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i ncorporated by reference herein. BACKGROUND Vari ous carbohydrates, such as
cellulosic and lignocellulosic materials, e.g., in fibrous form are
produced, processed, and used in large quantities in a nunber of
applications. Oten such nmaterials are used once, and then discarded as
waste, or are sinply conPROEESUINGBIONEASSs, e. 9., sewage,
bagasse, sawdust, and stover. Various cellulosic and |ignocellulosic
materials, their uses, and applications have been described, for exanple,
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SUMMARY
Generally, this invention relates to carbohydrate-containing materials (e.g.,

15 biomass materials or biomass-derived materials, such as starchy materials and/or
cellulosic or lignocellulosic materials), methods of making and processing such materials
to change their structure and/or their recalcitrance level, and products made from the
changed materials. For example, many of the methods described herein can provide
cellulosic and/or lignocellulosic materials that have an oxygen-rich functionality, a lower

20 molecular weight and/or crystallinity relative to a native material. Many of the methods,
such as Fenton oxidation methods, provide materials that can be more readily utilized by
a variety of microorganisms (with or without enzymatic hydrolysis) to produce useful
products, such as hydrogen, alcohols (e.g., ethanol or butanol), organic acids (e.g., acetic
acid), hydrocarbons, co-products (e.g., proteins) or mixtures of any of these. Many of the

25 products obtained, such as ethanol or n-butanol, can be utilized as fuel, e.g., as an internal

combustion fuel or as a fuel cell feedstock. In addition, the products described herein can



In one aspect, the invention features nmethods of changi ng nol ecul ar
structures and/or reducing recalcitrance in materials, such as

hydr ocar bwo-20ovii8sed28i ng materi al s and/ or bi omass nat eri alPST/US2@9/0682e2 | ul osi ¢
or lignocellulosic materials, such as any one or nore unprocessed (e.qg.,
cut grass), sem -processed (e.g., conm nuted grass) or processed materials
(e.g., commnuted and irradi ated grass) described herein. The nethods can
feature oxidati ve qetho s of reducing recalcitrance in cellul osic or
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ref erence her bione afpest.the nydstianaivatates ondteetswf ehagmy malecdasstofctuFent on
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and/or the lignin, such as hydroxyl groups, aldehyde groups, ketone groups
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conpoundgerbiaGh YE BRicPNe or nore natural ly-occurring, non-radioactive
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groups, which can increase its dispersability and/or its solubility.
In one aspect, the invention features methods that include contacting, in a
mixture, a first cellulosic or lignocellulosic material having a first level of recalcitrance
20 with one or more compounds comprising one or more naturally-occurring, non-
radioactive metallic elements, ¢.g., non-radioactive group 5, 6, 7, 8, 9, 10 or 11 elements,
and, optionally, one or more oxidants capable of increasing an oxidation state of at least
some of said elements, to produce a second cellulosic or lignocellulosic material having a
second level of recalcitrance lower than the first level of recalcitrance.
25 Other methods include combining a hydrocarbon-containing material with one or
more compounds including one or more naturally-occurring, non-radioactive metallic
elements, e.g., non-radioactive group 5, 6, 7, 8,9, 10 or 11 elements to provide a mixture
in which the one or more compounds contact the hydrocarbon-containing material; and

maintaining the contact for a period of time and under conditions sufficient to change the

30 structure of the hydrocarbon-containing material.



| i gnocel lul osi c, or hydrocarbon-containing material with one or nore
oxi dants capabl e of increasing an oxidation state of at |east sone of the
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In some embodiments, the mixture further includes one or more hydroquinones,
such as 2,5-dimethoxyhydroquinone and/or one or more benzoquinones, such as 2,5-
dimethoxy-1,4-benzoquinone. Such compounds, which have similar molecular entities as

20 lignin, can aid in electron transfer.

In some desirable embodiments, the one or more oxidants are electrochemically
or electromagnetically generated in-situ. For example, hydrogen peroxide and/or ozone
can be electrochemically or electromagnetically produced within a contact or reaction
vessel or outside the vessel and transferred into the vessel.

25 The methods may further include contacting the second cellulosic or
lignocellulosic material with an enzyme and/or microorganism. Products produced by
such contact can include any of those products described herein, such as food or fuel,

e.g., ethanol, or any other products described in U.S. Provisional Application Serial No.
61/139,453, which is hereby incorporated by reference herein in its entirety.
30 In another aspect, the invention features systems that include a structure or carrier,

¢.g., a reaction vessel, containing a mixture including 1) any material described herein,
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I n anot her aspect, the invention features systens that include a structure
or carrier, e.g., a reaction vessel, containing a mxture including 1) any
mat er i al we=erwdsegsher ei n, such as a cellul osic or |ignoeelrlust@wioss2nnt eri al
and 2) one or nore conpounds conprising one or nore naturally-occurring,
non-radi oactive netallic elenments, e.g., non-radioactive group 5, 6, 7, 8,
9, 10 or 11 elenents. Optionally, the mxture can include 3) one or nore
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second lignocellulosic material having a second level of recalcitrance lower than the first
level of recalcitrance. The method can further include contacting the second cellulosic or
lignocellulosic material with an enzyme and/or microorganism, e.g., to make any product
20 described herein, ¢.g., food or fuel, e.g., ethanol or butanol (e.g., n-butanol) or any
product described in U.S. Provisional Application Serial No. 61/139,453.
The ligninase can be, ¢.g., one or more of manganese peroxidase, lignin
peroxidase or laccases.
The biomass-destroying organism can be, ¢.g., one or more of white rot, brown
25 rot or soft rot. For example, the biomass-destroying organism can be a Basidiomycetes
fungus. In particular embodiments, the biomass-destroying organism is Phanerochaete
chrysoporium or Gleophyllum trabeum.
In certain embodiments, the first material is in the form of a fibrous material that
includes fibers provided by shearing a fiber source. Shearing alone can reduce the
30 crystallinity of a fibrous material and can work synergistically with any process technique

that also reduces crystallinity and/or molecular weight. For example, the shearing can be
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In certain enbodi nents, the first material is in the formof a fibrous
material that includes fibers provided by shearing a fiber source. Shearing
al one carwoeduwaso42Be crystallinity of a fibrous materi alPCan$2@a068202 k
synergistically with any process technique that al so reduces crystallinity
and/ or nol ecul ar wei ght. For exanple, the shearing can beperformed with a
rotary knife cutter. In sone enbodi nents, the fibrous material has an
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useful pr OdUC%,enal:lﬁlbro@Sga&hlﬁ‘rU@utlhb@’d Ofph dkian@ e, mﬁr@rganﬁ@m geat i ng the
materi al s. _For exanpl e,  al cohols ani ¢ acids, hydrocarbons, hydrogen,
pr ot ej nsel}ﬁm%f%@tfﬂ‘rc&or%@fm%y%‘f eX@ﬂ@éf‘e%hﬁp@moag@l%ﬁarb@e bpasdrTiEy o, 2
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e R BAH oo, 0 PR el
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suitabl e carboxylic acids include formc acid, acetic aci pr opi oni ¢ aci d,
butyri c Beickampl, ekcpholacﬂrghnl@apd&;)hEdracarhonqahYdmgerm pendéids osmisdwics ofici d,
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conbi nati ons ERerged of frsangdd @st @by sépitoabts iayldaosdneons pdﬂﬁhﬁ@ﬁ)nﬁpt hane,

et hane, propane, pentane, n-hexane, and conbi nations thereof. Many of these
product s a)lsyl sdeodrossmpper and poly-Functional carboxylic acids, C1-C6 hydrocarbons,
and combinations thereof. Specific examples of suitable alcohols include methanol,
ethanol, propanol, isopropanol, butanol, ethylene glycol, propylene glycol, 1,4-butane
20 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, lactic acid, y-hydroxybutyric acid, and combinations
thereof. Examples of suitable hydrocarbons include methane, ethane, propane, pentane,
25 n-hexane, and combinations thereof. Many of these products may be used as fuels.

The term “fibrous material,” as used herein, is a material that includes numerous
loose, discrete and separable fibers. For example, a fibrous material can be prepared
from a bleached Kraft paper fiber source by shearing, e.g., with a rotary knife cutter.

The term “screen,” as used herein, means a member capable of sieving material

30 according to size. Examples of screens include a perforated plate, cylinder or the like, or

a wire mesh or cloth fabric.



The term "fibrous material," as used herein, is a material that includes
numer ous | oose, discrete and separable fibers. For exanple, a fibrous

mat eri al werotvasprepared from a bl eached Kraft paper fi IpeT/Utsoemmes2by
shearing, e.g., with a rotary knife cutter. The term "screen," as used
herei n, means a nenber capable of sieving material according to size.
Exanpl es of screens include a perforated plate cyIinder or the like, or a

Wi re nmesh or oth fabric.The te yr ol sed her ei n, ans to
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occur thﬂp%c&t'ftﬁl éflli%hte&{ergéﬂtl%ﬂ’rbl%ls k&h Mﬁﬁﬁvhﬂé‘ﬁi&ﬁbj e@trmhtEHﬁr@ §fddrn a gaseous
materi al, 'such as an oxidizi'ng gas, e.g., air or ‘oxygen, or a reducing gas,

such as Va,cdumgewmrmygbm acgInc@m materiabeas peeh oyidigingrgant @g., anat gxsigsnby
pyrol yzing a sa in.a furnace operating at 1300 OC or above. Exanpl es of

bi omass ?é%ﬁ@?%ﬂgg?%éWﬁﬂﬁfﬁﬂ paper products, paper waste, wood, wood

wastses and re@kﬁg&scon&ﬂfﬁlrﬁéa@u@@@pélenﬁe@vuﬂuﬁalys@gy perelyizitood sa\fméﬁl@nd crop
resi dues, sewage, sila e@ rasses, rice hulls, bagasse, cotton, jute, henp,
%ﬁ@ as

flax, baﬁﬁ@660§ﬁ§ﬁnga CE@W@W corn cobs, corn stover, smntchgrass

alfalfa, hay, EUReD i 8ma SIS TR BB Plper HRIRDR! PRyl osgs.

seaweed, al gae, onass can be

or can i webdidastas zli‘[ﬁiﬂdﬁldhesoparacls:)bbhﬂde‘de@dﬂﬁﬁhgﬂ’lmﬂﬂuralmtetdﬁﬂIﬁs‘o "rebidads, bi omass”
and "lignocel |l ul osic biomass” refer to V|rtuaIIy any glant derived organic
matter (WOGES VREhERWot () hullsrbigastiecoftmpiide hepp, flfﬁi agipQey|srély akaca,
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saccharide units or’ t i nc one or sacchari uni t
Carbohydaaﬂ&mccwmﬂbﬂmpmhwmﬁtakméengnmpaquamaboanngm@ﬁﬂ@ﬁcfﬁhﬂb@ﬁwmer,
100- ner 000- nmer O-ner), oligoneric (e.g., equal

mer
to or gr%t&rorfﬁ%ﬁw&ld}zarpéﬁuralsoransgmh%cwreﬂa mer, 8-mer, 9-mer or 10-ner),

trimeric, di MeRd Grm@%plIRMRAELC andIBMoLORIIERE ﬁ%ﬁéﬁ’sf”%f%%t@%%uﬁlw spd of nore
than a S|ngle repeat unit, each repeat unit can be the sanme or di'fferent.

Exanpl espleft-gasivederganiconaties iy dedst @manmedasye . cellulose xyl an, pectin, and
SRR N R RN Dt R I R
Car bohy dgratir€l§ o @Ae or more saccharide units or that include one or more saccharlde unlts.
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, 7-mer, 8-mer, 9-mer or 10-mer), trimeric, dimeric, or monomeric. When the
20 carbohydrates are formed of more than a single repeat unit, each repeat unit can be the
same or different. Examples of polymeric carbohydrates include cellulose, xylan, pectin,
and starch, while cellobiose and lactose are examples of dimeric carbohydrates.
Examples of monomeric carbohydrates include glucose and xylose. Carbohydrates can
be part of a supramolecular structure, ¢.g., covalently bonded into the structure.
25 Examples of such materials include lignocellulosic materials, such as that found in wood.
A starchy material is one that is or includes significant amounts of starch or a
starch derivative, such as greater than about 5 percent by weight starch or starch
derivative. For purposes of this disclosure, a starch is a material that is or includes an
amylose, an amylopectin, or a physical and/or chemical mixture thereof, e.g., a 20:80 or
30 30:70 percent by weight mixture of amylose to amylopectin. For example, rice, corn, and

mixtures thereof are starchy materials. Starch derivatives include, e.g., maltodextrin,
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be part of a supranolecular structure, e.g., covalently bonded into the
structure. Exanples of such materials include |Iignocellulosic materials,
such as twetofoxsm2si n wood. A starchy material is one tiraf/tiss009/06820z| udes
significant anounts of starch or a starch derivative, such as greater than
about 5 percent by weight starch or starch derivative. For purposes of this
di sclosure, a starch is a material that is or includes an anyl ose, an

anyl opecti.n, o hysi.cal a r chemcal mxture.thereof, e.qg., a 20:80
or 30: 7oa%€-ﬁp&aﬁeﬁp{§a‘€%ﬁb§m—m¢5&{e§ﬁ@r3& Olaighegeise oFHifFIp el ﬁ.cet%@ted_exam e,
rice, CoghchaidyMidd MESidiD&d ﬁ%h?ﬁh%_s@&a@é—ﬁﬁﬁiﬂl%ts%rélﬂ|g§neti§5@§-ﬁﬁdﬁ?é’d‘ vatives
include, e.qg., maltodextrin,acid-nodified starch, base-nodified starch,

bl eachedstetchro starphithidtaebssteat whdigestieny| at ed starch, acetyl ated and
oxi di zed stargh, . .phosphat e- ified starc enetically-nodified starch and
otarch that 1 SvPUBEBREME e Peut e ARl pRg A fRer o ar o
mat gri al gt hats saretse irkréhss Fevdlalt v\l unkWallerBstéte of BclRi&idaide@nt i ncrease
in volune over an unswollen state of cellulosic and/or |ignocellulosic

mat er i al BgnogpldHosip prafesials whewepplivdtte pich ratagals aspbeluiion ¢.ge.agvaters wat er

sol ution I i t 5Qd] dr oxi de,
pot assi u%lﬁﬁﬁﬁ %@h&ﬁ#@ﬁﬁ?@uﬁkﬁyﬁjlg rs%l%t%’éﬁ%%g@ﬂ%%&%ﬁ%%@%@%ﬁ ga{gs{[&élci di fyi ng
agent s, Bbulbxids, lithingr Bldr@dddsnd @n@oniufyidusiidesaadidifyihy dgaed)sashi 3 aci d and
phosphoric¢c acid), salts, such as zinc chloride, calciumcarbonate, sodium
car bonat BINeEE Rsids (5- gt Ryicacitb Ay drasislarie agid and pbospheiicaddly slisesushizhes, such

as gt hyl ane fbai Scitth cah6R:E Lo fRHEL! te, BSAIRE {8 RoniliS QARt eri al
t hat i nc%uggsbﬁ?%s’gr ec%e ?%Eersg’iqﬂ mﬁll{:ah@dél? el’ easzy a Su? aSO%?%I tsﬁe i screte
fibers, falMmse drengt ihdhcametleas {thylB)e diamire. of at | east about 5, and that

has an unconpressed pul k .densi t f less than about 0.6 g/cnB.. A sheared
material is tﬁuéﬁ?fir? BFEHEL [ ROATTETER aama&eﬁaktﬁﬁdgclbéeéﬁmt? fEHSPbed or
ground. CRRAGH REstbERY ROYbAThe MIcHEL FB%‘S,Q%W@EI i RARgambREAS I GHitio fSatused

herein, means to change the chem cal bondi ng arrangenent or conformation of

t he st r ulstsirboutFornéihahhdsen unkempiraseduilndanisisy ablescthhmabait Obct/eome Ban
{nciomat oA TRl g o v e wn sl B Gt O JBRGHLE anilerage
crystal li ni t yChafpangi idlcdulbitatee dF 8diortRaRGURGCIA ad @SR @A, means to
pol ymeri zation, changing a porosity, changing a degree of branching,
gr af t i ngchsngethgehemical bonding arrangement or conformation of the structure. For example,

the change in the molecular structure can include changing the supramolecular structure

of the material, oxidation of the material, changing an average molecular weight,

20 changing 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.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

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

Any biomass material, e.g., carbohydrate-containing material, e.g., cellulosic
and/or lignocellulosic material described herein can be utilized in any application or

30 process described in any patent or patent application incorporated by reference herein.



materials, changing a crystalline domain size, or an changing an overall
domai n size. Unless otherw se defined, all technical and scientific terns
used her evo 2nevi80428e sane nmeani ng as comonl y under st oo®CibyuSeeve/oes20nr di nary
skill in the art to which this invention belongs. Al publications, patent
applications, patents, and other references nentioned herein or attached
hereto are incorporated by reference in their entirety for all that they
contain. Any hi Ss nmateria car boh dr.g e-contai ning material,

I

i 0 |, e.qg..,
e.g., cell ul oSHEr EaEHrey and; agnarsasqs f dus 18V eRioB il PC BRI St ei n can be

uti i zedgdBwailydRRRY @& pRdn Und¥rRs BRScIAGRCr i bed in any patent or patent
application incorporated by reference herein. & her features and advant ages

of the invention will be apparent fromthe followi ng detail ed description,

and fromthe clai ms. DESCRHREECRYPFORROWY Vﬁl\%?l i's block diagram

illustrating conversion of a fiber source into a first and second fi brous

mat eri al . Fl FI@ liis block dogsars dbtsiretiad convemionfofa fibet sourckmid efictitaer. FIG 3
is block di a(ﬂﬁ?m il ?st ating conversion of a fiber source into a first,
second attdOThIPEYF MBS material. FIG 4 is a schematic cross-sectional

si de view of Bt @86hRFosstGondl bR WE a otaBAUERCRtSf chem cal reactions
illustrating Fenton chem stry. FIG 6 shows a seqguence of Fenton reactions

illustrating Eénves blosk deferare nustratingoeqiverssin adraditico baeeintoa feshzal dehyde

and benzyl alcohol . FIG 7 shgws a reaction schene for the preparation of a
react i veé/elc%%alt({]@}rdﬁg’ﬁ%u&%ﬁerflaﬁom an iron (I1) compound. FIG 8 shows a

proposed pat hpry. 4196 stieshiici ceks @bctioRal didd Yiewnd apeagdict i on of hydrogen
peroxide in the presence of 2,5-dinethoxyhydroquinone. FIG 9 is a scanning

el €@t ron ni crBltaphons ascqueppoRschiie ructignsdludedng Fenopshgrisiived paper at
25 X RO 1) i g0 42 AT ALl AL OBy S ALY 1
el ect r onphdnol aghtahlnefo Wenkalbelods andberdybhlcpicdduced from
FIG. 7 shows a reaction scheme for the preparation of a reactive iron (IV)
compound from an iron (II) compound.
15 FIG. 8 shows a proposed pathway for reduction of Fe (III) and production of
hydrogen peroxide in the presence of 2,5-dimethoxyhydroquinone.
FIG. 9 is a scanning electron micrograph of a fibrous material produced from
polycoated paper at 25 X magnification. The fibrous material was produced on a rotary
knife cutter utilizing a screen with 1/8 inch openings.
20 FIG. 10 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. 11 is a scanning electron micrograph of a fibrous material produced from
bleached Kraft board paper at 25 X magnification. The fibrous material was twice
25 sheared on a rotary knife cutter utilizing a screen with 1/16 inch openings during each
shearing.
FIG. 12 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 knife cutter. During the first shearing, a 1/8 inch screen was used;



bl eached Kraft board paper at 25 X magnification. The fibrous material was
produced on a rotary knife cutter utilizing a screen with 1/8 inch

openi ngs.wWBI2@0/080428s a scanni ng el ectron m crograph of &Cfriusc@esesrar eri al
produced from bl eached Kraft board paper at 25 X magnification. The fibrous
material was twi ce sheared on a rotary knife cutter utilizing a screen with
1/ 16 inch openings during each shearing. FIG 12 is a scanning el ectron

m crograph.of ~a fibrous material produced from b| eached Kraft board paper
At 25 X SR SEORGICHFRE 4 | b GMeD SRR MESHSRadn Sintabe i Do & +orar y
kni fe cujieinchRefdeR%athiged 1 rst shearing, a 1/8 inch screen was used; during
the second shearing, a 1/16 inch screen was used, and during the third
shearing a 1/32 inch screen was used. DETAI LED DESCRI PTI ON Usi ng t he

met hods described herein, bigfasLERDRSCRIPFFSRED t0o a lower |evel of

recal citrance and converted I nto useful products such as fuels. Systens and
processes ar eUsiagtld inetlotiedaswribdidtcranrbianessasn be pastosel o atver ilalekoSuch as
cellulosic and/or lignocell.ulosic materials that ape readi avai | abl e, but
Can She. arrtEdanee s Goe o R RRErs Syt nSr T YRR ET by

fer ment aidseAbed BEISO MRt LAPLRMB ML loeSmhRAak 88dSisQeluloBit @hdal s are first
physically prepared for processing, for exanple by size reduction. The
physi cal ligngselbgasie thafesiatisthaieie regdilhernileblet butzpe bic defiagt oxirdeass.dar (e. g. ,

usi ng Fenton-type. chenk.stryvy) n in,.so cases be further treated with
one or oy W Saf Ao b BBy Bihch iyl SRSt Soctild ficos on
Al t er nat fee@ltyck hiteS g9 RrCRASEShysicBRy prpahet d6dprbsesting Stor Exeailedy wizéh one or
nore of radiation, sonication,(gé%olysis, and st eam expl osi on, and then
treWt ed wpefipnoxihgahiyspallyeprgpared-tagdvpck iy peendhietrgasadrypingmpadadiondel2oxi dat i ve
met hods f ! { ! ! | cel i
ot or 1 a S ERRYENDS ERRIG) ShERES ih BofE Lt BE NEURF rpLET AR chibPRERe o o
nmor e gr ovfraBiatibn, sénicBtiond pyrblysdy; addistedre BepibSon OAltedaaldly, ialsomg cidek lthone or
nor e oxhgﬁnts Qa@able of increasing an oxidation state ?f.at | east some of
the el entRegodis fngtitcated avithgnedr miTe Pt @atatERt SONCAROH PEF Bt @8d Met®r i al  can
be further, AEQCEsE tRa@d usitg oRRaRbh, B YEIMACEDS BFersidl as
sacchari #Eaﬁ?gn aﬁ%?orafeyﬁé Patﬁoan%%M%rodu a.%rgggct.
15 Preferred oxidative methods for reducing recalcitrance in cellulosic or

lignocellulosic materials include Fenton-type chemistry, discussed above, in which one or

more group 5, 6, 7, 8,9, 10 or 11 elements, optionally along with one or more oxidants

capable of increasing an oxidation state of at least some of the elements are utilized.

After pretreatment, the pretreated material can be further processed, e.g., using

20 primary processes such as saccharification and/or fermentation, to produce a product.

TYPES OF BIOMASS

Generally, any biomass material that is or includes carbohydrates composed

entirely of one or more saccharide units or that include one or more saccharide units can
be processed by any of the methods described herein. For example, the biomass material
25 can be cellulosic or lignocellulosic materials, or starchy materials, such as kernels of
corn, grains of rice or other foods.
Fiber sources include cellulosic fiber sources, including paper and paper products
(e.g., polycoated paper and Kraft paper), and lignocellulosic fiber sources, including
wood, and wood-related materials, e.g., particle board. Other suitable fiber sources

30 include natural fiber sources, ¢.g., grasses, rice hulls, bagasse, cotton, jute, hemp, flax,
9



TYPES OF BI OVASS Cenerally, any biomass material that is or includes

car bohydrat es conposed entirely of one or nore saccharide units or that

i ncl ude owe 20ro/a3028 saccharide units can be processed bycCarus2@b/ot42e2 net hods
descri bed herein. For exanple, the biomass material can be cellulosic or

| ignocel lul osic materials, or starchy materials, such as kernels of corn,
grains of rice or other foods. Fiber sources include ceIIqusic fi ber

sour ces cl udi and paper | cts coat er and
Kr af t pabaé?ntjoo alﬁ%lgtﬁpagﬁo@trah eBepks. rtcsgvl %8&9"&1@%19&”( %@SMn%nd
wood-r el @élﬁ?os@’%?cé%taé% St an&’é‘ﬁ&hé%ic%ﬂ%?@éﬂces% ge%ﬁﬁﬁeh%ﬁﬁgh'&ﬁ%ﬁ sources

i ncl ude natu sourcés, €.g., grasses, asse, cotton,
j ute, heygmn of hevoribatet) garn). sttmlra,l oabﬁﬂhe;tlcsﬁheawurccsrqan dolbtairaddeonhuirgia,
coconut hair; fiber sources hi h in a- Iulose content, e.g., cotton; and

synt het i ¥r47 Etlepaieraly e-ge rgmn I&%P’F ﬂi’ﬁ%&a%/ F ROSt SPTSHCE Y 33/5r 1E-0F8¥n- or i ent ed

yarn). Natdp %bp&rpr&ﬂf&shﬁé LiSedfds PBEr SRWSSRcE adh ReviRht HaRefld E@MMiapgi N scrap
textile materials, e.g., remants or they can be gost consuner waste, e.g.,

rags. V\h@lnglp@véftrlq@r odthey sambe pogednaund iwsete. virgayraganatpaalg.i r gi n

materi al s eri,als, or th consumner
meste - drgofumet b Bt b s g eesilis WG (S Rne AR PRER" (o o
offal), gx@des@fn@pe@samgbe/@s%aas (iBerGourcet.f AueNthe fiibendudietan P @b RSSIING) can
al so be used as fiber sources. Al so, the fiber source can be obtai ned or

derived ferbied Aomnhurpen (2., ssenageynimehpiplntoyasisss adxdiaskisber spieices lsal fi ber

o 77 AEGEHRYIERLE, PR Ds s L E O R T O e
|ncorporapeulhyth@ﬁﬁMﬂmmguhsmémmumS&anmbmxmatéby&ﬂ&enaﬂkmdﬁ starch itself,

e.g., corn starch mheat starch, potato starch or rice starch, a derivative
of starch, orS&rowmereEals melde spEhiEeY, $8arem stagle ivheat sHclh bR f ood

product aarcg of lleQstatl;cﬂr? &e&mlv@oftttt%hsctrgl rﬁttxnmmrlhatdég%ttraﬁ s@H RGAcha,

buckwheat anana ey, cassava, ku oca, sago, sorghum regular
householdhbbﬁambmsdu@mmemngoﬂkt@xmnpmpmeyanmynmnmmﬂemmbemmmscheans such as

favas, ils oy peas. Blends of one or e star rial is also
o Shar chyRTEr BB Dol oAb Sa A SO HE: SEAERG AR Er 2l 1 s
derived ﬁdt@t@b§ QivBet p%@fftd) QuD, $AhY of bR 6NASre NI ShdNVALLWRSIAIR ofl pe&! | bed in
"Corn Starch,” Corn Refiners Association ( 11th Edition,

Blends of any one or more starchy material is also a starchy material. In particular

embodiments, the starchy material is derived from corn. Various corn starches and

derivatives are described in “Corn Starch,” Corn Refiners Association (1 1™ Edition,

20 2006), which is hereby incorporated by reference herein.
Blends of any biomass materials described herein can be utilized for making any

of the products described herein, such as ethanol. For example, blends of cellulosic

materials and starchy materials can be utilized for making any product described herein.

FEED PREPARATION

25 In some cases, methods of processing begin with a physical preparation of the

feedstock, e.g., size reduction of raw feedstock materials, such as by cutting, grinding,
shearing or chopping. In some cases, loose feedstock (e.g., recycled paper, starchy
materials, or switchgrass) is prepared by shearing or shredding. Screens and/or magnets
can be used to remove oversized or undesirable objects such as, for example, rocks or

30 nails from the feed stream.
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2006), which is hereby incorporated by reference herein. Blends of any

bi omass materials described herein can be utilized for naking any of the
product s we=erwdasesher ei n, such as ethanol. For exanpl ePChlusSaeg/06$202
cellulosic materials and starchy materials can be utilized for nmaking any
product described herein. FEED PREPARATI ON I n some cases, nethods of
processing begin with a physical preparation of the feedstock, e.g., size

reduction of raw feedstock materials, such as by cutting, gripdin
shearing or c}%ﬁg&%ﬁam%ﬁ@se% %?Oqffg&% tPé’é‘Hﬁ’f% Q?d(sg_g?j?lgw tgéﬁ%‘d_ paper,
starchy pBtRidratiss siRh a8Wbt &&B{p?é, %gediﬁc RLeRaIHE dizBy sﬁé&% !eﬁ@h%-vﬁﬁfh?gﬂ' ng.

Screens and/or nmagnets can be used to renove oversized or undesirable
obj ect s spectiicagrfagaarcasxangd. eds ¢ pukef ioed prphratidbn,dhe bilk dbesely otfeadatockeed

o 02t LA Hesh ol A B SR TSRty 1

| engt h- t @amindlubes REnigpeci fic surface areas ratios. As a part of feed
preparation, the bulk density of feedstocks can be controlled (e.g.,

increased). |If desired, lignin can be renoved from any feedstock that
i ncl udes® 108 ;o Reduction In sone enbodi ments, the material to be

processed is Insohtteeniydimeits,ahd mafedidbtormitpesdesdedtinat the fierhlisiesfibiober s
provi ded bérshear,i ng a fiber source. For exanple, the shearjng can be

per f or medaigrighthat ingludesfihers providgt by shearpg adibgrprusce. it cymplst Beence to FIG
1, a fi bﬁ{e]gﬁrﬁ’%%aqf?egpgegfohﬁeéGz‘?tﬂ.raerﬁta?‘i}é@f%det{%¥.a rotary knife cutter, to

provi de a ous nateria irst fibrous material 212 is
paswed t hr ougRoracxbinpst asCbeefcr2det th&AIGNY aafibeayeurag2l Opasheargd, eigzenaf 1. 59 mm

or less (1/16 inch, 0.0625 in¢h) to provid second fjbrous materjal 216.
If desi ré)&wgrﬁﬁpu%%dp@&ve%a bt éiif%maé?ﬂf ﬁ%-hﬁl}% BafiPRyS n@.tfal.a,ﬁ Zath a _
Shr edder s phited B, AMPAR W04E2 14 A INRARLARC BherlibP Gle SPUEO R BIde passi ng

of the resulting first fibrous material through first screen are perforned
concur r eg16/inciHe0&aneh) g prvaict dwecprakBhmys material 3. Hé dgrarefl ofiios doumae a

gg;gnr £ g%]{}r@ﬁgﬁ%tﬁg@r ﬁ%{é]gggle%” v%tﬁ gtsl?rregdeléni fe cutter can be used to
15 In some embodiments, the shearing of fiber source and the passing of the resulting
first fibrous material through first screen are performed concurrently. The shearing and
the passing can also be performed in a batch-type process.
For example, a rotary knife cutter can be used to concurrently shear the fiber
source and screen the first fibrous material. Other methods of making the fibrous
20 materials include, e.g., stone grinding, mechanical ripping or tearing, pin grinding or air
attrition milling. Referring to FIG. 2, a rotary knife cutter 220 includes a hopper 222 that
can be loaded with a shredded fiber source 224. The shredded fiber source is sheared
between 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
25 fibrous material 244 is captured in bin 250. To aid in the collection of the second fibrous
material, a vacuum source 252 can be utilized to maintain the bin at a pressure below
nominal atmospheric pressure, ¢.g., at least 10, 25, 50 or 75 percent below nominal
atmospheric pressure.
Shearing can be advantageous for “opening up” and “stressing” the fibrous
30 materials, making the cellulose of the materials more susceptible to chain scission and/or

reduction of crystallinity. The open materials can also be more susceptible to oxidation.
11



source and screen the first fibrous material. Qher nethods of making the
fibrous materials include, e.g., stone grinding, nmechanical ripping or
tearing, worrogviset8Bng or air attrition mlling. Referri RgTIUS2000@68282 a
rotary knife cutter 220 includes a hopper 222 that can be |oaded with a
shredded fiber source 224. The shredded fiber source is sheared between
stationary bl ades 230 and rotating blades 232 to provide a first fibrous
mat eri al 240._Fi st fibrous terial 240 passes, through screen 242, and the
resul ting Mpas AN EARR i b R PR (it OYAEOH A1aE (5 528V 6P d i n ¢ ho
col I ecti QR pRfcchfty REGRNDsEILEA QdterTBE BT d Rbt stéte YAE UM SO & Eerlatdut 80 be
utilized to mainttainthe bin at a pressure bel ow nomnal atnospheric

pr essur eperesnd and abpout ga percgt, by2geightovaser. 7TBheddree sotredednowen dberbieakedat mospheri ¢

re re.. Shear.ing c be, advant ageo for "“openin " and "str ing" the
P br ous ATC PR or Ay SR ARERE LRRER R B g B P Sr M WSl et Tt
to ghai NTREfiB&isaicalM M50 beMatddAMdeT a EAYSichl dsianie¥m or FikosPREB ofBLer i al s

can al so be nore susceptible to oxidation. The fiber source can be sheared
in a dryotherthan aig), kygd oAy e’h rmregheoiptcanhayvi ng up to ten percent by wei ght

absor bed wat efx?son%re;[n‘l i tft?é %\ée?aegre%p%wggP%ig?%e%&t‘%%?e%n%‘?ﬁ’%1e}sgthﬁ’1?r cent

and about 75 percen y wel gh source can even be sheared

whi | e pa0. 79 alrhy0.031 fnigh), oS ubsyeli-gedls Limae(0.620 inch, 0.40 $wia [10.085 ehg0,23et hanol ,
i sopropanol ., The fiber source can also be sheared under a gas (such as a
st r eam ofutHSIRE 08P My £0.80hweht RS mamy(D.004 ingh), Gld Ban(0t05Hn¢toRfen, or
steam | i L i f i reen
2140 s 1| SRR RIS TERG. 0 o HUERCAF ARTHAIFNER Mopfllfe bt 4350

i nch), 0dekOribad, (@.c@impienmhlyS 20082820654( 0 11D88n¢ erabydim@ntRthoop¢r0ar®8f thach) |

0. 10 mm PT0D4e o) 2isct chmhi &1 Reredns O, Gy EBre STE, wohe it

descri begho,f or exanple, in US 2008-0206541. |In sone enbodi nents, the open
area of the nesh is less than 52% e.g., less than 41% |ess than 36% Iess
than 31% or Inewsctdneroddodats,ithe siomed Bbiovsismbaarsd anhpassatibraighithe bss i s

Tn Bome SHBSPTAALEN HeLakiRa 1 ibe SEORE PR Lo SLEH FEEEHTS cecond
screen hgasbathfdugh\WeEaHR! sSORBAhAEINS i 8vaaEAbpchhgQiizel Q88 thbalst Mah that

of first screen. Referring to FIG. 3, a third fibrous material 220 can be prepared from the

second fibrous material 216 by shearing the second fibrous material 216 and passing the
resulting material through a second screen 222 having an average opening size less than
20 the first screen 214. In such instances, a ratio of the average length-to-diameter ratio of
the second fibrous material to the average length-to-diameter ratio of the third fibrous
material can be, e.g., less than 1.5, e.g., less than 1.4, less than 1.25, or even less than 1.1.
Generally, the fibers of the fibrous materials can have a relatively large average
length-to-diameter ratio (e.g., greater than 20-to-1), even if they have been sheared more
25 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-weighted lengths. BET (Brunauer, Emmet and Teller) surface areas are

30 multi-point surface areas, and porosities are those determined by mercury porosimetry.
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of first screen. Referring to FIG 3, a third fibrous material 220 can be
prepared fromthe second fibrous material 216 by shearing the second

fi brous msiDepicAlso286 and passing the resulting material PChfusag/oes262cond

screen 222 having an average opening size less than the first screen 214.
In such instances, a ratio of the average |ength-to-dianeter ratio of the
second fibrous material to the average length-to-dianeter ratio of the

third fibrous terial | e t han 5, e.qg., . less han 1.4,
| ess than 1. 2§HH%W%%?é?PHa]é§% S’Laﬂlﬂfgia@ O%E%ercami &br%@a??%#% ¥t O% 5 f i brous

”Hter'a|§fgﬁﬂﬂﬁﬁ%ﬁ,% %ﬁ&&&%ﬁ&yuﬁﬁﬁﬂ&n&%ﬁ&ﬁﬂﬁlHﬁ&ﬁ&hh&?Z@ﬂa@%&@Fﬂﬁﬁt'0
(e.g., gFeater than 55 , even 1f they have been sheared nore than

once. | n2&didintgrentsr th¢1e50/ il bétnsw@lfag@ kg thi dirtbaisccoad Bbioab mattert 4 badbder ei n may

have a rel a iveI narr w | en t and/ or t h-to- net er tio

G ot r bt PohetireY R P L BPcck (R tairE 7S Frasha {8l ) are
t hose de&@w&arg%quﬂlt@ callayncyt) boRE 9eord FBlRE tohd1EHi AR A e bRt dgal Betwed00
fibers. Average fiber lengths are corrected | ength- melghte | engt hs. BET

( Br unaue#boutfmptt a@nﬁ) el ¢.8¢ betsiged aleaart 49 egsangr 30 W ti - poi nt surface areas,

and porosi ti o mf%l‘?m%ﬁét ﬂn’&%&%ﬁaﬁiﬁg%ﬂ% 1%&8%{?1]? Eﬁ’mﬂ*h%r (erage

| engt h-t o- dlane e secon rous can e.g.

great er inh&ﬁanéﬂ.l,s l@s gha,n ar @a&dﬁf of &raveldde length efche @edolﬁdlﬁbi(ﬁis lmat@ﬁﬂaﬂgr t han
20/ 1, greater than 25/ greater than 50/1. An avera | ength of the
second f§-Br %?ﬁ%tl}%ﬁt58|ﬂeléﬂent19f th%vqs@e lgnggh, lessedhagedthpaseni et G@Vﬁﬁ%k&g '5 mm

e e e A G S TR W

nm and 5mamﬁmeﬂwgnﬁ%heEWEﬂm1&@3Mﬂnk®aﬂhﬁﬁﬁﬂn3@mnﬁmtdﬂmSQWEmgﬂbmyhnentS, a

standard devi ati on of the | en of the second fib S materi 14 is | ess
t han 60 percefﬁsoaf c cpodirasnty %Bawﬁacsfarqawé t%f‘e%,ea%({ %@%H@t% Brial 14,

e.g., |eglafh@and0 rﬁ%c@e@ ! %&Bteis hendVverage, drenstfRan S84, @%hté}QhaQﬁf gent of

t he avera e length, ess percent of the average length, |ess than
10 perce /gogreathethavérSagégJ gngmhtham ¢g8 mzl’@tgr@tqyélnameﬁw@ npfg, gre@teavl@md@e

| engt h, op, even | han 1 e t he )

erbiai et s: SR 25 AE s PRSI s e R RE St BB s et e
than 0. 1mAR/ Great®r Ghan 79meaL, @Fcatdd @Whn0L0dMM TR/ Weat@TtRat B30 hfYangBatdr tABA 900 gr eat er
than 1.0 n¥/g, greater than 1.5 n2/g, greater than 1.75 nR/g, greater than

5.0 n2/ g /gr @aVeR Staeta thap 290 m2/gy, greater than 25 n2/g, greater than 35
me/g, great erAtﬂ%?& t;%@[%{egsec&{aeﬁﬁrgﬁs ﬁlgf%ﬁapp4 can be, e.g., greater than 20, 25, 35,

50, 60, 70, 80, 85, 90, 92, 94, 95, 97.5 or 99 percent, or even greater than 99.5 percent.
20 In some embodiments, a ratio of the average length-to-diameter ratio of the first
fibrous material to the average length-to-diameter ratio of the second fibrous material is,
e.g., less than 1.5, e.g., less than 1.4, less than 1.25, less than 1.1, less than 1.075, less
than 1.05, less than 1.025, or even substantially equal to 1.
In some embodiments, the third fibrous material is passed through a third screen
25 to produce a fourth fibrous material. The fourth fibrous material can be, e.g., passed
through a fourth screen to produce a fifth material. Similar screening processes can be
repeated as many times as desired to produce the desired fibrous material having the
desired properties.
In some implementations, the size reduction equipment may be portable, ¢.g., in

30 the manner of the mobile processing equipment described in U.S. Provisional Patent
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n2/ g, greater than 75 n2/g, greater than 100 nR/g, greater than 150 n2/g,
greater than 200 n2/g, or even greater than 250 n2/g. A porosity of the
second fiwpaowr/oses28ri al 14 can be, e.g., greater than 20CTA52008H6826D, 60,
70, 80, 85, 90, 92, 94, 95, 97.5 or 99 percent, or even greater than 99.5
percent. In sone enbodinents, a ratio of the average | ength-to-dianeter
ratio of the first fibrous material to the average | ength-to-dianeter ratio

of the second f| S i_al e.g. ess t | ess t han
1.4, e ShohaHon 558 553 qo@?%ﬁatmf’t?h%hg%mtm%o Sraicaton MR 105, T ess
than 1. 02%s/®rnseyen substantially equal to 1. In sonme enbodi nents, the
third fibrous nmaterial is passed through a third screen to produce a fourth
fibrous nmaterial. The fourth fibrous material can be, e.g., passed through
a fourth!EﬂEEB!&!Eb@EﬁﬂDce a fifth material. Simlar screening processes

can be repeat CEM %?%egg 83 %e& re%ltgig %d%ce H%%ades % 10Ifllbrous

mat eri al haV|nd'Fh Y §E g‘ %F 5 FE 8sP ﬁ § ﬁ%“%ﬁt% ary t he size
reduct i OproeeHdtNIRNbs SRYhHicROsH add emaltgmn By fdﬁt&aﬂi@t@nﬁerduahgtttbe mobi | e
processi ng eqU|pnent described in S. Provisional PatentApplication Seri al
60/ 832, 785Tag8d0R PRI ve¢igh aFlﬁtCé}rSFﬁalﬂmB’n%f tho\fsastect anslprigcreany e syidace1598.
PRETREATQ@L\I%1 f r puse in
primary pro d@@%§%8%5§%3@£§§&%§%hIgggggggﬁégl F%gﬁggﬁkaﬁg&ggrnentatlon by,
for exan@@ephaeﬂmyuhgnmﬁﬁahverag@cmnmﬁhuhamuWeoghmnaam(ﬁhmahakhrnrty of the
f eedst ock and/ or creasing the surface area and/or porosity of the

f eedst ocMBHERY ‘ﬁ@ﬂﬂ”ﬁ@&@éssééﬁW%ﬁ%ﬂﬂ§QH|I|Z|ng Fent ont ype chemnistry,

di sgussed above, and can further include one or nore of irradiation,

soni cation, oxidation, pyrolysis, and steam explosion. Fenton Chem stry In
sone enbEﬂLﬂnﬁﬂEELﬂmE one or nore elenents used in the Fenton reaction are
ina 1+, xi dation stat art| ul i nst ances, the one
of more el emeltETIRTRAATRIT. Foonece Mg ckapny B3 FRIPRPAETY TR DT Co. For
exanmpl e, inthe- Be oF, z@oo@safrb;ti@aﬂort stde lfn%aﬂt‘r&tﬂaranﬁéﬂcfeﬁtﬂ% ot d-morkron(1 1) or

iron(111) sulfate. In particul ar
elements include Mn, Fe, Co, Ni, Cu or Zn, preferably Fe or Co. For example, the Fe or

15 Co can be in the form of a sulfate, e.g., iron(II) or iron(IIl) sulfate. In particular
instances, the one or more elements are in a 2+, 3+ or 4+ oxidation state. For example,
iron can be in the form of iron(Il), iron(IlI) or iron(IV).

Exemplary iron (I) compounds include ferrous sulfate heptahydrate, iron(1I)
acetylacetonate, (+)-iron(Il) L-ascorbate, iron(1I) bromide, iron(II) chloride, iron(II)

20 chloride hydrate, iron(I) chloride tetrahydrate, iron(I) ethylenediammonium sulfate
tetrahydrate, iron(Il) fluoride, iron(Il) gluconate hydrate, iron(Il) D-gluconate dehydrate,
iron(Il) iodide, iron(II) lactate hydrate, iron(Il) molybdate, iron(Il) oxalate dehydrate,
iron(Il) oxide, iron(IL,III) oxide, iron(Il) perchlorate hydrate, iron(II) phthalocyanine,
iron(Il) phthalocyanine bis(pyridine) complex, iron(Il) sulfate heptahydrate, iron(I1)

25 sulfate hydrate, iron(Il) sulfide, iron(Il) tetrafluoroborate hexahydrate, iron(I) titanate,
ammonium iron(Il) sulfate hexahydrate, ammonium iron(Il) sulfate, cyclopentadienyl
iron(Il) dicarbonyl dimer, ethylenediaminetetraacetic acid hydrate iron(Ill) sodium salt
and ferric citrate.

Exemplary iron (IIT) compounds include iron(Ill) acetylacetonate, iron(I1I)

30 bromide, iron(Ill) chloride, iron(Ill) chloride hexahydrate, iron(III) chloride solution,
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i nstances, the one or nore elenents are in a 2+, 3+ or 4+ oxidation state.
For exanple, iron can be in the formof iron(ll), iron(lll) or iron(lV).
Exenpl ar yworom/og0428 conpounds i ncl ude ferrous sul fate hepraisgawass)?2
iron(ll) acetylacetonate, (+)-iron(ll) L-ascorbate, iron(ll) brom de,
iron(ll) chloride, iron(ll) chloride hydrate, iron(ll) chloride

t et rahydr at e, iron(II) et hyl enedi ammoni um sul fate tetrahydrate, iron(ll)
fluoride, i

. I | t L] D- gl t hydr at
iron(11)te 10%469.9%01?%6 df%f@ﬁymt%{tﬁ 55?9%9@@9%3%@53 o y. :gn(el 1)
oxal at e f&%wmee 1roh{IH51ﬂh$rldeDlinGH) ﬂﬁ&@&a thhyaﬂabe R3HAR) nlltﬂéf%rl{olnhﬁ Rgechl orate

hydrate, iron(l hal ocyani ne, iron(ll) hal ocyani ne bi s(pyrl di ne)
conpl ex, 1r0m(Hthtr)1teml silimazchépndhly dratte, hemlmd(atet yiros(ll axelchiyei(@)e, iron(l1)

| fid tr.af | b h dr a i 1) ti te,
ammont unptFORErs vl Rt R R RS a s AR P cbbAThyRtitbare,
CyC|50penf)lﬁﬂp1@dlé’h drﬁfén{rbﬂ(lll m@pmwraﬂydf%; ir&i(iny) ﬁﬁl@%c@rﬁhﬁ@kﬁﬂohd@Cetl c acid

hydrate 1ron(ll11) sod |ums t and ferric citrate. Exenplary iron (111)
conpoundson(hé) Ritealpeysninrtd. ' Jadetipirandionivaaced, compennd with prysen dedraie on(111)

hl d
col ut 1 onmopStart et FPAAI BroRRABMAC R0 OB EBOBINE ¢ 1 pasi o
nonohydr @lhenedul Rtk hbyaty@rate ¢npa i eis(2,0on- ieh‘al)nenyU-Qj’Sl-lﬁi@taniedi@ﬁétb) dnd fl uoride

trihydrate, |ron(lm{é& nitrate nonahydrate, iron(lll) nitrate on silica gel,
i ron(l || yMBRAIVAR €O hHfdfEat e, iron(111) oxide, iron(l11) perchlorate

hydjate, i ronékédlﬁla%%%ﬂﬁlfeo‘%gﬁ# inkhuaPl | &cBR0YdD ﬁ? a«%e”ca&@(' )

phosphat e hydrate ate tetra rate iro
pht hal octegmihytratc dobaltdb acetyanétbhdty hphbteataaitdh) hmmylacbetoilateé,bobaﬂtelﬂ) asul fonic

id, d t di | t 1]
Sglr ophos%gﬁge CV\fF%R](I%%%EE%F%/‘g%% aﬁ9 gﬁ?@?&zﬁ) I?a}l% ‘?‘R%?q Wdr!ﬁ’% glnl(Jene)s ul fonat e
hexahydrate, pxQpihiyl dobhik (136 %o&péu&stlﬁélﬁ&é%ﬁoau il a&tﬁ%&ﬁ%ﬂ bkl and

ammoniumiron(lll) Citrate. cobal t (ql onpounds i ncl ude

cobal t (| ﬂl)loratce@dtaét(lﬂd obyalet qurabt(IH eftpallCémttetrrczliltqrdileah@anmﬁambal(tdﬂl) _
coet ! eCaoRRL B SRR RETRRABRESRIRSFy, cobeL (L), brom de
cobal t (bikdeth uﬂdalehmdo@d@(mpb@daﬂﬁbﬂobhos@ﬁabyI acetonate, cobal t(I11)
fluoride, cobal t( oxi de, cobalt(l11) sepulchrate trichloride, hexam ne
cobal t (I111) Exernplary oxidants include peroxides, such as hydrogen peroxide and benzoyl
peroxide, persulfates, such as ammonium persulfate, activated forms of oxygen, such as
ozone, permanganates, such as potassium permanganate, perchlorates, such as sodium
20 perchlorate, and hypochlorites, such as sodium hypochlorite (household bleach).
Generally, Fenton oxidation occurs in an oxidizing environment. For example,
the oxidation can be effected or aided by pyrolysis in an oxidizing environment, such as
in air or argon enriched in air. To aid in the oxidation, various chemical agents, such as
oxidants, acids or bases can be added to the material prior to or during oxidation. For
25 example, a peroxide (e.g., benzoyl peroxide) can be added prior to oxidation.
In some cases, pH is maintained at or below about 5.5 during contact, such as
between 1 and 5, between 2 and 5, between 2.5 and 5 or between about 3 and 5. The
contact period may be, for example, between 2 and 12 hours, ¢.g., between 4 and 10

hours or between 5 and 8 hours. In some instances, the reaction conditions are controlled

30 so that the temperature does not exceed 300 °C, e.g., the temperature remains less than
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chl oride, bis(cyclopentadienyl)cobalt(lll) hexafl uorophosphate and

bi s(et hyl cycl opent adi enyl )cobalt(111) hexafl uorophosphate. Exenpl ary

oxi dant s wocebhuwdso4er oxi des, such as hydrogen peroxi de amdThSpmopbs2per oxi de,
persul fates, such as amoni um persul fate, activated fornms of oxygen, such
as ozone, pernmanganates, such as potassium pernmanganate, perchlorates, such
as sodi um perchl orate, and hypochlorites, such as sodium hypochlorite

(househo ch), . General | Fent.on _oxi dati on occurs in an oxidi zi ng
vyt %ﬁglégek%w qen IR R A i o o R by
pyrol ysi gy ﬁnﬁlﬂl}pﬁﬂgﬁ 9] ‘,ﬁf‘é(rjarbBHﬂ”Q’"(ﬂﬁs" uch as in air or argon enriched in

air. To ard 1n the oxidation, various chem cal agents, such as oxidants,
aci ds or baseRefeaingdre FAG4dciwivt heixedseX 108 within ok edsel 2N 0dun bagrepaicdat i on.
For exanple, a. peroxide (e.g., benzoyl peroxide) can he added prior to
oxi dat i ofSing FRriFePRadss. BRI §Xempis, Hi WSdaersdr WZ‘ﬂChﬁg? BWHEONEIU8C NG| ng

contact, H%W&ngﬁ)gﬁ%st %ﬁet;_lbﬁjorme gxidQﬁE,"iﬁ@ rsf c@ %s?e ?gl?én\%@lﬂil é,én%{%giaﬁ or

bet ween about e contact period may exanp et ween 2
and 12 hourls, first gjsperdedtineater 4r amaqubouhmeadism and dtenelenorts amaor8 hours. I n

some i nstances, the reacti condi t|pons controlled.so that the
t onper at CEPaRHs o Eickdalent pradin S G 6 S BREENERY oqni ne. | ess
t han250, ARORativ®P, thd O HmEXRidaBRSTah RAN D B1RGed ) tBONR: &3R&, the
tenperature remal ns substantially anbient, e.g., at or about 20-25 0C

Ref er r i neprapouRfG.or he ansaa miare oxidants ped the 008 oninoi eorapareds edn Ik 110 can be

prepared _usin ari.ous_approaches,. For examl | nd.nstances i.n ich the
 bur o PotE PSR B Ser BB g R IR anBlonS A B e PR BRRE Rk ot | Vs,
cel | ul osicpafke ddd@RCRNicd|2080,0 1MBE@thealispeasior)e first dispersed in water or
an aqueous nedium and then the one or nore conmpounds can be added,

fol | owed by abidiomesnbediments,griatabmaxgrun exicgatitton of|theplgaentyd he ovge one or

or e ox1 gAML ARG e AL IR SOPI N, o R0S\PRTRRUNISY R e one

or nore oOxli € one or no corrlﬁounds can be concurren added
separ at et.y., bawtche alsbs g8 M and §leouy 250 edd br Betdech atude ped d®¥hiddyatioht bdogh a
separate addition device 2120, 2122 to the dispersion). In_ so

embGdi eV, and/or iefpl MAKMHIMTGHREROR &f srPisfor mpse BRERERESTOR DM one or

m e COMpRHIiSo TBERU" A e o bERRCHBRRTSH A hitd AERRS6 A, tBeiMchabgirout 500

500 um and 250 mM. In some embodiments, the mole ratio of the elements in the one or
more compounds to the one or more oxidants is from about 1:1000 to about 1:25, such as
from about 1:500 to about 1:25 or from about 1:100 to about 1:25.

20 In some cases, the one or more oxidants are applied to the first cellulosic or
lignocellulosic material and the one or more compounds as a gas, such as by generating
ozone in-situ by irradiating the first cellulosic or lignocellulosic and the one or more
compounds through air with a beam of particles, such as electrons or protons.

In other cases, the first cellulosic or lignocellulosic material is first dispersed in

25 water or an aqueous medium that includes the one or more compounds dispersed and/or
dissolved therein, and then water is removed after a soak time (e.g., loose and free water
is removed by filtration), and then the one or more oxidants are applied to the
combination as a gas, such as by generating ozone in-situ by irradiating the first
cellulosic or lignocellulosic and the one or more compounds through air with a beam of

30 particles, such as electrons (e.g., each being accelerated by a potential difference of
between 3 MeV and 10 MeV).

16



e.g., between about 25 nmM and about 250 mM or between about 100 nM and
about 100 mM and/or a total maxi num concentrati on of the one or nore

oxi dant s we 2broaspeBout 100 nMto about 1M e.g., betweemrcCahsea0926820nM and
about 500 nM or between about 500 nm and 250 nM I n sone enbodi nents, the
nole ratio of the elenments in the one or nore conpounds to the one or nore
oxidants is fron1about 1: 1000 to about 1: 25 such as from about 1:500 to

about 1:25 or on1about 0. to about In some cas t he one or
more oxi dant sR glrs%pm @oI‘JTtG(l)gt Heomenartt r|emb8§1r%en6% ay fraﬂgﬁie?qrm%@a

mat er i al jsafg i or BREF Qo BHE CHIFRPYNISh ASiréh gﬁ%ulféﬂe%dqﬁydpoy el §RRJxR NY
ozone in-situ by irradiating the first cellulodsic or |ignocellulosic and

the one wtitipedastberpoidats RiGr Hubistratics that tnhsugh bepsterof hyrdawgelnqﬂlewﬂes uch as

el ectrons I ot on n_ot ca t.he rst Ce||U|OSl

71 anocel Pifget S HaRaM i = kS AG ayerGal M haPer g Beous medi um
t hats i nctedd@sont e TRB By ox PO GicGI0 TP thad Seddt w&ﬁrtﬁ@ﬁrsammws@brssol ved therein,
and then water is renoved after a soak tine (e | oose and free water is

removed bgnocellylpge mﬁgﬂal dbrclphevidizing ibiedhesecapd éelbbkwa@n ligngeellwgipt i ed to
the combj Q?ehtaﬁ ”ﬂ% o%t i h]u§ ﬁ?o*aué‘esd o h%‘?&ﬁfc%‘{i ?o&lﬁi( t8%1%’ﬁ‘?ng BY fid a‘éuB%{ of

irradi ating osI ¢ or noce one or nore
conpoundsydrbgaaygioxadd and H}){alr@eb@@mahlﬁcapﬁ(l’eqmatﬂoﬁ§2 aBdiGh E@aﬁbﬁqtlnmm(se g.,
each being accel erated a potential difference of between 3 MeV and 10

MeV) . Ref%lr’iﬂwga%wﬁ@leﬁp@n srgamﬁ radidd (Rare reéiupf‘a#mléﬂﬂa,aa%ﬁﬂgon @) iron (11)
conpound i s Uﬁld | ZRstF2Ls th!&‘??getl Qutl Izegﬂg e¥0x1&éjﬁ1haqﬁ§%}s é%n()hé)

sul fate, and hydrogen peroxi oxI dan
illustr am&isatq)hhbelom abowtto cansyshmaromynkr ngmo@sre@hedelspaldmyzlasaﬂdhe iron (11)

to generate ir r di cal s .and hydroxi de_ions (equation 1).
The hyar Sk et adieddd SR e ateiee R SRemplerial Resf Fe g ctpear

l'i gnocel }eld&t%?fs%aﬂﬁ&lﬁrehﬁdnceTtﬁ‘eE‘sroﬁHﬂht?)&'f q{ezﬁ%ﬁgcéﬂul(gs@c fhRriaegend cel | ulosic or
l'i gnocel | ulosic material. The iron hus produced can be reduced back

t o | ron (umpt)lormj&zatm dhd bgmmfandiymablgme pehwmdléulam atnd/bly tquctmwln radi cal s

ti tion 4 il ble f
or aitni ¢ Piseur Seip o5 BhRR ot I Bhe hORare olif PrySo B! g © 1T
i1l 'ustr atcastidnlah thd l@%lm@blllﬁloml hfagdrR] edithdy ea0ge M RBlOXN hitructur & GBS
solutions and at | ow about 6 can oxidize aromatic rings to give

phenol s, “ﬁP@EWVHé@T%ﬁ@HUMNG
FIG. 7 shows that hydrated iron (IT) compounds, such as hydrated iron (I1) sulfate,

can react with ozone in aqueous solutions to generate extremely reactive hydrated iron
20 (IV) compounds that can react with and oxidize cellulosic and lignocellulosic materials.
In some desirable embodiments, the mixture further includes one or more
hydroquinones, such as 2,5-dimethoxyhydroquinone (DMHQ) and/or one or more
benzoquinones, such as 2,5-dimethoxy-1,4-benzoquinone (DMBQ), which can aid in
electron transfer reactions. FIG. 8 illustrates how iron (III) can be reduced by DMHQ to
25 give iron (II) and DMHQ semi-quinone radical. Addition of oxygen to the semi-quinone
then gives alpha-hydroxyperoxyl radical that eliminates HOO' to give DMBQ. Finally,
HOO oxidizes iron (II) or dismutates to generate hydrogen peroxide.
In some desirable embodiments, the one or more oxidants are electrochemically
or electromagnetically generated in-situ. For example, hydrogen peroxide and/or ozone
30 can be electrochemically or electromagnetically produced within a contact or reaction

vessel.
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al cohol s. When applied to cellulosic or lignocellulosic material, these
Fenton-type reactions can hel p enhance the solubility of the

| i gnocel IwbasionsoeBeri al by functionalization of the |i goirrusand/o68202
cellul ose or hem cellul ose, and by reduction in nol ecul ar wei ght of the

|l ignocellulosic material. The net effect of the Fenton-type reactions on
the lignocellulosic nmaterial can be a change in nol ecul ar structure and/ or
a reduction ip its recalcitrance. FIG 7 shows that hydra amed iron II)
Compounds, | suBrORE IPREATEHINSJRC FRIh s o %esseél%ﬁyrt&aw %t fiZobb

aqueous §@hirioPRR thobiReREERLiRe @éﬁlﬁﬁ@ﬁl deséraRatih Vs avighed paign (V)
conmpounds that can react with oxi di ze cellulosic and |ignocellulosic

mat er i al 4pplicatign Ferid i §320138, qu)Bdbltt@nd $ntemheorsl Appheation™MhayYOi ncl udes one

or nore g%cﬁ;r(gl §P ones, such as 2, 5-di met hoxyhydr oqui none (DVHQ and/or one
or nore é 3 rmones, such as 2, 5-di net hoxy-1, 4-benzoqui none (DVBQ , which

cansaid in electron transfer reactions. FIG 8 illustrates howiron (1I1)
can be reduced by DVHQ to give iron (I1) and DVHQ sem - qui none radi cal .
Addi t i onRediatigp igatmeRt + he seni - qui none then gives al pha- hydr oxyper oxyl

radi cal that Bbford, daties orkPrtie Minvéh SRR onkiistabdedl abb¥DoRXbilingRs iron (11)
or disnutates to generate hydr ogen peroxide. In sone desirabl e embodi nent's,

t he one bfadifgipe PEdecEdE sequensceracha weh npretrdtyholcediteck: dopdighet faal | y
generat ed 4| ;g ﬁx’r&lecﬁf’a&v?ex h&or gbt{rgtﬁﬂ% ogfefe %&68? m@ﬁ%ren%ﬁﬂﬁ fan be

el ectroc emca or eIe romagn ced wthin a con adt or

r eamt i onenee@seépohlmdslﬁmenataﬂﬁulemméleztsemn;eletthm fremtisntoeidoibicn ivigsdel may be
portabl e, t he manner. of the nobile proceSS|n% qU|pnent descri bed

P U8, Cimrgitahe mtcriody. olie TARiBFIPTR My &R Prridled Dysb/hgayy dmeecdiiiatein| i shed
| nternat L pRal , @ﬂﬁ’hhﬁ@e’s% Pons, &QcQIWQQgpr&cﬁ%@d fgﬁgia%ﬂlé’@n LGk Bef ore,

during or afte ento ox1 dati on cussed ove, one or nore
i rradiat elecrtrqwbmemdgra&esumBaekcmanagmtlusahiattom fmrrekatreplb, gamemd egdst ock.

A AN e L T e LN A R
r el gases M alsed td @ dfafomb fEsBER MnCsoRcRint RIdith &ty 98¢ cb@bination in any
order or concurrently of (1) through (3) may be utilized. In another approach,
electromagnetic radiation (e.g., produced using electron beam emitters) can be used to
irradiate the feedstock. The doses applied depend on the desired effect and the particular
feedstock. For example, high doses of radiation can break chemical bonds within
20 feedstock components and low doses of radiation can increase chemical bonding (e.g.,
cross-linking) within feedstock components. In some instances when chain scission is
desirable and/or polymer chain functionalization is desirable, particles heavier than
electrons, such as protons, helium nuclei, argon ions, silicon ions, neon ions carbon ions,
phoshorus ions, oxygen ions or nitrogen ions can be utilized. When ring-opening chain
25 scission is desired, positively charged particles can be utilized for their Lewis acid
properties for enhanced ring-opening chain scission. For example, when maximum
oxidation is desired, oxygen ions can be utilized, and when maximum nitration is desired,

nitrogen ions can be utilized.

Doses
30 In some embodiments, the irradiating (with any radiation source or a combination
of sources) is performed until the material receives a dose of at least 0.25 Mrad, e.g., at
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irradiate the materials. The radiation nmay be provided by 1) heavy charged
particles, such as al pha particles or protons, 2) electrons, produced, for
exanpl e, WO 2bawmot8cay or el ectron beam accel erators, oPC3)USed@O6820BgNEL | C
radi ati on, for exanple, gamma rays, x rays, or ultraviolet rays. In one
approach, radiation produced by radi oactive substances can be used to
irradiate the feedstock. In sone enbodi nents, any conbi nation in any order

o ocon oS oSl a B S TS Siphiend P bRl 0250 o

be used M?ad I hadhR g dolfindRE Ut PGliatif, %‘?s p%?ﬁ:%e@ﬁﬂﬂ lgdnmdrpaNdcabed e desired
effect and the particul ar feéedstock. exanpl e, high doses of radiation

can br eatoseioé hitwakn bOndsadrindi.hMred dsg. wkwcﬁmnbﬁ)h@ndsn@ﬁ@ M. doses of

radi ati on can_i ncrea se che e.d., ,Ccross-1inki W Lhin

foedat ook conBumEiemdimgtany btieas telendl £ 8eragobRthethed Mapi o
and/sor pgldyrsen. (ﬁltlﬁirzﬂisfhdﬂﬁtel Osdivaat 100Mmand7 e kilGFRdLhouR dF bétGlees shoanier than
el ectrons, such as protons hel i um nucl ei, argon ions, silicon ions, neon

i ons car BYH kidergds/shor us i ons, oxygen ions or nitrogen ions can be
utilized. We ng L I char ged
particles canﬂ]be ut (‘?@?&gﬁdr glnfo(f‘%fa%a%%n Sglgggssérgﬁgﬁdl glgC%faésrt%S anced

ri ng- opembngiotizfigadiatiomsl Tor ckafplexanpls, caﬂ\be t‘reﬂaak,l ifndny oxiet] atittonbdasn
desired, oxygen ions can be utiljzed, and wh maxi mumnitration is

desi r ed, ohl¢trgerolioned busmea tﬁ%drl"i‘tioz]é)dld lﬁsélé&t hayingoweyvedspsti frasm eRoutt he
irradiatj LW L BY¥o [adi ation source or a conbination of sources) is
perforned%t:eq) ug ?r%terlal recei ves a dose of at least 0.25 Mad, e.g.,
atleast 1.0 I\/IimzbmeZanﬂod\iltramts Ffel@thlabbw dQsed oMaalda,tloﬁEam/bmdslnﬁOgﬂVﬁaot or even

at | east 100 .M ad. In so Egg?ga\%s %?hlee)y rradiati.ng is gerf rrred unti |
t he mat e?PEWViFE0EiCHshs Mp %08 anNe BRATYO tS@ONAIIRE Paigriah su
bet ween doif1d¥cast 1?gaac&1u%swﬁ9tenme%oreeuﬁqu Faﬁ&za%lplé fa%raﬁsaqat@ﬁamg i's

performed at a dose rate of between 5.0 and 1500.0 | or ads/ hour, e.g.,
bet ween that dckides ¥E0t oelkildsar adiédrﬂtgnpceimlm mef@nalﬂavmgamféirsemoleoular
ki | §r ads/ ho @tl on sources are

usel “sorn ks aR O TR TRy st PuAE R Resh DR Rl o o< "can be
treat ed, ligibcalyo§E BRkoriabhdinga B&BAY molecular weight higher than the first molecular

weight. For example, if gamma radiation is utilized as the radiation source, a dose of
from about 1 Mrad to about 10 Mrad, about 1 Mrad to about 75 Mrad, or about 1 Mrad to
about 100 Mrad can be applied. In some implementations, from about 1.5 Mrad to about

20 7.5 Mrad or from about 2.0 Mrad to about 5.0 Mrad, can be applied.

Sonication, Pvrolysis, Oxidation, and Steam Explosion

One or more sonication, pyrolysis, oxidative processing, and/or steam explosion
can be used to further pretreat the feedstock. Such processing can reduce the molecular
25 weight and/or crystallinity of feedstock and biomass, e.g., one or more carbohydrate
sources, such as cellulosic or lignocellulosic materials, or starchy materials. These
processes are described in detail in U.S. Serial No. 12/429,045.
In some embodiments, biomass can be processed by applying two or more of any
of the processes described herein, such Fenton oxidation combined with any one, two or
30 more of radiation, sonication, oxidation, pyrolysis, and steam explosion either with or

without prior, intermediate, or subsequent physical feedstock preparation. The processes
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of electrons, followed by gamma radiation and UV |ight having wavel engt hs
fromabout 100 nmto about 280 nm In sone enbodi nents, relatively | ow
doses of weadbawaseszscan crosslink, graft, or otherw se i RCTABI@INbR202

nol ecul ar wei ght of a carbohydrate-containing nmaterial, such as a
cellulosic or lignocellulosic mterial (e.g., cellulose). For exanple, a
fibrous material that includes a first cellulosic and/or |ignocellulosic
material having .a first nol ecul ar i gh an be jrradiated in such a manner
ae Lo pr S CRAPRIEEARY Oedsqnoap%qugfeﬁﬁﬂ?ootﬁwféi%&-eM“@rﬁmon—‘#éﬁwnap having a
second ngleciisay prﬁ@id@_‘iﬁat&ia@é“ﬁﬁt daaR hde réddil tutiHPécﬁ&;Ué {?‘ériéfﬁbﬂht- For
exanple, if gamma radiation is utilized as the radi'ati on source, a dose of
f r om aboumicreomghmsins becabsanl ther Mved madsolar weigit dweocrakfellinity sankfard, or  about

1 Mad to.about M n be applied. In sone i enentations, from
about 1. PR Pl AR R tR cir i B s T Tt G OS50S, 0 M ad,
can sbe agRkdeRlputSeFiiedl ih @BmpENdal t¥ 8hp sin@ifiddckon, and St eam Expl osi on One
or nore sonication, pyrolysis, oxidative processing, and/or steam expl osion

can be used_to further pretreat the feedstock. Such processing can reduce

t he ol emmmwﬁystal linity of feedstock and bionass, e.g.,
one or nore caft Y. I O ro ] osi c

mat eri al s, orﬁé@ggc(ﬁégésng? g??g%?etrr%'gbgig e%rﬁ(t)ogggdélsﬂgﬂruge Beog%:drclg%g%sich%get ail in
U. S. Ser saathddying 26480 {c0dhbntidgnths dredstecth edy. /yndodtachng thegsetearcdaratpridicessed

by applying two or nore of any of the processes, described herein, such
Penton oXHR AR CBA RN HaBIcgor i bieducts REpdgred sy BICB CORtAES cap jiRghude

somoCat i A oAb Aldts e s Hofoin, 3t & BATLPHRY, A5 Aol B Lo O -

wi t hout prior, internmedi ate, or subsequent physical feedstock preparation.
The procewdeds deschibedpdl SeBrovsieamy Applietion Scudidurtd eidPi4p3t o t he bi onass.

Mul tiple processes can in sone cases provide nmaterials that can be nore
readily piideh ﬁ?ﬂby a variety of mcroorgani sns because of their | ower

mol ecul ar 8 , lower crystallinity, and/or enhanced solubility. Miltiple
processes canGUpra#liydeagguranigiassgamumcean predhge @ novdendl usefid prpducispivch
required in.c arison to any.single process. PRl MARY NG Primary

br ocesei fit B ORePERarE bt FEBAEPERE RETER AL PSS el Bbedtts such as

15 example, alcohols, organic acids, hydrocarbons, hydrogen, proteins or mixtures of any of

these materials can be produced by fermentation or other bioprocesses.

The microorganism can be a natural microorganism or an engineered
microorganism. For example, the microorganism can be a bacterium, e.g., a cellulolytic
bacterium, a fungus, e.g., a yeast, a plant or a protist, ¢.g., an algae, a protozoa or a

20 fungus-like protist, e¢.g., a slime mold. When the organisms are compatible, mixtures of
organisms can be utilized.

To aid in the breakdown of the materials that include the cellulose, one or more
enzymes, ¢.g., a cellulolytic enzyme can be utilized. In some embodiments, the materials
that include the cellulose are first treated with the enzyme, e.g., by combining the

25 material and the enzyme in an aqueous solution. This material can then be combined
with the microorganism. In other embodiments, the materials that include the cellulose,
the one or more enzymes and the microorganism are combined concurrently, e.g., by

combining in an aqueous solution.
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saccharifying and/or fernmenting the feedstock, e.g., by contacting the

pretreated material with an enzynme and/or m croorgani sm Products produced

by such cwotawmosess i ncl ude any of those products descriPb@EwsSh@w®ss2p2 such as

food or fuel, e.g., ethanol, or any other products described in U S.

Provi sional Application Serial No. 61/139,453. Fernmentation Cenerally,

various m croorgani sns can produce a nunber of useful products, such as a
fernmenti reat.ed .bi omass .materi al s.

fuel, by operating on,.e.qg., the pre

For exanpl e, Bhegfurdea Bl a%%@regﬁv&}%e@g%%%% B §es; "BRSEei ns or
m Xt ur es, @, AN oof sttd@IRidTRL 8LéRd s8R R oRhBAHG &l fikthef BcBREAt i on or ot her
bi oprocesses. The m croorgani smcan be a natural m croorgani smor an

engi neer bakdosymoor gani sm  For exanpl e, the microorgani smcan be a
bacterium e.g.., a.cellul.olytic bacterjum f S, e.g., a yeast, a plant
or a protist ,Bgflﬁg ,fer@ﬁn%{l%é}lgaﬁs bei?%ats%é% mpﬁﬁﬁglorﬁ%gwgzﬁﬁ%eérpr otist, e.g., a
slime nmoidechaiRBtidae PErBRAIANS, B CetBAMAY DleBmerfingtiicRSor@nidh GaMi-sns can be
utilized. To aid in the breakdown of the materials that include the

cel | ul oskcaspraigblefpineenting prereorganiyms hgvediclabilisy (e qopvesh ggahydigiche

utilized e l s t i t I . he cel lul ose are
first t rseuzg%1 gaﬁ\ﬁfmﬁ? I ?ﬂggéé%a@thnid,se’éﬂ agl.n,%?ébgg%lgéﬁgﬁ’ r?p%éfa? %g‘hlr(]ig§%}ri al and the
enzyne i polgsaceltitidosimts tdrtntation glodsctiaF @hicating Arcrbbigdnibds driddenadingi t h t he

m croorganism In other enbodinments, the materials that include the
cel | ul os@l the BEUWSRECHY OWEras SBR ASred @RS GH e 86t PakFishyre conbi ned

congurre Dy ,; i Ni j ! | 1§ retreated
ot o1 o et es diNABRTRY RO e A AR EonR Mk DR RELRLET LB O
base or spestes &g venoingdiczenasiatys Asugadommenyipgdhl teigem)s Candidm, ehrer

facilitate breakdown. Durin ernment ation, sugars rel eased from.
cel I ul ol @fﬂ?v@d%mfﬂnglgﬁm élgda%@ffﬁ% %me%ff% it RPEH o, PRI,
et hanol , CDMisﬁoﬁaeﬂi:ﬁ?d?ﬁ&é“ﬁldr@lﬁ{}z%rg DL SHE Qerﬁr% B&%ﬁy%len,sé!gi, §‘f58c?esf ernmenting

m croorgani sms have the ability to convert "carbohydrates, such as gl ucose,
xyl ose, Bedbiriosannophihostbs gealsdtreogromules.gos aspehias Padeonypel g/asseehar i des

IntQ fer mtatdion PhOTYSE TelfREIBRELNL I LARIIGY, A BahdbEokf Stral ns
Bioethanol: Production and Utilization, Wyman, C.E., ed., Taylor & Francis,
Washington, DC, 179-212).

Commercially available yeasts include, for example, Red Star®/Lesaffre Ethanol
Red (available from Red Star/Lesaffre, USA) FALI® (available from Fleischmann’s
20 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).
Bacteria that can ferment bimoss to ethanol and other products include, ¢.g.,
Zymomonas mobilis and Clostridium thermocellum (Philippidis, 1996, supra). Leschine
25 et al. (International Journal of Systematic and Evolutionary Microbiology 2002, 52,
1155-1160) isolated an anaerobic, mesophilic, cellulolytic bacterium from forest soil,
Clostridium phytofermentans sp. nov., which converts cellulose to ethanol.
Fermentation of biomass to ethanol and other products may be carried out using
certain types of thermophilic or genetically engineered microorganisms, such
30 Thermoanacrobacter species, including 7. mathranii, and yeast species such as Pichia

species. An example of a strain of 7. mathranii is A3M4 described in Sonne-Hansen et
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of the genus Sacchromyces spp. e.g., Sacchromyces cerevisiae (baker's
yeast), Saccharomyces distaticus, Saccharonyces uvarun the genus

Kl uyver orwoes10/68048, speci es Kl uyveronyces mar xi anus, KPOYUS2@ip6s2e2
fragilis; the genus Candida, e.g., Candida pseudotropicalis, and Candi da
brassi cae, the genus O avispora, e.g., species Cavispora |usitani ae and
Cl avi spora opunti ae the genus Pachysol en, e. speci es Pachysol en

g.,
t annophi | .us, the genus Bretanno es, e , ~SPECI Br et annomyc | auseni
(Phi | i ppilaildrritsd "%.C,m%@g v a ottchedogy LIRSt ot 1 8t HP%G{/%- {rciandbook
on Bi oet panghio/ Preaguess ansand) Utilization, Wman, CE. , ed., Taylor &
79-212

Franci s, Washington, DC, 1 ). Commercially avail abl e yeasts incl ude,
for exanple, ResstSudrymymiresdpétcra Brhbmeled RedefrasmiticabirgofivassroRedhe

Star/ Lesaf f FALI i f | ei sch ' s Yeast di vi si
of - Bur ne ST BEEGb A R e A DEOPleras AT s SPRRUETFLGE 2 PP g Tt ech)
GERE  STRAMER(abbuf( Y 3itd 8D pichiomimttitiodt irAdchréBoouP2B €809 hawd wiERMOL( 1)

(avail able from DSM Specialties). Bacteria that can ferment binoss to

et hanol tgRWcEtHey inghoernge of 2012C tid0 °@. kpweve ermperdsliqisireqrgamsids O ostri di um
t her noce L1 npi.di 1996, supra). Leschine et al.
(Internaﬁ%gﬁgﬁﬁgt%hggh%%%%ystenatic and Evol utionary M crobiol ogy 2002, 52

1155-1 160) i Botyaisdnabiounasidedicying®@gafifing that breek Howobionass,Baci &ytheim from
forest soil, Costridi um phytof erentans sg}.1 nov., whjch converts cellul ose
to et hanillulgse ppdlAt deiligRingrorionsh{dhe bigmassh imlorcamelcsekseivohoalites my be

cary, ed I + aj ; Ll tl engi neer ed
fo 9&1‘50 Yﬂ%cgﬁﬁﬁrlﬂ'lgﬂrﬁt¥ﬂ8§ C talrnh)? LERE %1116& é%[lul%ﬁ{}ﬁi elrlllg itsy g

m croor gani sms, su noanaer obact er species, Inc T. mathranii,
and yeas(ccBylestisgdigsmabesas vRliialsi smatipeolcade biymasxdegplogingfmetalsdlites. nfhefe T.

mathranii is A3MA described in Sonne- Hansen et al | ied M cr.obiol ogy and
Bi ot echndl?SGYS Moy de asf@,fnpg"é‘?@fge&ﬂmﬁsrt%ﬁ\ it%leé%“%auybﬁ&gﬂﬁ? el\ﬁ%srt%‘[i%l . 1997,

168, 11l4cdiudsd) or RARhiIANI IS EIRE A D EXEBHIc] of 8dluRRy S Stk hRS ifGideNnt at i on
or conversion. The optinmum pH for yeast is fromabout pH 4 to 5, while the

opt i mum gdogicampen velfrbsoliydrdlasesn aab saliopases ([i-glugosidasps)c & cdlletasint at i on

LT 2 S RBR il b TRl MRS kB, 3065 " 26 OC to
oligomeric intermediates. These intermediates are then substrates for exo-splitting
glucanases such as cellobiohydrolase to produce cellobiose from the ends of the cellulose
polymer. Cellobiose is a water-soluble 1,4-linked dimer of glucose. Finally cellobiase
cleaves cellobiose to yield glucose.

20 A cellulase is capable of degrading biomass and may be of fungal or bacterial
origin. Suitable enzymes include cellulases from the genera Bacillus, Pseudomonas,
Humicola, Fusarium, Thielavia, Acremonium, Chrysosporium and Trichoderma, and
include species of Humicola, Coprinus, Thielavia, Fusarium, Myceliophthora,
Acremonium, Cephalosporium, Scytalidium, Penicillium or Aspergillus (see, ¢.g., EP

25 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, Myceliophthora thermophila, Meripilus
giganteus, Thielavia terrestris, Acremonium sp., Acremonium persicinum, Acremonium
acremonium, Acremonium brachypenium, Acremonium dichromosporum, Acremonium

30 obclavatum, Acremonium pinkertoniae, Acremonium roseogriseum, Acremonium

incoloratum, and Acremonium furatum; preferably from the species Humicola insolens
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prefer higher tenperatures. Enzynmes and bi omass-destroyi ng organi sns that
break down bi omass, such as the cellul ose and/or the lignin portions of the
bi omass, wWo 2bowvisn4280| ecul ar wei ght of the carbohydr at e- eomtusenoes20nt eri al s
contain or make various cellulo lytic enzymes (cellul ases), |igninases or
various small nol ecul e bi onass-destroyi ng netabolites. These enzynes may be
a conplex of enzynes that act synergistically to degrade crystalline

cnzymes PRSl IBS Furtbgr e aneeaaDs S st bryup bl aohd e ek G P Os BEYs
(b- 01 UCOBLARASH i s RYMORRCASURSHAAL . ICBS B DAL LKAl shyess by

endogl ucanases at random | ocati ons produci ng oligoneric internedi ates.
These i n2@&xWedicadremiian petsivéming GBSt KQt6Ss Atwmosrw: sgeinvtivngAdLUEdRases such

as cel | opi ohydrol.ase t e cell obiose from.th f the cellul ose
ol yrer - CEUMOBPELE s CEN S e deTspan Pt riRuty GEReOdR drasea™ F nally
cel lsobi agenhneaysenceBS 683 93 e4dromyhahihBlHeRHECBA 3eelhulasmohmncapabl e of
degradi ng bi omass an be of fungal or bacterial origin. Suitable

d ma
enzyes bitbiiteacGP U5 Adbs iarevam i dawsehenBSES 1 XsS6, Fesudwitonas Hami col a,

Fusariu I } i r } i : i ncl ude
spoct o Br VPR ES 1AE5E TR P ol 0 RALLRE 80 ot CRRT I PSS

Acr enoni way alSe pbabasrRdrfianiCrEeys -, prafer@elyiaGitdald afC/oxsAppengi | | us (see,
e.g., EP 458162), especially those produced by a strain selected fromthe
speci es {4akiasrse. f?a%fgtl@&ﬁélw %@6’?%@’1’@ (pag&%lyséﬁhadwmmw@ﬁ&m&ﬁﬁf?wm see,

e. G, U : - 307). an .Gi , i por um
oSt i opRetin ey e raimint et AR L REL M ox DR, LT, PRURPD
Acr enoni Nm 3 44,8 Kcarehtoh # 5hh 63 & raa il Strapmryyéor(eew nigy P8¢ aDmaynbe vsedenoni um

brachypeni um  Acr enoni di.chr onpspor u Acr enpni um obcl avat um Acr enoni um
pi nker t oni ae, ARgerahig AFUHIPBES 6?5?%&)’ SRR FHBOPBrod O Wehd

Acr enmoni gfiufd icRbEERLARYN N COA NG & meltdmy 60! iyl 8! IeRsikeM 1800,
Fusariun1oxys%%%%ﬁyﬁswl26%2, Ng%eliophtﬁzggﬁ{hefnnph%?a CBg 117. 65,

Cephal osgorl,dttemariopal JRYN2 0Py shwrasivamil divo 81pon @B T@idagy BOP2EAI um sp.
CBS 265.Eﬁg €ﬁ§ nmoni um per si ci num CBS 169. 65, Acrenoni um acr enoni um AHU
9516, Ce ér sg‘riun1sp. CBS 535 .71, Acrenonium brachypeni um CBS 866. 73,

Acrenmoni um  Cellulolytic enzymes using recombinant technology can also be used (see, ¢.g.,
WO 2007/071818 and WO 2006/110891).
The cellulolytic enzymes used can be produced by fermentation of the above-
noted microbial strains on a nutrient medium containing suitable carbon and nitrogen
20 sources and inorganic salts, using procedures known in the art (see, e.g., Bennett, J.W.
and LaSure, L. (eds.), More Gene Manipulations in Fungi, Academic Press, CA 1991).
Suitable media are available from commercial suppliers or may be prepared according to
published compositions (e.g., in catalogues of the American Type Culture Collection).
Temperature ranges and other conditions suitable for growth and cellulase production are
25 known in the art (see, ¢.g., Bailey, J.E., and Ollis, D.F., Biochemical Engineering
Fundamentals, McGraw-Hill Book Company, NY, 1986).
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 3to 7. A
saccharification step may last up to 120 hours. The cellulase enzyme dosage achieves a
30 sufficiently high level of cellulose conversion. For example, an appropriate cellulase

dosage is typically between 5.0 and 50 Filter Paper Units (FPU or IU) per gram of
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di chr omosporum CBS 683. 73, Acrenoni um obcl avatum CBS 3 11. 74, Acrenoni um
pi nkertoni ae CBS 157. 70, Acrenoni umroseogri seum CBS 134. 56, Acrenoni um
i ncol or atwm2CB®80428. 62, and Acrenoni um furatum CBS 299. POHUSG®I0e8202 yt i C
enzynmes may al so be obtained from Chrysosporium preferably a strain of
Chrysosporium | ucknowense. Additionally, Trichoderma (particularly
Trichoderma viride, Trichoderna reesei, and Trichodernma koningii),

al kal ophi | j see, exa at.en 844,890 and EP
458162) cllilpoey &bﬁkgﬁ;}éééta(@aég magsyyet G@F@HES%%P @HE@S%%CCO 3% 1%bi ¢
cel l ul ol ghb&k @ggzj %keaaﬂaqngpla@gmb%@r%ry%ggt ed from soil, e.g., a novel
cellulolytic speC| es of ostiridium d ostridium phyt of ernent ans sp. nov.

(see Leschi neMsbile fdrmentorsegandiciuiiacd, 3o dessabedin I‘S)SS Pravesional BatdntEvol ut i onary

Feconti nARC Aot S a3 kb EEadFredaott oS, 01818 and vo

2006/ 1 10@R101.159%e cellul olytic enzynes used can be produced by
fermentati on of the abovenoted microbial strains on a nutrient medi um

contai ning suitable carbon and nitrogen sources and i norganic salts, using
procedurwwﬂéﬁe g., Bennett, J .W and LaSure, L.

(eds.), More @?Hg h@ﬂ%rﬂﬁé@tdr@%se's On&4F Ipﬁfc%?s%?he‘%?&?e% bidthask2arthe

Sui tabl e nedia a om co I't'ers or nay be prepared
accor di neprivort@ditol ansloe thaco prodacts, fOﬂ&(a(nqﬂgaLcolllO’ls (bag,ahagaml @haﬂohe Aneri can

Type Culture Collectio erature ranges ther c ndltlons sui tabl e
for growlRP 1&%11@%“82@“&1‘18 Geét inoﬁear@ft%w Y HE (Pé%@’ ¥ g

Bai {,ey, I_éliygol 184“9ut91é didt, ghrcbrin oﬂn%&ﬂx%%?ﬁﬂes@ﬂ%l{b%e"ok%hﬁw'ﬂé%%ﬂ%ﬁ%@' s,
MG aw Conpany, °NY, 86). Treatnent of lul ose wth cel | ul ase

i s usual foymuamd @detmﬁcubpmmpeaadm@mm@wehn@@cmM@icﬁfalmmc acal, | ul ases
are acti ve over H of. .about . 3 t . A sa arif. .on step may
st up HEERh Gt S i A dod it abiutie e ey st dTRT T i ent 1y
hi gh | evglid oflyssit |ab'1|d0§l@t1&9di&’ gﬁ' l?d?@x bl rlc%ﬁf@rﬁmuﬁ«é\s SMRERRLIdaL Bogel | ul ase
dosage is typically bet ween c?, Filter Paper Units (FPU or 1U) per

gr am of cenorimts)s@lmahfeed;p@m@cwt@taﬁn@nammﬂmg@ls efrerprodusth that st bhed and
maa%uredpl%cdﬁé)edqhagdetan%;965§du(e;987 Pure and Appl. Chem 59:257-268).

EXAMPLES

The following Examples are intended to illustrate, and do not limit the teachings of

this disclosure.

20 Example 1 — Preparation Of Fibrous Material From Polycoated Paper

A 1500 pound skid of virgin, half-gallon juice cartons made of un-printed
polycoated white Kraft board having a bulk density of 20 Ib/ft’ was obtained from
International Paper. Each carton was folded flat, and then fed into a 3 hp Flinch Baugh
shredder at a rate of approximately 15 to 20 pounds per hour. The shredder was equipped

25 with two 12 inch rotary blades, two fixed blades and a 0.30 inch discharge screen. The
gap between the rotary and fixed blades was adjusted to 0.10 inch. The output from the
shredder resembled confetti having a width of between 0.1 inch and 0.5 inch, a length of
between 0.25 inch and 1 inch and a thickness equivalent to that of the starting material

(about 0.075 inch).
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Mobile fermentors can be utilized, as described in U S. Provisional Patent
Application Serial 60/832, 735, now Published International Application No.
WO 2008/ 0 0288802RODUCTS / CO PRODUCTS Usi ng such pri neCcy/Use@omsses and/ or
post - processing, the treated bi omass can be converted to one or nore
products, for exanple alcohols, e.g., nethanol, ethanol, propanol,

i sopropanol, butanol, e.g., n-, sec- or t-butanol, ethylene gl ycol ,

propyl ene gly butane di o | ycerin or ures qf al cohol s;
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teachings of this di scl osur e. - Preparation O Fibrous Materia
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b obul k
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fol ded f/ail,. andvérhgnichgd of ricofiterSwhp1 Fii ﬁﬁxhal&amgdiwesdgree;ddelrofahe fib¢rat e of
approxinatelﬁ 15 to.20 pounds per_hour. The shredder was eqU|pped wth two
12 inch W&t &by Biagdyng 9%V€fra8€e1erDoq>faft?eb Ardganding dectioncRiceraneighe scr een.
The,,gap adjusted to 0.10 inch. The
ou?gut fﬁgﬁﬁgﬁﬁ/ ?mgﬁ&@ﬁ¥%§§ﬂﬁﬁ% 9%%8??& aving a width of between 0.1
inch and 0.5 |nch a Iength_of betmeen 0.25 |nch and 1 inch and a thickness
equi val ebxampie ! ItFsem Blea ftBqarh | nch). The
confetti-li keA”i%b@ Ii)bgilld M@c‘ﬁof %?gﬂn %le%cﬁ\édl%lﬂ{b Kf%tfﬁfo\érd%'alvfn?g SHllkGensifyRsel  SC30.

Model SC30 |s equi pped wth four rotary bl ades, four fixed blades, and a
di schar ga0 Beftees db@amfrdgfrqulntlenmhomp@npﬂgsT heﬁmergémabéwld@ﬂatt sl thow ar y and

fixed bl f ‘3 1ntowa3shp lgltlncthOBaugh shredder at a rate of approximately 15 to 20 pounds per

15 hour. The shredder was equipped with two 12 inch rotary blades, two fixed blades and a
0.30 inch discharge screen. The gap between the rotary and fixed blades was adjusted to
0.10 inch. The output from the shredder resembled confetti having a width of between
0.1 inch and 0.5 inch, a length of between 0.25 inch and 1 inch and a thickness equivalent
to that of the starting material (about 0.075 inch). The confetti-like material was fed to a

20 Munson rotary knife cutter, Model SC30. The discharge screen had 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, releasing a fibrous material at a rate of
about one pound per hour. The fibrous material had a BET surface area of 1.1316 m%/g
+/- 0.0103 m?/g, a porosity of 88.3285 percent and a bulk density (@0.53 psia) of 0.1497

25 g/mL. An average length of the fibers was 1.063 mm and an average width of the fibers
was 0.0245 mm, giving an average L/D of 43:1. A scanning electron micrographs of the

fibrous material is shown in FIG. 10 at 25 X magnification.

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

30 30 Ib/ft’ was obtained from International Paper. The material was folded flat, and then
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approximately 0.020 inch. The rotary knife cutter sheared the confetti-Ilike
pi eces across the knife-edges, tearing the pieces apart and releasing a
fibrous msiDepicAisoe8 a rate of about one pound per hour. PCThaSkédoneare2
material had a BET surface area of 0.9748 n2/g +/- 0.0167 nR/g, a porosity
of 89.0437 percent and a bulk density (@.53 psia) of 0.1260 g/nmL. An
average length of the fibers was 1.141 nmm and an average w dth of the

fib L/.D of 42:1. | ect
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bul k den8Bfynchfdigbaigh sércemashogrpdichectnfthomtinytaad Miaed blades Papefustethie
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screen. The gap between the rotary and fixed bl ades was adjusted to 0.10
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sur f ace poresityodf 9. msmmﬁv@wmmd%ﬁs (0. 5, psa) @O OALDE ¢/rok. 88.a3288e per cent

i bers wateth g dekshas GADE R aftonisecor oy 7 BEVS R0 0095 mm

gi ving a@wﬁl\g%agg@ragé Pobrésila &aﬁf&ﬁ@ eleego@hﬁ@rbgﬁph Hfﬁfquﬁamﬁat@ﬁaltlbe
fibrous Fatérial i S shown in FIG at 25 X magni fication. Exanple -

Pr epar at $homwndh FTGi l:]eatgﬁe?énmgnﬁkbmms Mat eri al From Bl eached Kraft Boar d A
1500 pound skid of virgin bleached white Kraft board having a bulk density

of 30 lb%gﬁﬁgg%% i%ﬁ dfrmmé Sheé m&.b&nelmdé%d?#m é&saemwréfaboms fol ded

flat, an FInch Baug redder at a rate

appr oxi mat el yA150p @012101 %i@@mﬂ‘vslr gpablagelad, Wmtﬁd@iﬁtr@ﬂﬂbha%a b‘d&ldp@%‘w aki th two
12 inch 5@ fb%ywé)s o%%ﬁed £IR IEteﬁ%ﬂoR&l%ﬁ& aﬁl% rfaterial was folded flat, and then

fed into a 3 hp Flinch Baugh shredder at a rate of approximately 15 to 20 pounds per

hour. The shredder was equipped with two 12 inch rotary blades, two fixed blades and a

20 0.30 inch discharge screen. The gap between the rotary and fixed blades was adjusted to
0.10 inch. The output from the shredder resembled confetti (as above). The confetti-like
material was fed to a Munson rotary knife cutter, Model SC30. The discharge screen had
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-

25 edges. The material resulting from the first shearing was fed back into the same setup
and the screen was replaced with a 1/16 inch screen. This material was sheared. The
material resulting from the second shearing was fed back into the same setup and the
screen was replaced with a 1/32 inch screen. This material was sheared. The resulting
fibrous material had a BET surface area of 1.6897 m?*/g +/- 0.0155 m?/g, a porosity of

30 87.7163 percent and a bulk density (@0.53 psia) of 0.1448 g/mL. An average length of

the fibers was 0.824 mm and an average width of the fibers was 0.0262 mm, giving an
26



0.30 inch discharge screen. The gap between the rotary and fixed bl ades was
adjusted to 0.10 inch. The output fromthe shredder resenbl ed confetti (as
above). TWeoowmviBei28i -1 i ke material was fed to a Minson PoTarsgookos$202 cutt er,
Model SC30. The discharge screen had 1/16 inch openings. The gap between
the rotary and fixed bl ades was set to approximtely 0.020 inch. The rotary
knife cutter the confetti-Ilike pieces, releasing a fibrous material at a
rate of about ope nd, per hour. The mater ulting fromithe first
Shear i ng S fagid- 14\ bEPHE LSRN SeeTogTp e e AL SRR R
agai n. Thg; reswbsxn@afdiREAs, material had a BET surface area of 1.4408 nR/g
+/- 0.0156 n2/g, a porosity of 90.8998 percent and a bul k density (@.53
psia) of 0.1298 g/ nlL. An_ average Iength of the flbers was 0.891 nm and an
aver age Example 5 ¢ Methods pfldetermining ModesglasMeight of Gellulgsicand Lignoceliylo 34-1. A
scanni nqmedeﬁsltsrbormenpmgrapbhmfnatdmﬁ_wbr ous mat erial is shown in FIG 11 at

25 X f P Fib
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I nternational Paper. The material was folded flat, and then fed into a 3 hp
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confetti (as above). The confetti-Ili mat fed to a Munson rotary

kni e cutifresoniqepsmesschey, exm@w&makd@ ?éﬁ%éﬁ”ﬁ%farsw Erafhpapcs gahbigs. The
gap bet wgen shéﬁe&@;ﬁa)ﬁla@%zé'oﬁ%e hl-ag M%eéfﬁratdﬁt%f)\gftﬂ)fb Rk &l y 0. 020

inch. The rotar e cutter s ared e confettl - e pleces across the
knlfeedges. The material resulting fronlthe first shearing was fed back

into th d t th 1/ 16 inch )
2 o AT A RSB o " serone”Shesr o
was fed back intosd nfn“gggp Pashgd'Ne screen nas Ah@pde with a 1/32

a '" ARED).

i nch screen. Thi ssomter i THE WA + i ngsfamavous material had

a BET surface anggg Bhpet- O8PA3ITET G Flp- U UISONITET T, B3 ROLO&K0E Y of 87.7163
percent and a bul k densitypi6® 53 pgj a) of 0 1448 OkTebs + Abgever age | ength
of P132-100 100 8444 + 580
P132-181 181 «“ 6668 + 77
P132-US 0 Yes 3095+ 1013
**Low doses of radiation appear to increase the molecular weight of some materials
15 '"Dosage Rate = IMRad/hour

*Treatment for 30 minutes with 20kHz ultrasound using a 1000W horn under re-circulating
conditions with the material dispersed in water.

20 Table 2. Peak Average Molecular Weight of Irradiated Materials
Peak Dosage1 2 Average MW =+
Sample ID 4 (MRad) Ultrasound Std Dev.
WS132 1 0 No 1407411 + 175191
2 «“ «“ 39145 + 3425
3 «“ ¢ 2886+ 177
WS132-10* 1 10 ¢ 26040 + 3240
WS132-100* 1 100 ‘ 23620 + 453
Al132 1 0 ¢ 1604886 + 151701
2 “ ¢ 37525 £ 3751
3 «“ «“ 2853 + 490
Al132-10%* 1 10 «“ 50853 + 1665
2 “ ¢ 2461 £17
A132-100%* 1 100 ¢ 38291 + 2235
2 « ‘ 2487 + 15
SG132 1 0 ¢ 1557360 + 83693
2 «“ ¢ 42594 + 4414
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the fibers was 0.824 nm and an average width of the fibers was 0.0262 nm

gi ving anaverage L/D of 32:1. A scanning electron mcrograph of the fibrous
mat eri al we 28tvas28n FI G 12 at 25 X nmgnification. Exampirass2oos/obsohods of
Det ermi ni ng Mol ecul ar Wei ght of Cellul osic and Liqgnocel lulosic Materials by
Gel Perneation Chromatography Cellulosic and lignocellulosic materials for
anal ysis were treated according to Exanple 4. Sanple materials presented in
the foll ow ng tables incl u@e Kraft paper (P), wheat shraw, W5), alfalfa
(A), and swi tchgrass 456 . jThe nypber "132".0of the Sg refers to the
particle size ofg 1§gld’(;at eri;al af{gr shearing through22§45ﬁ$ - inch screen.
The nunber afteggifhgodash rnefers po the dosage of radi@atisong(MRad) and "US"
refers to ultrasonic treatment. For exanpl es a sanpl exdfd jB 132- 10" refers

to Kraft paper g$diar-1dvass bean sheawed to a particle suh@e+ahe5132 nesh and has
been irradi atmw ght of

| rradi at ed Krafbw Bapart radaigplappcllasagede thanpéglal didut drvasatndidls Aver age MV
Sour ce ( MRad) 'TBade Reyv= INMRafiburPaper P132 0 No 3285310006 P132-10 10 61398
2468** P132- 108ath® for 30 mBugdwittERRHALBReudBdsing 8 1000BBBm upder R1IBMAYSe 0 Yes 3095
1013 **Low dowedliof wihd ar¢rehdigppearwie i ncrease t he nol ecul ar wei ght of
sone materials dosage Rate = | MRad/ hour 2Treatnent for 30 mnutes with

20kHz ul t r asolipldPagcHipreCliromateerihy (GREQ IS ysed & fetemins g reddaailen ons wi th
e ey SRS ADABL SO oy YR AARE AL o1
Std Dev.is\Wads32 tirodeh 4 6lihh JpackedS4itt a BODAS gel3dpping small molecules. The
10 sample is separated based on molecular size with larger molecules eluting sooner than
smaller molecules. The retention time of each component is most often detected by
refractive index (RI), evaporative light scattering (ELS), or ultraviolet (UV) and
compared to a calibration curve. The resulting data is then used to calculate the
molecular weight distribution for the sample.
15 A distribution of molecular weights rather than a unique molecular weight is used
to characterize synthetic polymers. To characterize this distribution, statistical averages
are utilized. The most common of these averages are the “number average molecular
weight” (M,) and the “weight average molecular weight” (My,).
M, is similar to the standard arithmetic mean associated with a group of numbers.
20 When applied to polymers, M, refers to the average molecular weight of the molecules 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;.
Y N.M,
M,=-

s ) 2 N,
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2886 177 W5132-10* 10 26040 3240 Wh132-100* 100 23620 453 A132 0 1604886

151701 37525 3751 2853 490 A132-10*

38291 2286 280804285 SGL32 0 1557360 83693 42594 4414BC3ABR009D4%202

SG132-10* 1 10 60888 9131 SG132-100* 1 100 22345 3797 SG132-10-US 1 10

Yes 86086 43518 2 " 2247 468 SGL32-100-US 1 100 4696 1465 *Peaks

coal esce after treatnent **Low doses of radiation appear to increase the

10 50853 1665 2461 17 A132-100*

100
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30 m nutes w
condi ti opgrict Qr(ngﬁ:‘)e?cs)ls"@r{ Bfded noticBRE Hieed nlallcMRbRlule SRl thPAIRAIAN The
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of pol ynermulahetdwn gha@RChe statistsbealeulatwinufithmweiight dverage Inyateqularanpgle. i s

passed t hrough a colum packed with a porous gel trapping small nol ecul es.

The sanple is separated based on nol ecul ar size with |arger

is nost often detected by refractive

nol ecul es

el uting sooner than smaller nnlecules.;ggf retenti on tine of each conponent
N X

scattering (ELS), or ultraviolet_(UV)
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]V@Wh{ievaporative | i ght

Mo - iEN,.M,.

The polydispersity index or PI is defined as the ratio of My/M,. The larger the PI,
the broader or more disperse the distribution. The lowest value that a PI can be is 1. This
represents a monodisperse sample; that is, a polymer with all of the molecules in the
distribution being the same molecular weight.

The peak molecular weight value (Mp) is another descriptor defined as the mode
of the molecular weight distribution. It signifies the molecular weight that is most
abundant in the distribution. This value also gives insight to the molecular weight
distribution.

Most GPC measurements are made relative to a different polymer standard. The
accuracy of the results depends on how closely the characteristics of the polymer being
analyzed match those of the standard used. The expected error in reproducibility between
different series of determinations, calibrated separately, is ca. 5-10% and is characteristic
to the limited precision of GPC determinations. Therefore, GPC results are most useful
when a comparison between the molecular weight distribution of different samples is
made during the same series of determinations.

The lignocellulosic samples required sample preparation prior to GPC analysis.
First, a saturated solution (8.4% by weight) of lithium chloride (LiCl) was prepared in
dimethyl acetamide (DMAc). Approximately 100 mg of the sample was added to
approximately 10 g of a freshly prepared saturated LiClI/DMACc solution, and the mixture
was heated to approximately 150°C-170°C with stirring for 1 hour. The resulting

solutions were generally light- to dark-yellow in color. The temperature of the solutions
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conpared to a calibration curve. The resulting data is then used to

cal cul ate the nol ecul ar weight distribution for the sanple. A distribution
of nol ecuwarowdisgiz8s rat her than a uni que nol ecul ar wei goT/US009H68202 O
characterize synthetic polyners. To characterize this distribution,
statistical averages are utilized. The nost common of these averages are

t he "nunber average nol ecul ar wei ght" (I\/h) and the "wei ght average

nol ecul ar ht" | a e st dar rithgetic nmean
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Pl can bfitérsd ﬂhrngh eso nepheBEEE $iltar. MHORilkS OB sep1S Q(H’@tll@ls wdrathenSinalgzgb! yner
with all of the npolecules in the distribution bei t he sanme npl ecul ar
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are made. rel.ative to i.f ferent ner . st.an he accurac of the
resul ts CEEEARYY T o gf%@&}JecttOﬁgp@y ppls ﬁ?dﬁ'?%@ pomévrﬁeﬂ%& "$ei ng
anal yzedpOpA Gid PROS & cBf udc®o sRRMRE daltitlon dPGe RFPRCER cBRF &Elghﬂscale
reproduci bility between different series of determ nations, calibrated
separ at efrgm abguic0 16-71509%04dklions.chalrladtresiies thecGPG andlgsib p@ndzlmhsm eci si on of
GPC determ nations. Therefore, GPC results are nost useful when a

corﬁ?arl son between the nol ecul ar weight distribution of different sanples
S Table 3. GPC Analysis Conditions

Instrument: Waters Alliance GPC 2000
Plgel 10p Mixed-B

Columns (3): S/N’s: 10M-MB-148-83; 10M-MB-148-84; 10M-MB-
174-129

Mobile Phase (solvent): 0.5% LiCl in DMAc (1.0 mL/min.)

Column/Detector Temperature: 70 °C

Injector Temperature: 70 °C

Sample Loop Size: 323.5 uL

Example 6 - Porosimetry Analysis of Irradiated Materials

Mercury pore size and pore volume analysis (Table 4) is based on forcing
20 mercury (a non-wetting liquid) into a porous structure under tightly controlled pressures.
Since mercury does not wet most substances and will not spontaneously penetrate pores
by capillary action, it must be forced into the voids of the sample by applying external
pressure. The pressure required to fill the voids is inversely proportional to the size of
the pores. Only a small amount of force or pressure is required to fill large voids,

25 whereas much greater pressure is required to fill voids of very small pores.
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made during the sanme series of determ nations. The |ignocellul osic sanples
requi red sanple preparation prior to GPC analysis. First, a saturated

sol uti on W6.248wdsy428ei ght) of lithiumchloride (Li ) wa®Cprsp@oscs2in

di ret hyl acetam de (DVMAc). Approximately 100 ng of the sanple was added to
approximately 10 g of a freshly prepared saturated Li d/DVAc sol ution, and
the m xture was heated to approxi mately 1500C-1700C with stirring for 1
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pol ystyr @@eszsmandarzdszSI feand 2PRB Wes @otisedo 90 gensuat e aznal i bmaﬁzuoon
curve fosctiaonol ecular weirght 3scake fo@as abow34580 030777, 5065900 Dabiwns.
Tabl e 3sGeRimas t he4@BC anakysi7ssvendi Lioohs. 10abloe 3.19PC AnSBYSiss.0169
Condi t | $GIS24108YS unBAe6S WAT. &8s AkB46ANCe0.@FT 200@9P| gell695s Oml M3k ed-8B2@01 urms
(3): S/ N ¥S1ADM VB2 PH8- 833 4T0M/NVRTE48- 816 10M-MB! 1747129 MBOP| e SPRede
(sol vent W% S182-Hbs, | é]“;gn DM ( £76721/ n"??@? Cot-th/ D&%t or 1 1¥8pertafiife: 70

0C I nj 3SZh4n~52.3284 0.287 4.1199 0.2599 1.5611 83.3538

The AutoPore® 9520 can attain a maximum pressure of 414 MPa or 60,000 psia.
There are four low pressure stations for sample preparation and collection of macropore
5 data from 0.2 psia to 50 psia. There are two high pressure chambers which collects data
from 25 psia to 60,000 psia. The sample is placed in a bowl-like apparatus called a
penctrometer, which is bonded to a glass capillary stem with a metal coating. As mercury
invades the voids in and around the sample, it moves down the capillary stem. The loss
of mercury from the capillary stem results in a change in the electrical capacitance. The
10 change in capacitance during the experiment is converted to volume of mercury by
knowing the stem volume of the penetrometer in use. A variety of penetrometers with
different bowl (sample) sizes and capillaries are available to accommodate most sample
sizes and configurations. Table 5 below defines some of the key parameters calculated

for each sample.
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Sanmpl e Loop Size: 323.5 nL Exanple 6 - Porosinetry Analysis of Irradiated
Materials Mercury pore size and pore volune analysis (Table 4) is based on
forci ng meEocaryosfesnon-wetting liquid) into a porous st POTIUSR@906RIEL
tightly controlled pressures. Since mercury does not wet nobst substances
and wi Il not spontaneously penetrate pores by capillary action, it nust be
forced into the voids of the sanple by applying external pressure. The
pressure required to fill the voids is inversely proportional to the size
of the pores. Only a small anmount offeree or pressure is required to fil

| ar ge voTable 5.\Pefinitien aberameterat er pressure is required to fill voids of

very snarr—pUrEE—TabrE—ﬁ——PUrE—Srze—and—Vb?ug;‘frgfrfbquUﬂ—by—WErcury
Por 0si nmetry P13DAAMER s 1 209 235 2250 13 727PEPYIYE 0 1448 1 1785 87 7163

P132-10 5.5436 1.211 46.3463 D646 0B FHIEuD - iddd dlrind 3P Sp&EnAB Tais P132- 100
5. 3985 0. 988 13dusvaIpiub?: 2005 2:h.i@432in0rs B LR ing. bedhdeh sthfll fikiblks, Bddsy 381 3. 2866
0. 868 25.3448 12.2410 15.1509aﬁm%4&aumm&&&ﬁV&Bmea%ﬁmmi32 US 6. 0005 14. 787
98. 3459 0. 0055 1.6231 0.1404 0.8894 84.2199 A132 2.0037 11.759 64.6308
0.0113 0. $@diboR 3683 1. 4058 74D e?%‘%ﬂl@il volpgie yonggid lop A0ESIGFEL2706 0. 0105
0.7560 0.3768 1.4231 73.5241 A3Il66P4 %84 10. 205 43. 8966 0.0118 0. 7602
0.3760 1. B@dion Foye DRpatesGL32 27R267 G208, AL BB ALAL, 10122290, 3119

1. 4708 78079®9: SG132- 10 2. 1414 8. 643 26, 4666 0.0103 0.9910 0.3457 1.3315
74.0340 SHpdign AgeDREmstrrGrey 768 s3patzerg” merf@@%onch%m@atue 3e7egrar. 3590 77. 3593
SGL32- 10- NErdpe 20t Didmefe22 71. 5TBAotdl.pdi0 18uAOIiAEH By Ge HBrlard@BBAB5. 0169
SG132-100-US 4.9665 7.358 24. 8462..0, ggggn (gggg mg@ggmgmg7§& 84,,2010 W5132
2.9920 5. BukDygitge75 0. 0516 ZS%%&%de% MB132-10 3.1138
2.901 57.4727 0.3630 4.2940 0.2763 1.9808 8% 0484 100 3.2077 3.114
52. 3284 A&t Aenbitb®9 0. 2599 Ihwaof%np@%edecrhsethmﬂtﬁmf%@@ym%@fed%an attain
a maxi mum pressure of 414 MPalgks@rsosoYHABoO-PAete are four | ow pressure
st ati ons pabsitsanpl e prepar at i @ulkandsigohlgpaeitiDemitgfk 10@er opore data from 0. 2
psia to pST a. €re are two nigh pressure chanbers Tch colTects data

Example 7 - Particle Size Analysis of Irradiated Materials

5 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 relative refractive index of the sample material. Application of Mie

10 theory provides the detailed particle size information. Table 6 summarizes particle size

using median diameter, mean diameter, and modal diameter as parameters.

Table 6. Particle Size by Laser Light Scattering (Dry Sample Dispersion)

Median Diameter Mean Diameter Modal Diameter
Sample ID
(1m) (1m) (1m)

Al132 380.695 418.778 442258
A132-10 321.742 366.231 410.156
A132-100 301.786 348.633 444169
SG132 369.400 411.790 455.508
SG132-10 278.793 325.497 426.717
SG132-100 242,757 298.686 390.097
WS132 407.335 445618 467.978
WS132-10 194.237 226.604 297.941
WS132-100 201.975 236.037 307.304
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from25 psia to 60,000 psia. The sanple is placed in a bow -1ike appar at us
call ed a penetroneter, which is bonded to a glass capillary stemwith a
met al coawoOreglo/088428er cury i nvades the voids in and ar oumrdTiUseomwAssIE, it
noves down the capillary stem The |oss of nmercury fromthe capillary stem
results in a change in the electrical capacitance. The change in

capaci tance during the experinent is converted to volunme of nercury by
knowi ng the stem vol unme of the penetroneter in use. A variety of
penetroneters with different bow (sanple) sizes and capillaries are

avai | abl e to pgGERMPAaR WRehiRATH 9s& 1468 %ﬁeﬁ%r?%ﬁﬁal&ﬁﬁperﬁ%m e S

bel ow defi nes sone of the key paraneters cal cul ated for each sanple. Tabl e
5. Defi nutingn Mollvepa Mastersazes 2PB0 asreg érc DHeemgponditioTe total vol ume of
mercury intruded during an experinent. This Total Intrusion Volune: can
include interstitial filling between small particles, porosity of sanple,
and conpression vol une of reamake. The Bekal intrusion volune converted to
an area assum ng Total Por : N | cal shaped pores. Median Pore

D aneter The size at the g%?ﬁ&%g?%éﬁ{ipgﬁ%n t he cunul ative vol ume graph.
(vol ume) : Medi an Pore Di affetiel Moddlea) : (FHIE. (09 18P0 t he 50th percentile on
t he scunul ati ve area graph. Average Pore Dianeter: The total pore volune

di vided by the total pore area (4V/A). Bulk Density: The mass of the sanple
di vi ded by t h&nopiopriate ameunBef] sempts) waeinirgdutet entoi svatiragary ttag. The fdedg
pressure, typjically 0.5 psi.a. ar ent sity: The mass of sanplge divided
by “the. viiAfe! Sfpredn Befaloidi S-SR pReCE riisls RSP Rp R ARRTReb, 000

psi a. PorTRskdysonigdubi iDesedting/anARARER D thansillttidakupld@ibrraminsehut -
Particle Size Analysis of Irradiated Materials The techni que of particle

si zi ng boosmat pemproghte the sanprle infegrity Bagagown ofsenplpasededvapipth al so
enconpas : . Y. I GhS I At ensi . angl e
ot ondep@ sl M i dRCRtpil ) SR BBRE M QR TR oot
provi dedmifeaitl thtu€mples with coarse particles.

Example 8 - Surface Area Analysis of Irradiated Materials

Surface area of each sample was analyzed using a Micromeritics® ASAP 2420

Accelerated Surface Area and Porosimetry System. The samples were prepared by first

15 degassing for 16 hours at 40 °C. Next, free space (both warm and cold) with helium is
calculated and then the sample tube is evacuated again to remove the helium. Data
collection begins after this second evacuation and consists of defining target pressures
which controls how much gas is dosed onto the sample. At each target pressure, the
quantity of gas adsorbed and the actual pressure are determined and recorded. The

20 pressure inside the sample tube is measured with a pressure transducer. Additional doses
of gas will continue until the target pressure is achieved and allowed to equilibrate. The
quantity of gas adsorbed is determined by summing multiple doses onto the sample. The
pressure and quantity define a gas adsorption isotherm and are used to calculate a number
of parameters, including BET surface area (Table 7).
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system vari abl es are known and hel d constant. These variables are the
wavel ength of incident light and the relative refractive index of the
sanpl e nmawernaloso4ppl i cati on of M e theory provides thePdetiseéoaesgrazticl e
size information. Table 6 summari zes particle size using nmedian di aneter,
mean di aneter, and nodal dianmeter as paranmeters. Table 6. Particle Size by
Laser Light Scattering (Dry Sanple Dispersion) Median D aneter Mean

D ameter Modal Dianeter Sanple ID (nm (mm (m) A132 380. 695 418. 778

442. 258 A132-10 321. 742 366.231 410. 156 A132-100 301. 786 348. 633 444. 169

SGL32 36fatdR) shimnaly Of Jintace AleaXylGas Adborption 793 325. 497 426. 717 SGL32- 100
242. 757 298. 686 2lumblnlmiidelloelmdede el bl ot 10 194. 237

226. 604 297, 941 WSIG2. 100 204,,970:.838u037 307, pO4PMSuche Size was

determ ned by Laser using a
Mal vern Mast er si Zer gp@gu usT a1y pl I, Jo887H AW g, 30mar L1 gds:  Feed Rate: 35%
Di sperser Pressure: pfsHgr 1. 000 An

appropri ate anmount pi3236pl E@\pﬁs_ojmtos;gd@medomto a wzbjzatory tray. The feed
rate and air pressurB2a@r e adpwst@mbotaornsuset hat tolvesgparticl es were
properly di spersed. PIBadSkey @0Ofpon2iTtsoNs sebeSti ng ar7®i r pressure that

wi |l break up aggl omdt3at i ons@P/@uTOZi@@%%Wot O¢diipr om deétshe sanple integrity.
The anount of sanpl é1R<dded @B/rPPe%ﬂdég g”én t he 057?k2e of the particles.
In general, sanples W‘tl?\“fl r@Pﬁa‘r 21887 eai¥e | esd it erial than sanpl es
wi th coarse particl ’ﬁ{ n‘% /P %gﬁf%ﬁceoéﬁ a Analoféis of Irradiated
Materials Surface (¢ ﬁ /Pga(%)“ Boolds gngleyzed Lb%gig a Mcroneritics(r)

ASAP 2420 SG132-10-US @ P/Po=0.225692889 0.5693 0.7510
SG132-100-US @ P/Po=0.225935246  1.0983 1.4963

WSI132 @ P/Po=0237823664  0.6582 0.8663

WS132-10 @ P/Po=0238612476  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
5 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.

10 Example 9 - Fiber Length Determination of Irradiated Materials

Fiber length distribution testing was performed in triplicate on the samples
submitted using the Techpap MorFi LB01 system. The average length and width are
reported in Table 8.

15 Table 8. Summary of Lighocellulosic Fiber Length and Width Data
Arithmetic Average Length Statistically Width
. . Corrected Average .
Sample ID Average Weighted in . . (micrometers)
(mm) Length (mm) Length Weighted in (um)
Length (mm)
P132-10 0.484 0.615 0.773 24.7
P132-100 0.369 0.423 0.496 23.8
P132-181 0.312 0.342 0.392 24.4
A132-10 0.382 0.423 0.650 43.2
A132-100 0.362 0.435 0.592 29.9
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Accel erated Surface Area and Porosinetry System The sanples were prepared
by first degassing for 16 hours at 40 OC. Next, free space (both warm and
col d) wi twoheloosm28s cal cul ated and then the sanpl e tubecCraSesanseded agai n
to renmove the helium Data collection begins after this second evacuation
and consists of defining target pressures which controls how nmuch gas is
dosed onto the sanple. At each target pressure, the quantity of gas
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gas adsorption isothermand are used to cal cul ate a nunber of paraneters,
i ncludi ng BET surface area (Table 7). Table 7. Summary of Surface Area by
Gas Adsorption BET Surface SHER FEMBOPIMBENTR surface area (n2/g) Area
(nm2/g) P132 @P/ Po= 0.250387771 I.5253 1.6897 P132-10 @ P/ Po= 0.239496722
1. 0212 1. 2782APughen gicn@d@iments Of the 0B38100 haved3es described Red2theRss, @ P/ Po=
0. 2391660 448 P132- P/ Po= 0. 21735 0983.1. 6793 Al32 @
Pl oo 0. SHDBAUREO LT s Ta e saanie B BALETBIR EhEBSE rgmalss 6 7215
Al132- 100spg@iPindasoss &3BS heRToD. 4258 0. 5538 SGL32 @ P/ Po= 0. 237989353 0. 6359
0. 8350 SG132-10 P/ Po= 0. 238576905 0.6794 0.8689 SG132-100 @ P/ Po=
0. 241960361 O. 5518 0 7034 86132 10- US @ P/ Po= 0.225692889 0.5693 0.7510
1.4963 W5132 @ P/ Po= 0.237823664
476 0.6191 0.7912
For example, some methods utlhze one or more ligninases and/or biomass-

destroying enzymes, instead of or in addition to Fenton chemistry, to reduce recalcitrance
10 in cellulosic or lignocellulosic materials. In such methods, a first cellulosic or
lignocellulosic material having a first level of recalcitrance is provided and combined
with one or more ligninases and/or one or more biomass-destroying, ¢.g., lignin-
destroying organisms, so as to contact the first cellulosic or lignocellulosic material. The
contact is maintained for a period of time, such as between 2 and 24 hours, ¢.g., between
15 6 and 12 hours, and under conditions sufficient, e.g., below a pH of about 6, such as
between pH 3 and 5.5, to produce a second lignocellulosic material having a second level
of recalcitrance lower than the first level of recalcitrance. After reduction of the
recalcitrance, the second cellulosic or lignocellulosic material can be contacted with one
or more enzymes and/or microorganisms, ¢.g., to make any product described herein,
20 e.g., food or fuel, e.g., ethanol or butanol (e.g., n-butanol) or any product described in any
application incorporated by reference herein.
The ligninase can be, ¢.g., one or more of manganese peroxidase, lignin
peroxidase or laccases.
In particular implementations, the biomass-destroying organism can be, ¢.g., one
25 or more of white rot, brown rot or soft rot. For example, the biomass-destroying
organism can be a Basidiomycetes fungus. In particular embodiments, the biomass-

destroying organism Phanerochaete chrysoporium or Gleophyllum trabeum.
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W5132- 100 P/ Po= 0.238398832 0.6255 0.8143 The BET nodel for isotherns is a
w dely used theory for calculating the specific surface area. The anal ysis
i nvol ves woteromsni2Ag t he nonol ayer capacity of the sanplpeTaisedoamnes2by

cal cul ating the amount required to cover the entire surface with a single
densely packed | ayer of krypton. The nonol ayer capacity is nmultiplied by
the cross sectional area of a nolecule of probe gas to determ ne the total
surface area. Specifigc surface area is.the surface area of the sanple

ali quot di vi dbEnEysisnBoREssIRTIoy g LRI enghemiraolgeuls b s A%t h

Det er m n@dst@BeOh Kifl é’t%'l.?E%n’%@Wrb@.‘ﬁecﬁhchem%e%lt. R, o33 IKiAULiPn testing was
performed in triplicate on the sanples submtfed using the Techpap MorFi
LBA sysEezymeFHer Buiprad Bapes Ryedessamgl Chiagtch | 4Reles &pyov tceabidl EnZamkeindulTabl e 8.

Summary of, Ligngcel | ul osi.c,.Ei be ngt h apnd W.d t. a0THER ODI MENTS A
nunber ot bR RER eGPl Ao hEF EhoRBDE ob Sl NERr EBATE (Vert hol ess.
it will {wonpder Dtarthdshadh of 86ii@Woo@hf4Batdgns nay be made wi t hout
departing fromthe spirit and scope of the invention. Lignases and Bi omass
Destroyi ng Enzynmes For exanple, sone nethods utilize one or nore |igninases
and/ or Dbj H@g&%g%_&y&ﬁ% gq@[g@ﬁls instead of or in addition to Fenton
chem st r%&-. in cellulosic or lignocellulosic

materi al s. | nirsdo@de diidddesnts,ahd megibde ld siksaisali®toskd gaetelahbecastctomat eri al
having a first | evel of recalcitrance i s provided and_conbined with one or
mor e | i gfOREss B¥ dosebep-conainyie mafcalpsuthrsdaiiilk Byingil shalg, crude oil

| i gnpi ndegt J r i : t NCHALAGE i sic or

| i g{r-(lbocel %ﬁg}s@lagprcrlglfi g??éﬁ%rrﬁ &ccg'?%ea(glt)’ llﬁs mar ﬁ%%’lepnefgg[%%%nr g%k%)gé'r “od of tine,
such as hetwesrt2nanio2echlavars, isebytane)plequetied nstueahdnd/dr Hymtiresic gasyd under

conditions sufficient, e.qg., below.a pH of . about 6. such as between pH 3
and 5. 5, *PBalhrasd ade aa@@&%waeqaﬁgiﬁada?lﬁﬁq BEious heee P QY_rﬂ%ﬁﬂ?%ﬁ- %econd | evel
of recal glddANGe bW FRANY thaylitdcatboh&¥Blaifhy MR &I bERNG S supplly®T
reduction of the recalcitrance, 'the second cel%ul osic or lignocellulosic

mat er i al rapamatsgale diircaewenhtoial lvaw he ddrvemslrdircetly Jiomsa wmeh, o1g..Mycoo0ngani sns,
€ Y t Obequned/oairr}gﬂ ealirosgl&%ﬁl, gr(la fr:lrc!ep[gﬁll err]neoro?ﬁnrl]énts, the processing facility can be

constructed in relatively close proximity to, or even atop, the mine. In some
embodiments, the raw material can be transported to the processing facility via railway
freight car or another motorized transport system, and/or pumped to the processing
facility via pipeline.

20 When the raw material enters the processing facility, the raw material can be
broken down mechanically and/or chemically to yield starting material. As an example,
the raw material can include material derived from oil sands and containing crude
bitumen. Bitumen can then be processed into one or more hydrocarbon products using
the methods disclosed herein. In some embodiments, the oil sands material can be

25 extracted from surface mines such as open pit mines. In certain embodiments, sub-
surface oil sands material can be extracted using a hot water flotation process that
removes oil from sand particles, and then adding naphtha to allow pumping of the oil to
the processing facility.

Bitumen processing generally includes two stages. In a first stage, relatively large

30 bitumen hydrocarbons are cracked into smaller molecules using coking, hydrocracking,

or a combination of the two techniques. In the coking process, carbon is removed from
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e.g., food or fuel, e.g., ethanol or butanol (e.g., n-butanol) or any
product described in any application incorporated by reference herein. The
| i gni nasewoan10s89428. g., one or nore of nanganese per oxi #aTAS2000068202

per oxi dase or | accases. In particular inplenentations, the

bi omass-destroyi ng organi smcan be, e.g., one or nore of white rot, brown
rot or soft rot. For exanple, the biomass-destroyi ng organi smcan be a

Basi di onycet es fun rti uI ar enbodi nent s e bi omassdest r oyi ng
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in Kirk et al”, Enzyne Mcrob. Techno , -32, Kirk et al,

Enzymes WhichRed @emnmcmr Paislystivagm (@fapﬂ@mum)( Rol es for M crobi al

Enzymes in Pu and Pr oc and al, .. T em stry of

Soi 14 Veod, Qb St i Piedbmslshl Gie Bt VOGRTH

4555487) hydﬁ@édﬁﬁ?ﬁmwe%eitﬁigﬁh@ BrabRddeitudlch rhélc&QOEInQMHYAEgdB RirBosphfle Met hods
and systens disclosed herein can be used to process hydrocarbon-containi ng

mat er i al ¥ rspere gty pitmeeniq. gsmmoma) agh gpléur (e gu@eclgmeniabsyfun). heavy crude

et hano.  pr opanh SRR peR W PoocBRyn ER BRI SERER e Pare ot 0

gas, aspkatd of a;nﬂh@frchmdenﬁt ﬁ@r avbergmtSetbnﬁbisolI $vatl nhheial @eocesseil OMoréoipes of
hydr ocar bons. For  exanp processing facility for hydrocar bon cont ai ni ng
mat er i al & $UEBY %%Vﬁéer% @Bmm@maﬁeéva%qu gf oil weﬁi éR/\PfﬁﬁF@rthlé‘F QHRIS 96

deuovere%,ng{ernggw&é Ofll,rﬁ)(;ﬂl%go del@vegblu%ngg&\égyor belt and/or rail car

system in certain e i ments, e processing facility can be
construct ed i Asaebdther e\xeinplecbﬂshaalpt@xaaﬂyumlmdm fine-geaieed selopentageock ne. | n

sone enbodj ments, .the raw materi can be transported to.the ro essi ng
Faci 1 ythgt HORgRy E??nénaﬁlﬁtmté ot ReypEancRar Ot B arai 4yt em

and/ or pyREdhP BEcddng %ﬁ%ﬁhl@ga a‘@%& tsl [10¢ratb BwRicR&hh BE purfiiitotyi@d haw
material enters the processing facility, the raw material can be broken

down rrechﬁadw@abdryrldnwatﬁmbmm canbugtible hyideicarben ahale gep. nestpéeallal the ad an
XAl e, LA IR 6Bl 50 D S99 TR dRlncIbYSI 6 BB meands and
vapor.
The efficiency and cost-effectiveness with which usable hydrocarbon products
can be extracted from oil sands material, oil shale, crude oil, and other oil-based raw
materials can be improved by applying the methods disclosed herein. In addition, a
20 variety of different hydrocarbon products (including various hydrocarbon fractions that
are present in the raw material, and other types of hydrocarbons that are formed during
processing) can be extracted from the raw materials.
In certain embodiments, in addition to Fenten oxidation, other methods can also
be used to process raw and/or intermediate hydrocarbon-containing materials. For
25 example, electron beams or ion beams can be used to process the materials. For example,
ion beams that include one or more different types of ions (e.g., protons, carbon ions,
oxygen ions, hydride ions) can be used to process raw materials. The ion beams can
include positive ions and/or negative ions, in doses that vary from 1 Mrad to 2500 Mrad
or more, ¢.g., 50, 100, 250, 350, 500, 1000, 1500, 2000, or 2500 MRad, or even higher

30 levels.
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bi tumen. Bitumen can then be processed into one or nore hydrocarbon
products using the nethods di sclosed herein. In sonme enbodi nents, the oi
sands matwoi2alo/mses28be extracted from surface m nes suchPa3/usp@/ops2b2 m nes.
In certain enbodi nents, sub surface oil sands material can be extracted
using a hot water flotation process that renoves oil from sand particles,
and then addi ng naphtha to allow punping of the oil to the processing
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absence of oxygen to liberate the vapor. The efficiency and .
cost - ef f emnbigemesy todhniuehpidr tasubsmerimgithe psrduots qut oihe procestmgoiaciditt r act ed
from oil sand&ﬁn&teri cnqﬂ@ﬁ il, and other oil-based raw

( . al. qil shal e, . . .
mat rlalg”%éﬂ %“ﬁﬁ%?%@%ﬁ‘HVﬂ§BEP§Fﬁd”E t hods di scl osed herein. In
addi tion, a vané @thniQlesdiifciREEREreyAhdeAPPIRR tBIpRsHesS Sw(dnardrugicAgediati ous
hydr ocarbon fractions that )
material in dry form, in a solution or slurry, or in gaseous form (e.g., to process
hydrocarbon vapors at elevated temperature). The solubility of raw or intermediate
products in solutions and slurries can be controlled through selective addition of one or
20 more agents such as acids, bases, oxidizing agents, reducing agents, and salts. In general,
the methods disclosed herein can be used to initiate and/or sustain the reaction of raw
and/or intermediate hydrocarbon-containing materials, extraction of intermediate
materials from raw materials (e.g., extraction of hydrocarbon components from other
solid or liquid components), distribution of raw and/or intermediate materials, and
25 separation of intermediate materials from raw materials (e.g., separation of hydrocarbon-
containing components from other solid matrix components to increase the concentration
and/or purity and/or homogeneity of the hydrocarbon components).
In addition, microorganisms can be used for processing raw or intermediate
materials, either prior to or following the use of the methods described herein. Suitable
30 microorganisms include various types of bacteria, yeasts, and mixtures thereof, as

disclosed previously. The processing facility can be equipped to remove harmful
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are present in the raw material, and other types of hydrocarbons that are
formed during processing) can be extracted fromthe raw materials. In
certain ewbadiomsm28, in addition to Fenten oxidation, oPh@mUSa®Ploeste2 can

al so be used to process raw and/ or internedi ate hydrocarbon-contai ni ng
materials. For exanple, electron beans or ion beans can be used to process
the materials. For exanple, ion beans that include one or nore different

types of i on 0 car bon |ons oxygen. i ons drld i ons) can
be used 36”15 %g‘e%‘gt TF%%% &@H‘é ¢ BiioSCsSHg O R Op Rk 8’&?‘? rfl?\téﬂaéén% T8i ve ions
and/ or _negabiMRodiRSthat i 49SESI ﬁohﬁ‘ﬁnaﬁ%@haftdr@ Mnd cMatal l%rpgg’(ggtsl\(hﬁ%r@r nor e,
e.g., 50, 100, 250, 350, 500, 1000, 15 2000, or 2500 MRad, or even

hi gher | earaifel tohheansardl/orianals m@@@gsmmgs met hods can be used, including

DN N s e

I nt @r Nnedicall@ idRtRslealls wabhtedidion SABE: SmbRADEPdh&t 5@E rabeye i n
connection with biomss materials. Various conbinations of these techniques

can al soinkmgdiaty mefeipldbeidspiogoyset Ane seshidyadions tavesweshs hydeaaban |y, the
: t
{reat  r aCSLARy B L BRiEr A o of iy R UG w QDK oINS Rinckh TP e

from oi | cgandanb@ligents, thouse efonkhe nicee bhihg tedniduscdiodectdherd resgianinbe used
prior to any mechani cal breakdown steps, follow ng one or nore nmechanical
br eak dowi! %}9@&%@ ingpolggulargveightqf |0ﬁ@ or ﬁlpf%@f%ﬁoé‘éktﬁ ﬁg theday or ipinsdiate

hy@%Ot re&%@ﬁ%fmaﬂggv feés%{i f’%e hp Eeﬁttﬁ%tnogl S gﬁ%&%{]sc%%@&rﬂkr%m {)aﬂ Process

shal e, one or re o i ques ereln can be used prior
t o ei t hemdoce Hnmtdlffonhatidmdamwlrmalatulmfahd cqﬂupmfentsateadmg ¢ thedommaousded
above. Products derlveq fram t he hydrocarbon- bgg Irr5)\[11\/ ter al s can be
treated BGERHAAURRIEEHPTCEHEN RERGUSH: %ﬂdqueﬁmv% gQ‘EF el Yeigl por t i ng t he

product S.I[?I%ﬁcth Int aﬂﬁltﬂfn% %?éﬂo@&biﬁﬁ‘?fddh&ﬁ( {eBiols oth@f EMEFoui RS 8Rd
transpor or via pipeliné echni ques di scl osed herein can be applied

to proc eﬁémﬁhwaa\nmﬁt@rlalsnme Iaitr%ermdlaefrd @Impqundw §¢.4.cammmoiin), auldwot ut i on or

slu ase r oc drocarbon vapors at el evated
n%er at ﬁa}sgsi CO‘% B q.r]lgl C@ﬁ? Sgd P%W %ﬁcqnﬁ? %?131% %%ﬁ@ in solutions
and sl ur ghBsdimdhits isheGR Midre bR cts Rk @& ﬁ@ﬂn&ﬁé tavemaktdblsican botobEs &l

to generate process heat for heating water, raw or intermediate materials, generating

electrical power, or for other applications.
Processing oil sand materials (including bitumen) using one or more of the
20 techniques disclosed herein can lead to more efficient cracking and/or hydrotreatment of
the bitumen. As another example, processing oil shale can lead to more efficient
extraction of various products, including shale oil and/or shale gas, from the oil shale. In
certain embodiments, steps such as cracking or vaporization may not even be necessary if
the techniques disclosed herein are first used to treat the raw material. Further, in some
25 embodiments, by treating raw and/or intermediate materials, the products can be made
more soluble in certain solvents, in preparation for subsequent processing steps in
solution (e.g., steam blasting, sonication). Improving the solubility of the products can
improve the efficiency of subsequent solution-based treatment steps. By improving the
efficiency of other processing steps (e.g., cracking and/or hydrotreatment of bitumen,

30 vaporization of oil shale), the overall energy consumed in processing the raw materials
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nore agents such as acids, bases, oxidizing agents, reducing agents, and
salts. In general, the nethods disclosed herein can be used to initiate
and/ or susDabr/ashesr eacti on of raw and/ or internedi ate PCT/US2009/068202

hydr ocar bon-contai ning materials, extraction of internediate materials from
raw materials (e.g., extraction of hydrocarbon conponents fromother solid
or liquid conponents), distribution of raw and/or internediate materi al s,
and separation of internediate materials fromraw materials

separ at i 9 RrTeRyAeH oRalBe AXEian AP aroes%%w@rpefﬁlef‘sram%eaﬁlﬁ890@8r198d%m rix
conponenfgsib@ | ncrease the concentration and/or purity and/or honogeneity
of the hydrocarbon conponents). In addition, mcroorganisnms can be used for
processi ng r atcardingtyeetiredémbaslinants picalishin ¢ha seepe pf thofoltawviog clohs.owi ng t he
use of the nmethods described herein. Suitable mcroorgani sns include

vari ous types of bacteria, yeasts, and m xtures thereof, as disclosed
previously. The processing facility can be equi pped to renove

har nf ul byproducts that result fromthe processing of raw or internediate
mat eri al s, including gaseous products that are harnful to human operators,
and chem cal byproducts that are harnful to humans and/or various

m croorgani sns. I n sone enbodi nents, the use of one or nore of the

t echni ques di sclosed herein results in a nolecul ar weight reduction of one
or nore conponents of the raw or internediate material that is processed.
As a result, various |ower weight hydrocarbon substances can be produced
fromone or nore higher weight hydrocarbon substances. In certain

enbodi ments, the use of one or nore of the techniques disclosed herein
results in an increase in nolecular weight of one or nore conponents of the
raw or internediate material that is processed. For exanple, the various

t echni ques di scl osed herein can induce bond-fornmation between nol ecul es of
t he conponents, leading to the formation of increased quantities of certain
products, and even to new, higher nolecul ar weight products. In addition to
hydr ocar bon products, various other conpounds can be extracted fromthe raw
materials, including nitrogen based conpounds (e.g., ammonia), sulfurbased
conpounds, and silicates and other silicon-based conpounds. In certain
enbodi ments, one or nore products extracted fromthe raw materials can be
conbusted to generate process heat for heating water, raw or internediate
mat eri als, generating
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el ectrical power, or for other applications. Processing oil sand materials
(i ncluding bitunmen) using one or nore of the techni ques disclosed herein
can | ead wo 20owm80£28f i ci ent cracki ng and/ or hydr ot r eat meRCTaAfS2000068202 unen.
As anot her exanpl e, processing oil shale can lead to nore efficient
extraction of various products, including shale oil and/or shale gas, from
the oil shale. In certain enbodi nents, steps such as cracking or

vapori za}f.i.on Y, en. be necessary if the techni ques disclosed herein
are fi rgwlgéﬁgt%ﬂ&%@) fSie raw material. Further, in sonme enbodi ments, by
treating raw and/or internmediate materials, the products can be nmade nore
sol ubl e in certaifcthod ¥ERUSeing FecRICRRAEA T QMufodic oY URRSAUAMsicRhACEAS] Ng st eps
in solution (e.g., steam blasting, sonication). Inproving the sol ubility of
t he prodthl@tﬂfset qnﬁﬂm@%% the efficiency of subsequent squtlon based

treat nent steps npr o e, ef C|en ssin eps
(e.g., cracki Oélt%nég Ry L[ur refgtStn%‘ael 081‘0 Qﬁq%/gf} H% q;hcp%lrlrzl%t |aE§mg%Tfs

shale), Ihe di\tecraadlﬂrareee\rlglyoreqnsmmedompotﬁfd@ee@phngg bheor @vterRheilR! scan be
reduced, nmaking extraction and processing of the raw naterials econonlcally
f easi bl eOCCAEEMS BPHEIAJORCHYHEIOUB Fhbdf. ekt W airld alfmenth t@ Rrdyembrccond t he
follown ﬁl!lc%icn@rl ellluﬁ %ﬂgﬁgﬂ aVingx sepbﬁlplteﬂa%f (P% afc&gel'h% WN&%&' fktrance
in cellulosic or noce osi'c naterial A conpri si ng:
contactlﬁgthwmxﬁfmmxanﬁm a first cellulosic or lignocellulosic materi al
having a first |level of recalcitrance with one or nore conmpounds conpri sing
one or nore naturallyoccurring, non-radioactive group 5, 6, 7, 8, 9, 10 or
11 el enents, $OTRE AR o? cRERANHNERI HE BRE 6r Abrd dIGNOGEMIYA eauczn%er i al
havi ng a second | evel of recalcitrance |ower than the first |evel Of

recal ci t #-anct ogidafidrestatet hod of claim 1, wherein the one or nore el enents
are in a 1+, 2+, 3+, 4+ or 5+ oxidation state. 3. The nethod of claim1l1 or
claim2, wherein the one or nore elenents conprise M, Fe, Co, Ni, Cu or
Zn. 4. The et hoge Akt eREn AforlcemaD QMeree Mche o%@f@él@mtaﬁ't@ cOMBriQy nore

el ements conprise Fe in the 2+, 3+ or 4+ oxidation state.
Mn, Fe, Co, Ni, Cu or Zn.

4. The method of any one of the above claims, wherein the one or more elements

comprise Fe in the 2+, 3+ or 4+ oxidation state.

5. The method of any one of the above claims, wherein the mixture further
comprises one or more oxidants capable of increasing an oxidation state of at least some

of said elements.

6. The method of any one of the above claims in which the oxidant comprises

ozone and/or hydrogen peroxide.
7. The method of any one of the above claims further comprising maintaining pH

at or below about 5.5 during contact, such as between 1 and 5, between 2 and 5, between

2.5 and 5 or between about 3 and 5.
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5. The nmethod of any one of the above clains, wherein the m xture further
conpri ses one or nore oxidants capable of increasing an oxidation state of
at | east wormeloafBoeai d el enents. 6. The nethod of any oneCofustéve/oeizoye
claims in which the oxidant conprises ozone and/or hydrogen peroxide. 7.
The met hod of any one of the above clains further conprising maintaining pH
at or bel ow about 5.5 during contact such as between 1 and 5, between 2
and 5, betwee 5 and 5 .or bet 3 and 5.8. The nethod of any one
lai ms 57 fubt hes m@ﬂwﬂﬂf SR N Y §? t@ﬁ@omptl%ltlg disprisinS St

|'i gnocel céﬂlufb%iccorq%tn@éélﬁtllosﬁcnmﬁ\@ﬁﬁrmWat&'@)r%ﬁ‘d@t%é%s mREIuNand Adkntdaghgaddi ng
first the one or nore conpounds and then thé one or nore OX|dants 9. The
met hod ofirsathy coner ofor¢tampmings Znd then Herone errprarg prigamts.sper si ng the first
cellulosic or lignocellulosic material in water or an aqueous nedium and
then adding first the one or nore oxidants and then the one or nore

conmpounds. 109 Them¥BodQd afy oy AfithsOL7 FilithePBOMEriGh@HiRPorsinb @icetingt a t ot al
maxi mum concentration of the elenments in the one or nore conpounds neasured

in the didwasis arigngedlhunsicapatgrialio wakerios anBewrous owdig, agd ghen addingeen about

25 mwa”ﬁr&%%%ﬁw%?%*&%’{»g?%ﬂ?%& mﬁgogkﬁ%%tg%rﬁﬂ& gout 100 mM 11. The

nmet hod o one Maxi mum concentrati on of
the one or nore oxidants is frontabout 100 MM to about 1M e.g., between
about 250 mM and_about 500 or_ between_ about 500 nm and 250 nM 12. The
met hod of anyl(bnEhf‘ome@Paiot}%nsso@ ofrthevrlavs claps.orieTeR afprbmaxingdnt s are

appl i ed Ldhet tloh 0% rthece%rtléﬂtg)ﬁt' the 8{1) 1)1l &8&%%&8& rﬁeﬁﬁfcﬁ"lh ?ﬁe ﬂg&: one or

nore conpounds as a gas, suc generating ozone In-situ I'rradi ating
the firsts fomh hlnmmsme)to dthognﬁ)@)ainMIecgJ letanch dboaet 2heMoandraboet Zﬁ)rtpMmds

through air with a be of partjcle such as el ectrons or protons. 13. The
met hod o eaﬁvlﬂ%%ﬁé&)?ﬁLM5%§@@tﬂﬁﬁ? wherein the nixture includes one or
nore conpounds and one or nore oxidants, and wherein a nole ratio of the

elenment(s) in the one or nore conpounds to the one or nore oxidants is from
about 1:1000 tb "Bivomethod of any one of claims 5-9, wherein a total maximum concentration

of the one or more oxidants is from about 100 uM to about 1 M, e.g., between about 250

uM and about 500 mM, or between about 500 pm and 250 mM.

12. The method of any one of claims 5-9 in which the one or more oxidants are
applied to the first cellulosic or lignocellulosic material and the one or more compounds
as a gas, such as by generating ozone in-situ by irradiating the first cellulosic or
lignocellulosic and the one or more compounds through air with a beam of particles, such

as electrons or protons.

13. The method of any one of the above claims wherein the mixture includes one
or more compounds and one or more oxidants, and wherein a mole ratio of the element(s)
in the one or more compounds to the one or more oxidants is from about 1:1000 to about

1:25, such as from about 1:500 to about 1:25 or from about 1:100 to about 1:25.

14. The method of any one of the above claims, wherein the mixture further
includes one or more hydroquinones, such as 2,5-dimethoxyhydroquinone and/or one or

more benzoquinones, such as 2,5-dimethoxy-1,4-benzoquinone.
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1: 25, such as from about 1:500 to about 1:25 or from about 1:100 to about
1:25. 14. The nethod of any one of the above clains, wherein the m xture
further iwolotasoeee or nore hydroqui nones, such as PCT/US2009/068202

2, 5- di met hoxyhydr oqui none and/ or one or nore benzoqui nones, such as

2, 5-di net hoxy- |, 4- benzoqui none. 15. The nethod of any one of the above
clainms, wherein the one or nore oxidants are el ectrochemcally or

el ectromagnetically generated in-situ. 16. A conposition conprising 1) a
cellulosic or lignocellulosic material, 2) one or nore conpounds conpri sing
one or nore ng Ut ﬂn¥ﬂ1@8695ﬁ3’&9&0ﬂ1§@a5@@'0%ﬁ5'M?er&ﬁ%booté or®noré oxfBlan®, 10 or
11 el ements, and, optionally, 3) one or nore oxidants capabl e of increasing
an oxi daticsfecspdteaioflyat clastiomagentisaltf gowiddediesimnt s. 17. A nmethod of
reducing recalcitrance in cellulosic or lignocellulosic materials, the

met hod conprising: contacting a first lignocellulosic material having a
first level ofg. rg(‘e@h@bﬁlﬁa@@@mwﬁlﬁg PNecAluldtRY 6 [ gng B INASRSmARALIOD) Site or nor e
bi omass- dest royi ng, g., lignin-destroying organisns, to produce a second
| i gnocel PUNOLS; C@Hmtﬂéfisl GRIMPANZIC T SWEO AZUT YelcCuTing ceos- i opeliNeeZrPemer t han
the firs vel a n i cellulosic
mat er i A v Choan Loy CeleRishpoRRE B TO A PSRRI OC T 1 07,
wher ei n ﬁhﬁmhhganBﬁﬁ@ﬁmﬁﬂﬁe%@hﬁ@ﬁﬁ@mﬁéOﬂ%ﬁ@@bgﬁﬁup consi sting of manganese
per oxi dases, |ignin peroxidases, |accases and m xtures thereof. 19. The

met hod of claim 17, wherein the bionass-destroying organisns are sel ected
fromthe groupsc hi r tures

t hereof . 20. gﬁéggg?ﬁ%h&%F 1@?%%%?ﬁ@ﬁg?§fﬁ gQE%P%&%%IE@% %&gggﬁ%rlses
contact|ﬁ@rm¢MW$@nmndnq9IIulosic or IlgnoceIIuI05|c material with an enzyne
and/ or m croor nlsn1621 The hod of. claim1 mﬁgreln t e met haod further
compri ses. sactiAng i {gSlisoFd i Geia T et st o CHeIcE Ha
fermentifg §hfodaealatdsfangdr BRE 6f hdte @&naﬂ@-d&ﬁr&gﬂg,@ T 1B9HE By ﬁfga| citrance

in cellulosic or INignocellulosic materials, th od conpris
cont act i @i@anusms,ato modumesec@nﬂ|111gB@ce<Helomlr@@ﬁl@alénavmggm@wdlleﬂ’eégf c materi al
gﬁglgg ﬁﬁ%é ﬁ%?ﬁ?%%?§ rec&ﬁgk ](Qramwnégwgggdor nor e conpounds conpri sing

contacting the second lignocellulosic material with an enzyme and/or

microorganism.

18. The method of claim 17, wherein the ligninases are selected from the group

consisting of manganese peroxidases, lignin peroxidases, laccases and mixtures thereof.

19. The method of claim 17, wherein the biomass-destroying organisms are

selected from the group consisting of white rot, brown rot, soft rot and mixtures thereof.

20. The method of claim 1, wherein the method further comprises contacting the

second cellulosic or lignocellulosic material with an enzyme and/or microorganism.

21. The method of claim 1, wherein the method further comprises saccharifying

the reduced recalcitrance material and then fermenting the saccharified material.
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non-radi oactive netallic elenments, to produce a second cellulosic or
| i gnocel lulosic material having a second | evel of recalcitrance | ower than
t he firstwbeoslosef28r ecal citrance. PCT/US2009/068202

22. A method of reducing recalcitrance in cellulosic or lignocellulosic materials,
the method comprising;:

contacting, in a mixture, a first cellulosic or lignocellulosic material having a first
level of recalcitrance with one or more compounds comprising one or more naturally-
occurring, non-radioactive metallic elements, to produce a second cellulosic or
lignocellulosic material having a second level of recalcitrance lower than the first level of

recalcitrance.
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