk, AYRIABEWItRER of tHelthéld@fes ihlike
nost common of these averages ar e t he "nunber average

dlStrlh)ltlen bEng thﬁ%@tﬁt rholeppr weight. t he "wei ght aver age

o 1 el dRedA webhtbap o b Mosahutr SeaREERIRE fode of the

molSN8R wRPEt U%@l&@loﬁoﬁty ifies the nlodcalap ﬂﬁt %Vlﬁ()ﬁgsundant in the
nol ecul ar wei ght e nol ecules in

distribpition) dhisatabig aéSOfgw@u ingjghtite tlmneleami@wclgbtf £str1¥>utlon
" oAt GRS b ol e Foianc S ATerER Sy tandard. The
accu@zﬂﬂy@f'tl@d ReulYdepbrisfonl Hoant 181y fhelchatadteMétRs S f te ﬂoﬁrﬁ&fbemg

unber of nolecules with a nolar nmass equal to
analmjdmlatclwtmquﬁthmtanrd gseh okecaxpeated emr 18 a¢pr@|@§¢blhmmmeen

ul ar...wei t.ion th

diftHing sHcs ™R B Raid, PAlibgilbd heptBleth O of i 0% S pPlracteristic to

the IifRIt@CpHeESioh Bf GPE @Hisriihdiohnk. OTherdfoee, (G Esalts 42€ Infét useful when a
shows the statistical calculation of the wei ght

compgrésoadetwash desimalecwer whight disjribution ofidifferenisaxaplas is noe during the
Sam%/\g%é%g% Qé‘%&lggnfg/ US2007/ 022719 The pol ydi spersity

ex or JBfined as the ratio of M ,IM,. The
| a%eﬂlgﬁ&%llﬁ’loswtshﬁ Ik eaiered @&nﬁl@?%p@i&@ﬁbﬁ@r thEPC analysis. First, a

distri tion. The ovvest val ue t can be is 1

saturptdssolytiop (8 4&nbys waighbred (ﬂlﬂgp@rcb@@a ﬁbl(“é) wahnrteparsd idimethyl

| N t he but.i 0
acetﬁrglldﬁgﬁi\/hzgé)s r%pgkebf EQdm ng; S e saxﬁl? ekddﬁ% e%plﬂroxma{zaly 10 g of
a fre%\l‘ﬂbfgﬁ’épa)v’e’ﬂ satrdth LiC12D R Pt Sa@ the hﬂktuﬁkﬁifas’lﬁﬂteﬂ&o aproximately

of the_ nol ecul ar wei ght di stribution. It

150°§ @mm with stirgingdoreb bouir The ireputtingisatutions werstgeagrghy dight- to dark-

yellt%vﬂ irf &ﬁ regffj t“["l“gm élg‘?c’fdtlgg tsc?lluﬁﬁislt{g%relﬁa'egs'ex ] aﬂp@g’ilgmel); P00°C and

heated for an additional 2 hours. The temperature of the solutions were then decreased to
approximately 50°C and the sample solution was heated for approximately 48 to 60 hours. Of
note, samples irradiated at 100 MRad were more easily solubilized as compared to their
untreated counterpart. Additionally, the sheared samples (denoted by the number 132) had
slightly lower average molecular weights as compared with uncut samples.

The resulting sample solutions were diluted 1:1 using DMAc as solvent and were
filtered through a 0.45 pm PTFE filter. The filtered sample solutions were then analyzed by
GPC. The peak average molecular weight (Mp) of the samples, as determined by Gel
Permeation Chromatography (GPC), are summarized in Tables 1 and 2.Each sample was
prepared in duplicate and each preparation of the sample was analyzed in duplicate (two

injections) for a total of four injections per sample. The EasiCal polystyrene standards PS1A
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Most GPC neasurenents are nmade relative to a different
pol yner standard. The accuracy of the results depends
wo@rookovsiss osel y the characteristics of the pol pOPUS2007/022719
bei ng analyzed match those of the standard used. The
expected error in reproducibility between different
and BB1B esrofseddt generatanicaltsratiamdiirbe firdlit meleaulat wkight scale from about
c -10% and is characteristic to the limted
580 B}aéég%f’@ﬁaﬁfm%pc determi nations. Therefore, GPC
results are nost useful when a conparison between the

nmol ecul ar vvm(g@t distribution of different sanples is
Tab'ﬁﬁd@"&tﬁﬂah@& ditteasre series of det er mi nat i ons. The

prior to GPC anal yS| S. Flp[ggltw ,xce§gt urOat ed sol ut| on
(8. €nbnas i ght) of it hispnm: abvME. (. 86 Lol B WAE84; 10M-MB-
prepared in dinmethyl acatam9de (DVAc). Appr oxi nat el y
100 mapiloPhasd el wanpl e was oatkded it DMap prooni/nmtyel y 10 g

of Caluimd@®krctpr Pengpeated: sg06C at ed Li CI / DMAC sol uti on,

and Injketorriiesmperaareras heat €8°¢ o approxi mately 150C-170C
wi t_8ample Lodprfiigef or 1 hour 32

generally light- to dark- yellow in color. The
tenperature of the solutions were decreased to

approxi mately 100C and .- heated for an additional 2

Exari§1e16- DJ&%uﬁlﬂE@Ql‘sﬁlhﬂlﬁ dﬂrraf-d‘ﬁecﬁﬂhtéhhlm R@'_&fﬁmen

ase Q oxI mat t he sanp . .
soﬁ%’f fc Eomg?ghg@alﬁweﬁﬁ%bbw@wryﬂa@@ éarml%maélated with
_ [
m°n§é%%f%‘§‘°s TR P BupraERA T uiHace SORLAMERT HELAPIPRAN these xorays s
recondedrané ppavides iﬁf(bdhatiicunaiulohyt,hetbetzﬁlh&astmdtusabmhgﬂ'radlated The

resu g/’lgg érggtﬁ.ggtgcf}'e nunbe’gq{&)évsafgp @ng at%dx{qg t%g&tallme compounds
aﬂrmk '
AR ESa I, UL 1D A g Al R ki, i
possﬁhldﬁ) parffiRkubniithbye anblyses on sanmes cmgrhiag auireitianmae mqrsallme
t hen, anal yzed by GPC. The peak average nol ecul ar
comppiitht (Mp) of the sanples, as determned by Gel

TablE’QIXRmbbtﬁ%mm&ﬁﬁhm%nﬁ@?@ystaﬂﬁﬁysUnmirl zed in
Tabl es 1 and Mﬁﬁﬂpﬂf—ﬁd—l—ﬂ-dupl icate

and each preparatiogn of tDemsinsRé e zed in
duplicate (two S ni(’)l C]?I ons) &yr a t%aérlyg%}?m our

i njections peSEgpPLE.  Tre ot BT OO POT YL JT on e
standards PS1A 1Qp,W0 2008/ 0y 186 PCT/ 2 007/ 022719
and PS1B were uslq2 {6 gener ag@ a calibration curve for
t he nol ecul ar wepghigiscal e fgom about H80 to 7,500, 00
Dal t ons. Tabl e 3p1383@€ Anal yspe Conditi ofes | nstrunent:
Waters Alliance Gr322000 Plgel 10 M xeq-B Col ums
(3): S/Ns: 10M NMB2148-83; | @V MB-148- 84; | OVt MVB-

A132-100 28 35
WS132 30 36
WS132-10 27 37
WS132-100 30 41
SG132 29 40
SG132-10 28 38
SG132-100 28 37
SG132-10-US 25 42
SG132-100-US 21 34
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174-129 Mobil e Phase (solvent): 0.5%LiCl in DVAc (1.0

m./mn.) Colum/Detector Tenperature: 70 C Injector
waeoperasure: 70 C Sanple Loop Size: 323.5 L BXEDPL087/022719

10- Determining Cyrstallinity of Irradiated Materi al

by X-Ray Diffraction X-ray diffraction (XRD) is a

netEhddsdnyple\Mas hlaaed:orys tzablbiadegrela‘:drﬂoéddrsnd plagell mtackhillips PW1800

it ReteE VSR GO Bty SHE Sae: IR 1<t MELRBE 2y &0 pL with a step
size bEO Q5 AgEH @E’cﬂmﬁhg‘t’lh{éeo?z' Huy &Rhi on about the _
crystalline structure being irradiated. The resulting

c h@nac therdifftaction pattegey was ottdined, thephasesrwerh édentified with the aid of

the Ry Dbt R P CpiisRef b e dmisifiofs] CRRlF for P AR pBReta. 1n il

samﬁl%i‘ﬁle%‘ry%ﬁlﬁﬁé ﬁ@é IRBABAE Was édllulcie —RRSPHiBh Bas PtrR B QrTk ture.
quantitative Bnal yses on sanpl es containing nore than

ondhe distingiibhing feabwerpmongl the Psamples 1RO peekt breadth) whiich gs related to

Dongi. [ d % Crystalljnity .S ID
the GHGrian iy Threienmonislpiskp it ias Gied tpoaBpyisgie domain
size 3y BrecrRLRA B A rBAAL HOT @, 40 AL32 28 42
10 2 32-100 28 35 WB132 30 36 Ws5132-10 27

3 7 Pemglmyswbn@m(Ma%S@m@smdm a rg&@ehg oryst@lle area to the total area

SG132- 10 t2 S 32- 10-US 25 42 SGL132-100-US 21 34
undef X-ray diff actlonp

X, %= x100%

L
{Aa + AC}

where,

A, = Area of crystalline phase
A, = Area of amorphous phase

X, =Percent of crystallinity

To determine the percent crystallinity for each sample it was necessary to first extract
the amount of the amorphous phase. This is done by estimating the area of each diffraction
pattern that can be attributed to the crystalline phase (represented by the sharper peaks) and the
non-crystalline phase (represented by the broad humps beneath the pattern and centered at 22°
and 38°).

A systematic process was used to minimize error in these calculations due to broad
crystalline peaks as well as high background intensity, First, a linear background was applied
and then removed. Second, two Gaussian peaks centered at 22° and 38° with widths of 10-12°
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Exanple 11 - Porosinetry Analysis of Irradiated
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228 36, 2250 13,7278 19.7415 0. 1448 1. 1785 877

caplmaezax@a@llswgeso acc@mnar@teanes} samplsézes andBe@ydigoratens. Table 6 below
dofi s 3355 31 875 Pl é 85 0. 998 34.5235 18. 2005
efings Spii5 yparams Téc ‘2’“‘6? or ga¢B 5ample. 3" 5566 0. 868

25.3448 12.2410 15.1509 0.2497 1.3916 82.0577 P132-US

rabiRg Bt IF S |1 7064 ba0e 0 0113 0 ca1e

0. 3683 P]..-;A,Q&S /3. 7990 A132 10 1. 95114es3;€bt1326 53 2706

10. 205 43 8966 0. 011§h®tom6®2m@ om«eomn@@agdum @zemment This
SapbiptrasigoYyuige: 265 5 Targiodgle mtamstita] fijinpbeprpemsnai pgticlesppugty of
78.7961 SGL32-10 2. el gndgarapresgionyolpeof 9Pl 0. 9910

0.3457 1.3315 74,034 =z
ToobBae 379342 0. 3077 115 SEarud: Wit S ifaskpnife S

722P71 5734 1. 1016 3O R 630 1. 2883 85. 0169
SPE S 9665 ThaER e BHHRcALIOHSGe ANGROS vemmsgsph
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%.g &3%7 3. 114 52. 3284 1le A< 6f the sdnh§Oditided DY the bulk Golikme. Bulk volume
keaddty: 10g is determined at the filling pressure, typically 0.5 psia.

The mass of sample divided by the volume of sample measured at

Apparent Density: highest pressure, typically 60,000 psia.

Porosity: (Bulk Density/ Apparent Density) x 100%

Example 12 - Particle Size Analysis of Irradiated Materials

The technique of particle sizing by static light scattering is based on Mie theory (which
also encompasses Fraunhofer theory). Mie theory predicts the intensity vs. angle relationship
as a function of the size for spherical scattering particles provided that other system variables

are known and held constant. These variables are the wavelength of incident light and the
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di vided by the byjk,yql.ume. Bulk volume is determ ned

at the filling pressure, typically 0.5 psia. Apparent
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of the particles. In general, samples with fine particles require less material than samples with

coarse particles.

Example 13 - Surface Area Analysis of Irradiated Materials

Table 8. Summary of Surface Area by Gas Adsorption

Surface area of each sample was analyzed using a Micromeritics ASAP 2420

Accelerated Surface Area and Porosimetry System. The samples were prepared by first
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2420 SG132 @ P/Po=0.237989353  0.6359 0.8350
SG132-10 @ P/Po=0.238576905  0.6794 0.8689

SG132-100 @ P/Po=0.241960361  0.5518 0.7034

SG132-10-US @ P/Po=0.225692889  0.5693 0.7510
SG132-100-US @ P/Po=0.225935246  1.0983 1.4963

WS132  @P/Po=0237823664  0.6582 0.8663

WSI132-10 @ P/Po=0.238612476  0.6191 0.7912

WS132-100 @ P/Po=0.238398832 _ 0.6255 0.8143

The BET model for isotherms is a widely used theory for calculating the specific
surface area. The analysis involves determining the monolayer capacity of the sample surface
by calculating the amount required to cover the entire surface with a single densely packed
layer of krypton. The monolayer capacity is multiplied by the cross sectional area of a
molecule of probe gas to determine the total surface area. Specific surface area is the surface

area of the sample aliquot divided by the mass of the sample.
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The gisilie ol TP ebe e e R Jom nggard) (L 52 DR P Mrad and
soniéonf M Al #-1 6@BRNA 06 M%Hfah&: sonication), as presented in Table 1. Sonication
was performed on each sample for 30 minutes using 20kHz ultrasound from a 1000W horn
under re-circulating conditions. Each sample was dispersed in water at a concentration of
about 0.10 g/mL.

FIGS. 30 and 31 show the apparatus used for sonication. Apparatus 500 includes a
converter 502 connected to booster 504 communicating with a horn 506 fabricated from
titanium or an alloy of titanium. The horn, which has a seal 510 made from VITON® about its
perimeter on its processing side, fo.rms a liquid tight seal with a processing cell 508. The
processing side of the horn is immersed in a liquid, such as water, that has dispersed therein the
sample to be sonicated. Pressure in the cell is monitored with a pressure gauge 512. In
operation, each sample is moved by pump 517 from tank 516 through the processing cell and is
sonicated. After, sonication, the sample is captured in tank 520. The process can be reversed in

that the contents of tank 520 can be sent through the processing cell and captured in tank 516.
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each sanple for 30 mnutes using 20kHz ul trasound from

Zbg he Fi- IB(;mgyym_ was performed ona Nlcolet/Impact 400 The results indicate that
all samples reported in Table 1 are consistent with a cellulose-based material.
FIG 37 is an infrared spectrum of Kraft board paper sheared according to Example 4,
while FIG. 38 is an infrared spectrum of the Kraft paper of FIG. 38 after irradiation with 100
Mrad of gamma radiation. The irradiated sample shows an additional peak in region A

(centered about 1730 cm™) that is not found in the un-irradiated material.

Example 18 - Combination of Electron Beam and Sonication Pretreatment

Switchgrass is used as the feedstock and is sheared with a Munson rotary knife cutter
into a fibrous material. The fibrous material is then evenly distributed onto an open tray
composed of tin with an area of greater than about 500 in2. The fibrous material is distributed

so that it has a depth of about 1 — 2 inches in the open tray. The fibrous material may be
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seconds). I mages were taken with a JECL 6500 field

presgurt gaugsn In opemanomgadi sotplors moved byqupwy. thiiugh tig2prosesaing cell and is
s6a ning el ectron mcrograph at 1000 X nmagni fication

sonigg ecg fibrous material produced from shearing

SWTH phchasSthe Hadiated ﬁlﬁfo\ﬁs Il’rﬁité‘rﬁ.l £3#sbicati i) theli8MaRa I3 material

the sheared material through a 1/32 inch screen.

is remo@s] fram anyoBwingr £e-g cplastiahpge) andtis dispersest ingvaigrtag agbncentration

t he f.i.br.ous ;oat er.i al of. Fl 32 .after drradiation.
of agl¥ 010/ SORICAIYDIS PRFGHM e GcP Syple ot iDRinU g Yying 20 kiz
ultrab®HY ffom AAGOD W &80 Hller fel Srcufibing SoliB6RN N ARG sGhi€R{onOthe irradiated
m crographs of the fibrous material of FIG 32 after

fibraus magdérial isoerpiuiredhinizntank.afhia peposesndap detrepeated arodbexof times until a
. nifiecation. FlG,.36.is scannin ectron .

desifERIRsL EGRLEGinerh oo B B leP g h ftieRal chapggp in the

swittligradi Alga)sothé hmh@é@ed\&aag)l@mk R uadritROsade ddAaRiokis as the
magni fication. Exanple 17 - Infrared Spectrum of

remaiping graples, bat arenopagraeated; tosarpaas eontrolso Iuadditien gomesamples that

Kraft P r The -1 R. anal ysi s s .perfornmed on.a
werq i S RBR e P ol AaiiPetRiaS PR EaTb® fifpe Saffbis are not
proc8&ep)| s@&erae@sﬁlyeﬂadiﬁte&?dhh%o&le&feﬁorﬂyE&ii&tt;&ﬂt wth a

cel l ul ose-based material. FIG 37 is an infrared

spectrum of Kraft board paper sheared according to
Exaﬁgﬁ% Fémlqroblal Testing of Pretreated Biomass

Specific lignocellulosic materials pretreated as described herein are analyzed for

toxicity to common strains of yeast and bacteria used in the biofuels industry for the
fermentation step in ethanol production. Additionally, sugar content and compatibility with
cellulase enzymes are examined to determine the viability of the treatment process. Testing of

the pretreated materials is carried out in two phases as follows.
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while FIG 38 is an infrared spectrum of the Kraft
paper of FIG 38 after irradiation with 100 Mad of
w@mm7yisdi ati on. The irradi ated sanpl e shows BOT/US2007/022719
addi tional peak in region A (centered about 1730 cm
-1) that is not found in the un-irradiated material .
Exi:ﬁ‘)wecmSandSug:m @antenh of El ectron Beam and
Pretreatiment Switch used as t.he

t |
ol aE Rl e prr b Mses T el Rentnks Fomaspragh peast
SacHabdifyces bé)ieas,ae Wie QM st BdePic Al st s (ATEC62 7848k 41Bds the

is thHen evenly distributed onto an open tray ‘conposed
bacterfia Zymoménds neabilesy @I GF 338U eed Oldsanidiatnahernts0&im QATCL‘Ee‘il924). A

f1 braqus mater IS ributed so that.it, has
grovigh 31V 35 PSR itk osch R e veRtrmsio etarmine g opirgal time of
incubittyroihd sambBRs @l may be 113 WO 2008/ 073186
PCT/ US2007/ 022719 distributed in plastic bags at
| olech ofthe $eedftocks iatheatinaubated nidatupliCatdy/Radh) . caravisiad P. stipitis, Z.
ncovered on he.netal .tra r doses of )
mobt SR e gaslitn iLE sandra i bioledlehl iedies fariéah opeanism. YM
brotRisusbd et tﬁé(%%;lslt SraféCs. ec%?ést@aedé?ﬁlqs sBbitis eﬂ{l@ﬁhé&lﬁmklﬁ #88d for Z.
radi ation to achieve a total dose of 1 Mad

mobgis ami;ﬁM4 meldmmj forx® tharapcellvmp A/p@mltwem@@tr@b@vﬂhtmnie s@anedded but

I nt ai ned nder e ndj t
no SEAReE, i e A - SFsee, DHRE tedRorbahon. AdaiaLobye sdiplesis taken
overSEI Vo pef SN A tﬁhéo 36t 8ran@qQlHollgs anhfhﬂal'yﬁé@ﬁi)'r Haflity (plate counts for
fibrous material is sent on for furthef processing
A mphtrhg ayth dueds spuafarcéh cerevisive) arfethanohcawentotiodevi ce

d d .
St oalh el W arSioSRaP ersifed SureenEsstormenss Linvidy
Chr&ﬂatéﬁﬂa Tg\ll’lt,ﬂi)t é]gli}iﬂ)@'ﬂ withezither Nshodk M i}Aas SROSIRAdr BIBAR Aminex®

from out its perineter on its processing
HPXs B¢ Colﬂmmrrd?aah pf tipmf@bdsiogkﬁ (apprak. v} is nsixpd withgevensg osmosis (RO)

watdhTon 1 BEorS TR TG0 et g O i BV HRCR Rey e apd ARt Blufose
galaétb&, QUBsETRBbSY, afaBirldSe, 208 b@li’&b%’se'cﬁnﬂemh%%alyﬁ’%@ssﬁé#fcﬁmed
inthe cell is nonitored with a pressure gauge.

accogiag i Nationab Bedensrgiileatar pratosod determinationof Strugthral W@rbohydrates
and PrOGES Sk % cell and is sonicated. To prepare the

18 H 8 ¥ brous material for sonication, the

irradiated fibrous material is renmoved from any

container (e.g., plastic bags) and is dispersed in

mibﬁeﬂﬂlﬁe&ﬂﬂmwb‘o’l on of about 0.10 g/ni.

SRR Rl T SRS o0 AR E2 000

whidhecoitaliisl @inmplek 60sEinkeoMat reeﬁée@mgﬁ@éyuaﬁisimomhdaqnto fermentable
irradiated fibrous material is captured in a tank.

sugarhjtyo mﬁﬁ@rélststeﬂahsQal@repgpmeﬂrtdlqdamrereem and vﬂmﬁergdtus midulans at the
desir eve rocessi,ng . s i eved

recoff ST (eniperine® er ORGP EHBn A B R Mo A bE e ineubated

withA@@defate Sigikng dtaslind 200 rSRTo! EShdUr€ BeRfg thad@he ApkAiFe taken

conditions as the renmaining sar&pl es, but are not
every ipe heuselat tirge Qet.\e 9aandci@rhausy te detenmingdhe tansentsation of reducing

suga?sa('ltﬂ)p%%na Tﬁtan, Biotech J., 1974, 144:403) in the liquid portion of the flasks.
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were not irradiated are sonicated, again to serve as

controls. Thus, sone controls are not processed, sone
w@ae@sondige i r radi at ed, and sonme are only soni caP€mUsS2007/022719

Exanple 19 - Mcrobial Testing of Pretreated Bi omass

Speci fic IlgnoceIIuI 03|c rraterlals pretreated as
;'v-' P i- Alcd on & v gnication iPrdétreatment c onmon

E G nﬁ?m%%%r lﬁ@as@ %Sﬁ\%ﬂ'él& }'ﬂﬁﬁg is' a?fe&@& Rg TaQFolﬂﬁnéludmg
ermentation step 1 n ethano
ecomnmkurﬂscatmandﬂtﬁd type andibvaylabilitygibionmast ased aafigedstock. Increasing plant

. conpatibility with ceIIuIaseg S are exanined to
size {FOlb HFTEASE FEORFIE QfiSt3Je BFopHEd M IEROCT P dlstvever, increasing
T
plant §2d élﬂgtglgcis to g& e ﬁﬂé rc@ﬁ.lige% ,{%ﬁ%fddgngbgo%gzﬁ&r UnROf BHomasE feedstock.
StudR@’EhM%ﬁg) We@@ﬁaﬂ)ﬂ; suggesfr ihxi the appreprihteSuggafor Kiontagsdonversion plants can

range S5t 90 10 DO wecibactiviony s eedSiGaiCoam 4R hetant desribed below s
; ( tipitis (ATCC
s1ze(gfg>zd%%e§%2;’(ﬁ)\%¥\? yﬁﬁé%%ac%gﬁcggésdngthas mobi | i s

( AFGE 331hady a@mzi:eﬁl solsdnidtid iofi bioneassromwkisiomsyAdiConfigured to process

.31924), A_ grow h study is perforned wlth ach of the i
SWltghggaéﬁi Tht e PRl on HESYSHFEn pRoFesSe ray bipm 5% Leefiriediarepve foreign

B 0k IR Ok S Pgrcumen

subsssterplchanges fhe mafeﬂmﬂdrlssuctma de.&, retitnees thcavetagermiotecalar weight and the

crysBlER ¢ g bimaree ik Byaybaise Ml@ﬁ%@e@rﬁ%@g?ﬁ&@.%mmawd
the b’?&gasp fee?lEth]{ iR wa@ﬂt({rﬁ%?g}ﬁ gﬁ’ﬁ% ﬁtrasomkEnle%? tGBd sturry.

medi umfor C. therno Ive contr
The wrztdfratlpu and sanj@tion dotedrt tll[nnellulnsxc hedaligtooelllulodicscamﬂemte of the

.__conparis he in tion, a total of five
blo%g%ﬁ%%Oq St fannciplraratg s TRALY Pragesssubsystemferments the
] ate
Eluce ORIy B R R B el Al Fllophaleghat
cerevi siae) and ethanol concentration. Sugar content
Feedpreppfaion eedst ocks i s neasured using Hi gh Performnce
Li QU deledtbd a8spdrORER RIWY folr IR $Phnta 812000 ael thé PerdialydEEwachgrass

ShodexTM sugar SP0810 or Biorad Am nex(r) HPX-87P
biongass.uThe designhieed IStqh@pp@wdtoa@h@re(dawtcbgrass g) is mxed

1| B TR e TPt R Bl vl By hpapfant on ruck

trailéror Ag |tll»l=£t@l$&s are{«l@b@lﬁé@ Sty aXey/ bv@fgﬁed arinitlofied ?&Bﬂk’ﬁﬁ@ £8ome bales are
and cel | obi ose _content. The anal ysis is perfornmed

sent 4@ errpide sigrage whale iodiess arButak@n dirgsthydertheeonyeperac Brom there, the bales
o R Gl 18h b HBnilie bl S PR e Bftcok BBhg andor ne

surrdudingtthe bales UDhd Bidinass f%dstbcﬁqmlﬁﬁ @bﬂde}éd pasRia nddghetic separator to
Accel | eraseTM 1000
remove tramp metal, after which it is introduced to shredder-shearer trains where the material is

reduced in size. Finally, the biomass feedstock is conveyed to the pretreatment subsystem.
In some cases, the switchgrass bales are wrapped with plastic net to ensure they don’t

break apart when handled, and mey also be wrapped in plastic film to protect the bale from
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whi ch contains a conplex of enzynmes that reduces
I i gnocel lul osic biomass into fernmentable sugars."two
waledoBorase cel | ul ase preparati ons, Trichoder nePCBESEN7/022719
and Aspergillus nidulans at the recomended
tenperature and concentration in an Erlennmeyer fl ask.
weafflae Thesdtes ae eithancqueme edround .t Bherbales &t eecehalliantheglant from off-site

toreoU d 200% mfor 12 hours. During that time, sanples
storageon %ﬁmc Val§/St hree hours at time 0, 3, 6, 9, and

12 I { rahd ' ;
o gg?:g s?wtt:ggerg% nl? Bi&ygﬁagoﬁiﬂgt@%%ﬂ%lg lﬁﬁ% %mogi%%%kqg:ﬁ?rﬁd to provide

feedtth ¢hd planii ydapwund.o hound- tdl'lhlestdrhm\b«ﬁl llldelﬁcc\l@sﬂ 0D@IMBYELBBes of

PCT/ .US2Q07/ 02 ohol Product.i on
uncqyTeA PR P G VAL 280 P on 65 i pledSeAben rREREY Flogsio the
ethaﬁélzﬁarftobnbdlfé@ﬁ% tGRIME RS Psrbr%aai §qu§alélft t& 93 BurP¥f production at an
factors including economes of scale and the type and

outsuigaidragsi drea. yBalés didowmrosndisgdceass Wawsdstwalkas theramspsitggnveyors will
| ant [ tends to crea econo f scal .
be of a3BhersEeliBui A ROTreih oteh a0 beduo Gbib ap el il rrguired to
delivr Y lafdleZ@hRnBOf bRMESs FRd4tB I%Qéh?eci hg 612318 slaB villl:minimize the
transportation costs) per unit of biomass feedstock.

amogpiuafi Smdmaw}tzn inghe sterge frgetasrveclbasggdise thehbipmabsefeedstock’s

oo BB 2 RS SR Sh ) R BeEA, oy,

whef-n ﬁsﬂﬁél@%cﬂ%ﬂwé@f%f Jéﬁ&a@hﬁ@ihe‘iﬁé@ésé Ragichapew is sized
0 process 2000°tons of dry biomass feedstock per day.

FI @&he bales hrsvodt- h)apied)bseﬁsklsmmmre plaoéd dirdstlywatosbale transport

R ST RIS WA TR -

by f$&ﬁﬂ§h&{316a3&i &ﬁg@ﬁéeoaﬂé)ﬁﬁisﬁ& cORie§&iss and provide
consistently sized particles for further processi ng.

ThBajes ¢tavedo woe df tveutdy s werapping stppions. Nénwppedbales are broken up

.. structur e. 0., es, t he av ecul ar wei
wsing P ERAE ot Gen PRPHFERLINE A BOF SHEWERh Bt b bepghe separatr o
reméve A&t Biridido sMeddih® MBFaniSR6S InaSiet 1§"ibr6’vi89d EJ‘@atch stray magnetic
irradi ated the biomass feedstock with water to fofrm a
meta] [apg aycalmns sefepn ey esi Brossievansice ankforgign matelnlel d1ead pf/multiple

e DERC B, SR oIS iRl GEBA o PEpGBE 478! Breveament
The tlR@8&drQfikarbndrdind MEREBL SRRl EriBErotA) knifd BftteRd. | 'ﬂ?eréhredders reduce
process subsystemfernments the glucose and other |ow

the sgsi afithe enghipmagy fesdstackaand e_f¢ed|dherqsebmgmatenacb td therrotary knife cutters.
e YB3 o S Lo B BRLT R B  HE  550 Rhr esting

matdiidl.t chgrass = bi omass. The design feed is chopped
and/ or sheared sw tchgrass. Bionass feedstock in the
f odl hmfstqs@geeesloefar@mvldh@mdsrmt averall gyst¢m ddwintimeldae pd wequired

trucks are recelved h
maisfhg G O S Rah R bR il P Gy G st st can
holdppioxifately-53i,609 cubRf & MUhAs Hedftosk Ar3ehduddSblant operation).

directly to the conveyors. Fromthere, the bal'es are
conveyed to an automati c unw appi ng systemthat cuts
Pretrg3f@¢/'t he pl astic wrappi ng and/or net
A conveyor belt carries the biomass feedstock from the feed preparation subsystem 110

to the pretreatment subsystem 114. As shown in FIG. 40, in the pretreatment subsystem 114,
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surroundi ng the bal es. The bi omass feedstock is then
conveyed past a magnetic separator to renbve tranp
woredoalo73iaé ter which it is introduced to PCT/US2007/022719
shredder-shearer trains where the nmaterial is reduced
in size. Finally, the biomass feedstock is conveyed to
the ltibmaqsrfed;dsmk risintad@ttﬂab;shtgeehctﬂm teemeenutistssixel avith water to form a

sturge iR (i PP ioio] JUAeN R Ekarba ogussih abopgy imadiaton of

the tﬁbﬁ@sstf@edé’f&l@ Qﬁ&(?e@tfﬁlnﬁﬁéd ?arfs!rudﬁx’eg ng:H@ééfs el ﬁlolecular
from 8/ 073186 PCT/ US20077022719 weat

weighh mcbthb eslsmlmlts) oftthe bomaas fedstocko UMtkingTthe itvadiated hromass feedstock

ito oSG PPl v B e iR gpe Bl e e B bl r siuctre

of thR\bRbrha |f€edsio@l@ gAl Pﬁﬁéﬂtl%ﬁ QF ﬁﬁ%adhﬁtl&?ﬂﬁﬂ dofiftafiéh Y &Hﬁ&ﬁe may have
feed to the plant year-round. Long-term storage wl|

synergikted sffactminitisat tiod comlﬁnﬁﬁm Qf(tcOdaslqués appears\ie peldeys greaer changes to
of bal es at tion tiple | ocations). .
the G PO o FRUCEE SETa¢h HAICTplak MEISPERRE e &5Siatinity) than
elthe?néuhhlcfu@ o SHRIAAS abifie W QYitd&Wn erinGat @«muﬂgqo 52 bBRA §y theory, in
production at an outside storage area. Bal es and
addlgqm tcomdmmg tmqmé)ssemyen aSthebidmass feedstock bybrsaking intramolecular

ors W | n.a cancrete sl.ab. A concr
bondi SRS Sebkns of el it ipeC G RO R OF Flecbidpass
feedStBLE, (8 1rPaGPat1|oﬁ'h€h%‘l rﬁiﬂ%‘%ﬂ& o@é‘ral‘P FH’}FE%%§ sthe@ste bO’HE biomass feedstock
reqwre A concrete slab will mMnimze the anount of
morg batldi pngtewahedmttlcu bioneass fe@dsig@c iamgaed mgo aelutryathe application of
It t he bi oma st octlg1 sur {) a EE st ored tecul
WITARRRIE P BY 3§‘g85 EHF’ECCP E’;S?) % ’fr8 &Ngage molecuiar
weigh® hndhdy sﬁﬂﬂuty)"éfiﬂrhlibocraﬁ%d@b HRCdizI6H HidRhs feddstiRk phrtRles.
Into the proceSs is interrupted. The bales are
of f-1oaded by forklifts and are placed directly onto
Eleckion Beamy lgadialiont  conveyors or in the short-term storage
@ggubsystem

ar dae copyeyar baleA) caryingcthebiesipss feseistattointo the prateaisn
dlstl%{ltéSQB% L)fsot‘t{a%sa?eggst{xﬁcglg?qdln?ﬂipgenfg&g §tp%\%{§ (%.g?g@ %é\;c\i;sérgamﬁ each leading
to scphitd ﬂéﬁron%’@ﬂmmﬁérsblaﬁe% thieriba@Bnty/the bisth&dg féedstock is irradiated
spreader_bar_ and then discharged onto a conveyor which
whilg atslé dey. sEaphdprst steeamdlp sarsied pn e Geparataworveret balt frangssaciated electron
bearti Q&%g&! dch atdfa%{m féf{do nUé%%? %Elt Fz?n B %;f:lrgsgla{e?y Sr?et r?lgter wide.
stray magnetl nd creen

Befde e8hiny ellieSd:lé(Etroalrtﬂ:ahCHnﬁttgtn all@daﬁﬁd:cﬁhbﬁhﬁﬂtih mﬂudt'dhﬁ bzﬂih&:onveyor
shr edder-shearer trains, which reduce the bionass

belt f‘é%%{y&!Rtnpbtetth"edfp(r'%?:‘@?ss§P%’ét°Pl§ overrthe Frost-pRskenal wrrﬂ%l of the
con\%ﬂﬁfﬁjéi er-shearer trains include shredders and rotary
cutters. The shredders reduce the size of the
r aBldztrombsam feattiatsdCke.an éleﬁ&ﬁdbédnelrfefdmﬁllohidaglcwdomﬁlaiclally
[5’18 rotary knife cutters. _ The rotary knife cutter
aval kc&méfman ogpasaiion; fian PiegenS4) arpsiigeied inapriy pdaf Kilo-Gray dose

of el%?tg%r{sgxégf idd zﬁlgxl pomaetr 6F 564 YVThfll%eeléb'irgg?ﬁ?}‘n%@l@%% Q{egscannmg beam

mt overall system
devitesguithi @ 8weep width of 1 meter to correspond to the width of the conveyor belt. In some
embodiments, electron beam emitters with large, fixed beam widths are used. Factors

including belt/beam width, desired dose, biomass feedstock density, and power applied govern
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mai nt enance on and/ or breakdowns of feed preparation
subsystem equi pnment. Each silo can hold approxi mately
w®300803B18ubi c feet of biomass feedstock (-3 hopewUSL007/022719
pl ant operation). Pretreatnment A conveyor belt
carries the biomass feedstock fromthe feed
he pmesa pfelectronshdasyenidtersrequireddor the planéta pracese 25000 tons per day of dry
subsystem 114. As shown in FIG 40, in the
feedr et reat ment subsystem 114, 117 WD 2008/ 073186
PCT/ US2007/ 022719 the biomass feedstock is irradi ated
using electron beamenmtters, mxed with water to form
a slurry, and subjected to the application of
ultrasoni ¢ energy. As discussed above, irradiation of

Som%ﬂgnblonass feedst ock changes the nDIecuIar structure
Iil‘{(ﬁgg(? g% t he %X&%&gig mrlrgé(f WH!& t tel'\{\ei~ 19}’ hggre ultrasonic

crys il i omass AR
energy (sodpiptied AT lbdr@ tmﬁse i spdahtosdnicatibh Oysters b@béfﬁteﬁﬂﬁth each electron
applying ultrasonic energy to the slurry further
bearg ﬁeef:ﬁg‘érgarfl I9& seMsTal electpn Begm streams capeapgrepatedrasteed for a single
soméﬁﬁﬂ%&&&% Application of the radiati on and soni cation
I'n sequence may have synergistic effects in that the

coiibeatatsbRidatidn syeh) itlpigadiatddidfass Jecisfocle efed Iixﬁataeéservmr 1214
changes to the nolecular structure (e. reduces

throyghe @élweel@aﬁafld hateg i fed iafo thparesgryaif 5314 s@m mtake 1234.

App&p%ﬁ?ervaﬁ\?e%g : ﬁ%‘ﬁ tog ?@e&g{g&ﬁ%&ﬁ% pﬁah:ol% &t l%ox%%é dt(g&%s%/& atnd the flow

of waedtcprogudeneddarbd ragiol of dionds @efedﬁtbek m mte;S(:%: o €196 telifosic material,
by breaking intramol ecul ar bonds _between segnments of

Welgbéby yPlgied. Bach repyrreie ¢214mmekides & Byixas 20 to agitaterihe contents of
VOIUB{COI%?%nd ﬁﬁg ?ﬁ)@l’las& ﬁ%détg katg}gqlltgh&gltma@ke the

ructure o onmass f eedst ock
rmrheedmhlsbmlca;onbs‘ytsefn tessllnty fstpuenped 0418 Gsihg & dedesiel imBeller vortex
m xed into a slu , the application of ultrasonic

pumgi@{ g frem rr%q@é\fmrc}?emg@énd ﬁ@owabl aldew sell $234aelydng(aa vitrasonic
traan%géfflg?P iy ﬁgf@%ﬁg@ C;HJ ‘l’jk‘glég fi Sghztté)hc%*tatg the slurry 1216

suchfthadﬁé oktu s ftbi erh&ss fedﬂlstbek aﬁxaneam substauitiatltyivdiforth @t inlet 1220 of
conveyor belt 491 carrying the biomass feedstock into

the floys cel} b424e diomeramplgpiky pamm 1248 s agitatedhe sheydi2dpri ereate a
ol SRS LS TR ST BRI e etk 1220 of o
cell g2d4ters 492. In this enbodi nent, the bionass

feedstock is irradiated while |t is dry. Each feed

st MEhn the oW £k 4224 uar@@paﬁralﬂs@ue@;dxm @r@n%@m ulfrasogye energy into
slun‘f'i"‘;‘lzgg @ h%%llﬁ‘l‘}ﬁ GG %oﬁ@@ﬂb&‘r'@eﬁ 4 %4 Eﬁ‘fh‘goﬂlg Ergxqut%éroﬁ% converts

conveyor’ bel't can

elecmicdleene@zfmroehl gle frelpiangy hfeehahm Eﬁeﬁgy (m@nmlaﬁsdnﬁceéner@/) which is then
| ocalized vibration is induced in each conveyor belt

delivegedbipdhit sludy Shrppglipeosicn 48 d ijtrasopivdEssquses s oeqmpeistally available
e MEFRRREIEIIATRE, ot ol 1O 1SRN Rl Dbl orctvring
cmﬂhmomdﬁaﬁmuﬂldambmeﬁsconner0|aIiy

The ultrasonic energy traveling through booster 1248 in reactor volume 1244 creates a
series of compressions and rarefactions in process stream 1216 with an intensity sufficient to

create cavitation in process stream 1216. Cavitation disaggregates components of the biomass
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avai l able from Titan Corporation, San D ego, CA) are

configured to apply a 100 kil o-Gay dose of electrons
wappkioerdsat a power of 300 KW The el ectron bemdT/US2007/022719

emtters are scanning beam devices with a sweep w dth

of 1 meter to correspond to the width of the conveyor
feeditetk includirgp fer exemplugicetinmiss anel lmcdmlmmeﬁbt dispegsed in process

stregm, i?@oﬁareg’ shur f)lf);( (gglgbea dlgrg qu gr&ugqﬁggls':%ﬁ&ﬁ%&er of process stream

1214 g%sél&}?if) AGRS frifo radRdIsREVR' fuARR br&k @WAHE cdihfosOnaterial in
2 1073186 PCT/ US2007/ 022719 the number of el ectron

prOCbgamem 1206r I gagul rabduf 250 Mben’ mf attrasonic pnergy ssapp)ied @ process
er da f dr fee oni cati on .The jirradi ated
sreagt LEE e TRl S hPRBar SHEh QPaPYelsof Yiraiaiie fisrsy beovean
aboﬁ%fa%%byﬁttzfoéé /&, &£4e1 @51 50,3200/ 25@d500T|790 elOO@”ZdD@, 8r 3000) can
separate sonication system associ ated wi th each
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energy (e.g., ultrasonic energy) which is then
Primerg |Progessesl to the slurry through booster 48. U trasonic

L ORGSR B R oS rpenaion
Liquid frahi the diflterislpuvped ogolad prior to entering the fermentors. Filtered sohds are
passed to passed to the post-processing subsystem for further processing.

The fermentation tanks are large, low pressure, stainless steel vessels with conical
bottoms and slow speed agitators. Multiple first stage fermentation tanks can be arranged in

series. The temperature in the first stage fermentation tanks is controlled to 30 degrees
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conti nuous power of 16 kilowatts. The ultrasonic
energy traveling through booster 1248 in reactor
woelos0e318244 creates a series of conpressi onsPemnus2007/022719
rarefactions in process stream 1216 with an intensity
sufficient to create cavitation in process stream
centiig?dd®. us@Raxternal daatdixshaygersg A east is addedrie thesfirst stagecfermentation tank at
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thermal communication with at |east a portion of
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exchanger 1246 1s control mai ntain an
secoag ppuoentrates lly: atlomet &t ndae amtrapmrcempnsmemct or volune
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swv@ 1&doanaRl RegbferhorLONhé 8ddogflioh Qo8 ired fhat an ethanol water
approxi mately constant tenperature in reactor volume

mixtupeide rGEMed)tqdlettllal@AZOMﬁdeeww cel | 1224 is arranged
reservo nduc rav
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1230 whi ch punps process stream 1216 (e. g., slurry)

scrubbereef teent ksefed por thedirst dpstidleters Cdums)aktngrwnl&hmfcmtantamon beer.

nc .single fla t as descr
L e PouS R fom t&??ﬁ%ﬁ@eﬁ@r C%tﬁwaﬁilaw AR ngoRERe and
dissBTEOS1s2 b AR5 8 aloRRL AP bbbt semt to a
soni cati on units can al so be arrange to series to

combngior aBe liqued fromuthe pakswofilter thatgs gyt rapyslédeid comcentrated in a multiple

sl ur Pr.i mar Proc SS otary drum t
efTef o eRipE D ES NG BT i CHUACP By T BatHp ned s fom the
evapRAtBER k@ With thd §¥idd b&hg Rerdth& tHel cjoh%’hstbﬁ aRY BRES ap&@le8@ondensate
prior to entering the fernentors. Itered solids are
is used as relatively clean recycle water to the process.
Because the amount of stillage water that can be recycled is limited, an evaporator is
included in the process. The total amount of the water from the pressure filter that is directly

recycled is set at 25%. Organic salts like ammonium acetate or lactate, steep liquor
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passed to passed to the post-processing subsystem for
further processing. The fernentation tanks are | arge,
wo owsprassur e, stainless steel vessels wth comtTak2007/022719
bottons and sl ow speed agitators. Miultiple first stage
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evaporator is nmxed wth the solids being sent to the

c onfihwest rmmarafeltstreaney Gost-distdliate soldiesagas, and evaporator syrup) are fed

to a circulating fluidized bed combustor. The small amount of waste biomass (sludge) from

wastewater treatment is also sent to the combustor. A fan moves air into the combustion
chamber. Treated water enters the heat exchanger circuit in the combustor and is evaporated

and superheated to 510°C (950°F) and 86 atm (1265 psia) steam. Flue gas from the combustor
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is used as relatively clean recycle water to the

process. Because the anobunt of stillage water that can
wheosoziigé ed is limted, an evaporator is i ncPames2007022719

the process. The total anount of the water fromthe

"pressure filter that is directly recycled is set at
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eep. i quar 121 2008/ 073186 PCT/ US2007/ 022719
landﬁhﬂgoﬁéﬁﬁ Thot aﬁftg{i)fl}rg stp organi sm or inorganic
CONPRAUNREE Rurbie 2Rl gf@%t?ﬁtpleﬁ}@ Ul fo'pehtiia el&rtlriclﬁ‘@m Steam is extracted

Recycling too nuch i's material can result in
from the dhirbinefat thoed diffstané pgrtditias donigjeotior intethegsetreagnéert atactor and heat

can be,. rimental to.the fernenting organisms . .
exchapgs ‘E%ﬁ%‘oﬁ—&?é PR OTRYeBy TS‘E é"tm‘i“gmgglff’fm’r 8 6RACased Wit cooling water
and R¢@Red &) Bk bERATBEHW Ar@FstbMelsHeSwh ¥&ificAitd #8mithé Parfous heat

syrup that can be sent "to the conbustor, mnim zing
exchahgerb gudie tpooosss t reated wetl vedgriensed agnisatkevmtoseplacesteane msed in direct
. . The wastewater treatnent section treats process water
eGP reuse to reduce pl ant nmakeup water requirenents.

Wastewater is initially screened to renove | arge

particles, which arTH¥ER EMBODIMENTSPPer and sent
to a landfill. Screening Is ftoll owed by anaerobic

di dermbss of parbodigrentsiad thii iguentionhave betingleserigd g ANevertheless, it will
tter.i,n.the stre Anaer obi c digestio rodyces..a ..
oe st by FitfonR iR auoP Y B ale RAbob B 1o o spirtand
scopelVE tiseOibettfonl . Aerobi c digestion produces a
relatively clean water streamfor reuse in the process
as Imeome ermbedigleniggrslativaly 1pw dos¢srafiradigtions opiparadlyl, epmbined with
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_are fed . .
without degradation. In addition, treating materials with radiation can sterilize the materials,

which can reduce their tendency to rot, e.g., while in a composite. The crosslinking, grafting,

or otherwise increasing the molecular weight of a natural or synthetic carbohydrate-containing
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to a circulating fluidized bed conbustor. The small

anount of waste bionmass (sludge) from wastewater
woe@anrmasd i s al so sent to the conbustor. A faPCTDS®87/022719

air into the conbustion chanber. Treated water enters

t he heat exchanger circuit in the conbustor and is
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st G B EDERe e it BsioRFon BENBGTRE bRt in i
man@REagé. OFor'exaind led theul i Siiied fradiatedsd ﬁl@%ﬁ Hibef prRfdrh @n be irradiated,

resi stance, inpact strength, bending strength,

or thedinished papsi itselé carf besixnadintedmdn some embadialentsgradiasionas applied at

n ft in or otherw se
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CaFor EXHHpI,Q fibisud M eteral thﬁtlﬂélhdldstaYﬁ@ﬂ‘ cellRsi¥an8/for #ignocellulosic
relative to an un-treated material. Increasing the
material having a first molecular weight can be irradiated in a manner to provide a second
cellulosic and/or lignocellulosic material having a second molecular weight higher than the first
molecular weight. For example, if gamma radiation is utilized as the radiation source, a dose of

from about 0.2 Mrad to about 10 Mrad, e.g., from about 0.5 Mrad to about 7.5 Mrad, or from
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thermal stability of the selected material can all ow
it to be processed at higher tenperatures w thout
walegsadassé on. I n addition, treating material s MT/0S2007/022719
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resistance. Crosslinking, graftin or otherw se

Usmgrtblrseasrmgh tmeeasﬁsltb@mpkncukmwwht the mesarial whilejt is with a matrix,

etic. carpohydrate-contai . mat er til1zin .
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exarﬁ&%e Hg)? 8%mgczsr1]tt§s cgbaléa%g%:xgelg}q? lzgd lar%ﬁgﬁ h%rgbr?r{agceg e.g., having a
redupéd'®ndéep @ breaR akd/oPéragly &NoW abififerattRade. gum{eratures below 0°C, e.g.,
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150 tardP0a€t 23@°C, B8P “ex¢lifCe or evea abquJSQCh%: bla additieni sick gomposites
can ﬁa\%re?(gageqt él{el?negal %s?{t?r{ ne nrelgl%t w%ti 1ndg in aj solven{3 e.g.,a

Pteel T Canthe d|a
hydreodrbéth sE0éS, reélﬁtdh@ to@Rethfcab@plck afle. aby stf@fg&ctd@%lrdﬁ@%ases strong
poi nt during the manufacturing process.
oxidants (e.g., chlorine or bleach) or reducing agents (e.g., active metals such as sodium and
potassium).
In some embodiments, the resin, or other matrix material, does not crosslink during

irradiation. In some embodiments, additional radiation is applied while the carbohydrate-
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For exanple, a fibrous material that includes a first
cellulosic and/or lignocellulosic material having a
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5. n sgmeiembedimisatsathp carbdhydritecobimng mdfeaial ismn the form of fibers. In

suctygnind it QY pe HBers A Goh SbeSroaet et Bb6Fs 3t B randomly
one%@%t‘hﬁl tha Bidhx SIMRG enfbodimen€ kNERELr 4O e éﬁb&aﬁﬁaﬁ@ driénted, such

about 3 Mad, or between about '0.25 Mad and abouft
as inQors, Mcadhree‘r\bt four tiirectiop$.df desired, thefibets san bé ccvranhluaus adiscrete.

he second.cel lul osic and/ o Lign eIIuIc
car @ SR g AR e it Sideqto e Hbbous méiSaids Fansibp fbrous
matérﬁ'lé@&lr dnYldthé mASROsid é?)m;ﬁ)sﬂes! deRiBeAHRI RS SAQdtives, e.g., in the form
mol di ng, “injection nolding or extrusion. Form ng

of a selgd, a-liquisker a gasngndictadded, s.gilds the dombination®f a fibrous material and
t he

resi RGN A aB e RO 1O SPRR i ifea SUSTINE: Bice glass,

fibet f18ssCAliBA f&ﬁﬁi £, emeRRhRI ﬁﬂnﬂsgrefﬁdﬁﬁd fich aM’ldrﬁmh 'fhﬁ)lﬂl?ate or
conposite. Alternatively, a fibrous materi al

magnmlllm d!leféroald‘e; roggangee{lam¢ rmrdammcmas IChlgno@ted Ioubmmmated organic
|aI ving a.first rmlecalar

comBRiien P iR AR Riph b Bictior ErfBiraparbon 55T, g mgial fibers or
pow@er@ Q@g 0§luhﬁnurﬁ NdaihRENstédIe ’Hﬁ@@@&dlﬁ@es‘i:ﬁﬂ rdififokde! é‘ﬂbﬁﬁ @ change

a rel atlvely | ow dose of radiation so as
elecmcek/ imeehaniead oo pempatibility psopertiasd Qﬁherladglmwgseinblylkigggmn fragrances,

teri havi a second ght h
couflie erfis: O BBiPaR 1 BHICReaP b RYiE: Por s, [BRcants, e .
fluofifdtb@po198thlRne, Pldstitiz 6, zﬁﬁlokﬂﬁntrs asHagificP) hef ldfa%ﬁlzeﬁ. &816fnts,
of from about Mad to about 10 M ad can be appli ed.

foaming agenthiimpags prasialadss.ipedymeers,esg 1 degradeblepolamersnhgtastabilizers,
e}, AR P e st o i s Syt st
ompwﬁﬁ1ﬁdlﬁu@a&hau¢twcasboarmbck@%aﬂmiﬁbefst mefal G8ss] e nRompounds,
t he carbohydrate-containing material increases in

€.8., AYRISHAr A AMESN g commtnﬁs,ceam Np(ﬁ@hiqs@Zdl)siwmgipsd)r c

tnmgtﬁl&_%.&mc%murg mfm%g,xa ﬁummg%g %Il?(g %h%%gl 8% %egL It]ﬁ/’g gggragable polymers

incl )H@fﬁfoﬂy%dseé’@eb@&lﬁbﬁd@%él?gl‘?&ﬂﬁﬁs afd &)polﬁﬁ%ﬂ; BPladtic acid and
reduced tendency to break and/or crack at |ow

glywbmﬁazq!w(ésdméy@tym %@erp&b{ﬁh)echomabmcm@) n@lﬂlactlde co-(e-

caprg%i@)\ﬂ@] ﬁlg &'cgﬁd% %? golacet?&af el r?’c grbgfla(ﬂﬁ? géFy?amlno acids),

poly(l?’@@(y@ﬂd&h@z&e)s ep@yanh@]é@@é@' ﬁol?értﬁ&bt@is&inﬂ iblhd§ BEthese polymers.
advant ageous nechani cal properties at relatively high

egprebedadditiveptreieaiytedathgy ean bprgeent ganapunds, galculated on a

dry \?’Q n a[])so Ve%%%%%vﬁ pgrggntgb 8% é%ggé ﬁaggrrﬁ;g hf Slé%sgg gh ttal weight of the

ﬁbrous material. More typically, amounts range from between about 0.5 percent to about 50

percent by weight, e.g., 5 percent, 10 percent, 20 percent, 30, percent or more, €.g., 40 percent.
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can have excellent chem cal resistance, e.g.,

resistance to swelling in a solvent, e.g., a
why@socasbon sol vent, resistance to chem cal aPtBUTK2007/022719

e.g., by strong acids, strong bases, strong oxidants

(e.g., chlorine or bleach) or reducing agents (e.g.,

actAnyeddiivas desstibdd lxgeingan beremmagsulged,xss) apndy. dried gone

. enmbodi t he resi er tr|x mat erj al
miciER AR aet < QUrEe (e pddiifes Tasm eqt ot Ssfigire dufing hidiing
emMQdiBRUs mat@8d, deiftd ﬁ@x@h?hia%alssreéﬂg lok Q&Hﬂi‘tﬁslrﬁaﬁ B¥dyed. For
car bohydr at e- 125 WD 2008/ 073186 PCT/ US2007/ 02271
exampia,t the lﬁlbmgxs rthenal ahn be;dyadtlnlfcrre t:hmabnmtg with the resin tahé compounding to
i ncrease t ul ar

L CATRRAT e Sot%, oA TR il St ydre canﬁoes*z:ﬁ%fula%%ﬁkwgrﬂréndmg the
ﬁbr&d@ EndtéiH) adsh &Fa1HPHRR S BRASatl s bPIHY ﬁb?@&s"iﬁﬁ@n&lhﬁl M81dEd 3r extruded
and t he carbohydrate-Containing material. In sSome
partg wedithe st desireh eStuzhrlhnghy’lgglamratmnss avhcnmgesnuttlerrclahvelg high
in the formof fi when the
C°“¢FPH%‘|“§‘Sa‘E3é‘r%PY"| szaé&p?‘#leé 2 H}ﬁfb‘éﬁaf"é 0??}%‘“?\[‘18@ pLexigyder) garts.
r a'F@PQSlaanlé’rth@H‘ésﬁ@d ‘ﬂ'bl?(fiis Mndtéial OB bd dyed! lﬁll‘%éﬁeébld dye dlrect dyeora
enbodi ment s, bers can be substanti y orient
reacguedye. e&whmiyesnap avwblet ffnmm@poqctraf Duyes, Hieamys N nsKe}'a‘tone Amllne

desired, . rs..can b I nuous '
Corggeatifta RSBt SPRGIF ERVRRCE SR e Rt A ) ElATXELLOW
2G, B'PE@TR%(?[DT‘*WE®W4GL *UGN'@ 200B$ B PR ANY 1M AN DANIANE 8,
materials and conposites described herein. Additives,

SPEETRANYR™Y h@U’HbﬁL READ B, SBECTR AMINES; E{ENZOBERQW&;m

sPECAEAD Bl 2ofiBLACK b SRR FRASINES BB dRER Sedon o

sm@qiwmew Gm EVngro@% lehéh bémg A ARLIRIFR SPAcE@ Dyes.
glass, fiber glass, silica, and talc; |norgan|cflame

r etIra scmm embemmnasreainmmimaommtry@s a¢rgaioing pgyenss argrhlended with

dyes VB A BUCH 35k B HEBRnG GHAP NS ASHES s mpfesphdhe fbrous

maté‘rﬂﬂ‘?ﬂ ?%tdfyﬁﬂ‘ zM@zﬁI &urirdy tRY B&infaétfnﬁnfgu td%%r co%@érﬁﬂ&sfak@ﬁfaﬂable from
or e bers or powders ( al um num stainless

Clarsantel ). These additives can re| nforce ext end, or

¢ hig%?‘tq ?ge Crtttfrg?éﬁl Ei)oagﬁfaihga?g%tha :fialg{o r%‘cg Fq) tgtﬁ iﬁﬁi‘cluistryaterials densified
ﬁbréds%@ "c@a'%@ﬁtes £O R ahiple, HAAAHE ad CRARRbI Lok tHeotpoSit&: smell and/or
mal eat ed pol ypropyl ené, processing aids, |ubricants,

lookelikg. naturhl wood, eat.eddpwiopdt Fgt example Ithﬁsﬁragrarzcer &g., natural wood

s b S o SRR b B R &t o, 1 ke
impRERNAHBRY, thdPRA IRISs ccﬁﬁﬁ&ﬁﬁ&@@irédt%ﬁ@ the %Bsﬁlcds%%ll For example,
antistatic agents, e.g., stearateS or ethoxyl at ed

the ¢1hcatr5bmru)oand¢demto t8a msablllsenamtqllsmdt €., acB)aqbwn dwixer or an

oxcp | €52 SR Kol B B AE R AR e! Wi meTES e Bantury®
mix & ge N%ﬁ&"ﬂ%ﬁbﬂ mﬁ‘(eﬂ -manufactured by Farrel. An example of a twin-screw
N- ( 3- chl or o- xypropyl ) tr| nmet hyl anmoni um

extrgq%ﬁr(gs— ﬁ;lé ebW P ZISIKa }T@d@r anmm@gfactm@g mg@gpgw graer & Pfleiderer.
ANGERDPERT Rl A5 rv@ﬂfﬁn SRR BB e P Prppaed o

molaéd. dAl@é}Hatlvely, master batches of fragrance-filled resins are available commercially

from International Flavors and Fragrances, under the tradename PolyIff™ or from the RTP
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gl ycolic acid, poly(hydroxybutyric acid),
pol y( hydroxyval eric acid), poly[lactide-co-(e-
wae apsorass one)], pol y[glycolide-co- (e-caprol aceoneyionr/022719
pol ycar bonat es, pol y(am no aci ds),
pol y( hydr oxyal kanoat e) s, pol yanhydri des,
Compehy.olnt smmsarmcslilanm sheandsurdfof ﬁlag@ecmml thereoraposithambetween about

0 0053 i B ap TR e 7 PonPranofila & B At 5.9 or 025

géaﬁ&a&wmgjggycent to as high as 80 percent based on
total weight of the fibrous material. Mre typically,
arrﬁl!lhﬂr@amﬂg’eoofdrfmgrmmhlda lowergredn 6r prdmoedt Otleer dtagrances include

Peppﬁgpg@%h%gggs r%vé)lex("rg a&l} ?wge[, épesa E}rt CC?‘?{%‘"E& er g%ggeé%not black
pep;?eg%fn(ﬁgﬂ %ﬁarﬁ&ﬂly%g@&alg%aﬁptuﬂﬁ{n@(ﬁﬁ' ée‘ré’rﬁ&ndﬁﬁgér' Befefruit,
herein can be encapsul ated, &.g., spray dried
Jasnnma:nloepﬂrhepsx; laucadsr, emyn, xrrandqmmonmqoratm mlak{dmwhheerahg@ patchouli,
or noistu

handl The f
roser gRapiry) e LY PR (P ko HUmiea R pERreem, Yagh Hlengyvanilla, new caror
mix@REQIdriteRs HaB%nER. By 86he Eﬂbodlﬁfeﬂﬁmhe amlollRt éﬂ fi%rg%%e in the fibrous

mat eri al can be dyed before conmbining with resin
matexiadtfragraporieambigatian is between obpu 910086 byrwesglwend about 20 % by weight,

odi nt g I S ej Cc g hel pful, L masking or
c:2. RN 970 SR U1 Pt R & 25 Sl 3 S e g
ag @Vlﬂ[@ﬁlﬁbh@ﬂ&eﬁﬁlstb@% béeArdRbibeBL Rich as cellu‘lbsf@érﬁ%kn@fzellulosw
extruded parts, when this is desi red. Such | ar ge

fibraug ghasereals othen §llexstreay lpﬂrussé fer rnaklneﬂ)atcpmebsatem ghr example, inorganic
con&gntr tl ons n.the

e L e p AR AR AEa- Bret R RRR i PO PP asupppaloom

carbbﬁ‘zﬁe)d ekbet d1hyR oAHSTHORILES ¢1aYs, Gﬁ&t@ﬁaﬁyﬁ&nyﬁieﬁﬁl Ny &ablin, clay,
direct dye or a reactive dye. Such dyes are

dye
bentgmﬁ ¢lgy;|d@caﬂq1@tmpgps;d1ateatr[ojab>g1m [;{b@qphyte ¢diciom gyquhpspi@te insoluble

SOdlBIFl r’ag}g@osﬁ%t{ﬁ%&%& éil%? égl_n}z&welsééco pggsp%ate,

tnm%&AM * é’@thé( E?ECT NYE%E%TQQ a §E§s€£ﬁﬁhm--§[‘ﬂca xerogel, metal

alunem@mﬂmanaﬂmeeaozlmmmmm silicgRPECTRABIAADTIMEIINCHn dioxide or

com{acitsi e WoRba Y bRt RS b sl Thed ey oo Yia) e &+ fpartice size

of gﬁa@féﬁ ttﬁHﬁQﬁicP@ﬂE%‘, g&&ﬁérﬂhzﬁﬂ Ricr6 @, TANr61R1605micfoANL fiiérB8 or even
d wwth dyes. Wen such bl ends are

%ﬁmnts are blen
greate éﬁnﬁ@Uﬁﬁed mnth the desired fibrous material, the

fi ous i t.u du .

conabtReiehe-=Tciftgs CRLRERE Vi alohiy o o BitplaBflah Pt forous materials
of a3} éife @&Wor shipe ahelfillerslyMBedf S orh @ f,2ssl, Q?z&ﬁelét a Plate or a fiber.

fragrance to the fibrous materials, densified fibrous

For @farrmw@g?m@gr sigRsk claysasHipen and;caghon nsaowbesn BadG gilisensaridgarbon
r
v RS B B R a8 o, . s
than'@0 Wha 800@at] 750 hag 66N &, S6RAMPESECAAPIVNNER D F0MNS, 2006im, less than
resin used to make the conposite. In sone
100 nm, or even less than 50 nm.
In some embodiments, the nano-clay is a montmorillonite. Such clays are available
from Nanocor, Inc. and Southern Clay products, and have been described in U.S. Patent Nos.

6,849,680 and 6,737,464. The clays can be surface treated before mixing into, €.g., a resin or a
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i npl enentations, the fragrance is conpounded directly

into the resin as an oil. For exanple, the oil can be
wa@oeomgouided i nto the resin using a roll mll, BCTUS2007/022719

Banbury m xer or an extruder, e.g., a tw n-screw

extruder with counter-rotatlng screws. An exanple of a
ﬁbr@ammqulr For wample ithe ¢l can iBcnirfase Bdreatedyso that éfs surface is ionic in

¢ manuf acﬁured Farrel. An exanple of a tw n-screw
natugs Ereudaroms of OWW’ZSK 50 MEGAconmpunder TM

e HeaGhitd A a?%lolﬁ%#h‘?&i YbRRter Scdté fiRédE8rSfanom&tet &ale fillers that are
conpoundi ng, e scented resin can be added to the

assembladonty wata@rqlmul@nt;u@mes%dse@ﬁassmb]dé dupramolecular structures can

atso P uFHE ety Stnianr e g AP enelesed isgpeture and

can fAV@VOFazieBN6F shh | 8BS eae, tbEeF spieicAlr adename Pol yl ffTM
or fromthe RTP 2008/ 073186 PCT/ US2007/ 022719

Codysaordingly; @mmén@mntsmc withirtibe seapeof theffoflewingatams.
in the conposite is between about 0.005 % by wei ght
and about 10 % by weight, e.g., between about 0.1 %
and about 5 %or 0.25 % and about 2.5 % O her
natural wood fragrances include evergreen or redwood.
O her fragrances include peppermnt, cherry,
strawberry, peach, linme, spearm nt, cinnanon, anise,
basi |, berganot, black pepper, canphor, chanonil e,
citronella, eucalyptus, pine, fir, geranium ginger,
grapefruit, jasm ne, juniperberry, |avender, |enon,
mandarin, marjoram nusk, nyrhh, orange, patchouli
rose, rosemary, sage, sandal wood, tea tree, thyne,

wi ntergreen, ylang ylang, vanilla, new car or

m xtures of these fragrances. In sone enbodi nents, the
anount of fragrance in the fibrous material-fragrance
conmbi nation is between about 0.005 % by wei ght and
about 20 % by weight, e.g., between about 0.1 % and
about 5 %or 0.25 %and about 2.5 % Wile fibrous
mat eri al s have been described, such as cellul osic and
lignocellulosic fibrous materials, other fillers may
be used for making the conposites. For exanple,
inorganic fillers such as cal ci um carbonate (e.qg.
preci pitated cal cium carbonate or natural cal cium
carbonate), aragonite clay, orthorhonbic clays,
calcite clay, rhonbohedral clays, kaolin, clay,
bentoni te clay, dicalcium phosphate, trical cium
phosphat e, cal ci um pyrophosphate, insoluble sodium
net aphosphat e, precipitated cal ci um carbonat e,
magnesi um ort hophosphate, trinmagnesi um phosphat e,
hydr oxyapatites, synthetic apatites, alumna, silica
xerogel, nmetal alum nosilicate conpl exes, sodium
alum numsilicates, zirconiumsilicate, silicon

di oxi de or conbinations of the inorganic additives
may be used. The fillers can have, e.g., a particle
size of greater than 1 mcron, e.g., greater than 2
mcron, 5 mcron, 10 micron, 25 mcron or even
greater than 35 m crons.
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Nanoneter scale fillers can also be used alone, or in
conbination with fibrous materials of any size and/or
W@ bapo7318he fillers can be in the formof, e.gPCT/ES2007/022719
particle, a plate or a fiber. For exanple, nanoneter
sized clays, silicon and carbon nanotubes, and silicon
WHATASCGLAIMED 380w res can be used. The filler can have
a transverse di nmensi on | ess than 1000 nm e.g., less

A haro? B mol5ewAr bl £AR st priog, T /AR comprising
| e%?ephﬁﬁ@th’é@n&ﬁ&ss IfE dSRUR b§ PRREINERAE Br nfo'i‘@dﬂfb'ﬁ@ibﬁi &bin¥idual

i
a nontnorillonite. Such clays are available from

piecésfddemass) nc. and Sout hern Clay products and have
been descr.i

9,680 a
6, PERCAER th%ﬁm%a?@ata% R 1 ot il e et methods tha
eachlith@0tht Mdlecufar Structre, FRbRirOthe Aifletéht PRIZABRLT AEHRSs are selected
PCT/US2007/ 022719 fibrous material. For exanple, the
fronciadiationrsobwaten, parsdysis and exidaitbrsend hat its surface is
ionic in ature, .e.qg., .cationic or
noBiGaimed M prezgise Gndptat Sl Biisias 3o le irpyssaprogyet
nanoneter scale fillers that are assenbled into
supranolecular structures, e.g., self-assenbled
2. Thapreghs! afsidinr |, stherain thedomass feedstook kscprepased anthigen pretreated.
aggregated or supranol ecular fillers can be open or
closed in structure, and can have a variety of
3. ThbaR@ifod & dtaim CIGRreih HRDiGhaSIB&RIioeR s pr@ﬁé&ﬁédjziﬂ&hh’n prepared.
ot her enbodi ments are within the scope of the
foI I owi ng clainms. 129 WO 2008/ 073186
S2 7/02 71 VWHAT. |.S CLAI MVE
éﬂ*%io 21 ey LdveiRe are °Bt“°£\e ‘ﬁf‘t?ﬁﬂg‘és ‘?fg‘g‘ér‘gtdé%Lp‘“es of

blorﬁdgecémtnh@g Sﬁ@mgl sing preparing the bionass feedstock
by reducing one or nore dinensions of individual

pi eces of bionass; pretreatrng the bi omass feedst ock

. 48Ot e P ST R B s o

bionthis§ faaBk AR Lbe@ItAEHmdMhBods are selected from
radi ati on, sonication, pyrolysis, and oxidation; and

processi ng the prepared and pretreated bionass

0 Q uce roduct . d,of ¢
6. THESHETAPERT it S B lore Bty aR ot Padiaron
and poreédtieat ed. 3. The nethod of claim1l, mherern t he

bi omass feedstock is pretreated and then prepared. 4.

The nmethod of claim 1, wherein reducing one or nore

7. ’Igh gt{t]}?d;ngg.}'sclﬁfn (%, We}léirg Hl%l ra@tia&c?neﬁ i Ehe fghg TR eROPE lgesa?ns.

8. The method of claim 7, wherein the electron beam radiation is applied at a total dosage of

about 10 MRad and the sonication is applied at a total energy of more than 5 MJ/m’.

9. The method of any one of claims 6 to 8, wherein radiation precedes sonication.

10. The method of any one of claims 6 to 8, wherein sonication precedes radiation.
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5. The nmethod of claim1l1l, wherein the two or nore
pretreatment nethods are applied to the biomass
wo e@dnrek at or about the same time. 6. The neCTo82007/022719
claim1, wherein the two or nore pretreatnent nethods
conprise radiation and sonication. 7. The nethod of
11. Thametl®d offasy enaof ¢ainrsaiodt, whwrdisradiativhend semcatfonare performed at
el ectron geam 8. The nmethod of claim7, wherein the
or atéqugg'lersaﬁ'e Wl radiation is applied at a total dosage
of about 10 MRad and the sonication is applied at,a
total energy of nore than 5 MJ/nB. 9. The nethod of
12. Zhg methodeff ciimi lysvhereirpthg chaigerie imolecatir atrudnrepf doebiemass feedstock
sonica%ion“ 10. The nengod of anﬁxgge of clgins 6 to Ilini
comBriSCRASPETSY 1BSAY BRE PORO ¥ ABJEEraBaHOkErh Weighgvgigge crystallinity,
surfé’e@(&%aoﬁéi?'&.@ri?ﬁyn&ﬁ?rggw, @?&Zﬂi%g,lé'aﬁi-ﬁ?,eaﬂﬂeddﬁ%ln Size B Yumber of the
~one of claims 6 to 8 ™wherein radiafion and sonication
biomse perforned at or about the same tinme. 12. The
met hod of claim 11, wherein the change in nolecul ar
structure of the bionmass feedstock conprises a change
13. THe 8R%odWT cRimDvBeRin 8 cAXIeAR trdlBuBE YWradtureRIFUY biomass feedstock
average crystallinity, surface area, polynerization,
compiases ¢idegreassriagitherrage og bathtdfiag avenage motesitlar wieight and average
nber .of t.he biomass. 13. The neth of. cl.aim1, .
crys P T 0By o THeSF i GV D% PLESh P st feet'and porosity of
the ibiapRsSS feedstock conprises a decrease in either one
or both of an average nol ecul ar wei ght and average
crystallinity of the biomass or an increase in either

ne or boeth of surface area an osity.of th
14, B5eba PaRe aitqs G Suft S AREp BERE SIS i spmngising
coptisdih@h enatdtRll corhPasin®h Bado Eipfddi@ed byPh gwcéés%nﬁmsing
mat erial conprising a carbohydrate produced by a _
pretigplgiges Blogwapiceddtonk With any et grrmorg off rashation, Saméaisipngiyrolysis, and
Oxmmﬁthaany two or nore of radiation, sonication
5y@%l9 Is, and oxidation; and contacting the materi al

W téntactiigGhOMattaial Wwith B%Ylkf&réalﬁ%nﬁmdiﬁ% the bBili€PIV@nberht least a
| east a portion, e.g., at |east about 1 percent by

portiggi Gy at ledst ebaut dpeeaentby weight ef theaviatertial tg thetpreduct,tsech as the
com gq;g)pestt iGPI e fuel. 15. The nethod of any one of clains
Y804 wherein the two or nore different

pretreatment nethods conprise radiation and

soni cation, radiation and oxidation, radiation and
15. Bhe arethedtaf eny ongefdlaiatsilon ldnwhereindthe bwe or more & ffeieohpretreatment

rolizatij.on r oxi.datian.and rolizati.on. 16 o

metdS BRbihitA el Ghon s a R B indiifiish Rfige A pyrolization
soni€PiBR ah& bR afé:E sb@iddtiontant p§dliz@H&S r oxidation and pyrolization.

16. The method of any one of the above claims, further comprising pretreating the biomass

feedstock with steam explosion.

17. The method of any one of the above claims, wherein the process does not include

hydrolyzing the biomass with an acid or a base.
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feedstock with steam explosion. 17. The nethod of any
one of the above clains, wherein the process does not
w0 p@BOTHES6 hydr ol yzi ng the bi omass with an aci dPOF/US2007/022719
base. 131 WD 2008/073186 PCT/ US2007/022719 18. The
net hod of any one of the above clains, wherein at
18. [Féagtetlmldmftans eveonf t>he pb@\cﬁeqhmbywhmmga’q feast abohesavertypetsent by

been, hydr The nmet hod of any one of
Wel 8f§f3V%n§§ tqﬁ%%ﬁﬁqﬂ d|east at 95 percent by

wei ght of the blonass has not been hydrol yzed. 20.
The nmet hod of any one of the above clains, wherein
19. dbpstethadi edlany one akthefaboteeclimsmabereinza leaseat 95 percent by weight of the
e, met hod of any one of the above
bw“ﬁ%&ﬁﬁgxﬁiﬁ@}éWHOQ? 4 east one pretreatnent nmethod is
perfornmed on biomass in which | ess than about 25
percent by weight of the biomass is wetted wth a
20. [Thepiethodnf@hy ane obthe abovkxlaifisewhereincubstantiably none obthe biomass has
bee t.he bov claims, wherein at |east one pretreatnent
'h%%“ perforned on biomass in which substantially
none of the biomass is wetted with a liquid, such as
water. 23. The nethod of any one of the above cl ai ns,
21. Jhemethediaf@np ooeraibe labeve daimst Wherehns lrast ongepretpratroentimethod is

P By VS B s wee

withof lidhe sabipyewsdkal N, wherein at | east one pretreatnent
net hod i s performed on biomass in which | ess than

about 25 percent by weight of the bionmass is in a
stat beln characterize

th [
Wopﬂfwo Stfa any gp%ﬂéthgﬁ\g%ecgalwaw %rsl&ﬁt %oneFPé?t eéamxenq method is

perfJS\rlnﬂelden Blb@ﬁssﬂﬁ whichibkantifilyaiofe o2 the bldRasiBs WededWitRAYiquid, such
one of the above clains, wherein the bionass is m xed

aswaleth or includes a swelli ng agent. 26. The nethod of
any one of the above clains, wherein the biomass is
mxed with or includes a swelling agent, and wherein

23. The nRiydEsTany 6A€bIBE aBowaifinRf wh&eh tho BidnmlkeH4s 146 thMrsbout five
of radiation. 132 WD 2008/ 073186 PCT/ US2007/ 022719

percert byTwieightaetaggd ovater] micpgupet] at BAY; andhatdifty refrcanheelative humidity.
pretreatnment nethods is radiation 28. The net hod of
any one of the above clains, wherein at | east one of

24. The nieRidrafahiené of the above claims, wherein at least one pretreatment method is
performed on biomass in which less than about 25 percent by weight of the biomass is in a
swollen state, the swollen state being characterized as having a volume of more than about 2.5

percent higher than an unswollen state.

25. The method of any one of the above claims, wherein the biomass is mixed with or includes
a swelling agent.

26. The method of any one of the above claims, wherein the biomass is mixed with or includes
a swelling agent, and wherein the biomass receives a dose of less than about 10 Mrad of

radiation.
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nmet hods, e.g., radiation, is perforned on the bionmass
feedstock while the bionmass feedstock is exposed to
w@p00s/02886 The nmet hod of any one of the above cP@i/n82007/022719
wherein at | east one of the pretreatnment nethods,
e.g., radiation, is perfornmed on the bionmass under a
27. ghessthod offclagn4t whertemaonealfohe pr2tréatmantmsthbés issadistingh
as greater than 5 or 10 at nospheres. 30. The net hod of
any one of the above clains, wherein the process
28. THe h{i‘:ﬁfod(‘dﬁiﬁy LRSS the )ébmezdlilﬂls Q}iér@in' A 1&g orf%rofftltleeﬁ@?reatment
expl odi ng t he bi onass. . The nethod of any one of
metltohie apoadiation, lmpprfomde)rrthe b@ntassfmdstocﬂewtiﬂd: the biorsass feedstock is
%gﬁted fromthe group consisting of paper, paper
ex”ﬁ? , paper waste, wood, particle board, sawdust,
agricultural waste, sewage, silage, grasses, rice
hul | s, bagasse, cotton, jute, henp, flax, banboo,
29. ¢ hs methodtmf@ay ont ofihe abmrenclamisswhcromrat éetastvcmre of the pretreatment

e SRk PR Bl oW PERESRLH gl han shour 2.5
atmdﬁgxérw 8cH LSFreAttr tha?s of IGaiispRdeo any one of the

ove cl ai nms, wherein the biohass conprises a
synthetic material . 33. The method of any one of the

| 14 t wh he. f
s0. FROHRYPANFRx fos offe oytuatinsovhetia  BroEaIbEHE cogpses
ox1dTi“'1‘i9g 'fﬁ?\‘dl‘l@ﬂlgof)r fbah BxplddingiRIfbMadshe al cohol s are

selecfed fromthe group consisting of ethano

n- propanol, isoproanol, n-butanol, and m xtur es
1. THEFE%0s oF e PRE B Sk 2 RGBS B
fromPid6 efupWdhsidtdii M@aﬁ&ogéﬂgﬁﬂ&lﬁctﬁ’ kIS A, /%7%éamc}%@oard sawdust,

The net hod of any one of the abovée clains 14
agnwlféraé Msmh%emg@,rsdeg@ BIASEIH rlcealm:pl}su, bagasse, gaton jutg hemphflax, bamboo,

sisel Rt T o0 P SO e SRR el i il cpgpmt hair,

cottdnosj?d%l@eti%rc@ﬂ%%s %é%e@%léa@earﬂ‘}ﬂﬁﬂ%d fkRof uel . 38. The
met hod of any one of the above clai ns, wherein the

irradiation is perforned ut|I|2|ng an ionizing

2. ORGP AR SRt P S S

mategaput 100 nmto about 280 nm 39. The nethod of claim
38, wherein the ionizing radiation conprises electron
beam radi ation. 40. The nethod of claim 38 or 39,

53 SRR SISl LR BB 0o 1Pk e RS one

morofiRieoden! ficsHol2BRdhyfoSarbshsabout 10 M ad/ day,

34. The method of claim 33, wherein the alcohols are selected from the group consisting of

ethanol, n-propanol, isoproanol, n-butanol, and mixtures thereof.

35. The method of any one of the above claims 14 to 34, wherein the microorganism

comprises a bacterium.
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or 1 Mad/s to about 10 Mad/s. 41. The nmethod of any
one of the above clains wherein irradiating includes
wW@pEBPrIge t wo or nore radiation sources, suchrPEEUSENTER2719
rays and a beam of electrons. 42. The nethod of any
one of the above clains, wherein sonication is
36. pbe istheddbfany ane 6f thgaboneclamsiditoddywhdreintthd fidbbrgamsm
about 25 kHz, such as between about 18 kHz and 22
ComR?§53@§a“The met hod of any one of the above cl ai ns,
wherein the biomass conprises a first cellul ose
having a first nunber average nol ecul ar -wei ght and the
37. &'hc bsthedradtaey oae ef thelabovemigmisdddo 86 sebarid cosydrtihg semprises

avi ng a second nunber  av nol ecul ar i ght | ower
fermBRhe PRansiFTL Lo ARk U G TR BRGTHE WY gh . 44
The nmet hod of claim43, wherein the second nunber
average nol ecul ar weight is lower than the first
38. mbebethodvdaayg enerof the abewe alaimghwhérginrtbe aradimionapperformed utilizing
.one- fold.. 134 2008/ 073186 PCT/US2007/ 02 719 8
ORENGEAGHIPNOFUCR 25 BRI IS TBYS, A ReamRER PN irpaplel C radiation

hav1ﬁ§h|v¢é|v@1%ﬁ%th%$ fidnf hl{o%& 160 ¥stehbddiBY nand wherein the
second ul ose has a second crystallinity | ower than

t he flrst crystallinity. 46. The nethod of claim 45,

ere e se nd cr .nity is.lower than the ..
39. ﬁ,ﬁF o lady) riN ereﬁythﬁb%m{l%éﬁh%’?&g{)mfas?ee[l@iwp.beam radiation.
47. The nethod of any one of clains 43 to 46, wherein

the first cellulose has a first level of oxidation
40. The methodeifiglaime 8aud8nwherein the osleationds aapilsd ehaltdtal\deke of between

o 50 D SR Al S LSl B s

or 1 MradRit®aBRE 1098Malkock is prepared by shearing a
bi omass fiber source to provide a fibrous material.

49. The nethod of claim 48, wherein the sheari ng is

LRI et Bl e e i A2 o o
mor@ﬂidﬁﬁﬂoﬁ'soﬁl@&se sadh ﬁ?@frﬁﬁkﬁrayé SR04 BednPolilgdtRIngr ratio of
greater than 5/1. 51. The method of any one of clains

48 to 50, wherein the fibrous material has a BET

rea eater than 0, 25.
42. THE hRfRr TG o8rafhf B A0 PhfgimienSatighis pifibrmed at a
freqitdiy OF Betiveen G15JuR Q5 XHIzahe aBOUTR5IKEES suchB befwd¥RaBout 18 kHz and 22
j3-1,4-1inkages and having a number average nol ecul ar

kHzye| ght bet ween about 3,000 and 50, 000. 53. The net hod
of any one of the above clains, wherein the pretreated
bi omass materi al

43. The method of any one of the above claims, wherein the biomass comprises a first
cellulose having a first number average molecular weight and the carbohydrate material
comprises a second cellulose having a second number average molecular weight lower than the

first number average molecular weight.

44. The method of claim 43, wherein the second number average molecular weight is lower

than the first number average molecular weight by more than about one-fold.
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further conprises a buffer, such as sodi um bi carbonate
or ammoni um chloride. 54. The nethod of any one of the
W@bws®7B@i ns, wherein the pretreated bi omass P&l/881081/022719
further conprises an electrolyte, such as potassi um
chloride or sodiumchloride. 135 WD 2008/ 073186
45. Py megrd®f/cbda ABdDr 445whdteim the firs delbfloserhas adiestefystaibnity and

aboye cl ai,ns,. wherein the pretreated bio S terjal .
whefe it PRt PIGREhas Aeealit e TySlinhy T praadRe fit prystafhnicy.

and/ or a base pair such as uracil. 56. The nethod of

any one of the above clains, wherein the pretreated

46. BhemethodredickaimalS, wheneirhtbe secong ciystadlinitysis kdveas ttleamt the §st crystallinity
The .met ho f any one of the above clains, wherein the
by%°f%fW§B%%1&pﬁﬁ‘§§§ material further conprises a
m neral. 58. The nmethod of any one of the above
claims, wherein the pretreated bionass materi al

47. e methodadapy osesf claistsed3dpidagwheremntthe Gt calhdosedtap e dirgslevel of
o R i BRSPS BR igper ham he f

level &fbx@ddtidn, sonication, pyrolysis, and oxidation, in

any order, or at about the sane tinme. 60. A nethod of
maki ng a product, such as a conbustible fuel, the

ss. 154 DRpRUIRD) ShE8 bR GH0, BufBhghs BonfREBEAILAG  repare by
sheatif g d bicHhdss \Wbkhscudk t8peovade AMMbRHUS aterdl.at i on,
soni cation, oxidation, pyrolysis, and steam

expl osi on, wherein | ess than about 25 percent by

i gh f the biomass.is in a swollegn state, the . .
+9. 30 e Sor i sy WRORin P a8 Kepes e PG iy e cuer
of nore than about 2.5 percent higher than a nom nal,
unswol | en state; and contacting the nmaterial with a

50. Fhe msdrogadiclimH@uar4g, wheremtfiters of the fibraws snaterial hpvssant avarage

ortion,. e g. ., .at |east out 1 percent by weight, of
leng {gdr%ag?qgtre?%q%otoggﬁ?ger@?%’oszgt, such as the conbustible

fuel. 61. A nethod of making a product, such as a

conbusti bl e fuel, the nmethod conpri si ng: provi ding a
S1. fhe srethad of ey pne phejaimscS o SRy whereia the biewe thatsrial has a BET surface

retr in bbomass feedstock wth any one or nore
area%{%%egge?;}%aing)n?s l%%I cation, oxidation, pyrolysis, and

steam explosion, wherein | ess than about 25 percent

bg wei ght of the bionmass is hydrolyzed subsequent to .
52. phemetwdradany oapef thesbeve Fo0s/1d 16 386V IRagintis2colgly2patg gomprises

one or more 3-1,4-linkages and having a number average molecular weight between about
3,000 and 50,000.

53. The method of any one of the above claims, wherein the pretreated biomass material

further comprises a buffer, such as sodium bicarbonate or ammonium chloride.

54. The method of any one of the above claims, wherein the pretreated biomass material

further comprises an electrolyte, such as potassium chloride or sodium chloride.

135



contacting the material wth a m croorgani sm havi ng

the ability to convert at |east a portion of the
worios/7HBe e.g., at |east about 1 percent by weCTOB2007/022719

the product, such as the conbustible fuel. 62. A

met hod of making a product, such as a conbustible )
55. Themethadeofigny Raelotibapbevsi dlgims, whergindhe preireatgd bioinagss material

C |.S] carbohydrat e .nroduc retreatin
furtfef EROLIIAA B SAARON S SO BRANES Dl SF A I,
soni cation, oxidation, pyrolysis, and steam
expl osi on, wherein | ess than about 25 percent by )
56. ke grethagroftany ope ehihs sbewe qlaimsowheretn the pretrgated pipmags material
S ters d contacting the material with a
ﬁ““§$§&8§§%’nﬁ %?ﬁ%@ing the ability to convert at |east a
portion, e.g., at |east about 1 percent by weight, of
the material to the product, such as the conbustible
57. Themetted of Rp one ohibd abdvesplgimsnwhereindhe pretreded bipnges material
in the . od conprises selecting two or nore
fhn%#?é@?@%?%ﬁ?%?%gatnent nmet hods. 64. The net hod of
claim 63, wherein the two or nore different
retreat ment nmethods conprise radjation and _
38. 5 bamethaded any aae af the abevecrlarisduherem, the pretrgated hiogrags material
[ Zat ' ion and oxidation, sonication
ﬁ“ﬂgﬁg&%bﬁgﬁFgﬁf?gﬁghéﬁkoxidation and pyrolization. 65.
The met hod of claim64, further conprising pretreating

t he bi omass with steam explosion.  66. The nethod of
59. Thy msthodsif agy aneef the abeyegdaimshwherein the biogiase teedsterdeis pretreated

i OGS SLYE, M 60 SRR, A BB rc. or

aboustiies infe tirhe€ m cr oor gani sm conpri ses a bacterium or
yeast. 68. The nethod of any one of clains 60 to 67,
wherein the irradiating is performed utilizing an

IAON LI | at | . o] S
60. kb e bty 2Rt it A SR DRSS o B s ising
Therovidihgd neftertdl admpHsing Wosbehyurate @roduoed by pretragtingtd Kibmass
conpri ses electron beamradiation. 70. The nethod of
feedstpel Wit any gae premare ¢fgadiptien, goniatia: exidation, pyyohysishanfl $eam
-0 , 1.
o B4 oD 0 6 T0ABE PR g 44 oo s, e
swoltar st pelingicharacterzeled Hayingrasiohans bMmore thireaiond 2.5 percent higher
bi omass feedstock with any one or nore of radiation,
thanggignuagl wrswodlen gidts; a8 pyrol ysis, and steam

ex LLon; I J: R
XRS5 ALY s et
portion, €.g., at least about 1 percent by weight, of the material to the product, such as the

combustible fuel.

61. A method of making a product, such as a combustible fuel, the method comprising:
providing a material comprising a carbohydrate produced by pretreating a biomass

feedstock with any one or more of radiation, sonication, oxidation, pyrolysis, and steam

explosion, wherein less than about 25 percent by weight of the biomass is hydrolyzed

subsequent to pretreatment; and
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portion, e.g., at |east about 1 percent by weight, of
the material to the product, such as the conbustible
wo o@B/07318 The met hod of claim 71, wherein thepehesz0ed022719
bi omass conprises discrete fibers having a
| ength-to-dianeter ratio (LID) of greater than about
5/ tontZ@ingThemateriabwitbfa noicmionganisnohavigg thefabilidy to ¢onzert at least a
s has .inter wher
portian ST FRecmA el & o BostAb@R e Y WEieB o rradicr e e the
comBligibkufet anti al |y exposed. 74. The nmethod of any one
of clains 71 to 73, wherein the biomass has been
sheared to an extent that it has a bul k density of

2. 4Bt PR R B o AC P S ERANS, PEauStaRmprising:
pr 9&@&&% @ th & Fh k@mf)ﬁﬁng @@%blﬂ)ﬂirﬁb %)?od%e(pbyeﬁl%&e&fng a biomass
bi omass;  two or nore | owm ng pretreat ment

feedstockvesth :any onedi moieoef rnd;eltmre sancawgedxldaimppmlysm and steam

explpoh Uhgn i LG P GhAS et b s tegb of he B moses icicBact with a
liquidP§lich Qs datedngRd to oxidize the biomass; and a
pyronS|s nodul e arranged to appl heat to the

bi ewﬁe@mgah@rretebuabwab@ mlpmsga@rsna dvimg thalabilisy tergomgert at least a

pomﬁp\é%ef 8o 8 elﬁ%st §€H‘t%jrﬂercf§ ‘fgg g? %%ngl to Yﬂe proc?uctt Stich as the
comB&shibdSReN7/ 022719 mhereln the two or nore

pretreatnment nodul es are arranged in series and/or are
arranged to treat a portion of the biomass at about

e s 75, further. .
63. @Eﬁﬂ}eﬁ@ﬁg agy gggggelalmf‘%o tﬁ%éygb%rmn h }go%r?amgnses selecting two or
moré @idfekdr® BretiRaMRnt ARMoAENI Ng a pretr eat ed bi omass
material conprising a carbohydrate, wherein the

pretreat ed bi omass material is produced by a nethod of

64. iﬂéf Wﬂl \S&?ef rcgnﬁa(#gg/h\llrgtggtgg ‘t"\g? §58)m856h$ gs %eg %r%}reatmen@ mgghogs comprise

radidtofra9Q SEROAEON, H4difdn a8 bxidMidh] ridifidiedndrgyPdlizati®i€ sonication and
m croor gani sm having the ability to convert at least a

oxidgiden, isemicafontand pyradizatiomor pyidatign awlmrolization as a
conbustible fuel. 79. The system of any one of clains
76 to 78, wherein the vessel also contains an enzyne

65. TRe nfzEHYdasTclaihtda, it ePB3mBprisiig p &H@atﬁx?&ﬂé‘@ioﬂﬁh’d Whh §68m explosion.
ability to react with at Ieas a portion of the

material. 80. The systemof any one of claims 76 to
66. %ﬁe m\/\'ﬁleordeolf %n%t ro]rele SF cﬁgi?rlxs 6‘?)I t(s)%Sf: &Hér%{nr}ﬁe [a)ro%gsfsfd%reé ngtulgaude

hydrolyzing the biomass with an acid or a base.

67. The method of any one of claims 60 to 66, wherein the microorganism comprises a

bacterium or yeast.

68. The method of any one of claims 60 to 67, wherein the irradiating is performed utilizing an

ionizing radiation, such as gamma rays or a beam of electrons.
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as sodi um bi carbonate or ammoni um chl oride. 81. The
system of any one of clains 76 to 80, wherein the
wQe@smel31aé so contains an el ectrolyte, such asPCT/US2007/022719
pot assi um chl ori de or sodiumchloride. 82. The system
of any one of clains 76 to 81, wherein the vessel also
69. Thanathusl of ctpinvahwhereirothe iorszing raisationebimpriagscvlentroa beam radiation.
base pair such as uracil. 83. The system of any one of
clainms 76 to 82, wherein the vessel also contains a
70. 3He hid@hoArclaifia, Wercfivibl BuRfis adkerone of claims 76 to
83, wherein the vessel also contains a mneral. 85.
The system of any one of clains 76 to 84, wherein the

vessel ~al.so, contains a chel ati .agent.. 86. Th ..
71. AR¢Bad f makiagmpreduch sueh ayearabustibldulote giethotcamprising:

t o . .

e BRviding §iRu 3la) B0RBHicihe h CARORARM prodBRPbY prekiihiPsheared
bionRET fdd8A0CT WitR 271 BnB3r mdtesr f3ydiatem, sénicatipnpomadatfonc pyolysis, and

75 to 86, cdon'pri sing a radiation nodule and a
Stea SXPOSIONEAY npdul e. 88. The system of clai m 75,

S e A S SRR TS 1y b s

portivnpergs st leash ab@urlt perdennhb s wioight tof thei ratamaldo gfecdbroduct rsmolkeas the

[ om?stsus[rom the radi ati on nodule to the sonication
comﬁgﬁm% vice versa, and fromthe preparation nodul e

to the pretreatnent nodul es and vice versa. 89. The
system of claim87 or claim@88, further conprising the
72. Ghe dethodrofrobaiml ., whereirTthe shgasedomhssaromprises discretedibers having a

5. to 89, furt C rising.a fernmentati on nodul e.
leng.zl'it.o"%ﬂ@egefléact@#(gﬁ) %f%?ﬂ?r?g?'gmg{lsi ng the radiation
nodul e and the pyrolysis nodule. 92. The system of

claim91, wherein the biomass transportation subsystem
73. The avettadgdetldim Howd2, whenemstbe brommss has integiad fibors, ansiduherein the

. to the rol ysi.s nodul e or .vi.ce v a. 93.. The.system
biongys i bBgTLhsHred i piveient thy igantepal FiRgls ate syt aially expesed.
oxi dation nodule. 94. The system of any of clains 91
to 93, further conprising a fernentation nodul e. 95.
74. The nejistderfianf oaeyf daiensofl tol 73} whergt the bipnassvhas lsien sheared to an
raljty of the.t or .nor es sare 1inplenmented
exmﬁét%ﬂtallt k’%sy%}f’ulg dg?ﬁﬁté}ﬂcgl?fé\th%@.%oggfﬂrgémsyst em of any one
of clains 75 to 95, wherein the two or nore different
pretreatment nodul es conprise radiation and
75. dobipmass isedstaskiresessing aystam opmpmgingixi dat i on nodul es,

23800 8 AP AR RS BPABTPSRR s
D @Wb 88 mof¥ ookt €slidvAng pReeteMeat indadle@n nodul es.
a radiation module arranged to apply radiation to the biomass;
a sonication module arranged to apply sonic energy to the biomass;
an oxidation module arranged to oxidize the biomass; and
a pyrolysis module arranged to apply heat to the biomass; and
a biomass transportation subsystem to move the biomass to and between modules

within the processing system;
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97. The system of claim96, further conprising a
fermentation nodule. 98. The system of claim 96,
wob@serIse he system conprises three or nore di PEBUSI7/022719
pretreatnment nodules. 99. The system of any one of
claims 96 to 98, wherein a plurality of the two or
o meherenal thiedwo oanwré prstreatprentuiodylepanctasrangedan senesl and/or are
devi.c 140 WO 2008/ 073186 PCT 2007/ 022719 100. The
arralf S0 et RO LG PIOCTAT LSRR 15 98¢ lter ei n ¢ he
bi omass transportation subsysten1 |s arranged to nove
76. The et MR NS MeHEDNiptisiigh Wwisser . 101. The system
of claim 100, wherein the bionmass transportation
subsystenlconprlses a conveyor belt of fluidized bed.
77. Posys CIhEONARIERE @pctmve@efé cortaiging apretreatedbipmass material comprising

L N

claih®0 tdvRads to the biomass, particularly between about
10 MRads and about 50 MRads, and nore particularly
bet ween about 20 MRads and about 50 MRads. 103. The
78. §P§§W%Pf alaim dher 8. veheagipghereesse) alpg zontaig adnigraopganism in contact
r [ 0
witf BERBI AR R o yih LADRE e AR LA GRRESO poron of he
matdiad bes prodactgsuchtad alkcombastibldficl.aver age nol ecul ar wei ght
of the bi orrass to reduce the average crystallinity of

é_he bi oma§s I ncrease the surface area of the
79. e fpdem o wwm;fél%lm B & yPmrhereinithsvestel alse cpnigipgeg enzyme in
conl I 2R84 16 PRt D) GTRRS B4 g orion o e
matéftad system of any one of clains 75 to 103, wherein the

soni cation nodule is arranged to -apply sonic energy

80. ﬁ’hﬁ gysfiqgg enc %ciareﬁn\é\%géq] tegq::liglt}:f]e;g aqgggggﬁttams a buffer, such
d/&"'l%%'ldlrﬁd?ﬁtesd?“ %ﬂm HI%Q'ML:G is arranged to apply
sonic energy sufficient to change the structure of the
bi omass, e.g., to reduce the average nolecul ar wei ght

81. Fhe synterbobamsene dfalaimd 76 ¢o BOevievein slpevesse} sisalcbntainsyn efectrolyte,

t he anmas i ncr.eas the surface area of the
SuChoarSéWg"ﬁ‘}‘mt ’l?ﬂf%rfﬁéoihﬂg"ge)‘?r&%eri zation of the biomass,
to increase the porosity of the biomass; and/or to
82. ThaBgerh BEatNGHE Tllaimk 78 G6 BT Svitdreih % \hﬁ'smﬁé cothﬁrs a Bi6wth factor,
system of any one of clains 75 to 105, wherein the
suchrasdhiietiri o/ orachase paosyehias esacils adi oacti ve material . 107,
The system of any one of clains 75 to 105, wher e| n the

83. i‘ﬁi SYyS err? of gr?ydgneeof%?an}r)l 78 % 8? whe?elng ter\g)erése Sf0'c6 contalns 3 surfactant.

‘n
et

84. The system of any one of claims 76 to 83, wherein the vessel also contains a mineral.

85. The system of any one of claims 76 to 84, wherein the vessel also contains a chelating

agent.

86. The system of claim 76 to 85, wherein the vessel has a total volume of greater than about
1,000 L, such as greater than 5,000 L.

139



WD 2008/ 073186 PCT/ US2007/ 022719 108. A carbohydrate
mat eri al produced by a process conprising pretreating
w@2@kpar1ed bi omass feedstock with any one or POF/ESWN7/022719
radi ati on, sonication, oxidation, pyrolysis and steam
expl osi on. 109. The carbohydrate material of claim
87. Togsysire pEany grretfrcdeams f té 86,pompoisimga radiatiommpdulg@nda sonication
re of radiation, sonication, oxidation, pyrolysis,
d steam expl osion. 110. A carbohydrate materia
produced by a process conprising pretreating a bionmass
88. TREgywtds bf Wainh 78 ¥hdri¥a tRY twiDér@nére miGfhledicoftiprise the radiation module
soni cation, oxidation, pyrolysis, and steam
and gepboishtbon module, andevhemgin drehiomass transpdrtation sulgystamds atranged to

etreat.ing,i s perfor ith any three or nmore of
movB RERrER SR 0s e Biaranon 4 b8 s Saia il of Meghyers and from the
prep@aBibR siddle td e prétrEAMBAShEANEs HANREd wrddd a cel lul osic
or a lignocellulosic material having a peak maxi mum
nol ecul ar wei ght of |ess than about 25,000, and a
89. dhgsyssem phelpim 87 or eleim BB.Aurtheroempsisingihe exidationimedulghe
conmposition of claim 112, wherein the cellulosic or a
| | ' i or.osity of r
00. THERASEL of b3Es SRR 75 16,85, e BRLBRLIN & fe i TR gpocute
112 or 113, wherein the cellulosic or lignocellulosic
91. Mat eystah of blasn a5 Bompsisingaheradiatiah eioduledhdabhepiroBisismodule.
n2/g. 115. The conposition of any one of clainms 112 to
4, wherein the cellulosic or |ignocellu]osic,
92. Hi Syste of i Ibbkereid 46s bigmgass transporfaiion sybRYSiempis grranged to move
: : i ki : ims 112
bionfis$ o hE Paai SR FRIROE] thE pUroRei A fibGe e Sl 02 ¢
material conprises fibers having a | ength-to-dianeter
93. dhe gystan ef atyhene afledasins 91 to 93, furtldreompnipingithé anidatfonangdule.
one of clainms 112 to 116, wherein the conposition

o0, S0 im o TP 530 S R s Bl

conprising a cellulosic or a lignocellulosic materi al

95. TRERYstérh Bgaﬁy SRS SEiclail g5 € 94 tARr&8 |a|pll‘ﬁr§§ﬂy(bf @he two or more modules
l'ignocellulosic material has a peak naxi mum nol ecul ar

are implgghentest asl pagts of a kimgleadsyice. 25, 000, and a bul k density
of less than about 0.5 g/cnB. 119. The conposition of

aim118. wherein,the-fi bgrs ,have  .a .
o6. TRt Br R gp 10 P8 B 1P o raore giffrengprereatment
modiiRh ReMpAte MABIatiBH arRd SEHIFNISH hibdufedClAdRBoRatd HEHatiddShédules, radiation

conposite, the nethod o o o
and pyrolization modules, sonication and oxidation modules, sonication and pyrolization

modg

modaules, or oxidation and pyrolization modules.
97. The system of claim 96, further comprising a fermentation module.

98. The system of claim 96, wherein the system comprises three or more different pretreatment

modules.

99. The system of any one of claims 96 to 98, wherein a plurality of the two or more modules

are implemented as parts of a single device.
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applAdo8¢ of fatiafies 6f bétvesd &bdﬁﬁ‘l@Ml@dds%& Bbdut t1 06 M dsit& the biomass,
such as a resin matrix. 122. A nmethod of making a

partigslapy Setveeen abeyt 19MRady ndrabpuisihMBads @si mwre particulatlybetween
LSk Ng:, i rragighi a fibrous material conprising
abm&%ﬁﬁgg%sh ﬁh?ggﬁQQEﬁggor | ignocel lul osic materi al
having a first nol ecul ar weight to provide a second

103.CEhé shsam 6f @yHrReloflcigioeetd 020 Siherdipihe rhdihtio@¥dwle isParranged to
second nol ecul ar_wei ght hi gher than the first

applyg|destip briadiagipey Refficienhtei chargs the strectereof thedlipmpssse-€., to reduce the
aver gdllngfeculaxgwglcgﬁ ofuthgglo as tt§ Sﬁggme ea'&er%ﬁggrtygtéhw o%%e%iomass; to

resin

mcr&@@&(e&ﬁiﬂ@ar%f M@B%ﬁs@&g ChRshgeithd golimblingiohdE the biomass, to
osite, 123. A nethod of maki ng an irradi ated wood

mcr%sg, drorosity®f the hieaasso A prstoshangedhe eheamgjcal simaetyire of the biomass.
product conprising a first carbohydrate-contai ni ng
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oduc e an rra

applywsoric pnerdyat a freqiphc $ bﬂ@etﬁreaﬁ‘ﬂmﬁld 15 kHz and about 25 kHz
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the surface area of the biomass; to change the polymerization of the biomass, to increase the

porosity of the biomass; and/or to change the chemical structure of the biomass.

106. The system of any one of claims 75 to 105, wherein the radiation module comprises

radioactive material.

107. The system of any one of claims 75 to 105, wherein the radiation module comprises an

electron beam emitter.
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108. A carbohydrate material produced by a process comprising pretreating a sheared biomass
feedstock with any one or more of radiation, sonication, oxidation, pyrolysis and steam

explosion.

109. The carbohydrate material of claim 108, wherein pretreating is performed with any two or

more of radiation, sonication, oxidation, pyrolysis, and steam explosion.

110. A carbohydrate material produced by a process comprising pretreating a biomass
feedstock with any two or more of radiation, sonication, oxidation, pyrolysis, and steam

explosion.

111. The carbohydrate of claim 110, wherein pretreating is performed with any three or more

of radiation, sonication, oxidation, pyrolysis, and steam explosion.

112. A composition comprising a cellulosic or a lignocellulosic material having a peak
maximum molecular weight of less than about 25,000, and a crystallinity of less than about 55
percent.

113. The composition of claim 112, wherein the cellulosic or a lignocellulosic material has a

porosity of greater than about 72 percent.

114. The composition of claim 112 or 113, wherein the cellulosic or lignocellulosic material

has a BET surface greater than about 0.75 m%/g.

115. The composition of any one of claims 112 to 114, wherein the cellulosic or

lignocellulosic material has a bulk density of less than about 0.5 g/cm®.

116. The composition of any one of claims 112 to 115, wherein the cellulosic or

lignocellulosic material comprises fibers having a length-to-diameter of greater than about 5.

117. The composition of any one of claims 112 to 116, wherein the composition further

comprises an enzyme and/or a microbe.
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118. A composition comprising a cellulosic or a lignocellulosic material comprising fibers,
wherein the cellulosic or lignocellulosic material has a peak maximum molecular weight of less

than about 25,000, and a bulk density of less than about 0.5 g/cm3.

119. The composition of claim 118, wherein the fibers have a length-to-diameter of greater

than about 5.

120. A method of making a composite, such as a fiber-resin composite, the method
comprising:

irradiating a fibrous material comprising a first cellulosic and/or lignocellulosic material
having a first molecular weight to provide a second cellulosic and/or lignocellulosic material
having a second molecular weight higher than the first molecular weight; and

combining the second cellulosic and/or lignocellulosic material with a material, such as

a resin.

121. A method of making a composite, such as a fiber-resin composite, the method
comprising:

combining a material, such as a resin, with a fibrous material comprising a cellulosic
and/or lignocellulosic material having a first molecular weight to provide a composite
comprising the fibrous material and a matrix; and
irradiating the composite to increase molecular weight of the first cellulosic and/or

lignocellulosic material within the matrix, such as a resin matrix.

122. A method of making a composite, such as a fiber-resin composite, the method
comprising:

irradiating a fibrous material comprising a first cellulosic and/or lignocellulosic material
having a first molecular weight to provide a second cellulosic and/or lignocellulosic material
having a second molecular weight higher than the first molecular weight;

combining the second cellulosic and/or lignocellulosic material with a material, such as

a resin, to provide a composite; and
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irradiating the composite.

123. A method of making an irradiated wood product, the method comprising

providing a wood product comprising a first carbohydrate-containing material having a
first molecular weight; and

irradiating the wood product to provide an irradiated wood product comprising a second
carbohydrate-containing material having a second molecular weight higher than the first

molecular weight.

124. The method of any one of claims 120 to 123, wherein the method further comprises

sonicating, €.g., prior to, after, or concurrently with the irradiating.
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