PROCESSING BIOMASS RELATED APPLICATIONS This application claims priority to U.S.
Provisional Application Serial No. 61/151,724, filed February 11,2009. The complete disclosure of this
provisional application is hereby incorporated by reference herein. BACKGROUND Various
carbohydrates, such as cellulosic and lignocellulosie materials, e.g., It fibrous form, are produced,
processed, and used in large quantities in a number of applications. Often such materials are used
once, and then discarded as waste, or are S|mply conS|dered to be waste materials, e.g., sewage,
bagasse, sawdust, and stover: ) S ; materials, their uses, and
applications have been describ . . ¢918, 6,448,307, 6,258,876,
6,207,729, 5,973,035 and 5,952, 105,@}rﬂﬁ1@~ygr/gp§»pp¢emmh;catlons including "FIBROUS
MATERIALS AND COMPOSITES," PCT/US2006/010648, filed on March 23, 2006, AND "FIBROUS
MATERIALS ANB:GCaMR@SITES1ipSoPgtentUApplicationrRublipatiornoN 6 2007/0045456.
SUMMARY, ;s Generally, this inyention elates e praeeasses ot ma Pigﬁtm&%@efmed'ate ora
product, energy, a fuel such as ethanol, a food or a material, from a p urality of different
carbon-cotiaiHingfe&dktoeks andropTRoeA Bfediastock hamﬁg a variable composition. The
carbon-containing feedstock may include, for example, carbohydrate-containing materials (e.g.,
starchy materials and/or cellulosic or lignode@NalbLirOaidNARIs), and may in some cases he a waste
material having an unpredictable or variable composition.

Various carbohydrates, such as cellulosic and lignoceliulosic materials, .o, n

fibrous form, are produced, processed, and used in large quantities in a number of
applications. Often such materials are used once, and then discarded as waste, or are simply
considered to be waste maternials, e.g., sewage, bagasse, sawdust, and stover.

Vartous cellulosic and lignocellulosic materials, their uses, and applications have
been described in U.S, Patent Nos. 7,307,108, 7,674,918, 6,448.307, 6,258,876, 6,207,729,
5,973,035 and 5,952,1035; and in various patent applications, inctuding “FIBROUS
MATERIALS AND COMPOSITES,” PCT/US2006/010648, filed on March 23, 2006, AND
“FIBROUS MATERIALS AND COMPOSITES,” U.S, Patent Application Publication No.
2007/6045456.

SUMMARY

Generally, this mvention relates to processes for manufacturing an mtermediate or a
product, €.g., energy, & fuel such as ethanol. a food or a material, from a plurality of different
carbon-containing feedstocks and/or from a feedstock having a variable composition. The
carbon-contaming feedstock may include, for example, carbohvdrate-containing materials
(e.g., starchy materials and/or celluiosic or lignocellulosic matenials), and may in some cases
be & waste material having an unpredictable or vanable composition.

The processes disciosed herein, alone or in combination, change the molecular
structure and/or recaleitrance level of the feedstock(s), allowing a desired product to be
obtained from the feedstock in an cconomically feasible manner. The inventors have found
that the amount of change to the structure and/or recalcitrance leve!l of the feedstock required
to produce a product varies as a function of the lignin content of the feedstock. For example,

the change in recalcitrance needed can be divectly proportional to the Hgnin content.



The processes disclosed herein, alone or in combination, change the molecular structure and/or
recalcitrance level of the fecdstock(s), allowing a desired product to be obtained from the feedstock in
an economically feasible manner. The inventors have found that the amount of change to the structure
arid/or recalcitrance level of the feedstock required to produce a product varies as a function of the
lignin content of the feedstock. For example, the change in recalcitrance needed can be directly
proportional To the liLmin content Accordingly, the methods disclosed herein involve adjusting the
process typecwrioaly chimor:plodesk jsarhero et lba tourvaa RS CHNEthE PreE GEE Y EBRipensate for
changes in.the lignin content.of the.fepdstpckthat s Reing ispch:e:0 1RPRIYING A highgnar lower dose

or dose rate during the pretreatment process used. Many of the methods described herein can
provide céffulerie aha/SeligndcantiosiitHatsatsthab HAE, o EanipRy & ’veridesicitiance level, a
lower molggularweight.a-differentlevelef functionalization and/or crystallinity relative to a native
material. Many of the methods provide materials that can be m(]%r; readil _,ut'l.i;ed‘tﬁl a variety of
microorganisms MiEH AL B AE BF h Gre NS0T SRR E 6Y HE (ST oA e tolE ’%r(\?\?iﬂ%mocr withdut enzymatic
hydrolysis:assistanice ite-rduceyselul predusts csueh ak-enerdgyy fuels]fodds-aridmaterials. Specific
examples oé_ roducts i éyde., but arc not limited to, hydrogen, alcohols __mone ric_alcohols or
s sl A R gy
acetic acichandfbpliagticadio)ahydie darbons:coqprotudtly (@igzeproteins;isticH as cellulolytic proteins

(enzymes), O Salf el Rieteloshand M as LA AINRse- QBB EXARIES INsde carboxylic

acids, such as acetic acid or butyTic acid, salts of a carboxylic acid, a mixture of carboxylic acids and

salts of canoxydiccavire g esters e camosylie el rRgichatl setirandnlpropdiseddrs),
ketones, aldehygessalpha, heta unsataiedacidsisush as asivisaaidandiletins ssich.as ethylene.

Other alcohols and alcohol derivatives include propanol, propylene glycol, 1_4-butanedi§)I,
1,3-propaﬁé%lidl}‘}?fé%ﬁ%%ﬁ]éﬂWﬂ%%ﬁéingéiF’érWBFﬂlfes“é%8‘6ﬁ@|§‘?‘&)tﬁ"é’??§m&s”iﬁ)é’lﬁ88 fethyl
acrylate, methymethacysteqlacticiacids prepienicdacid/dulyric ac, subeinithasided-hydroxypropionic
acid, a salt of any of the acids and a mixé

Y ids and a mi; %r  of an TQf the acids , 29«;‘%3 ,ec%?b’eré%ﬁtﬁ:; __, Other
products &AtEHESATEdRIEE T SHIiIAY ToOU AL BRAFTA CSUHICAT Brddidestribed i & %rovisional
Applicatiom:Serial Nan6 bflB9453)the fullrditclostireiot wivchlis fivdelypihcorpotatedibyreference
herein in ifs entirety, Many of the products.obtained byt hods disclosed herein, syeh as
ethanoln-%Juﬁglﬁoﬁ?}éiaﬁ%se%ﬁﬁi%&erea%ﬁé%tﬁlg’sda Li(egl%’régs a?%%;é%r’t\%c W(l'?lf'flgotllie'chém[')one?ﬁ‘s#,li such as
gasoline, ferdsomvéririgrealsathosks ¢ treidtors Zs gl trdinsiTel §-pE Bre e &P €dRtustion fuel or as a

fuel cell fegdstogks Qther products Aaseriped RELRIN. (8.4 OrgaRicACss SUGhas.acalisaeid and/or

lactic acid) cart be converted to other moieties (e.g.. esters or anhydrides) that can be converted and
utilized as 4 fieret vty BFtHe Pridiets bhtaimel Lanrarsg e opylcne glveol, 1.4-butancdiol,

1,3-propanediol, methy! or ethyl esters of any of these alcohols. Other products include
methyl acrylate, methylmethacrylate, Jactic acid, propionic acid, butyric acid, succinic acid,
3-hydroxypropionic acid, a salt of any of the acids and 2 mixture of any of the acids and
respective salts.

Other products and intermediates, including food and pharmaceutical products, are
deseribed in U.S. Provisional Application Serial No. 61/139,453, the full disclosure of which
is hereby incorporated by reference herein in its entirety.

Many of the products obtained by the methods disclosed herein, such as ethanol or n-
butanel, can be utilized directly as 2 fuel or as a blend with other components, such as
gasoline, for powering cars, trucks, tractors, ships or trains, e.g., as an internal combustion
fuel or as a fuel cell feedstock. Other products described herein (e.g., organic acids, such as
acetic acid and/or lactic acid) can be converted to other moieties (e.g., esters or anhvdrides)

that can be converted and utilized as a fuel. Many of the products obtained can also be



utilized to power aircraft, such as planes, e.g., having jet engines,or helicopters. In addition, the
products described herein can be utilized for electrical power generation, e.g.. in a conventional steam
generating plant or in a fuel cell plant In one aspect, the invention features a method of making a
product comprising ing the lignin content of a biomass feedstock: treating the biomass feedstock

.al with a physical treatment; setting a process parameter of the process based on the lignin content;
and converting at least a portion of the treated biomass feedstock, utilizing a microorganism, to
produce aiptoddét orimesirediatechucty aseenergyiavielsfoodser. aeheatsicers. Ipheldsical

treatment gan he, far gxample, seiected romiihe group.cansisting ot meghanical treatment, radiation,

sonication, pyrolysis, oxidation, steam explosion, chemical treatment, and combinations thereof
Chemical $ReatrERtEnTE i ERIGE e DSE o singé eHbMiEal or two or more chemicals. Mechanical

treatments inclugg fer.example i cutting: MIling: PIRSSING . ORARING » Shearingaans:chepping. Milling
may include, for example, ball milling, hammer milling, or other types of milling., ~ Some
implementitORSIHE Ric SRE GPHIHE bt tHETBIDWIMG ReAt FeE P FHESOHT IR ??8%&%(&1t can comprise
any one ommerel ofithe Hleatmentadisted above :applied plene:er b drypdesiretcaimbination, and
applied once or multiple times. In.some cases, the physical treatment can comprisg.irradiating with
ozing AR e L SRR By eI e B oo Sl oS Bation
Irradiationncambe:pesformedrdorcexprmple; withtarmetectrondeamnergy, Thidsséttidgstep can comprise
setting the %93-?@9 of ionizing radiation to be delivered to the feedstock material. For example, a
radiation égsage'Of 0.1 Mrad to 5.0 Mrad can be delivered per 1% by weight of lignin in the biomass
feedstock, e.g., (26 sEatdraa0 VA BRO. NP3 B Witad from Irheriite A9edibie 6f product can

be, for example, R0Y:LDERhMAkR Ak e RIadIESisted hergin. dBrSQmarasassihe aradugt can be
energy or a fuel, for example biodiesel or an alcohol such as ethanol or methanal. The intermediate or

product caFFaREHed. 0TR BaHoBR e sid (AR B R ECAHBHRY I Bk 48 Bra C8fboxylic acid, or
a mixture taergeli or rwdhie Methodwanfurtiesingluder repeating dheldetermining: treating and setting
Steps W'th%t?ﬁéoggjﬁggsgg%mg shearing and chopping. Milling may include, for exampie, ball
milling, hammer milling, or other types of milling,
Some implementations include one or more of the following features. The physical
treatment can comprise any one or more of the treatments listed above, applied alone or in
any desired combination, and applied once or multiple times. In some cases, the physical
treatment can comprise irradiating with ionizing radiation, alone or accompanied by
mechanical treatment before and/or after irradiation. Irradiation can be performed, for
example, with an electron beam.
The setting step can comprise setting the dosage of ionizing radiation to be deliversd
to the feedstock material. For example, a radiation dosage of 0.1 Mrad to 5.0 Mrad can be
delivered per 1% by weight of lignin in the biomass feedstock, e.g., 0.25 Mrad to 4.0 Mrad or
0.3 Mrad to 3.5 Mrad.
The intermediate or product can be, for example, any one or more of the products
listed herein. In some cases, the product can be energy or a fuel, for exampie biodiesel or an
alcohol such as ethano! or methanol. The intermediate or product can also be, e.g., a
carboxylic acid, an ester of a carboxylic acid, a salt of a carboxylic acid, or a mixture thereof,
The method can further include repeating the determining, treating and setting steps

with a second feedstock.



In another aspect, the invention features a method of making a product or intermediate, the method
including providing a cellulosic or lignocellulosic material having a plurality of pendent carboxylic acid
groups, mixing the material in a fluid that includes water to provide a dispersion that has a first pH. and
adding base to the dispersion to increase its pH to a second pH higher than the first pH. The first pH
can be, for example, between 2.5 and 4.5, e.g.. between 3 and 4.25. The second pH can be, for
example, between about 5 and 7, e.g., between about 5.5 and 6.5. Some implementations include
one or more of the fotbwiagteathresyTienfethodscamftrther imefude addihgecellulose to the

dispersion o, saechar i‘i}%%@zﬁ%‘ %8@%;?:‘5 lanoesliulasic material ] he method can furthar, inglude

contacting the saccharified material with a microorganism.” I some implementations, one or more
com pongm@@ffth@fmﬁéﬁ@@qgﬁbm@ﬁgm@mmé %W&hﬁé%ﬁﬁ@éﬁﬁéﬁﬂéé@hpﬁ%ﬁt chemical
(e.g., acid,Qr,0ase) Irediment eguipment drradiating:aqipment SQUCAIAGAYrAYZNg ;axfizing,

steam exploding, saccharifying, and/or fermenting equipment, or any of the other equipment described
herein, ma&y b&podable &g Tt hishAer c?fhr%%fw aleBredesimgaglidieRt uestibéd in U.S.
Patent ApplicationSeriah 12374 B49rand Rublisheeh nterpationap Application:Ne: 3MQi2008/011598,
the full disclosures of which_are incorporated herein by reference. Changing a molecular structure
of a materfal; 2§58 H8H M if¥5Rs to change the chemical bonding arrangement or conformation of
the structure. Fof@xampienibechange:-indhenmalectlanSthadtiliesdan faclude chiangingdbe

supramoleclay siiuctyis of the material oxdation, of the material chanaing g verage molecular
weight, changing an average cr§sdtah|n|' Y, cthangln‘ a surtacé area, (,)hanglng a‘dcegree of
polymerizétionsathdmgingaeperosity rotibrding ardegresiofbranciaiiyg, Gadtind oriothertraterials,
changing %ﬁym‘&%%rﬂgmm size, or changing an overall domain size. A change in molecular
structure may be effected using any one or more of the physical treatments described herein, alone or
in any combinatiGhs@phiiea SRTEGORSpREREFIFOTC CONINBUBTIcAIOHS prasHdsieations [patents, and

other refergngags-meNHoNGdbarein Rl.allached hersleRia incerpRiatedny. referense in their entirety for
all that they contain. DESCRIPTION OF THE DRAWINGS o '
équipment, irradiating equipment, sonicating, pyrolvzing, oxidizing, steam exploding,
saccharifying, and/or fermenting equipment, or any of the other equipment described herein,
may be portable, e.g., in the manner of the mobile processing equipment described in ULS.
Patent Application Serial 12/374,549, and Published International Application No, WO
2008/011598 the full disclosures of which are mcorporated herein by reference.
Changing & molecular structure of a material, as used herein, means to change the
chemical bonding arrangement or conformation of the structure. For example, the change m
the molecular structure can include changing the supramolecular structure of the material,
oxidation of the material, changing an average molecular weight, changing an average
crystallinity, changing a surface area, changing a degree of polymerization, changing a
porosily, changing a degree of branching, grafting on other matenials, changing a crystallme
domain size, or changing an overall domam size. A change m molecular structure may be
effected using any one or more of the physical treatments described herein, aione or in any
combination, applied once or repeatedly.
All publications, patent applications, patents, and other references mentioned herem
or attached hereto are incorporated by reference in their entirety for all that they contain.

DESCRIPTION OF THE DRAWINGS




FIG. | is a flow diagram illustrating a process for making a product from a carbon-containing feedstock
having a variable lignin content. FIG. IA is a flow diagram illustrating steps of the process shown in
FIG. 1 according to implementation. FIG. 2 is a schematic diagram illustrating a process for making
ethanol. DETAILED DESCRIPTION Biomass feedstocks (e.g., plant biomass. animal biomass,
and municipal waste biomass) can be processed to a lower level of recalcitrance (if necessary) and
converted into useful products such as those listed by way of example herein. Systems and processes
are describ&d. heseirflthatugeredtily-aburdametbutiofteridificuitedystduess mabenals; sushias
cellulosic %elégagg%ljigligéig @ﬂg%qga]%w@ig&y&wlld.otherwise be waste, e.g., crop re;idugs and. waste
paper. Generally, a' manufacturing plant utilizing the processes described herein will obtain a
variety of different feedstocks In th course of i oneration. Same feedsiocks may pe relaively
homogeneous in’compositiory, for examppé’a Ipment’of corn cobs, while other feedstocks may be of
variable compositioador example municipal waste, e.g., various waste paper streams.

Feedstocks can include, for example, paper, paper products, wood, wood-related materials, particle
board, grasges] ticesbutszagassencotiomntjute, fremps flamblambans:sisal, abaca, straw, corn cobs,
coconut hair, algae, seaweed, altered celluloses, c.a., cellulose acetate, regenerated cellulose, and
the like, or mixtures of any of these. pEiIK$PME pASESEIRDIONASS is a microbial material. Microbial
sources include, but are not limited to, any naturally occurring or genetically modified microorganism or

organism that cogiaingorJscapable of Bml\figf'&%s?%-{&szqﬁ&é}ra@gh%qrm&%@wgﬁuulose), for

example, protists, e.g., animal protists (e.g., protozoa such as flagellates, amoeboids ciliates, and
sporozoa) B RGEP RIS, Bl i sud I Hatéd e s rar Asrropn\tad CerStif oiads,
euglenids, glaugaphytess haptoplhytes:sed plaae, stramenropiles, andiviridagplasiag)s Qther examples

include seaweed, plankton (e.g., macroplankton, mesoplankton, microplankton, nanoplankton,
picoplankiSr ERG BB BAKHF BHYIIAHROH, BHCt A (AL AT pBEE bathitie oram

negative bagl@daicandignocellulosic materials which would otherwise be waste, e.g., crop residues

and waste paper.

Generally, a manufacturing plant utilizing the processes described herein will obtain a
variety of different feedstocks in the course of ifs operation. Some feedstocks may be
relatively homogeneous in composition, for example a shipment of corn cobs, while other
feedstocks may be of variable composition, for example municipal waste, e.g., various waste
paper streams,

Feedstocks can include, for example, paper, paper products, wood, wood-related
materials, particte board, grasses, rice hulls, bagasse, cotton, jute, hemp, flax, bamboo, sisal,
abaca, straw, corn cobs, coconut hair, algae, seaweed, altered celiuloses, ¢.g., cellulose
acetate, regenerated cellulose, and the bike, or mixtures of any of these.

In some cases the biomass is a microbial maternial. Microbial sources include, but are
not limited to, any naturally occurring or genetically modified microorganism or organism
that contains or is capable of providing a source of carbohydrates (e.g., cellulose), for
example, protists, e.g., animal protists (e.g.. protozoa such as flagellates, amoeboids, ciliates,
and sporozoa) and plant protists (e.g., aigae such alveolates, chlorarachniophytes,
cryptomonads, euglenids, glaucophytes, haptophyvtes, red algae, stramenopiles, and
viridaeplantae), Other examples include scaweed, plankton (e.g., macroplankton,
mesoplankion, microplankton. nanoplankton, picoplankton. and femptoplankton},

phytoplankton, bacteria (e.g.. gram positive bacterta, gram negative bacteria, and



extremophiles), yeast and/or mixtures of these. In some instances, microbial biomass can be obtained
from natural sources, e.g.., the ocean, lakes, bodies of water, e.g,er or fresh water, or on land.
Alternatively or in addition. microbial biomass can he obtained from culture systems. e.g., large scale
dry and wet culture systems. To allow the manufacturing plant to utilize these different types of
feedstocks to produce one or more desired products, the manufacturing process is adjustable to
compensate for variations and/or within the feedstocks, e.g., to compensate for variations in the lignin
content ofthedifféridnt feedstodks. mixtubMany b thel proces sesadescribedheléinmass effettively lower
the recalclipnsegysl ol dhe lerdsiock, Making.h Savie! IBQIoseamUEN as A BioprogeRging (€9
with any microorganism described hergin, such as a homoacetogen or a’heteroacetogen, and/or any
enzyme deseribecbhéreih) Atemalgirocessig @ g gasifiddiion:or pyrdlysisyeeéhemical methods
(e.9., acid hydrolysis,or xidation). Blomassdeedsiork canbs treated or processed using one or more

of any of the methods described herein, such as mechanical treatment, chemical treatment, radiation,
sonication, oxidatoA I YrbR I8 s staERy 8iFosioh  The ariblis e dimisritidyetingaifi methods can
be used ingRmRinateRs BftwQ: T 8RIOLEVER fouT.05meKe: ofshesesteghpalogiescomptiers described
herein and elsewhere. As show FIG. 1, in some impleme?tations‘the liﬁ;%in content of the

t

own jn
incoming fEESEIGERTS HEYSMYined @?éﬁ%ﬁ@ikﬁﬁﬁh@h‘?‘ﬁ%@%%ﬁw S HiGHIR SISt Htype of
physical tkeatme i H(iffermethanicdkireatment, radiation, sonication, etc.) and/or one or more

processing condtions required to.obtain the desiad product are deterpined (siep 109). I the
feedstock has a refatlvely highTeverl of variabilit , e.g., m'unimpaﬁ waste, a number o samples may be

taken andothié afrerageHignifiiconterti odicntated:. Insomd chsasothefeetdstockihaybe pre-treated to

homogenize It priarto,ignin. coptent measHement, far &xamele.by.grinding o pulyerizing, e.g..
freeze-grinding (€.g.. as disclosed in U.S. Provisional Application No. 61/081,709, filed July 17, 2008,

the full distlestretessihichh i IidolsaratER Meraingdy fefarsiica)iom SatTe lkaise sr 61§sglshown in FIG.

1A, two ormeegiineomingfeedsiocks candesnixas dogathesdadairna comhioed ferdstask, and the
lignin content of the combined feedstock can be measured, Methods far preparing samples and

determinitig g COTRSH: ra diSEIBsERFIRBEIHSH: BT Enetyy (DOR Mt Procetiirls
NREDTP-§k3:426&8.(Remisedi 430085 i NREL TRk 201d/Ra i sedu/2008)cand he
NREUIP-510-42620 (Revised 1/20%8%.@thod Onc% the lignin cantent hagfl%een etermined, it can be

used, e.g.‘,”géoslgotrgﬁte%ﬁi‘ﬁ’éﬁ@sc@ ermined réfa |%H§ﬁ|ﬁ§' e Wieneaﬁqlnggnln ggh%eﬁeteaﬁﬁ“%galcitrance, to

determinefthe processingconditions gwhicth Grestierinpdttodheptetessiag-equipment (step 104). For
example. as shoWEIG, hdNe Rameters may. e fore iined 10,008 & MARoming

recalcitrance-reducing process steps that will change the structure and/or reduce the recalcitrance of
the feedsttrsksias il dsectieiser beanii fortaed Hetmibbsioan the ligngeeprsgtibeoufsut ghHecprocess can

be monitoged.{sten 106, FiG.D.and theprocessharamelersadiusiad hasedenthese measurements
(step 108, FIG. 1). For example, the volume, purity, or other characteristics of the output can be

measured? PREHRERAE) Be P CE D THigs BEcaHch it ArdtTatecHrstRct Ystc & a

lignocellulpsigsey-gallllosig.materiabhaving redueed fecalCIHANGEpal waste, a number of
samples may be taken and the average lignin content calculated. In some cases, the feedstock
may be pre-treated to homogenize it prior to lignin content measurement, for example by
grinding or pulverizing, e.g., freeze-grinding (¢.g., as disclosed in U.S. Provisional
Application No. 61/081,709, filed July 17, 2008, the full disclosure of which 15 incorporated
herein by reference). In some cases, e.g., as shown in FIG. 1A, two or more incoming
feedstocks can be mixed together to form a combined fecdstock, and the lignin content of the
combined feedstock can be measured.

Methods for preparing samples and determuning lignin content are disclosed in

Department of Energy (DOE) test procedures NREL/TP-510-42618 (Revised 4/2008),
NREL/TP-518-42619 (Revised 1/200%), and NREL/TP-310-42626 (Revised 172008},

G



Referring now to FIG. 2, in one example the methodology discussed above can be integrated into a
process for manufacturing a product, e.g., energy, fuel, food or material, for example an alcohol such
as ethanol. Such a process can include, for example, mechanically treating the feedstock (step 110),
before and/or after this treatment, treating the feedstock with another physical treatment, for example
irradiation, to further reduce its recalcitrance (step 112), and then processing the treated feedstock to
produce a desired product (step 114) which is output, e.g., by distillation (step 116). The individual
steps of this profess tvillipeideseithetkinbdetait AR T He St sinfeastifiit§ A§nin content (step 118)
and Settir}&%ﬁ&%ﬁ&@ﬁ&@@ﬁ@gﬁam&%@a@% 1.20) canche.perfarmed.atyadausstages of the

process, for example just prior to the process step(s) used to change the structure of the feedstock, as
shown. BIOMASSMATERIAS WhicFRE Bi6MASs dar e T8%s S A CelivaIbriighbERiuissic material.
Such matgﬂgilﬁ,;ia clude,paperand: paper hradiicts: (e.g: bpalycoated ipaperoanchikraft paper), wood,
wood-related materials, e.g., particle board, gra s(g]s ric bulls,w{bagrasg;e, H&Fnh%{‘?p' flax, bamboo,
abaca, sti&fit G5 Lol 5RO KA RN thaterAls g H i LlcellarigEe Content, eg., cotton.
Feedstocks-eritag-obtaineddamNitgin Scbap textibednateriats, deigl, belmmants, post consumer waste,
e.g., rags. When paper products are.ysed they can, be virgin materialg. e S irgin materials, or
they can be posll-%gﬁgﬁ# FRASE, ?&gﬁé’ ??gtm%v(fﬁai%i’réﬁv(\; m%%d?%%?aﬁ%t?gghﬁ%%#gﬁdustrial (e.q.,
offal.), angrprosessingewastéjfstgl beffldentthommpapergprovessing) Bam Kisé b tsed@® fiber sources.

Biomass fﬁe%%‘i%dé% can also be obtained. or. derived f1pMMUMEN (8 Q. SEWAGE) . imakosplant
§|t|ongf glllllTl '

wastes. A c osic and lignocellulosic materials have been described in ).S. Patent Nos.

6,448307 1'6; 758 37616 12072 S50 TEURGHAHE Bobry o5h 25 34 Sird BInboafeity Sihe biomass

material includes a,carbehydrate thatisr includes a material having one or more 13- ,4-linkages and
having a number average molecular weight between about 3,000 and 50,000. Such a carbohydrate is

or includes celluRETINATRATEIIE Goriv e TRS i (52810 Lo BT ipiolagh FShUSHEAtoR SHRCE 4)-glycosiclic
bonds. Thig:linkage aentrasissiiselfdth thatfap a@4)wglycesidichentspresent instardhfand other
carbohydrates. , : o

example an alcohol such as cthanol. Such a process can include, for example, mechanically

treating the feedstock (step 110, before and/or after this treatment, treating the feedstock

with another physical treatment, for example irradiation, to further reduce its recalcitrance

(step 112), and then processing the treated feedstock to produce a desired product (step | 14y

which is output, e.g., by distillation (step 116). The individual steps of this process will be

described in detail below. The steps of measuring lignin content (step 118) and sctting or

adjusting process parameters (step 120) can be performed at various stages of the process. for

example just prior to the process step(s) used to change the structure of the feedstock, as

shown.

BIOMASS MATERIALS

The biomass can be, e.g., a cellulosic or lignocellulosic material. Such materials
include paper and paper products (¢.g.. polycoated paper and Kraft paper), wood, wood-
retated materials, e.g., particle board, grasses, rice hulls, bagasse, jute, hemp, flax, bamboo,
sisal, abaca, straw, corn cobs, coconut hair; and materials high in a-cellulose content, ¢.g.,
cotton. Feedstocks can be obtained from virgin scrap textle matenals, e.g., remnants, post
consumer waste, e.g., rags. When paper products are used they can be virgin matenials, e.g.,

scrap virgin materials, or they can be post-consumer waste. Aside from virgin raw materials,



Starchy materials include starch itself, e.g., corn starch, wheat starch, potato starch or ch, a
derivative of starch, or a material that includes starch, such as an edible food product or a crop. For
example, the starchy material can be arracacha, buckwheat, banana, barley, cassava, kudzu, oca,
sago, sorghum, regular household potatoes, sweet potato, taro, yams. or one or more beans, such as
favas, lentils or peas. Blends of any two or more starchy materials are also starchy materials. In
particular embodiments, the starchy material is derived from corn. Various corn starches and
derlvatlvamm@esmqbeeﬂmff@bm Staftl): ComTRefitets ASSoeiatisH T Y EHiTiBIET 2006). In some

cases the biomass;is,a migrobjalmateral Micabisl sauicesinaude. huharenotlimitedsto, any
naturally occurrlng or genetically modified microorganism or or%anlsm that contalns or is capable of

providing 456et e Bf BHPBBIY Srates e h 2 BRI IS Tor exampledinrBts s lgs stithal protists (e.g.,
protozoa §U§&@§uﬁ@gﬁﬂﬁﬁ%§a&m9&b&@|§ deiliates, iand spotezea)and plantpratists (£.¢., algae such
alveolates, chlorarachniophytes, crgptomonads euglenids, glaucophytes, haptophytes, red algae,
strameno& d Md%?r?&a@ﬁy éﬂ‘f‘afé? Otifer examples include seaweed, plankton (e.g., macroplankton,
mesoplankton, mickeptankion;nanaptariktonpisepiaakiory dnd: fembptoplankdon s phytoplankton,
bacteria (e. ram posntlve bacterla ram tjv bacter nd ex rem ] yeast and/or
mixtures 6‘?8“‘8%%‘3‘ ‘lstrérr;ﬁ‘e hetinces, gnlcro aﬁlg%llomgﬁs‘g’éign %§%ta|ne]a rggngrr\%aral sources. e.g.,
the oceanyldkedabodigs bfwateralmgt 39810 wetét Gofte Shidhaterroroarignt. oAletdavely or in addition,
microbial %ﬁ mass fan he.qbtained;from %S"%‘&%&’?E@%u@?w‘%@@a%ﬂ'@f‘#ﬂ andiyetculture
systems. L S OF OTHER BLEN Blends of the biomass feedstock with other materials,
e.g. carbbnﬂé@nféﬁmﬁ@%éﬂ&@%éheé@ﬁ?@iéé‘aﬁ%ﬁébép gipopatamyiit b Bittitihous,
bituminoug, ang-apthragiter-gilsand, oil shale can also be utilized. In addition, blends of any biomass
materials described herein with other carbon-containing material can be utilized for making any of the
products described herein, such as ethanol, acetic acid or ethyl acetate. PHYSICAL TREATMENT
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Physical treatment processes can include one or more of any of those described herein, such as
mechanical treatment, chemical treatment, irradiation, sonication. oxidation. pyrolysis or steam
explosion. Treatment methods can be used in combinations of two, three four, or even all of these
technologies On any order). When more than one treatment methods is used. the methods can be
applied at theor at differentes. Other processes that change a molecular structure of a biomass
feedstock may also be used, alone or in combination with the processes disclosed herein. One or
more of the treattenhtpresetendederibed Betbwe maybainetactf s e aFasEETe8lcing
operating, Unit discusged, ahover AllernativelyOhinpddiian.othac pracesses ferirednging recalcitrance
may be included. Mechanical Treatments In some cases, methods can include mechanically
treating tw@imsr;soréédEMX%&&&%&W@%%%@Hﬁ%m‘a“e"}‘?’é}Ff&aﬁﬂ%}‘ﬁ?ﬁ}n%%fi%ﬂﬁng, pressing,
grinding, shearing.and chepping. Miling-may:inetide.forexampleshalsmiling phammercnilling,
rotor/stator dry or wet milling, or other té/pl({es of {nillipg. Other g‘lgcganfical treatments qclu e, e.g.,

b Ly

i
. i ) s aoR vy Bt » - - ,L‘. .k. . 3 Y T c \3},.(:-} ]
stone grindifg, Eratkig" theRRERiCHFABp Ity or tEaHnY, BikSgrinding or air attrition miling.
Mechanicakireatment cartbetadvantageolisyfotitolperingodpyictstréssingc hbraaking &nd shattering the
cellulosic prlgnacellulosic naterials, making.th Gellgse. oL Ibe Melsliale 1gee usgeptble to chain
scission atid/or réduction o crysutafl?r;lty. € open materials can also be more susceptible to oxidation
when irradiatedctiners i someicases, Hetimechffical treatment may include an initial preparation of
the feedstock as received. e.g., size reduction of materials, such as by cutting, grinding, shearing,
pulverizing or chepping c&ek éxdimplasinssomiercases;doosé feBdstoeks(erges redydiedpaper, starchy
mate“als’ngg lS;¥¥ &gg gor,a P éﬁtﬁ%ﬁ%aéggu%ﬂ?%@Q&i%ﬁ? %?Cg(ﬂ%?f% MiCTOOTganism or OTganism
that contains or is capable of providing a source of carbohydrates (¢.g., cellulose), for
example, protists. ¢.g., animal protists {¢.g., protozoa such as flagellates. amocboids, ciliates,
and sporozoa) and plant protists (e.g., algae such alveolates, chlorarachniophytes,
cryptomonads, euglenids, glaucophytes, haptophytes, red algae, stramenopiles, and
viridaeplantae). Other examples include seaweed, plankton (¢.g., macroplankton,
mesoplankton, microplankton, nanoplankton, picoplankton, and femptoplankton},
shytoplankton, bacteria (e.g.. gram positive bacteria, gram negative bacterta, and
extremophiles), yeast and/or mixtures of these. In some instances, microbial biomass can be
obtained from natural sources, e.g., the ocean, lakes, bodies of water, ¢.g., salt water or fresh

water, or on land. Alternatively or in addition, microbial biomass can be obtained from

culture systems, e.g., large scale dry and wet culture systems.

EXAMPLES OF OTHER BLENDS

Biends of the biomass feedstock with other materials, ¢.g., carbon-containing

materials such as pre-coal or coal, ¢.g., peat, lignite, sub-bituminous, bituminous and
anthracite, oil sand, oil shale can also be utilized. In addition, biends of any biomass
materials described herein with other carbon-containing material can be utilized for making

any of the products described herein. such as ethanol, acetic acid or cthyl acetate.

PHYSICAL TREATMENT

Physical treatment processes can include one or more of any of those described

herein, such as mechanical treatment, chemical treatment, irradiation, sonication., oxidation.
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Alternatively, or in addition, the feedstock material can be physically treated by one or more of the
other physical treatment methods, e.g., chemical treatment, radiation, sonication, oxidation, pyrolysis
or steam explosion, and then mechanically treated. This sequence can be advantageous since
materials treated by one or more of the other treatments, e.g., irradiation or pyrolysis, tend to be more
brittle and, therefore, it may be easier to further change the molecular structure of the material by
mechanical treatment. In some embodiments, the feedstock material is in the form of a fibrous
material, ancbmechanicahtrepitrment includes shedrirdg tandxpose fibersiohthe:fiordusonméaterial.
Shearing gg0¢ REHoMed Jor QATRIA.UEING.a toiary kil cHiter Qiner methads, of mechanically
treating the tfeedstock include, for example, milling or grinding. Milling may be performed using, for
example, afiansmerusidl, thammiibdeshoiberaiih soricdl orasonermillc digki il dages mithwiley mill or
grist mill. Grinding mav:he, perormed ising. 4ot exarnple. & sieng Minder .pin arindsr .gaffee urinder,

or burr grinder. Grinding may be provided, for example, by a reciprocating pin or other clement, as is
the case i A piATANITOMRSr H &R thehtmertgiHads include mechanical ripping or tearing,

other methods thatappberressuredontbe fikgissantanairtionmipint. isuilakienmechanical
treatments further incluge_any other technjgue th@t changes the,mﬁlecujar ructure of the feedstock

If desired, T8 AEERA AT LAESIBY Bt e AN EAT DA 5 S s THIBUGH 5 EHE8R 8, S h&ling an average
opening sizecfst S8 rmuucnless:(ditte inchy0bB625umeh). In some embodiments, shearing, or other
mechanical treatment, and screening are performed concurrently. For example, a rotary knife cutter
can be used to concurrently shear the and screen the feedstock. The feedstock is sheared between
stationaryBkxdas aadIntattingiblades to provide a sheared material that passes through a screen, and

Is captured in a bin, ;Fhe bin.can,have aRressH ¢.halowaminal AMespRENC HIeSSIYE, e-0., at least

10 percent below nominal atmospheric pressure, e.g., at least 25 percent below nominal atmospheric
pressure, HClHsE S0 {HaFEsAt DRI h MR Bl OSPHBECTHFEBSUNE SO &t 4EALHTS HErEBI: Bélow

nominal amffmgrimmﬁ@%@- iH8eMeLMRediNents A NAC UM S OURaR i Utilieed iemaintain the bin
below nominal atmaspheric pressure. “The cellulosic or lignocellulosic material can be

mechanicly HeRisi in g ORFEiEReS @ g i EGinG Tl 6 Ny FraE AR bR e Wit 4ce) SP Ry drated state
(e.g., havipgramio deripescent iy weighb rlaserbadwates)«ondma wetrsiateic. ehilhaying between

about 10 percenmng aboyt 75 rEerc:ent bcya\é/egggt Wate;;{.)'ljhe fiber source can e\gpln b%mgchanically

. : anical tregirment can SLOUS T QCRIITG UL, sSiycssimngy. Dred.
treated while partlzﬁfy orcﬁﬁlly Su mergeg uiidéra iquid, suchas water, &tiahoror iIsopropanol.

The cellules&bsbﬂthghqcéiwommwﬁi@nomialseiebmmm.amailygtrbatedtﬂmbe:rfa@as (su_ch asa
stream or aimsphere of.gas ANEL (AR, A, &, XNGRN AL AIARN, A1 SieAMy,c o I desired, lignin

can be removed from any of the fibrous materials that include lignin.” Also, t0 aid in the breakdown of
the materigis tHabsinelude dellnfossy b nhiréri sk clh fevfeatstrpdbrito or during mechanical treatment

or irradiation with heat. 2 chemicaldeshidninerahacidnRase 088000 Yridizarsheh @s sodium
hypochlorite) and/or an enzyme. For example, grinding can be performed in the presence of an acid.
feedstock as received, ¢.g., size reduction of materials, such as by cutting, grinding, shearing,
pulverizing or chopping. For example. m some cases, loose feedstock (¢.¢., recveled paper,
starchy materials, or switchgrass) is prepared by shearing or shredding.
Alternatively, or in addition, the feedstock material can be physically treated by one
or more of the other physical treatment methods, e.g., chemical reatment, radiation,
sonication, oxidation, pyrolysis or steam explosion, and then mechanically treated. This
sequence can be advantageous since matertals treated by one or more of the other freatments,
e.g., irradiation or pyrolysis, tend to be more brittle and, therefore. it may be casier to further
change the molecular structure of the material by mechanical treatment,
In some embodiments, the feedstock material is m the form of 4 fibrous material, and
mechanical treatment mcludes shearing to expose fibers of the fibrous material. Shearing can

be performed, for exampie, using a rotary knife cutter. Other methods of mechanicaily
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Mechanical treatment systems can be configured to produce streams with specific characteristics
such as, for example, specific maximum sizes, specific length-to-width, or specific surface areas ratios.
Mechanical treatment can increase the rate of reactions or reduce the processing time required by
opening up the materials and making them more accessible to processes and/or reagents, such as
reagents in a solution. The bulk density of feedstocks can also be controlled using mechanical
treatment. For example, in some embodiments, after mechanical treatment the material has a bulk
density ofilessihean G25giema)alg. f©.20:0icm3yi0i15 o/ gmd]iogl Ovgitm3ye;08 gliemB8ardless, e.g.,

0.025 glom3, Bulk densty s deteiinined using ASTM. B1a9013, Briefv e metaed iyolves fling a

measuringusé%h e own volume with a sample and obtaining a weight of the sample. The bulk
density is chlculd@iet Byydividingthewdight of the samplein grads by Eh@ koW ‘Yolurite of the cylinder
in cubic centim

3 —\‘%‘}g{%-mmﬁ_ﬁ %ﬁ*&@%ﬁﬁ&?k&%ﬁl{mm%ﬁ%ﬂ@%ﬂb%@@@g&ﬁ@@%@@mﬂy treated

material can have a relatively large average length-to-diameter ratio %geé% greater than 20-to-1), even
ib

if they havey Beesirshearst i oFeOthe e BieaLIASAHHIE GRS FibEra oF thE b Bt Hikferials described
herein mayhave.arelatively.nairovdengthiangiat engthnio; diameteratiaidistpbtionssure As used
herein, average fiber widths (e.g., diameters) are those determined og\tig:al!év bgﬁr%}domly selecting
approximafehESibon AR AV ERBRE eyl ARs CEsa T TERGR WG ERGtRE. BET

(BrunaueryEsnmpetaned Telensuriate aasaremultirpoinb stittdeedreas, and porosities are those

determined by mercury porosimetry. .. if the feedstock is a fibrous material the average
Iength-to-diamer;g(fﬁésf%%ftﬁl @Fs% %ﬁ%g ggﬁ%ni@é‘f@' ‘?(Ee(é Iégenqg‘cfg?%ihégﬁ’ e,“’ng‘?; greater than 8/1,
e.g., greaterthanild/dageeateiibikegrehtel thandeds | hrdatehthalh 25/1cior drewise than 50/1. An
average fibey lenath, mechanically treated material,can he, & denpRiween abaut0.5 mm and 2.5
mm, betwgrgﬁi}{%%ﬁ?ﬁﬁgcﬁﬁﬁ?an% 1.grra?n, cé_r%d an average Wiéttlfm k(’g.g:.“’, dia%laheter) of the second fibrous
material 1dogawrtsetie. o obetorerin. 00t 6 Cad SCUYcayd Betsar ABUTER (A 2H 30 um. In

some emhodimentshe.fergstogk isadibiousimatetisl thestandaid-deviatiomet daeifiberdength of the
mechanically treated material can be less than 60 percent of an as fiber length of the mechanically

treated mataMar &g shEes MBS HaRc SRS tHE Wb faiC gt BSL IRYURAE pdtBent'6f e average
length, less,than 25 eragptelthe averagerengtbic pressure, e.g., at least 10 percent below
nominal atmospheric pressure, €.g., at least 25 percent below nominal atmospheric pressure,
at least 50 percent below nominal atmospheric pressure, or at least 75 percent below nominal
atmospheric pressure. In some embodiments, a vacuum source is utilized to maintain the bin
below nominal atmospheric pressure,
The cellulosic or lignocellulosic material can be mechanically treated in a dry state
(e.g.. having little or no free water on its surface), & hydrated state {e.g., having up to ten
percent by weight absorbed water), or in a wet state, ¢.g., having between about 10 percent
and about 75 percent by weight water. The fiber source can even be mechanically treated
while partiatly or fully submerged under  liquid, such as water, cthanol or isopropanol.
The cellulosic or lignoceliulosic material can also be mechanically treated under a gas
{such as a stream or atmosphere of gas other than air), e.g.. oxygen or nitrogen, o1 steam.
If desired, lignin can be removed from any of the fibrous materials that inchude lignmin,
Also, o aid in the breakdown of the materials that include cellulose, the material can be
treated prior to or during mechanical treatment or irradiation with heat, a chemical {e.g.,
mineral acid. base or a strong oxidizer such as sodium hypochlorite) and/or an enzyme. For

example, grinding can be performed in the presence of an acid.
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less than 10 percent of the average length, less than 5 percent of the average length, or even less
than 1 percent of the average length. In some embodiments, a BET surface area of the
m.eeh.ani.ea.l.lytreated material is greater than 0,1 m2g, e.g., greater than 0.25 m2/g,, greater than
0.5 m2/g, greater than 1.0 m'f/g, greater than 1.5 m2./g, greater than 1.75 mgreater than 5.0 meater
than 10 m2/t, greater than 25 m2/0 greater than 35 m'/g, greater than 50m2/g, greater than 60 m2/g,
greater than 75 m2/g, greater than 100 m'greater than 150 m2/2, greater an 200 m2 7g. or even
greater than 250vn2ignical Aqoresityofitheméechanitallydreatedimateriahcam bespecgfigreater than 20

percent, greater than 25 perce, t, greater than 35 percent, gtegtgr_tq?n R0 percent, greater than 60
percent, gcrg‘gflé“g”ﬁ%%ﬁs?ﬁ%eﬁé’e%t,%rde%?e? han é"o}ﬁ:élr]ggnt,igﬁizééfgre than 85 _perc_er]1t, greater than 90
percent, greatér thaf: @2 percent sgrefatérthanh 94 pencent greater tharmgd bercént sgreater than 97.5

percent, greater ihan 2,ercent. Al EVERAreAarIhan 42-5 KSR m:ANRAMESHations, it can be

desirable to prepare a low bulk density material, densify the material (e.qg., to make it easier and less
costly to tFEAHEICS AFRSTTERSHEY AR B FeVBrt e sRateriat 18 H 18lvet UK H&kaistate. Densified
materials ¢an e Rresesasd byams i he metheds dessahad herein .iapy material processed by any
of the methods described herein can be subsequently densified, ?% as di??los din WO

200S /073?@@9@%?&&&?@%@%&%?“ treatment the material has a buik Qensity of less than 0,25

glom’, e.g., 0.20 glem’, 0.15 g/em’, 0.10 glem’, 0.05 g/em’ or less, e.g., 0.023 g/em’. Bulk
density is determined using ASTM D1895B. Briefly, the method involves filling a
measuring cylinder of known volume with a sample and obtaining a weight of the sample.
The bulk density is calculated by dividing the weight of the sample in grams by the known
volume of the cylinder 1n cubic centimeters.

1f the feedstock is a fibrous material the fibers of the mechanically treated material
can have a relatively large average length-to-diameter ratio {e.g., greater than 20-to-1), even
if they have been sheared more 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 {¢.g., 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 multi-point
surface areas, and porosities are those determined by mercury porosimetry.

If the feedstock is a fibrous material the average length-to-diameter ratio of fibers of
the mechanically treated material can be, ¢.g., greater than 8/1, ¢.g., greater than 10/1, greater
than 15/1, greater than 20/1, greater than 25/1. or greater than 50/1. An average fiber length
of the mechanically treated material can be, e.g., between about 0.5 mm and 2.5 mm, e.g.,
between about 0.75 mm and 1.0 mm, and an average width (e.g., diameter) of the second
fibrous material 14 can be, e.g., between about 5 um and 30 pm, e.g., between zbout 10 pm
and 30 um,

In some embodiments, if the feedstock is a fibrous material the standard deviation of
the fiber length of the mechanically treated material can be less than 60 percent of an average
fiber length of the mechanically treated material, e.g., less than 50 percent of the average

length, less than 40 percent of the average length, less than 15 percent of the average length.
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One or more radiation processing sequences can be used to process the feedstock, and to provide a
structurally modified material which functions as input to further processing steps andior sequences.
Irradiation can, for example, reduce the molecular weight and/or crystallinity of feedstock. In some
embodiments, energy deposited in a material that releases an electron from its atomic orbital is used
to irradiate the materials. The radiation may be provided by 1) heavy charged particles, such as alpha
particles or protons. 2) electrons, produced, for example. in beta decay or electron beam accelerators,
or 3) electeamagnetic tadiatidnhéorexampleigdmmamaygexcay sf dreultraviol g sotrrone approach,
radiation ﬁ)rp_dtlégeq by rgdtio?%iygvsmy&p}gtgng{%s can be used to irradiate the feedstock. In some
embodime%?%,'éiﬁy SMmbination in any ofder or concurrently of (1) through (3) may be utilized. In
another approach, electromagneticsradi&tion(e . sprodiidedysing eldctrontbeati Gmitters) can be
used to imadiate he feedstack. The. dases, applied depend anheqdesired ifest-and;the particular
feedstock.” I?or example, high dosés of radiation can break chemical bonds within feedstock
Componemts! Sreseise st ricas’ wiE ehEitstiss B fs HesiFabIe andror poljrHer &iaind
functionalizatiop,is desirable.pagticleshenuiersthan eleciions.suomas pretenshheliurmhuclei, argon
ions, silicon ions, neon ions, carbon ions, ghQ§hqrus Ions, OXxy en fons or nitrogen ior}%can be utilized.
When ringeGgEHhitgthai <&igsiairishaBLiad posiirdhf EHargetPasislsdadhBe tifed B3F their Lewis
acid propeﬁ@sgf@gg@ﬂhﬂnqg@ fifig-opening chain scission. For example, when maximum oxidation is
desired, oxygen ions can ?be? l{\tilizg ,‘anqli\{vhe_r) m xi'ngum]ni‘tr tion is Q(regiii{eer(jthg]{;tt_,%gg‘%%gn s can be
utilized. In onMEtHEAE! A firdRAtSHAN that 1o oF Thelides cantiiose having a first number average
molecular weight(MQ i ircadiatec e haby treataent wathrionizingradiatigne@e:ythin the form of
gamma ragiation, X:fey raciaion. 190 nm,fo. 480 Rn uirayiolel (Uil gt 2,eam Al elegtigns or other
charged p%rfléies)‘ (o} prowcfe a Second tnaterial that includes cellulose having a sécond number
average nileculartwaightr (N2Llowesntharsaie fivst Rtiniemaveraie tioldemaicweightaThe second
material (qf the fitst, and,second. matesiah.can bs- combined.with pomicrearganism (with or without

enzyme treatment) that can utilize the second and/or first material or its constituent sugars or lhmin to
produce a fuel orbHEIUSERIIBYodERRa RS B R BB Hy driye AL K Sl bn 81 & 6> SHBHSI or butanot,
such as N+,5663:6% 1bUtaned) il OfgaRiE asidicashydmcarbom ssmixiutescofiany-atithesacvert Since the
second material has cellulose having a reduced molecular weight relative to th% {irs‘t matterligl, and in
some instAMCEE AL R B SR R AR RS, Wgség%%w}ﬁé%rfépigtd’éﬂ%%ﬁ More dispersible.
swellable anglerselublein r-sdlutioncontainingsomicraorganisei @ndicthad: enzyrhed These properties
make the second material more susceptible to chemica afic and/or biological attack relative to
the first méfélr%él,ﬁi\}:/{f‘??c H%nath ggri'ézé’& jy“ Clgncp?ﬁ\fé %}%"58‘?8 ﬁ%t%%?%@ﬁg o'lr}}production level of a desired
product, e.g., ethanol. Radiation can also sterilize the materials, or any media needed to bioprocess
the materig?‘d’at’ﬁf‘sg‘fﬁfét’é‘ﬁfﬂodiments, the second number average molecular weight (MN)) is lower
than the first nuniber averageshaleaularweight{MMiybycadre thanabout E0hpereanty & gepd 5, 20, 25,
30, 35, 40, 50 percent, 60 percent, or even more than about 75 percent. I ne.dnstances, the
second mé?é’ﬁgi"hgsdé’gl iﬁfgg‘é %h‘gf‘ 3zflilé‘ %?‘étrcynstﬁaﬁit}r]llffﬁ (&%g[%nﬁﬁ‘s 1fgv§e%0t lg{r}f % ﬁgggﬁaﬂ%ity (CO of the
cellulose ofithe firdomateriateFolrexaatiptesC prarebwiowedutrahd Colsyoretmabent 10 percent,
€.g.. 15. ngxg?ﬁ}ﬁr%’f&‘?’gf Q. 9n8ven, more m%B%%H{sggngﬁ?%%ﬂsimdl mLSome-emkediments, the

starting crystallinity index (prim toirradiation) is from about 40 to about 87.5 percent, e.g., from about
50 to abou7EqseErEefPDY ffoyBBRITED t6 Hise T TOPEIESht TBHatHe chyStiRiy THaeX after irradiation

is from ab?%&i@é@iﬁbﬂtﬂc'é@;m{%@&ﬁﬁa&[@@%@b&&@@tgﬁmw 45-peseent andteanabout 20 to about
40 percent However, in some embodiments, e.%.{;éafter extensive irradiation, it is possible to have a

crystalIinitﬁ’ﬁﬁ@’é@@%fﬁ?%é?%ﬁ 5 DER ey PS Bl B GIRHE HRE bt AT SREH PSS tion is
substantialyjamesphpuSampie, gamma rays, x rays, or ultraviolet rays. In one approach, radiation
produced by radioactive substances can be used to irradiate the feedstock. In some
embodiments, any combination 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 fo irradiate the feedstock. The doses applied depend on the desired
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In some embodiments, the starting number average molecular weight (prior to irradiation) is from
about 200,000 to about 3,200,000, e.g., from about 250.000 to about 1,000,000 or from about 250,000
to about 700,000, and the number average molecular weight after irradiation is from about 50.000 to
about 200,000, e.g., from about 60,000 to about 150,000 or from about 70,000 to about 125,000.
However, in some embodiments, e.g., after extensive irradiation, it is possible to have a number
average molecular weight of less than about 10,000 or even less than about 5,000. In some
embodimerifs;ttirel second tmatehial soark haveadevdt,ofi gkidatio nf(08) dhat isthigher thamithié level of
oxidation (9),g1 the st mateyal, AbAN! Ievel of axidation lhe. materlel 6an ald jats dispersabiliy
swellability and/or solubi ity, trther enﬁancmg the material's susceptibility to c%emlcal, enzymatic or
biological atteickpdtysomeiembodiments: toninciess® thetevdkohthe oxidationcobiiesséeond material
relative to the first material. e iradiationisperfatmed.under an,oxidizing.etyiranment, e.g., under a

blanket of‘air or oxygen, producing a second material that is more oxidized than the first material. For
example, ¢ SECERE MBIEPRITCARTHADS TTERd BRI groupB ey dR \Grotps  KétSHE groups, ester
groups or gaaexylisracid R Whiah canincreaseits bydrophifieibsippizingsRadiatigne-  Each
form of radiation ionizes the carbon-containing material via particular jnteractions, as determined by
the energRAHHE FARAGCH ed EHATGEY BATHCES BRI BINg & HHEHEP VAETUISR Rattering,
furthermore, thgsedintefactionapiaduceentrgeticeelectrons thatisnayduttheriionize matter. Alpha
particles are ideqticalgto 'ggle EUC}E%SmOft arigle{{lg,umqa&pmc ind are, rodyced by the alpha decay of various
radioactive nuclei, SUeh'as [i’sofiogés 0 i'smuﬂ1,"p0|omum‘,’"as atine, radoﬁ”,#rahmum, radium, several
actinides, suchgasradtinitamy thovi gy iFaniahaaeptenibmireurivm, voalifomiim, radrsideideg-and
plutonium,, 1. YieR RAtisles.al uilized, ey, aan heqisHTaL iehataetl. Bk el aharged or

negatively charged. When charged, the charged particles can bear a single positive or negative
charge, orwsiutipielepizpoes; ebpesthves dimstchseitenrfoutcct stroms erdegas i instagises in which chain

scission is desisedn RSV cRargsd patticles mayhe.dreiabiadn parkdugdaibeisacidic nature.
When patrticles are utilized, the particles can have the mass of a resting electron, or greater, e.g., 500,

1000, 1508 20P0 FB00 O eleh i b0 TRASTHEEY 6 te St eectit! BoiFERAfle, the
particles candaaygradnrass Ohftasprabauh | atamic wilHde abouids0.atemicianiisy atdizérem about 1
atomic unit to abou ,SOSatpmic units, or from.about ITt_oﬂabgu(t 2>, e9.,.1,2 3 4.5 10, 12 or 15 amu.
Acceleratofs OL E&I QAR TN 8 P HOREE e BRIt RIrdSt e B ,%?é:cétrélay%%cr’nlgrﬁl'(f HE linear,
magnetic mddetiondinear ortantihudugavaae: B Xampiehaytlottonatypesadeeleraters ard-available
from IBA. Belgium, such as the Rhodatro ystem Wwhile.DC type accelerators are available from
RDI. now %igfﬁl&uds?r%ﬁdgﬂ%ﬁcgs’ %Zhé %&gfgﬁﬁrﬁml .1I%ﬁ§§$(ﬁo%ﬁ§ggglerators are discussed in
Introductory NucfsarPhysiconK emothl 823Celnesibhn Witeyp RSO aw: ivel {1988) 1 KTk P etec, FIZIKA
B 6 (1997)4, :(4-200. Chyn William: TrsQuarviewsef Lghtslon Beam Jherapy: GallmbusOfio.
IICRLT-IAEA Meeting, 18-20 March 2006. Ilwata, Y. et al;, "Alternating-Phase-Focused 1H-DTL for
Heavy-longvnsarbal pecelsnaorae proeiediiigd 6f EPAE Soos RREERIH SERBTUREPESher, C.M.
et al., "Statys/of themypRICONIUGHnEECR/on: Suice MenuerRIroceedingsoh E RAG000;, Vienna,
Austria. Gamma radiation has the advantage qof a significant penetration depth into a variety of

materials. SEURCEE GROAMHACEGY Akrlte Pl i A BaER A s tBFEE B EBBAT Calcium,
techniciumhehromittiog galium/onglivinciodingciron; Keyptdmrsamanym csedeniuRudsadiurythalium,
and xenon., S.?uurc%s of x rays include ec{ectrog Be_am collision,with me,t_?l targets. such as tungsten
Eli‘iG siertlizes the matenats, or %Iiv H’_}C 14 Necded 10 10&%0%@53 ihe E’ﬂé’i@l 1 .
or molybdénum or afloys, or compact light sources; such as those produced commercially by Lyncean.
In some embodiments, the second number average molecular weight (Mnn) 1s lower
than the first number average molecular weight (My:) by more than about 10 percent, e.g.,
15, 20, 25, 30, 35, 40, 50 percent, 60 percent, or even more than about 75 percent.
In some instances, the second material has cellulose that has as crystallinity {C;) that
is lower than the crystallinity (C,} of the cellutose of the first matenal. For example, (Cy) can
be lower than (C;) by more than about 10 percent, e.g.. 15, 20, 25, 30, 33, 40, or even more

than about 50 percent.
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Sources for ultraviolet radiation include deuterium or cadmium lamps. Sources for infrared radiation
include sapphire. zinc or selcnide window ceramic lamps. Sources for microwaves include
klystrons, Slevin type RF sources, or atom beam sources that employ hydrogen, oxygen, or nitrogen
In some embodiments, a beam of electrons is used as the radiation source. A beam of electrons has
the advantages of high dose rates (e.g., 1, 5, or even 10 Mrad per second), high throughput, less
containment, and less confinement equipment. Electrons can also be more efficient at causing chain
scission. In additignoglectioaghavingrenergies of 4:10nMeM an have @i petetatias @epth of 5 to 30
mm or more, such as 40 m . 'Ele_.cg[o 1 beams can be generated, e.g., by electrostatic generators,
cascade g%%?é‘tta%]}g,dt‘[?%'}lmtrsgg]én?é’ﬁgcgtrigrﬁf(?ﬁgf fo%@oéihgggtff 31%%13@? (C)Efcéb{/}\/ii i grgsﬁééﬁﬁﬁ}}r?g}@é%tem, low
energy aceelendtorswith. adihearccathdde;dingar. aiceleratorsyrandrpulsbduadteferators:iElectrons as
an ionizing radiation seurce, can, us?gfp!,, £ ;,rggr relativelythin piles.of materials,e-9., less than 0.5
inch, e.g.,%)gts(“smtlﬁai’ﬁbo.ﬁfr?cﬁg&%%ﬁgh; 0.2 ir‘ib'f’oﬂiasg "tﬁan 0.1 inch. In some ]émﬁgdiments, the
energy of Emctretectromof thdelsotion beark ie forabouT ol MB\ it absiltle © Mev4million electron
volts), e-9-JFQ!I!‘H%%?%&?JY"EM&PtﬁQ?@%écMCM’s@HE%@Q%E&s? MeM.de,abaptd. 25 MeV.

|

Electron beam irradiation devices may be procured commercially from lon Beam Applications,
Louvain-lalRéigiorgefgiinbiethemivaebrporation, San Diego, CA. Typical electron energies can be
1 MeV, 2 MeV, 415 MeV e MavhiordoMad. Typieat eleecisenheamirradigiiqp-davice power can be |
focustock HBFAHE bh G laH by 14 AR b SBRET GTe GUbGLARe frme depends
on the powertanbdles@ohypical tusesimayHiake ¥ahiss ofd kSyyhikGyy 30kGy 1 20kGyeikG).,/, 100
kGy, or 200.KGy. lan Particle BEAMS 6 600 to about 200,000, c.g., from about 60,000 to about

150,000 or from about 70,000 to about 123,000, However, in some embodiments, c.g., after

extensive irradiation, it is possible to have a number average molecular weight of less than

about 10,060 or aven less than about 5,600,

It some embodiments, the second material can have a level of oxidation (O,) that 18
higher than the level of oxidation (O;) of the first material. A higher level of oxidation of the
material cap aid in its dispersability, swellability and/or solubility, further enhancing the
material’s susceptibility to chemical, enzymatic or biological attack. In some embodiments,
to increase the level of the oxidation of the sccond material relative to the first material, the
irradiation is performed under an oxidizing environment, e.g., under a blanket of air or
oxygen, producing a second material that is more oxidized than the first matenial. For
example, the second material can have more hydroxyl groups, aldehyde groups. ketone

groups, ester groups or carboxylic acid groups, which can increase its hydrophilicity.

lenizing Radiation

Each form of radiation ionizes the carbon-containing material via particular
interactions, as determined by the energy of the radiation. Heavy charged particles primarily
ionize matter via Coulomb scattermy; furthermore, these interactions produce energetic
clectrons that may further ionize matter. Alpha particles are identical to the nucleus of 2
helium atom and are produced by the alpha decay of various radioactive nuciei, such as
isotopes of bismuth, polonium, astatine, radon, francium, radium, several actinides, such as

actintum, thorium, urahium, neptunium, curium, californium, americium, and plufonium.



Particles heavier than electrons can be utilized to irradiate materials, such as carbohydrates or
materials that include carbohydrates, e.g., cellulosic mater lignocellulosic materials, starchy materials,
or mixtures of any of these and others described herein. For example, protons, helium nuclei, argon
ions, silicon ions, neon ions carbon ions, phoshorus ions, oxygen ions or nitrogen ions can be utilized.
In some embodiments, particles heavier than electrons can induce higher amounts of chain scission
(relative to lighter particles). In some instances, positively charged particles can induce higher
amounts of chainvseispietidkanraegativelihchargéd particlésndbergodheirsaciditychargeddeavier particle
beams can be generated, e g., Using linear accelerators ar cyclatrons. In some,emhodiments, the
energy of neegéiﬂg;grﬁgfier%fi th\egrgénacﬁggllsé’ %?T}]q%%éiﬂ%cf% ?\qsle%fa%%o%%ﬁﬁ”tl'cﬁ%ggﬁ%{‘é{,’()ggo MeV/atomic
unit, e.qg., frgmiabdut 8:Me W uétiphichanit tocabout4(800: MeMfatormidaumity ordfiophaapout 110 MeV/atoinic
unit to ab?}z{«!:z:an?&qm\{éﬁ‘ﬁ%@ o s dpseertajp.erbodiments ionbeams usediin ira.diate

carbon-containing materials, e.g., biomass materials, can include more than one éype of ion. For
example, o Bearnsheiinduterixiifes oriARes LrRci g8 d thnpaai deuf BrimsrE)ditfereiit types of

ions. ExemplasyJuixtuigs sapingiude cadonjons ang protons, Ay beRgNHaNdExyeRHoNS, nitrogen
ions and protons, and_ iron ions and protons. More generally, mixtures of any of the ions discussed

above (or BAY BHEFHOHE) B HOBAtETRYm T AMHAIG TR Hearhs A AHRTIE MikitiRE& of relatively
light and relativelyheavietions Gansbe uskekinBosingleden: heam aboutlRisome embediments, ion
beams for irradiating materials include positjvely-charged jons. The positively charged jons can
include, féf%ﬁfﬁ%bﬁtg, b“oé?ﬁ\‘}é%cﬁarggd ’Hz:)lc%robge]r@?oﬁgl(gsgfnﬁro ocﬁs%?rﬁé%fe bca%?ogr% féxgjm helium,
neon, argeom) peaitioncions; nittogeniony oxygeniions;isiitorRatdnmsy phasphorus:ions; and metal ions
such as sedium ions, calcium ions,.and/or iron ion ithou L§__ 'Q QBG QQ%Q %g%t/tgeory, itis
believed t 'lgfasruoéhc%rg{srliﬁ?/% y%éiﬁg'rsgré)é féﬁ?@ghg&é%r%%\élI)%Vgésalj_egv{/%sdac?ddm‘oieti'es'When"exposed to
materials, feitiatingsasides Watdihintg ceniBricsiing -opéning emaincselssivhsreactonin BAroxidative

environmegty ) ’PBC.E’Q&?A{?S?[EQE%?&W%% fon.beams dorirradiating materals inglude yssed

negatively-charged ions. Negatively charged'ions can include, for example, negatlyeé%/écharged
hydrogen ipstedactdydrideerondly B etutively et gkdiol & of Farislis Fetativély-dtétifonegative

nuclei (e.0p, 9XYI8R IRASE RItRGEN J0NSy CAIHAMIORS: 1Sikicon ionscAndhaspharys igas). Without
wishing to be bound by any theory, it is believed that such nefar?tiveél}y-char ed ions behave chemically

as Lewis Das&RoIEGEE RN BpbsBE 6 ratdifaId e dbsiig Hhome Hhdéhening &hain scission
reactions iasedusingrenyvirepmentH-DTINEsOme gmbodinzats Abeamador imadiating.materials can
e R S A0S St ugiaden ions, SeumAlRa,carmon stoms,

nitrogen ato n-atoms, silicon atoms, phosphorus atoms, argon atoms, and iron
atoms candoR inelited iniheaniFthataiiegssedfor(riddiatiorofbiomess materials. In general, mixtures

of any two or moge, oihe. ahoye e, QL AIAMS. (r ¥« NS Bt MAG.IRY RLRAIG LLEYED frore) can
be present in the beams.
materials. Sources of gamma rays include radicactive nuclel, such as isotopes of cobalt,
calcium, techniciumn, chromium, gallium, indium, iodine, ron, krypton. samarium, selenium,
sodium, thalium, and xenon.
Sources of x rays include electron beam collision with mefal targets. such as tungsten
or molybdenum or alloys, or compact light sources, such as those produced commercially by
Lyncean.
Sources for ultraviolet radiation include deuterium or cadmium lamps.
Sources for infrared radiation include sapphire. zinc, or selenide window ceramic
lamps.

Sources for microwaves include klystrons, Slevin type RF sources, or atom beam

sources that employ hydrogen, oxygen, or nitrogen gases.
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In certain embodiments, ion beams used to irradiate materials includesingly-charged ions such as (MC
or more of Er,H He NM, Ar',C (7.-, OM 0-, N', N", SiSi P-,P NaT, Ca-, and Fel. In some embodiments,
on beams can include multiply-charged ions such as one or more of C2', C2-2 , 02-2 ,Si -2-, ,Si ,and
Siln general, the ion beams can also include more complex polynuelear ions that bear multiple positive
or negative charges. In certain embodiments, by virtue of the structure of the polynuclear ion" the
positive or negative charges can be effectively distributed over substantially the entire structure of the
ions. In some emhadimeantsothe positiveer fegativenchatges sanhesamewhatdocalizachaer portions
of the structure of the ions. I;Ietc;ar‘gmegnr?ti . _Fgapia_tfnﬂ  n enjlbpdlm nts i”‘Whif%héhe;i.”, diating is
performedcvi/‘ftﬂoé]l‘é fromagneléraataton e eidc %ﬁgn’eﬁié’ radition %fﬁl RAVEEG) éife gy per
photon (intetectigrvols)cofgreater thahl d02eVpeng:ngreatenthant103;0h:04u1i815206, ropeven greater
than L0 e¥/y{n, some smodments, the eleciemagnetic [adiation hias, enerqy, per giotan of between
104 and 10/, e.g.. between 1 05 and 106 eV. The glectromagnetic radiation can have a”ﬁequency of,
c.a., greatbrthampdn@16ihz dgpdaté F tivald 101 /00 ma018:ck03 301020, or even greater than 1 021 hz. In
some embodimepis, {he plegtramagnetic adiation Kasia FegHeneY:fREWERE. 101824 1022 hz,

e.g., between 1Q19 to 1 021 hz. Doses . )
transformer generators, low energy accelerators with a scanning system, low energy

accelerators with a linear cathode, lincar accelerators, and pulsed accelerators. Electrons as
an lonizing radiation source can be useful, e.g., for relattvely thin piles of materials, c.g., less
than 0.5 inch, c.g., less than 0.4 inch, 0.3 inch, 0.2 inch, or less than 0.1 inch. In some
embodiments, the energy of cach clectron of the ¢lectron beam is from about 0.3 MeV to
about 2.0 MeV (million electron volts), c.g., from about 0.5 MeV to sbout 1.5 MeV, or from
ahout 0.7 McV to about 1.25 McV.

Electron bearn wrradiation devices may be procured commercially from lon Beam
Applications, Louvain-la-Neuve, Belgium or the Titan Corporation, San Dicgo, CA, Typical
clectron energies can be | MeV, 2 MeV, 4.5 MeV, 7.5 MeV, or 10 MeV. Typical electron
beam irradiation device power can be 1 kW, S kW, 10 kW, 20 kW, 30 kW, 100 kW, 250 kW,
or 500 kW. The level of depolymerization of the feedstock depends on the electron energy
used and the dose apphied, while exposure time depends on the power and dose, Typical

doses may take values of T kGy, 5 kGy, 10 kGy, 20 kGy, 50 kGy, 100 kGy, or 200 kGyv.

fon Particle Beams

Particles heavier than clectrons can be utilized to irradiate materials. such as
carbohydrates or materials that mclude carbohydrates, e.g.. cellulosic materials,
hignocelinlosic materials, starchy materials, or mixiures of any of these and others described
herein. For example, protons, helium nucler, argon ions, silicon ions, neon ions carbon ions,
phoshorus ions, oxygen ions or nifrogen 1ons can be utilized. In some embodiments, particles
heavier than elecirons can induce higher amounts of chan scission (relative o hghter
particles). In some instances, positively charged particles can induce higher amounts of
chain scission than negatively charged particles due to their acidity.

Heavier particle beams can be generated, ¢.g., using linear accelerators or cyclotrons,

In some embodiments, the energy of each particle of the beam is from about 1.0 MeV/atomic
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The dose of radiation will depend on the lignin content of the feedstock. For example, in some cases
0.1 Mrad to 5.0 Mrad is delivered per 1% by weight of lignin in the biomass feedstock, e.g. 0.25 Mrad
to 4.0 Mrad, or 0.3 Mrad to 3.5 Mrad per 1%. 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 least 1.0 Mrad, at least 2.5 Mrad, at least 5.0 Mrad, or at least 10.0 !Arad. In some
embodiments, the irradiating is performed until the material receives a dose of between 1.0 Mrad and
6.0 Mrad, -en’g schatweerdoIMyadand 4n@ Mradirom Abmm_erevnhedﬂnems [thevirradigting is performed

at a dose of betweerr 5. (?] and 159900\/P}|I9,rags/hour bet\{v8§@ and 750, O kilorads/hour or
Wi

between 5 0 an%nggéna kl oraénsfﬁours In Sglr.]ﬂ'l}é g}%ﬁt}g&?ﬁe% 0) OI’ r?]tgl%i ra&ratron sources are

used, such as twia esorenionizingradiations::\Foréxamplésamplescan:benreated 2in. any. order, with
a beam ofiglections, followed ?r%r%@mﬂl% aeliation @»BQ HYolighthaving wayelengihs, from about 100

nm to about 280 nm. in some embodiments, samples are treated with three ionizing radiation sources,
such as abelif @rzéréar@ﬁéwgaﬁrﬁﬁﬁwa’ewatibrrtaﬁanéﬁergéﬁtwmﬁrpeofrf edtforExemEHE or more

sonication-preGRSSINGiSUHEREBS:CRAN PEUSRIIRPFRARSSIMAteIials /oM ah wide yariabhot ifferent
sources to extract useful substances from the materials, and to provide Fmpartrally degraded organic

material (WHSAMSr§RHIEM ST EIE Hfé%ﬁm%%d%%féﬁf&%ﬂ&ﬁ%%% s tORHEF Pr5E8ssing steps

and/or seguenrces: cﬁgm@eamqamrree ucedthermeleculassrgight iragior erystalliniy of thednaterials,

such as on (o[ more ?f any tTh errals descrrbe herein, c. a ne o more carbohydrate sources,
Qi arv Vit rht guvely heavicrions o “Fﬁ% it &
such as celilfosic® Irg’noc \UiGSic matenars, oF stare terfal {i¢5ed above with regard to

radiation, the prdmessrpamimétemisseﬂi f@rdsmrﬁeaml@mimmmg/argme@enﬂingeqmtherérkgmh&ecﬁent of the
feedstock. FQr %amgtl‘egvee(gﬁtock hhr gridgnfm Ievels ener. I ‘)éreg%mc% her residence time

and/or energy IeveI resultin g nqll}%C Ré}ﬁef total elnergy deﬁ vered 1ot edsto m%Tyﬁn&ﬁgsmethod a

first materfalghatdielbideshteetoses Kaginhchvirstrombrgoakarabermolecuizraneighs. (MM Fis dispersed

in a medium, sueh as.waterrndsenicated.andier.otheryise cavitatad:do Provide a,sgcond material
that includes cellulose havrn a second number average molecular weight éMNZ) lower than the first

number avEHYeiRbIERY Y WsTEHY Frrededo e vRatarianyshehw first drbesad s Hsterial in certain

embodimepis); ¢an-br.combined-nith anaHGERNIOANISH (Wit AlowitBoUheRZyRRJeatmeRtLinat can
utilize the second an Jor first material to produce a fuel that is or mcludes hydrogen an alcohol, an

organic adi! A RYFELATHEN 87 (NI bt SR§ B lel scission reactions in an oxidative

environment.

In ¢certain embodiments, ion beams for irradiating materials include negatively-
charged 1ons. Negatively charged tons can include, for example, negatively charged
hydrogen ions {¢.g., hydride ions), and negatively charged 1ons of various relatively
electronegative nuclet (e.g.. oxygen ions, nitrogen ions, carbon ions, silicon 1ons, and
phosphorus ions). Without wishing to be bound by any theory, it 1s believed that such
negatively-charged 1ons behave chemically as Lewis base moietics when exposed o
materials, causing amonic ring-openmg chain $C1s810n reactions n & reducing environment,

in some embodiments, beams for iradiating materials can include neutral atoms. For
example, any one or more of hydrogen atoms, helium atoms, carbon atoms, nitrogen atoms,
oxygen atoms, neon atoms, silicon atoms, phosphorus atoms, argon atoms, and iron atoms
can be included 1in beams that are used for irradiation of biomass materials, In general,
mixtures of any two or more of the above types of atoms {e.g., three or more, four or more, or
gven morg) can be present in the beams.

In certain embodiments, 1on beams used to irradiate matenals include singly-charged

ions such asone ormore of H.H, He . Ne', Ar',C,CL O, O N NS LS PP Na',
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Since the second material has cellulose having a reduced molecular weight relative to the first
material, and in some instances, a reduced crystallinity as well, the second material is generally more
dispersible. swellable, and/or soluble in a solution containing the microorganism, e.g., at a
concentration of greater than 106 microorganisms/mL. These properties make the second material
more susceptible to chemical, enzymatic, and/or microbial attack relative to the first material, which
can greatly improve the production rate and/or production level of a desired product. e.g., ethanol.
Somcation ganalse Stesilizethe.materials, butisheuld.notdeddsed vyivle ihe miicroorganisms are
supposed to be alive. . .. én:s ne,emhodiments, the second:number average:molecular weight (MN")
is lower th%??t‘i’}renf?rr&%u(rnb r a(\&/?ra?@ ‘r%ol'erg\']ulagrfpvve?}ghéf\/l b'ygr{uljdrée1 thg’?\%aro’u ri@“ﬁé?‘éyévnt, e.g., 15,
20, 25, 30::35¢40c50: percént, 60geroent comeverpmpredhanababt 75 percénmtlc poskrsome instances,
the seconf marerialnas celluloss ok bas arcsaliniy (el iatin guet thanihe.crystalinty (C1) of
the cellulose of tﬁe irSt material. For example, (Cs) can be lower than (CO by more than about 10
percent, etlg, Mb5it20 02528085 4G coravbhaforehad abbut Bo peredtntalhtspmEembodiments,
the starting crystallinity. index rigrdesonisation) & framiabaut 40 io abeit &7.pereent, e.g., from

about 50 to about 75 percent or from about 60 to about 70 percent, and the crystallinity index after
sonication* T alIGHHIZEE Y BBGHH YT PErReif e ye fioHf abisut 15 to about 45 percent or from about
20 to about 40 percent. However, in certain embodiments, e.g., after extensive sonication, it is
possible to have Blerysiatigine ticBedidbeer than 5 percent. In some embodiments, the material after

sonication is substantially amorphous,, the in.some ?Jg@gg;mgaazgmshﬁe%@rmggwma{mrage

molecular weight (prior to sonication) Is from about’200,000 to about 3,200,000, e.g., from about
250,000 tarabbet D000000 afifittn o250 000 ZA BOUR 'FOON00D: KA et éF derage

molecular weight afier sonicationis,fiam apour50,0Q0 1o ahout209,000:e.9., framabout 60.000 to
about 150,000 or from about 70,000 to about 125,000. However, in some embodiments, £.9., after

S
extensive SBRRENGALIRS SHSEHRAE HE S UMb A0EIAGE RISIEELRAHE: Ut 13ed tan about
10.000 or gyemdesscthast ahoutS;Q00rhe cldh-semeambodiments.the, secengiatesiat gan have a
level of oxidation (02 ) that is higher than the level of axidation (01) of the first material. A higher level
of oxidatio BFthe'#h t@ﬁﬁ?c%‘i‘f%ﬁ it Qisperstbilty. s eII-‘a(Hi%IV ﬁ@%ﬁ%é\ﬁbﬁlﬁy,#ﬁrtﬁ%r enhancing
the  I's susceptibilifytaichemitalrenzymaticadimierobial fatt@ckc i sbmeembidiménts; o increase
the level o{Lthe g?xki’dgatipp} %the ﬁ%@p}rp material relative to the first material, the sonication is
performed if &5 oXidizing medium, producing a second material that is more oxidized than the first
material. For example, the second material can have more hydroxyl groups, aldehyde groups, ketone
groups, ester groBB%eér carboxylic acid groups, which can increase its hydrophilicity. In some

embodiments, theigonic.aliondmesiumiis anagueous medintdesiredthe-mediumxeaninclude an
oxidant, SUs ann?cacegggo()).(lid?xe/lr(aed % {hé{ q\[l?gde n Qc?lggc)gcdo? %’eaé(’yfss g}e rwcight of lignin in the biomass
feedstock, c.g. 0.25 Mrad to 4.0 Mrad, or .3 Mrad to 3.5 Mrad per 1%.
In some embodiments, the irradiating (with anv radiation source or a combination of
sources) is performed until the material receives a dose of at least 0.25 Mrad, e.g., at least 1.0
Mrad. at least 2.5 Mrad, at least 5.0 Mrad, or af least 10.0 Mrad. In somc embodiments, the
iradiating is performed until the material receives a dose of between 1.0 Mrad and 6.0 Mrad,
e.g., between 1.5 Mrad and 4.0 Mrad.
In some embodiments, the irradiating is performed at a dosc rate of between 5.0 and
1500.0 kilorads/hour, e.g., between 10.0 and 750.0 kilorads/hour or between 50.0 and 350.0
kitorads/hours.
in some embodiments, two or more radiation sources are used, such as two or more
jonizing radiations. For example, samples can be treated, in any order, with a beam of

electrons, followed by gamma radiation and UV light having wavelengths from about 100 nm
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agent and/or a buffer. Examples of dispe sodium lauryl sulfate, and non-ionic dispersing elude ionic
dispersing agents poly(ethylone glycol). In other embodiments, the sonication medium is
non-aqueous. For exampl' he sonication can be performed in a hydrocarbon, e.g., toluene or heptanc,
an ether, e.g., diethyl ether or tetrahydrofuran, or even in a liquefied gas such as argon, xenon, or
nitrogen. Pyrolysis One or more pyrolysis processing sequences can be used to process
carbon-containing materials from a wide variety of different sources to extract useful substances from
the materialsbarid ¥ providepastialyodagradetimrate riatstwdtichwithdhicn asimputadiftrther processing

steps and(gy, sequences., kegdsiegksaitn higher lianin;levelsgeneraily require a higher temperature,

longer residence time, and/or introduction of higher levels of oxygéen during pyrolysis. In one
example, a fgir‘:{s:lé@oaterial that includes cellulose having a first number average molecular weight (MN.])
is pyrolyzeg, e.g., By heating the first material in a tube furnace (in the presence or absence of
oxygen), to providecasesconsh materiabthatsinefuidesceelislosebhavingarseconchmamtiefraverage

molecularweight (NANZ) dewer thandbe ficst.number ayerage.molecylarweight. The second material

(or the first and second material in certain embodiments) is/arc combined with a microorganism (with
or withoutraetddemariaymdtier s oTyarsy thatean vhirethe serskd dhars e rseterfakt produce a
fuel that issgrcingludespvdrogencAp-aieonal (88 aghanQlArRWangl, UGhAS Nt §8& R4-butanol). an
organic acid, a hydrocarbon or mixtures. of any of these. . .

molecular weight and/or crystallinity of the materials, such as one or more of any of the

materials desenibed herein. e.g., one or more carbohydrate sources, such as celtulosic or

lignocetiulosic materials, or starchy matenials, As discussed above with regard to radiation,

the process parameters used for somication will vary depending on the lignin content of the

feedstock. For example, feedstocks with higher lignin levels generally require a higher

residence time and/or energy level. resulting 1n a higher total energy delivered to the

feedstock.

In one method, a first material that includes cellulose having a first number average

molecular weight {My;) 18 dispersed in a medium, such as water, and sonicated and/or

otherwise cavitated, to provide a second material that ncludes cellulose having a second

number a.verage' molecular weight (Mo} lower than the first number average molecular

weight. The second material (or the first and second material in certain embodiments) can be

combined with a microorganism (with or without enzyme treatment} that can utilize the

second and/or first material to produce a fuel that is or includes hydrogen, an alcohol, an

organic acid, a hydrocarbon or mixtures of any of these.

Since the second material has cellulose having a reduced molecular weight relative to

the first material, and in some instances, a reduced crystaliinity as well, the second material is

generally more dispersible, swellable, and/or soluble 1n a solution containing the

microorganism, ¢.g., at a concentration of greater than 10° microorganisms/mL. These

propertics make the sccond material more susceptible to chemnical, enzymatic, and/or

microbial attack relative to the first material, which can greatly improve the production rate

and/or production level of a desired product, ¢.g., cthanol. Sonication can also sterilize the

materials, but should not be used while the microorganisms are supposed to be alive,
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Since the second material has cellulose having a reduced molecular weight relative to the first
material, and in some instances, a reduced crystallinity as well, the second material is generally more
dispersible, swellable and/or soluble in a solution containing the microorganism, e.g., at a
concentration of greater than 106 microorganisms/mL. These properties make the second material
more susceptible to chemical, enzymatic and/or microbial attack relative to the first material, which can
greatly improve the production rate and/or production level of a desired product, e.g., ethanol.
Pyrolysis can als steniizertheifirstiantk secanthmateralsrage mtnssomesembodimentspther second
number average molecular weight (MN2) is lower than the first number, av e molecular weight
(MNI) by rﬁ%ﬁle h{”fﬁ%%u%f[ “B’g‘rd }gn?oe%?.?‘fé}f C:"!L'(E’)}.1 F@%&%mﬁ&? é% np%br%%a@ %ﬁrﬁeenr%é‘fﬁ;’or even more
than about Y5 petteit, 35, 4in Someinstahpesctheosesond:maténiakbas ¢elulose that has as

crystalinity (CD) ihat s lqwerhan he epvsialiny (GLL.of inecelviose oL irstmetsgl, For

example, (C2) can be lower than (C1) by more than about 10 percent, e.g:, 15 , 30. 35, 40, or

even morastiarrapsutBoperedntty (Clrsbme biedirténtestheastaringoesstalliisicy{ privnto

pyrolysis) js frmrabautdd 1o AREULS! D HAATEERL &S, from abab30sp abalt {5RefGeRtor from
about 60 to about 70 percent, and the crystallinity index after pyrolysis is from about 10 to about 50

percent, elgAnHERY 4%o0 about 45 percent or from about 20 to about 40 percent However, in

certain embodimeiise. gulaftenextensivepolysis:itispossiklp tRhaveAdatysiplinibhindex of lower
than 5 perpgent. AB so‘r‘%e empodiments, 'ghe material g?éer pgr(é\ly_?js is g;ubstintialj am Jéphous. In
some embBOdHhENES B StartAg ittt d08rage thalEUIRP ey RETIbP t }?)Vrgﬁ?é]irs from about
200.000 talaholt3206,000 ebg.¢franil aiput 250:000toabout &,0060,@66uor framialodt250.000 to
about 700,000, and the numbe rage melecular weight after lysis is from about 50,000 to about
200,000, 5 Ham Sbaut 6000 to ahLH 156000 o7 ot Abdt 70,000 1 Abut 195,000, However, in
some emBdetirpentsh eqyiaafesrtediensivecpyrofsisxitisipossibhationhave msrhbertaverage molecular

weight of lessithanabout0:000.oreven, less than about 5,000, .. I SAME EMpRgiments, the second

material can have a level of oxidation (07) that is higher than the level of oxidation (01) of the first
material. ATIGREPTVEH B tiaHNGH B8 material can aid in its dispersability, swellability and/or

solubility, furtherignbancingshematerials.suscantibiity 1o chemisabepzymatieRronigrobial attack. In
some embodiment increase the level of the oxidation of the second material relative to the first

material, tHE'BSHAGSIS {Eopkiorhellilo4rokiaing Ehiftortertopratriting’a db o AbeHaterial that is

more oxidizeghthamn dhé ditst tnatedaloFonexample). tihe seconhd maierakeanhavecmnomedydroxyl
groups, aldghyce rouRs, Kelong g, ester droue g carbogylic acid s, which can increase
its hydropﬁl ICity. h Some cmbodiments, the pyrolysis‘of the ma erlais i$"continuous. In other
embodimeiits Mfeontateriab dspiftONE edatora Igfketdéteriminad timepand thed:allowed. to ebiot for a
second pr@g%ﬁ&%ﬁl‘&ﬁ%ﬂﬁ}? @ﬁ%BQSRMEQLY%M Qg@fmt)@r average molecular weight of less than
about 10,000 or even less than about 5,000,
In some embodiments, the second material can have a level of oxidation (0-) that is
higher than the ievel of oxidation {O) of the first material. A higher level of oxidation of the
material can aid in 1ts dispersability. swellability and/or solubility, further enhancing the
material’s suscepubility to chemical, enzymatic or mucrobial attack. In some embodiments,
to increase the level of the oxidation of the second material relative to the frst maierial, the
sonication 1s performed in an oxidizing medium, producing a second material that is more
oxidized than the first material. For example, the second material can have more hydroxyi
aroups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can
increase its hydrophilicity.
In some embodiments, the sonication mediim is an agueous medium. If desired, the

medium can include an oxidant. such as a peroxide (e g., hvdrogen peroxide), a dispersing
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Oxidation One or more oxidative processing sequences can be used to process carbon. containing
materials from a wide variety of different sources to extract useful substances from the materials, and
to provide partially degraded and/or altered material which functions as input to further processing
steps and/or sequences. The oxidation conditions will vary depending on the lignin content of the
feedstock, with a higher degree of oxidation generally being desired for higher lignin content
feedstocks. In one method, a first material that includes cellulose having a first number average
molecularayeighh{MN! harer havingpr fisstinpygeancortent(Qs)dsaxidized;seg sdytheating the first
material in a Strezﬁm of ai o oxg%en enrlcrffed air to&owde as ?Crgglv@nterlal that includes cellulose

having a SSCOHE Kimbaf 4Ve Ay oL tiarvaig “and Raving a L Eond oxygen content (02)

higher than the first:éxygemnebntent, (01 xonicaSuch:miaterialsccanalsohe combingld-With a solid and/or
a liquid. The liquid and/or SO}Id | can include a mﬁg& %ag ﬁ[{]11 Ogmg?pﬁctgglmwamg/ Of; - enzyme. For

example, the bacteriim and/or enzyme tan wor e cellulosic or lignocellulosic material to produce
a fuel, suctifas @tﬁ&nxb[ﬂbﬁ@r@omt)@lmft,ﬁi;@éhl‘aélaﬁbmﬁeirﬁhﬁué@ﬁhé%@ﬁrdﬁl}éif@%[%‘é described in
FIBROUS MATERIALS AND COMPOSITES," USSN 11/453,951, filed June 15. 2006. The entire
contents of each of the foregoing applications are incorporated herein by reference In some
embodimdhtsossecond number average molecular weight is not more 97 percent lower than the

first number aver@g@@m&@qla;roweigb{@@g;mmbm@ﬁedhm 95 erCes20s55: B -75n 26,65, 60, 55,
50, 45, 40, 30, 20, 12.5,10.0, 7.5 £ EF 2.5, 2.0 or not mo;c—ith r!tlo reent | t lower than the
first numb@%‘é@c&’ﬁélé&ﬁémf&fg‘?ﬁ SRR OERE G SHTRHOR OF moTs LAt weight will depend upon

the appllcaﬂﬁﬂmﬁg,rmamplﬁnm sonig! pr@zfe:msememmdziimeht@thatcprmwdmpomcp@mw the second
weight.1n B es AP aT EoE BE e S B B A L ot o
molecular gightasdoretion, i brggngraﬂyrpp@jercemdmr introduction of higher levels of oxygen

during pyrolysis.

In one cxample, a first material that includes cellulose having a first number average

molecular weight {My) is pyrolyzed, ¢.g., by heating the first material in & tube furnace (in

the presence or absence of oxygen), to provide a second material that includes cellulose

having a second number average molecular weight (M) lower than the first number average

molecular weight. The second material {or the first and second muaterial in certain

embodiments) is/are combined with a microorganism (with or without acid or enzymatic

hydrolysis) that can utilize the second and/or first material to produce @ fuel that is or

includes hydrogen, an alcohol (e.g., ethanol or butanol, such as n-, sec or t-butanol). an

organic acid, a hydrocarbon or mixtures of any of these,

Since the second material has cellulose having a reduced molecular weight relative to

the first material, and in some instances, a reduced crystallinity as well, the second material 13

generally more dispersible, swellable and/or soluble in 4 solution containing the

microoreanism, e.g., & a concentration of greater than 10° microorganisms/mL. These

properties make the second material more susceptible to chemical, enzymatic and/or

microbial attack relative to the first material, which can greatly improve the production rate

and/or production level of a desired product, ¢.g., ethanol. Pyrolysis can also sterilize the

first and second materials.
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In some embodiments in which the materials are used to make a fuel or a coproduct, the starting
number average molecular weight (prior to oxidation) is from about 200.000 to about 3,200.000, e.g.,
from about 250,000 to about 1,000.000 or from about 250.000 to about 700,000, and the number
average molecular weight after oxidation is from about 50,000 to about 200.000. Cat., from about
60,000 to about 150,000 or from about 70,000 to about 125,000. However, in some embodiments,
e.g.. after extensive oxidation, it is possible to have a number average molecular weight of less than
about 10,000 or éverrtessthamaout!s,00@nd nulhsome embadiméntsydhetsdtand teygen content is

at least abgut five: ' Jthanthe firstox CC .G (-2, PEr n'g,ltg:i 1h_eer.)lo.o percent
nigher, 12 o e 8 5 bergant himar oy 1 & pofobh s e e

embodimehts2thé séBont dxygerrtshtent earlidast abouto6.0:perbent higherdiian the first oxygen

content of the firsy material Qoxgen contentis measired by, elemental, apalysis,by pyrolyzing a sample
in a furnace operating at 1300 C.' or higher. A suitable elemental analyzer’is the LECO CHNS-932

analyzer WithP® GV TE5086 HigH{Empeiaturé Broisiestehdeelinst magidrding sxaationCof A¥naterial
occurs in an axidizing envitanmeothEorRXaMplR:the oxidationears beefiected,oraigdashhy pyrolysis in
an oxidizing environment, such as in air or argon enriched in air. To aid in the oxidation, various
chemical agaht: f’%hg%pé%%%dants, acids or bases can be added to the material prior to or during
oxidation. For exampte; enfjerbxidet{elg: shenzoyhpeaidxide)rean bepaddedspriordim axidation. Some
oxidative methods .of reducing recalcitra in a biomass feedstack employ. Fenton ot Fenten-type
Chemistry B e e o O oA A DCAGGH 1. 61/130:473,
filed DecentieIn.3n2008; Ui tontpletidistlosure of whichris:inporjoratéd tiergjrymefegence.

Exemplantgxidants indbdg,priaxides, HCh AP INIOARN RIS ANdpenzaKl Reride, persuifates,

such as ammonium persul fate, activated forms of oxygen, such aS ozone, permanganates, such as
potassiumcPEIAERENAHE, PEFEKICFAES BUCHYES- dbdiamsparcikbrarc andthpdehisikdtes! such as

sodium hypechigntcyheusshald Bleachikisame situatians. pitds maintained akarhalow about 5.5
during contac%ﬁgch as between 1 and 5, bervvecn 2 and 5, between 2.5 and 5 or between about 3

and 5. CoftllifiBiig'¢an also include a contact period of between 2 and 12 hours, e.g., between 4 and
10 hours or betwrenhana:8diourss itk somernstances: conditiansdnchideinatiexserding 300 'C. e.g.,
not pyrolysis) is from about 200,000 to about 3,200,000, ¢.g., from about 250,000 to about
1,000,000 or from about 230,000 to about 700,000, and the number average molecular weight
after pyrolysis is from about 50,000 to about 200,000, e.¢., from about 60,000 to about
150,000 or from about 70,000 to about 125,0G0. However, in some embodiments, ¢.g., after
extensive pyrolysis, it is possible to have a number average molecular weight of less than
about 10,000 or even less than about 3,000,

In some embodiments, the second material can have a level of oxidation (O,) that is
higher than the level of oxidation (Oy) of the first material. A higher level of oxidation of the
material can aid in its dispersability, sweliability and/or solubility, further enhancing the
materials susceptibility to chemical, enzymatic or microbial attack. In some embodiments, to
increase the level of the oxidation of the second material relative to the first material, the
pyrolysis 1§ performed in an oxidizing environment. producing a second material that is more
oxidized then the first material. For example, the second material can have more hyvdroxyl
groups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can

merease its hydrophilicity,
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exceeding 250. 200, 150, 100 or 50 C. In special desirable instances, the temperature remains
substantially ambient, e.g., at or about 20-25 C. In some desirable embodiments, the one or more
oxidants are applied to a 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 material and
the one or more compounds through air with a beam of particles, such as electrons. In panicular
desirable embodiments, a first cellulosic or lignocellulosic material is firstly dispersed in water or an
aqueous mediurintiatirchidésttte ote pymigse cbthpounds:tispersentand/dr diksolved therein, water

is removed after, a.5aak, U %gtéﬁ-ﬁ-éslgg)ﬁ)%@e@fﬁrematﬁémwv@@, by filtration)..apd,theg the one or

more oxidants are applied to the combination as a gas, such as by generating ozone in-situ by
irradiatingftfie firsteelgosicorlighoes kidsic el the oA Br more compounds through air with a beam
of particles, such as electrons (e.g., each being accelerated by a potential difference of between 3
MeV and 10 MeV). Soaking can open up interior portions to oxidation. In some embodiments, the
mixture inEl54&&Hhe or more compounds and one or more oxidants, and a mole ratio of the one or

more compoundsite sheneneeidmbrepxidams isdiomabaytol:1Q00doabet:1:85;-such as from about
1:500 to about.1:25 or fro:F ?bout 1:th30 to aboyén.if'za In some desirat%\lﬁ embodiments, the
S ones

mixture fuFfRSH REBES B B bRady FPogUiNoNEST SRS - Gifstnbs Ry G Bne (DMHQ)

and/or onéan nhore hendoquid anps;vlichas RySdcimatidoxyl/dr4lbent oguinene EIMBQ)jowhich can aid
in eIeCtror}iStrl%gg{ & E&%ﬁtziropr}%bessing steps and/or sequences. The oxidation conditions will vary

depending on the lignin content of the feedstock, with a higher degree of oxidation generally

being desired for higher lignin content feedstocks.

In onc method, a first material that includes cellulose having a first number average
molecular weight (M) and having a first oxygen content (Oy) 1s oxidized, e.g., by heating
the first material in a stream of air or oxygen-enriched air, to provide a second material that
includes cellulose having a sccond number average molecular weight (My) and having a
second oxygen content (-} higher than the first oxygen content (O4).

Such materials can also be combined with a solid and/or a liquid. The liguid and/or
solid can include & microorganism, e.g., a bacterium, and/or an enzyme. For example, the
bacterium and/or enzyme can work on the cellulosic or Hgnocellulosic material to produce a
fuel, such as cthanol, or a coproduct, such as a protein, Fuels and coproducts are described
FIBROUS MATERIALS AND COMPOSITES,” USSN 11/453,951, filed June 15, 2006.
The entire contents of cach of the foregoing applications are incorporated herein by
reference.

In some embodiments, the second number average molecular weight 18 not more 97
percent lower than the first number average molecular weight, e.g., not more than 95 percent,
90, 85, 80, 75, 70, 63, 60, 55, 50, 45, 40, 30, 20, 12.5,10.0, 7.5, 5.0, 4.0, 3.0, 2.5, 2.0 or not
more than 1.0 percent lower than the first number average molecular weight. The amount of
reduction of molecular weight will depend upon the application. For example, in some
preferred embodiments that provide composites, the second number average molecular
weight is substantially the same as the first number average molecular weight. In other
applications, such as making ethanol or another fuel or coproduct, a higher amount of

molecular weight reduction is generally preferred.
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In some desirable embodiments, the one or more oxidants are electrochemically-generated in-situ. For
example, hydrogen peroxide and/or ozone can be electro-chemically produced within a contact or
reaction vessel. Other Processes To Solubilize, Reduce Recalcitrance Or To Functionalize Any of
the processes of this paragraph can be used alone without any of the processes described herein, or
in combination with any of the processes described herein (in any order): steam explosion, acid
treatment (including concentrated and dilute acid treatment with mineral acids, such as sulfuric acid,
hydrochloric acid:anshrergabiciaeids, sudhdcsiteftuosoatesic acidobase tréatiment dexgrdtreatment with

lime or sodium hydroxide), UV _treatment, screw extrusion treatment (see, 6.9...- Patent
Appicaton SHAA o B/ 40 Hes Nsvastbiy 18008 S e e it
ionic liquidgpandl Iedke miflinfuisedoe § 5008 Patent APplicdtion SerigdbNG,261/0811709):ut

THERMOGHEMCAL SONVERSION. . moiARetnashemical coRyaraion Rragess inghdes changing

molecular structures of carbon-containing material at elevated temperatures. Specific examples
include ga@iﬁé&ﬁ@?}p%{@I&-S@?%F@ﬁﬁafﬁb%ﬂop@rﬁm‘ﬁxﬁéaﬁ@ﬁ ahtamixiures BLffeseRtptany order).
Gasification capyerts aiboncantaining dnaterialsdntgie:- sYthasisasdsyngashouich gan include
methanol, carbon monoxide, carbon dioxide and hydrogen. Many microorganisms, such as acetogens
or homoad@tEgeEHIE eXBABIe G SHFRG IS HEm R HE B &E AT S IAVR RSB of biomass,
to produce ggaroduct that includes an alcohol, a carboxylic acid, a salt of a carboxylic acid, a carboxylic
acid ester or a mlixture of S#g of these. Gasifigation of biomassa(tcal.c%é%c H&I%Sx'c or Iignr%q}qqug][osic

materials), can bé' dCESMp "e”&eBS?*é \?asﬁg?f/l' o?%%ﬁrﬁi{ﬁgﬁ}é@t of exarﬁp e, gas%f?é"gflon C e
accomplistied thidlizing stagedsteancrefctmptionnwitiylzefl Uidiz ed-bed rgactor i whicnthe
carbonaceg@us m ial is first pyro i sence, f oxy er qitggg Eﬂ%BWO'M%iS vapors are
reformed ?rg%}?/cﬁtr?é%? §r§§n\£v?iﬁ%%§{r?§'3%{§:%§§ﬁggpd h%/ﬁ?(g%%ﬁ %ﬁgtoxygeon. In st:h a technique,
process hestordmeseironvBarhingt dtiar apaiothie reehmigusielites hsorevaugercsaetbrin which

moisture (apdioxygen)aredpiaduced-atihaAuielisis stageand.he arecessdieatis.aengrated from

burning some of the gas produced inothe latter stage. Another technique utilizes entrained flow
reformatiof? i WSS BBtF exeetnal08teant AisdEir ArditPoutiea i LeRnigter stabe [desiication reactor.
In partial axigkatiors gasificatioRPLreTOXYQeR: is wilizedvith-pesieamrRBRRODUCTION OF FUELS.
ACIDS, ESTERSGAND/ R OTHER PRODUCTS

enerally, oxidation of a material occurs in an oxidizing environment. For example,
the oxidation can be effected or aided by pyrolysis in an oxidizing environment. such as m 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 example, a
peroxide (e.g., benzoyl peroxide) can be added prior to oxidation.

Some oxidative methods of reducing recalcitrance in a biomass feedstock employ
Fenton or Fenten-type chemistry.  Such methods are disclosed, for example, in U.S.
Provisional Application No. 61/139,473, filed December 19, 2008, the complete disclosure of
which 1s incorporated herein by reference.

Exemplary 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
perchlorate, and hypochlorites, such as sodium hypochlorite {houschold bleach).

In some situations, pH is maintained at or below about 5.5 during contact, such as
hetween | and 5, between 2 and 5. between 2.5 and 5 or between about 3 and 5. Conditions
can also include a contact period of between 2 and 12 hours, e.g., between 4 and 10 hours or

between 5 and § hours. In some instances, conditions mclude not exceeding 300 “C, ¢.g., not

(2]
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A typical biomass resource contains cellulose, hemicellulose, and lignin plus lesser amounts of
proteins, extractables and minerals. After one or more of the processing steps discussed above have
been performed on the biomass, the complex carbohydrates contained in the cellulose and
hemicellulose fractions can be processed into fermentable sugars, optionally, along with acid or
enzymatic hydrolysis. The sugars liberated can be converted into a variety of products, such as
alcohols or organic acids. The product obtained depends upon the microorganism utilized and the
conditionswwadingAich e bidpidtassifig Ocdurmsccial dRlushla bivenass ateriat e be treated to
rgduce itsyg%caaleﬂ{%iggﬁgae Ilijasﬂn% A0y, Qne gq7raqw(9ggbg(l{|3% ;i;gagfnent methods described herein, such as
with one or more o raglatlgn, sonication, pyrolysis, oxidation and steam explosion, and then at least a
portion of the thus treatédsbidiasscdimbetechvertedutitizing daricroorgahisrirtd Produce a product
that includen ans.onmars:of an plehels.a sarberslic acith e sait ol acarbosylicasida carboxylic acid

ester or a mixture of any of these. This product can then be acidified, esterified andlor L¥r<‘:firogenated,
to form a HABTBFOEWERTS. - sEthanbrafessmd T HsdsCHBIBE EnE BIRDMBRETrEHE, WHIEH are capable

of utilizing.a.syngas frompauthermeshemical:canyersion RracessSscanbeittifized to enhance the
efficiency of the conversion. The carboxylic acid grou{m in these products,generallﬁ/,lower the pH of

the fermentation! 816 atelsairy fr AR TERReh A0 WHAS KPR S SRRGOOT GRS "&liEh Pichia
stipitis. AceRedirglyeitds insamecasesdesirabiide add hasdantéama buffer: befoseuariduring
fermenta:]i;@_r], _to_%}ne ;%p ﬂth@ gl—j of the solyu'%ioni For exam tlg,{ s%gii(u%% h)(gg)x}iggqg&!iimeegan be added
to the ferMBREATSH RIEHIGRTI0 SlUStE tha BEI B e maditm To Tanga thatss optimum fof the
microorgawisen istiized:d by Slitabie) bioprbee ssingunethods @nd discloseth i fof ex@mple, in U.S.
Provisiona  ARRIGRIION Wos Ot -1 e JAPNANCAR: AHAN. dRG COMPIRIS eClagig ofwhich 1

incorporated herein by reference. °Generally, various micrdorganisms can produce a number of
useful probuctsgbuichiasnd fuebnoyoperatiagpriraipthfersientingthebreatededpsh-ssitaihing

materials. ;... e Microrganism Gan-pe-a Htal misioRrganism, of an.angingetegmieroorganism.
For example, the microorganism can be a bacterium, e.g., a cellulolytic bacterium, a fungus, c.a., a

yeast, a piEtor AqsFotsEa8 opCaNIGAECRIOY DA BF&¥iffus-like protist, e.g., a slime mold. When

the organisms ang compatibla:-mixtures of alganismscan:he uillizedmbaemiciaprgasismoean be an
aerobe or an anaerobe. The microorganism can be a homgfemr%?ntative microorganism (produces a

single or & SUBEERAIR SHBIEEHR Broatich! TAE HETBErEANISAT CAISE B HEMoaREgenic”
microorgasism, lalhomelagetic microarganismmaiprepioiic acitidadtefvmirabeibyric atid bacterium, a
succinic ag{')d 1?t c_gg}rium or a 3- hydroxypropionic acid bacterium. The microorganism can be of a
genus selécted fiom the group Clostridium, Lactobacillus, Moorella. Thelmoanaerobacter.
Proprionibactcrium s@rogivmigpe ratidmtorobiogpinilumrandiBactetiotle s speeific instances, the
microorganism GARRE. Jesidm Jormicass iR MnGAeS UM DyHCYm. Mopkella

benzoguinones, such as 2.5-dimethoxy-1.4-benzoguinone (DMBQ}), which can aid in clectron

transfer reactions.

In some desirable embodiments, the one or more oxidants are clectrochemicaliy-
generated in-situ. For cxampie, hydrogen peroxide and/or ozone can be electro-chemically

produced within a contact or reaction vessel.

Other Processes To Solubilize, Reduce Recalcitrance Or Te Functionalize

Any of the processes of this paragraph can be used alone without any of the processes
described herein, or in combination with any of the processes described herein (in any order):
stearn explosion, acid treatment (including concentrated and dilute acid treatment with
mineral acids, such as sulfuric acid, hydrochloric acid and organic acids, such as

trifluoroacetic acid), base treatment (e.g., treatment with lime or sodium hydroxide), UV
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thennoacetica, Thermoanaerobacter kivui, Lactobacillus delbrukii. Propionibacterium acidipropionici,
Propionispera arboris, Anaerobiospirillum succinicproducens, Bactcriodes amylophilus or Bacteriodes
ruminicola. For example, the microorganism can be a recombinant microorganism engineered to
produce a desired product, such as a recombinant Escherichia cob” transformed with one or more
genes capable of encoding proteins that direct the production of the desired product is used (see, e.g..
U.S. Pat. No. 6,852.517, issued Feb. 8, 2005). Bacteria that can ferment biomass to ethanol and
other produtsTipdiuges ve 4 r@jenorezenas Mobilis ahdSClustridium! tersroeliima(Philippidis, 1996,
vapra). Legehine ahaf ém%oaﬂgaaislme}rmakeﬂ%yﬁl}%me}mﬁ@@ QYQA%%WYEMM@TQLQQX) 2002, 52,

1151'1,- 1160) isolated an anaerobic, mcsophilic, cellulolytic bacterium from forest soil Clostridium
phyttzfernzeizirespl hae.ihieh- cbnﬁfefft’écééﬁmﬁé‘e‘t@’égﬁéﬁém 6 I¢érmétithtion of biomass to
ethanol and other products may be carried out using certain types of thennophilic or genetically
engineere@ OO AR MR, Alich GhaIMRAHadrobacter species, including T. mathranii, and yeast
species such as PI?I]hItZ s%eulesiép example of a strain, of | drg}z(gthran LgASI\{M ?erscrl bed in
Sonne-Hansen et a m ied Microbio ogy% d Biotech nologyzfl%én H7-54 ‘f or %\hrlng et al.
(Arch 199?&113@8—@%@21:9@&%&@% aldvirtath e reakdown Tfahs anaterats thetilsclatdé dieooellulose
(treated by any, methpd descrined;herein.onevan MITERAIED 208 B M9te Apzymes, e.g., a cellutolytic
enzyme can be utilized. In some embodiments, the materials that include the cellulose are first treated
with the enzyme (&t %W%Yﬁfﬁgoﬂﬁ%oﬁrﬁ?éﬁ’éﬁ%ﬁdﬁﬁé@h‘zmeaWé‘rﬁ%ﬁu@bd@@éﬂiﬁo‘ﬁhmhls material

can then he,combinadmibAny:micragraanism-dessriped herginda.ether ambodiments, the materials
that include the cellulose, the one or more enzymes and the microor anlsm are combined

concurrenﬂ%}‘f‘é’@fgﬁﬂlf‘%ﬁlB‘r‘r‘ﬁh@slﬁcﬁﬁoaaﬁ%%g%ﬂi’ﬁ@?f’%—eé‘ﬁﬁé‘ﬁfé% Ifsogenlrng Soruefied in an

agueous gﬂf@miﬁhmacbuﬂhdw&rﬁmﬁmmﬂmammm&@Lﬁﬁ&m&@moﬁummtﬁ@um@ee:g} urea,
along with \{ltlm%[fts and trace minerals an &ae%enerall eiferable that the growth medium be

sterile, or At1&48t hsYE 8 T %c%r OXB L EGHRE HOSHELPERTBFOWER medium

may be of any of these. Gasificaton of biomass (e.g., cellulosic or lignoceliviosic materials), can be

accomplished by a variety of techniques. For example, gasification can be accomplished
utilizing staged steam reformation with a fluidized-bed reactor in which the carbonaceous
material is first pyrolyzed in the absence of oxygen and then the pyrolysis vapors are
reformed to synthesis gas with steam providing added hydrogen and oxygen. In such a
technique, process heat comes from burning char, Another technique utilizes a screw auger
reactor in which moisture (and oxygen) are introduced at the pyrolysis stage and the process
heat is generated from buming some of the gas produced in the latter stage. Another
technique utilizes entrained flow reformation in which both external steam and air are
introduced in a single-stage gasification reactor. In partial oxidation gasification, pure

oxvgen is utilized with no steam.

PRODUCTION OF FUELS. ACIDS, ESTERS AND/OR OTHER PRODUCTS

A typical biomass resource contains cellulose, hemicellulose, and lignin plus lesser
amounts of proteins, extractables and minerals. After one or more of the processing steps
discussed above have been performed on the biomass, the complex carbohydrates contained
in the cellulose and hemicellulose fractions can be processed into fermentable sugars,
optionaily, along with acid or enzymatic hydrolysis. The sugars liberated can be converted
mite a variety of products, such as alcohols or organic acids, The product obtained depends

upern the microorganism utilized and the conditions under which the bioprocessing occurs.
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accomplished in any desired manner. However, in preferred implementations, sterilization is
accomplished by irradiating the growth medium or the individual components of the growth medium
prior to mixing. The dosage of radiation is generally as low as possible while still obtaining adequate
results, in order to minimize energy consumption and resulting cost. For example, in many instances,
the growth medium itself or components of the growth medium can be treated with a radiation dose of
less than 5 Mrad, such as less than 4, 3, 2 or 1 Mrad In specific instances, the growth medium is
treated with a doge:ofdigtweenranenillanc: 3-MradicQIHER{EMBODIMENTS: sny dhnamber of
embodiments h?Ye been de§cri e%‘s@&%%@?ﬂ:es% }it W”%h%? Vld,_{hglerstood tha\tﬁvaﬁ%{% 1r]TJodifications may

more of ihe freatinent met ETein, S Oic O more g 1 . .
be made Without depar ing from the spirit and scopé of the disclosure. hile 1t 1S possible to

perform akbtheaprmcesséssdegmétp@@rh:gré'n‘af:aﬂz ak'phei physidahtocation! imsotme @frﬁbb&iﬁmer_lts,_the
pr°CeSSe%9&%&8{&%'&%5&%@&%5\Erédtﬁéhﬁﬂg'%'EEQYOQ&H%I%%%&%ﬂ%@@?ﬁ%- Lignin

liberated in any process described herein can be captured and utilized. For example, the lignin can be
used as castudesias arpheste oritlieairhe syiteticabpgblddt s twerlslagtes. (B instances,
it can be ylilized A AN ERSILYFAHICE: B:le, BEHRShIA BroMideNartugRme instangasdibean also be
converted to lignosulfonates, which can be utilized as binders, dispersants, emulsifiers or as

sequestraifdropRRA k8 RS Et B tedighitreoftEREbs tHe SRR Te¥d88K n be used in process
control in ﬁéﬁﬁhzﬂ@ﬂi@cﬁ@ﬂﬂhﬁﬁ]ﬂaﬂ{ QERB8esS utilizing a syngas from a thermochemical conversion

process, can be utilized to enhance the efficiency of the conversion.

The carboxylic acid groups in these products generally lower the pH of the
fermentation solution, tending to inhibit fermentation with some microorganisms, such Pichia
stipitis. Accordingly, it is in some cascs desirable to add base and/or a buffer, beforc or
during fermentation, to bring up the pH of the solution. For example, sodium hydroxide or
lime can be added to the fermentation medium to elevate the pH of the medium to range that
is optimum for the microorganism utilized.

Suitable bioprocessing methods are disciosed, for example, in U.S. Provisional
Application No. 61/147.377. filed January 26. 2009, the complete disclosure of which 15
incorporated herein by reference.

Generally, various microorgantsms can produce a number of useful products, such as
a fuel, by operating on, e.g.. fermenting the treated carbon-containing materials,

The microorganism can be a natural microorganism or an engineered microorganism.
For example, the microorganism can be a bacterium, ¢.g., 2 celiulolytic bacterium, a fungus,
¢.g., a veast, a plant or a protist, e.g.. an algac, a protozoa or a fungus-like protist, e.g.. a
slime mold, When the organisms are compatible, mixtures of organisms can be utilized. The
microorganism can be an acrobe or an anaerobe. The microorganism can be 2
homofermentative microorganism (produces a single or a substantially single end product).
The microorganism can be 4 homoacstogenic microorganism, a homolactic microorganism, 4
propionic acid bacterium, a butyric acid bactertum, a succinic acid bacterium or a 3-
hydroxypropionic acid bacterium. The microorganism can be of a genus selected from the
group Clostridium, Lactobacilius, Moorelia, Thermoanaerobacter, Proprionibacterium,
Propionispera, Anacrobiospirillum, and Bacteriodes. In specific instances, the

microorganism can be Clostridium formicoaceticum, Clostridium butyricum, Moorella
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When used as binder, the lignin or a lignosulfonate can, e.g., be utilized in coal briquettes, in ceramics,
for binding carbon black, for binding fertilizers and herbicides, as a dust suppressant, in the making of
plywood and particle board, for binding animal feeds, as a binder for fiberglass, as a binder in linoleum
paste and as a soil stabilizer. As a dispersant, the lignin or lignosulfonates can be used, c.a.,
concrete mixes, clay and ceramics, dyes and pigments, leather tanning and in gypsum board. As
an emulsifier, the lignin or lignosulfonates can be used, e.g., in asphalt, pigments and dyes, pesticides
and wax eémutsions céAst besmquestrant; ithé:lignihaordigrndbulfotiatesi clmibenulsed;reigy, ino-nutrient
systems, ¢ ' Y -and.water treat, - ' ) ing.systems.

As a heaﬁ'éw%%é%? |quﬁ§%%§r%g!r§?yvx ﬁgfé %i %%%%ﬁi%@@n}%‘%ﬁ%hgﬁ%‘%%%e?%f%%gl cel"?ulose and
hernicelluleséyBineedt Eontaindanareivatboniiar Homecéluloseorsresasples dry lignin can have an
enemy cqpiehtAf hetwern abaut-1-1,000:and, 12,00-BTpes paund, campared 49.4-,000.an 8,000

BTU per pound of holocellulose. As such, lignin can be densified and converted into briquettes and
pellets forBRiIHGIAFOF SEAMPIEChE YRS Car e erveitaeint FRIMAE By Ay Thettdt described
herein. FegxashawelBwningpaliat pobiguetiesdhedgnin cag. lbe:crasglinked; suchuas maplying a
radiation dose of between about 0.5 Mrad and 5 Mrad. Crosslinking can make a slower burning form
factor. Th% Fgﬁﬁo)factor, such as a pellet or briquette, can be converted to a -synthetic coal" or charcoal
by pyrolyzing in Baetalsénce:offain @ghcathetvesn #6 daha @5 0rcduBrardadayrolyzing, it can be
Sviﬂ{ r‘;" ?r']ee}gg%%%e%%%% é% gﬁ'%%%'%“ ét% I;a[f]iﬁ: é%%' DRMSHALIN G ACrysingly, othet embodiments arc
al. (International Jouwrnal of Svstemaric and Evolutionary Microbiology 2002, 82, 1155-
1160} isolated an anacrobic, mesophilic, cetlulolytic bacterium from forest soil, Clostridium
phytofermentans sp. nov., which converts cellulose to ethanol.
Fermentation of biomass to cthanol and other products may be carried out using
ertain types of thermophilic or genetically engineered microorganisms, such
Thermoanazerobacter species, including T. mathranii, and veast species such as Pichia
species. An example of a strain of 7. mathranii is A3M4 described in Sonne-Hansen et al.
{(Applied Microbiology and Biotechnology 1993, 38, 5337-341) or Ahring ot al, {Arch.
Microbiol. 1997, 16%, 114-119}
To aid in the breakdown of the materials that include the celtulose (treated by any
method described herein or even untreated), one or more enzymes, e.¢., a cellulolytic enzyme
can be utilized. In some embodiments, the materials that include the cethulose are first
treated with the enzyme, ¢.g., by combining the material and the enzyme in an aqueous
solution. This material can then be combined with any microorganism described herein. In
other embodiments, the materials that include the cellulose, the one or more enzymes and the
microorganism are combined concurrently, ¢.g., by combining m an aquecus solution.
Fermentation is generally conducted in an aqueous growth medium, which can
contain a nitrogen source or other nutrient source, e.g., urea, along with vitimins and trace
minerals and metals. 1t is generally preferable that the growth medium be sterile, or at least
have a low microbial load, e.g., bacterial count. Sterilization of the growth medium may be
accomplished in any desired manner, However, m preferred implementations, sterilization 18
accomplished by irradiating the growth medium or the individual components of the growth

medium prior to mixing. The dosage of radiation 1s generally as low as possible while still
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WHAT IS CLAIMED IS: 1. A method of making a product comprisin determining the lignin content
of a biomass feedstock; treating the biomass feedstock ma crial with a process selected from the
group consisting of mechanical treatment, chemical treatment, radiation, sonication, pyrolysis,
oxidation, steam explosion and combinations thereof: and setting a process parameter of the process
based on the lignin content. 2. The method of claim 1, wherein the treating step comprises
irradiating with ionizing radiation. 3. The method of claim 2, wherein the setting step comprises
setting thectisaige ofdpring readiationdo berdieimedﬁ@gpedmmm andtesialting codt. The method of

claim 3, w ; Jd er 1o by weight of lignin in the blomass feedstock.
5. The me?r%g}l%lfco cll:];u%l{%gvjﬁtegrﬁn qﬂ%c%gagﬁggf%&wa 4)0 34 OItjr\]/pé perg nglg to‘ngnm in the

biomass featStogkated with a radiation dose of less than 3 ’\/%md such as less than 4 3. 2or ! Mrad
in specifie instances, the growth medium is treated with a dose of between about 1 and 3

Mirad,

OTHER EMBODIMENTS

A number of embodiments have been described. Nevertheless, it will be understood
that various medifications may be made without departing from the spirit and scope of the
disclosure,

While it is possible to perform all the processes described herein il at one physical
location, in some embodiments, the processes are completed at multiple sites, and/or may be
performed during transport.

Lignin liberated in any process described herein can be captured and utilized. For
example, the fignin can be used as captured as a plastic, or it can be synthetically upgraded to
other plastics. In some instances, it can be utilized as an energy source, ¢.g., burned to
provide heat. In some instances, it can also be converted to lignosulfonates, which can be
utilized as binders, dispersants, emulsificrs or as sequestrants.  The measurement of the
lignin content of the starting feedstock can be used in process control in such lignin-capturing
processes.

When uscd as a binder, the lignin or a lignosulfonate can, e.g., be utilized in coal
briquettes, in ceramics, for binding carbon black, for binding fertilizers and herbicides, as a
dust suppressant, in the making of plywood and particie board, for binding animal feeds, as a
binder for fiberglass, as a binder in linoleum paste and as a soil stabilizer.

As a digpersant, the hgnin or lignosulfonates can be used, e.g.. concrete mixes, clay
and ceramics, dyes and pigments, leather tanming and in gypsum board.

As an emulsifier, the lignin or lignosulfonates can be used, e.g., in asphalt, pigments
and dyes, pesticides and wax emulsions.

As a sequestrant, the hgnin or lignosulfonates can be used, e.g., in mico-nutrient
systems, cleaning compounds and water treatment systems, ¢.g., for boiler and cooling

systems.
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6. The method of claim 5 wherein 0.3 Mrad to 3.5 Mrad is delivered per 1% by weight of lignin in the
biomass feedstock. 7. The method of claim 2 wherein treating with ionizing radiation comprises
treating with an electron beam. 8. The method of any one of the above claims further comprising
converting at least a portion of the treated biomass feedstock, utilizing a microorganism, to produce a
product. 9. The method of claim 8wherein the product comprises an alcohol. 10. The method of
claim 8, wherein the product comprises a carboxylic acid, ester of carboxylic acid, salt of carboxylic
acid, or a mixturéthdraohy sourtt, Hihenngethod ohany oaeof theraboverntidimdioforgibriesmprising

repeating the determining; trqating,and seting, stens,with 2 36004 feedsingks.  Fod2- A method of

making a product, the method comprising: providing a cellulosic or lignocellulosic material having a
plurality of pemertrearboxyhe aeie gicupgsy content of between about 11,000 and 12.506 BTU per

pound, compared to 7,000 an 8,000 BTU per pound of holoceliulose. As such, lignin can be
densified and converted into briguettes and peliets for buming, For example, the lignin can
be converted into peliets by any method described herein. For a slower burning pellet or
briquette, the Hgnin can be crossiinked, such as applying a radiation dose of between about
0.5 Mrad and 5 Mrad. Crosslinking can make a slower burning form factor. The form factor,
such as a pellet or briquette, can be canverted to a “synthetic coal” or charcoal by pyrolyzing
in the absence of air, e.g., at between 400 and 950 *C. Prior to pyrolyzing, it can be desirable
to crosslink the lignin to maintain structural integrity.

Accordingly, other cmbodiments are within the scope of the following claims.
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he material in a fluid that includes water to provide a dispersion that has a first pH; and adding bas o
the dispersio o increase its pH to a second pH higher than the first pH. 13. The method of claim 12
wherein the first pH is between 2.5 and 4.5. 14. The method of claim 12 wherein the second pH is
between about 5 and 7. 15. The method of any one of claims 2-14 further comprising adding a
saccharifying agent to the dispersion to sa charify the cellulosic or liimocellulosic ma 16. The
method gf-¢fai ikocFurihigiepmprising contacting the saccharified material with a microorganism.

17. The method of any one of claims 12-16 wherein the product comprises a fuel.

1. A method of making a product comprising:

determining the hgnin content of a biomass feedstock;

treating the biomass feedstock material with a process selected from the group
consisting of mechanical treatment, chemical treatment, radiation, sonication, pyrolysis,
oxtdation, steam explosion and combinations thereof; and

setting a process parameter of the process based on the lignin content.

2. The method of claim 1, wherein the treating step comprises irradiating with

1onizing radiation.

3. The method of claim 2, wherein the setting step comprises setting the dosage of

ionizing radiation to be delivered to the fecdstock material.

4. The method of claim 3, wherein 0.1 Mrad to 5.0 Mrad is delivered per 1% by

weight of lignin in the biomass feedstock.

5. The method of claim 4 wherein 0.25 Mrad to 4.0 Mrad 1s delivered per 1% by

weight of lignin in the biomass feedstock.

6. The method of claim 5 wherein 0.3 Mrad to 3.5 Mrad is delivered per 1% by

weight of lignin in the biomass feedstock.

7. The method of claim 2 wherein treating with lonizing radiation comprises treating

with an electron beam.

8. The method of apy one of the above claims further comprising converting at least

a portion of the treated biomass feedstock, utilizing & microorganism, to produce a product.

9. The method of claim &, wherein the product comprises an alcohol.
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18. The method of any one of claims 12-16 wherein the product comprises an alcohol. 19. The
method of claim 15 or 16 wherein the saccharifying agent comprises a cellulase.

10, The method of claim 8, wherein the product comprises a carboxylic acid, ester of

carboxyiic acid, salt of carboxylic acid, or 2 mixture thereof,

11, The method of any one of the above claims, further comprising repeating the

determining, treating and setting steps with a second feedstock.

12, A method of making a product, the method comprising:

providing a cellulosic or hgnocellulosic material having a plurality of pendent
carboxylic acid groups;

mixing the material in a fluid that includes water to provide a dispersion that has a
first pH; and

adding base to the dispersion to increase 1ts pH {o a second pH higher than the first

pH.

13. The method of claim 12 wherein the first pH 1s between 2.5 and 4.5.

14. The method of claim 12 wherem the second pH is between about 5 and 7.

15. The method of any one of claims 12-14 further comprising adding a

saccharifving agent to the dispersion to saccharify the cellulosic or lignocellulosic material.

16, The method of claim 15 further comprising contacting the saccharified material

with & microorganism.

17. The method of any one of claims 12-16 wherein the product comprises a fuel.

18. The method of any one of claims 12-16 wherein the product comprises an

alcohol.

19, The method of claim 15 or 16 wherein the saccharifying agent comprises a

celhulase.
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