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SUMMARY

Generally, this invention relates to processes for manufacturing an intermediate or a
product, ¢.g., energy, a 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-containing feedstock may include, for example, carbohydrate-containing materials
(e.g., starchy materials and/or cellulosic or lignocellulosic materials), and may in some cases
be a waste material having an unpredictable or variable composition.

The processes disclosed herein, alone or in combination, change the molecular
structure and/or recalcitrance level of the feedstock(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 and/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 lignin content.
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Other alcohols and alcohol derivatives include propanol, propylene glycol, 1,4-butanediol,
1,3-propanediol, methyl or ethyl esters of any of these alcohols. Other products include
methyl acrylate, methylmethacrylate, lactic acid, propionic acid, butyric acid, succinic acid,
3-hydroxypropionic acid, a salt of any of the acids and a mixture of any of the acids and
respective salts.

Other products and intermediates, including food and pharmaceutical products, are
described 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-
butanol, can be utilized directly as a fuel or as a blend with other components, such as
gasoline, for powering cars, trucks, tractors, ships or trains, ¢.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 anhydrides)

that can be converted and utilized as a fuel. Many of the products obtained can also be
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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 delivered
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 example biodiesel or an
alcohol such as ethanol or methanol. The intermediate or product can also be, ¢.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.
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2008/011598, the full disclosures of which are incorporated herein by reference.

Changing a molecular structure of a material, as used herein, means to change the
chemical bonding arrangement or conformation of the structure. For example, the change in
the molecular structure can include changing the supramolecular structure of the material,
oxidation of the material, changing an average molecular weight, changing an average
crystallinity, changing a surface area, changing a degree of polymerization, changing a
porosity, changing a degree of branching, grafting on other materials, changing a crystalline
domain size, or 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
combination, applied once or repeatedly.

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

DESCRIPTION OF THE DRAWINGS




Al'l publications, patent applications, patents, and other references

menti oned herein or attached hereto are incorporated by reference in their
entirety wonosldzg2bat they contain. DESCRI PTIO N OF THEPDRAMENGSEIS 1 is a
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car bon-cont ai ni ng feedstock having a variable lignin content. FIG IAis a
flow diagramillustrating steps of the process shown in FIG 1 according to
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for maki ng et hanol. DETAI LED DESCRI PTI ON Bi omass feedstocks (e.g., plant
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relatively homogeneous in composition, for example a shipment of corn cobs, while other

feedstocks may be of variable composition, for example municipal waste, ¢.g., various waste
paper streams.

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

In some cases the biomass is a microbial material. 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 (¢.g., cellulose), for
example, protists, ¢.g., animal protists (e.g., protozoa such as flagellates, amoeboids, 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 (e.g., macroplankton,
mesoplankton, microplankton, nanoplankton, picoplankton, and femptoplankton),

phytoplankton, bacteria (e.g., gram positive bacteria, gram negative bacteria, and
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treatnment, radiation, sonication, oxidation, pyrolysis or steam expl osion.
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lignin content cal culated. |In _some cases, .the feedstock may be pre-treated
to hono@ERPYEPCR,SYSiems gnd myads Eghbemicd i sembEnusfts of 1P, BieanI ¥ Chy
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€9, af%ec?sbo%%s gier%erlrzrllil%d ds ep ltOYW, and thrgl)l,r ‘t?asieg 8 mqugnin content, the type of physical
treatment(s) (e.g., mechanical treatment, radiation, sonication, etc.) and/or one or more
processing conditions required to obtain the desired product are determined (step 102). If the
feedstock has a relatively high level of variability, e.g., municipal 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 (e.g., as disclosed in U.S. Provisional
Application No. 61/081,709, filed July 17, 2008, the full disclosure of which is incorporated
herein by reference). In some cases, ¢.g., as shown in FIG. 1A, two or more incoming
feedstocks can be mixed together to form a combined feedstock, and the lignin content of the
combined feedstock can be measured.

Methods for preparing samples and determining lignin content are disclosed in

Department of Energy (DOE) test procedures NREL/TP-510-42618 (Revised 4/2008),
NREL/TP-510-42619 (Revised 1/2008), and NREL/TP-510-42620 (Revised 1/2008).



f eedst ocks can be m xed together to forma conbi ned feedstock, and the

| ignin content of the conbined feedstock can be neasured. Methods for

pr epar i ngveanplmss2and determ ning lignin content are di PCirasea0ioesys?
Department of Energy (DOE) test procedures NREL/ TP-5 10-426 18 (Revised

4/ 2008), NREL/TP-5 10-426 19 (Revised 1/2008), and NREL/TP-5 10-42620
(Revised 1/2008).0Once the lignin content has been determned, it can be
used, e.g., (asebe HgnitIPhtentdRk byerdddt@irihdied caebatbsans i, pasddeinween | i gnin
content and recalcitrance, to determ ne the processing conditions, which
are t he&mnifgakly degeripedgelgHensding Herrvasn preain coniang pndisa3ICitiapee, ExdgipnEne as
shown i , LHIBE i
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detail belaow |If desired, the oytput. of the process can be nonitored (step
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measur §EBIN fakRId#PhRBdstddkGas Wilt b @B ATR igthdr ABaM @kig¥e, purity, or other
characteristics of the output can be neasured. The output nmay be the final
product, or lfdgsited, tha obiputeitbdpricessman baatonitered(stap 186.I1HGn bk ehd theosi ¢ or

| | ul osj terial havi d | cit . Referri to, FIG 2,
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for exanpl e an al cohol such as ethanol. Such a process can include, for
exanpl dhe fadhaedushlor ynayrbsamni ipigrmerbatp peaiicis skch(astad pnegdiulosedrgculgnid/ or

after HQ%%ﬂ$ﬁsg&ng&£Fe&%%gﬁgﬂg>éhe feedstock with another physical
treatment, Tor exanple irra |af|on, to further reduce its recalcitrance

(step 112), Ryfekrinb@owpdodtEs3,iingnt Beanliple dcadectheddstyodikedseedpbodeics e desi red
product, (step 114) which is output, e.qg., by distillation (step 116). The
i ndi vi dBRRra&3ddplo proeess orgRyREREunRe 3 PRduGe& 85 PRERY-iThel goedior meErghy forrhe

st eps rj LRI qnte . tJ r j 109
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structure of the_ feedstock, as shown.. Bl.OMASS TERI S The bj omass can be,
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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 setting 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, ¢.g., a cellulosic or lignocellulosic material. Such materials
include paper and paper products (e.g., polycoated paper and Kraft paper), wood, wood-
related 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, e.g.,
cotton. Feedstocks can be obtained from virgin scrap textile materials, e.g., remnants, post
consumer waste, ¢.g., rags. When paper products are used they can be virgin materials, e.g.,

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



materials, e.g., particle board, grasses, rice hulls, bagasse, jute, henp,
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carbohydrate is or includes cellulose (1), which is derived from (b-glucose
1) t hr coghdsomiensathagvmgamcelof mod) Bdl4rbulsigds endlmavasg a Minhkerlavedegge contrasts

itself with that. faor a(l, 4)- sidic.bonds. present .in .starch and ot her
car bohy st Srigh ey Marebirch 0P i Ot i B RSB 9B P gR s ar o,
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barleymnﬁ%%§§%%%oﬁ%95%s oca, sago, sorghum regular househol d pot at oes,
sweet potato, taro, yarns, or one or nore beans, such as favas, lentils or
peas. Blends of any two or nore starchy materials are also starchy
materials. In particular enbodi nents, the starchy material is derived from
corn. Various corn starchesHind. derivatives are described in "Corn Starch,"
Corn Refiners Association ( 11th EJition, 2006). In some cases the biomass
is amcrobial material. Mcrobial % include, but are not limted to,
any naturally occurring (gere : ] Croorgani sm or organi sm
that contains or is capab egﬂﬁ pry SO etiof car bohydrates (e.g.,
cellul ose), for exanple, pr sts-e77Q. N ar protists (e.g., protozoa
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mesopl ankt on, m cropl ankt on, nanopl ankt on, picopl ankton, and

f enpt opl ankt on), phytopl ankton, bacteria (e.g., gram positive bacteria,

gr am negavoweloxass2eri a, and extrenophiles), yeast and/ orcmivstamwms3ef these.
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utilized for makin g of t EW t descri d he éEI n, such as e hanol
acetic yalersejoro?neérﬁ@q %%lsa% ap %9 Y APvorar gngrpsigrchy

Pr 0CeSSRScGAY alc MU cIRNRaRFiaRD L éﬁwﬁﬂﬁ’exﬁlﬁocﬁﬁ@rﬁ@ esardnhechiipn @ n. such as
mechani cal treatnent, chem cal treat ment, irradi ation, sonication,
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applied at the same tinme or at different tines. O her processes that change
a nol ecul ar Istsomefcases thaf biambssasa ssciobat stacrial. nmycrabiabsob&eﬂﬁmdhdeameee or in
conbi nati ﬂn W.t h theatg‘ cesses. di scl ose her nore of the
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or other types of mlling. O her rrechanl cal treatnents include, e.g., stone
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phytoplankton bacteria (e.g., gram positive bacteria, gram negative bacteria, and

extremophiles), yeast and/or mixtures of these. In some instances, microbial biomass can be
obtained from natural sources, ¢.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

Blends of the biomass feedstock with other materials, e.g., carbon-containing
materials such as pre-coal or coal, e.g., peat, lignite, sub-bituminous, bituminous and
anthracite, oil sand, 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

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

herein, such as mechanical treatment, chemical treatment, irradiation, sonication, oxidation,



and shattering the cellulosic or lignocellulosic materials, making the
cellulose of the materials nore susceptible to chain scission and/or

reduct i orwofzoowopss2al linity . The open materials can al sechascewwm23957
susceptible to oxidation when irradiated. In sone cases, the nechani cal
treatment may include an initial preparation of the feedstock as received,
e.g., size reduction of materials, such as by cutting, grinding, shearing,
pul ver igirslgsi®br stba pkplgsiof 0T re@¥adtip hethdds cabeusdsiesombinasensiFedstacd, (e. 9.,
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In some cases, the mechanical 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 chopping. For example, in some cases, loose feedstock (e.g., recycled 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 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,
¢.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, and
mechanical treatment includes shearing to expose fibers of the fibrous material. Shearing can

be performed, for example, using a rotary knife cutter. Other methods of mechanically
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can have a pressure bel ow nom nal atnospheric pressure, e.g., at |east 10
percent bel ow nom nal atnospheric pressure, e.g., at |least 25 percent bel ow
nom nal awvousphmwss2e pressure, at |east 50 percent bel owpnwrdse@b/o2d9spspheri c
pressure, or at |east 75 percent bel ow nom nal atnospheric pressure. In
sonme enbodi nents, a vacuumsource is utilized to maintain the bin bel ow
nom nal at nospheric pressure. The cellulosic or lignocellulosic materi al
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include lignin. Also, to aid in the bfeakdown of the materials that include

cel | ul deéc fibves, mmd eiriattiticamiliegt Sedatéeimpchaprcal treaymenity fumiger medinderviny al

2 <t r ongrostreansef ke b drodiy BuRETo oy Sefefek an enyme. For o

exanpl e, gripdédn@d b nReharsdl9rRedinatéMe chi BS pRs& Blodh aagt@dnMeghani cal
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char acthevingtangycrgge ApAENE $iat olelk ahpineor bﬁﬁe@/ K6 iachydG6 inddi) z Bssongpeci fi ¢
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i ncrease erate o I ons or ne required by
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f eedst ceresn disrfeadsiaskn d he §radsiork sphgars eetmeélh statienary pladey %?éirrptatlnsﬁlagif%w e,
dens: ty° ST TR R IGEN R RASE, fuchiiRSHTR Mnd eI B BB o,
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fi br ousitmaspdeiiaprastree.f Inpwne epfibadireents chaninaalspyree rssatledd teameiniaah 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), a hydrated state (e.g., having up to ten
percent by weight absorbed water), or in a wet state, e.g., having between about 10 percent
and about 75 percent by weight water. The fiber source can even be mechanically treated
while partially or fully submerged under a liquid, such as water, ethanol or isopropanol.

The cellulosic or lignocellulosic 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, or steam.

If desired, lignin can be removed from any of the fibrous materials that include lignin.
Also, to 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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can have a relatively large average |length-to-dianeter ratio (e.g., greater
than 20-to-1), even if they have been sheared nore than once. In addition,
t he fi berwoabioidess2bi br ous materi al s descri bed herei n maychaseoi@/oemsati vel y
narrow | ength and/or length-to-dianeter ratio distribution. As used herein,
average fiber widths (e.g., diameters) are those determ ned optically by
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areas are nulti-point surface areas, and poragsities are those determ ned by
mer cur yhaBeGERtiRstHgh a3, forraramplee precH MmNt siggsosnscifigtlengthrto-pidihtrer age

| engt h-t.0-:4i r .0 0 [ i terial can
b . grocinl SRRLEare Rl Mechilal skt i RLRRSTRL ke LE RLERLIE! 76) T

gr eat erreduranh@frotsssmpemtereqinahb2dpchingarp the eateiald dandmOOigd theAnmancer age

fiber length of the nechanically treated material can , . e.0., .between
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e.g., between about 5 mmand 50 nm e.g., between about” 10 mmand 30 nm 1In

sone erdodwidmaerits aftef medtenfcebidsatockt the matetiabhasisbuitatiersitglof tdye theh &ikbar d

devi ati on of the.fibekr hs0 he ne nically treat ekl gl .can be
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material can be, .e.qg. reater than 20 percent, greater. than 25 percent,
gr eat ercieéﬁﬁﬁd%sr%fﬂg@hﬁ?e Yt el oty lsbethapdohinetraliuncehaioso per cent
gr eat ergi{thsiiod percent, greater than 80 percent, greater than 85 percent,

greater than
As used herein, average fiber widths (e.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, e.g., greater than 8/1, e.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, ¢.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, ¢.g., between about 5 um and 50 um, e.g., between about 10 um
and 30 pum.

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 25 percent of the average length,
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90 percent, greater than 92 percent, greater than 94 percent, greater than
95 percent, greater than 97.5 percent, greater than 99 percent, or even
great er twenoB@9ss2percent. In sone situations, it can becdaskoiabobmst o
prepare a |low bul k density material, densify the material (e.g., to nmake it
easier and less costly to transport to another site), and then revert the
material to a lower bulk density state. Densified materials can be
processed thah Byer&dnt bhehcnRtiage enges tisd had Shri@hiof the avidygotBh@h] d@levpi ocessed
by any of the nethods described herein can be subsequently densified, e.g.,
as di sdrvdean | pergpyt2d 88 yeEséenetiadi at i on Treatnent One or nore radiation
processi ng t : provi de a
St ot ar ol y o F DA s AR PR P oo AR RERR! PEfe ARER

pr oces sireigershaps. | amdy, erg. secutenbas0.25 nragigataia thanahns nf(y gex@nyilae,1.0 educe t he
nol ecul ay wei ght and/or, crystallinj of feedstock. |In sonme enbodjnents,
ener gy raé%o%?ag%f&h%ﬁé ek b bt 13 B @ag@gteawag :gé)c@r/gngrﬁ?%lfﬁh@%i at oni ¢

or bi t alrxf‘/é, gile"-eﬁ& théh 24 fna%', Blettet hen @@Eﬂg,%&&ter'{'ﬁtﬁl §Q%¢'/g3}tgké&'fbr'ma)ﬁ é@fv‘m%PV' ded
by 1) heavy charged particles, such as al pha particles or protons, 2)

el ect r arsateghadlTede, goatcestanyDe m’ig ghretea thada) nove, eretdritom Hani/g, or
accelerators, or. 3),.electromagnetic radi ation, for exanple, gamma rays, X
rays, Of uBt¥ ﬂ@Pgésﬁgﬁ%_ I n one approach, radiation produced by

radi oactive 5ybskiNn6EMHecdaRhAgcdSattatdd hittadicah 8clde, freaedsthag RO pbiteHONE
enbodi nents, any conbi nation in any order or concurrently of (f) t hr ough
(3) mayergaserthin g%w.cent;grafﬁ@lt thap 32 ppricocercatel den B pargaet peatcatiaatlon (e. g. ,
produce i | ectr Ltters e Og 4 |.a

Feedst do Mg G Zh A R Gk BhS FAnaat g bt bEh bRt Dot cut ar
f eedst gkperdont, goaddhe, 9pa@bentlaseserahar patémnpreasr thieak peker gahtebonds
within feedstock conponents. In sone instances when chain scission is

desi r ah@ dhapeiccoripasT than 3P Mercahle F SeaIZresgritan %5 aerésMabl e, particl es

heavier t haﬁn%b&%%{at?dgﬁms,ﬁ‘r’% t?egdﬁgigﬁ%é’ rlelghgréh% BH&! Rhsi g%ﬂaf, Q0sRifyS1 11 con

ions, neon ions, C on ions, ru oxygen 1 oris nltroggn i ons
can be th¢ nateret(c. ghhemakicngeasiee andigscluatin tethaspon o aotidesiteednd thos irdviewrtel y

charged. partic|les can tilized for thejr Lewis acid pro ties r
enhancéag WF‘?&GL@_rﬁ lﬁae&ﬁ@k Rpsdity nﬁe%%?ede%%ﬁ ,Ca'&ﬁ%arm?%m@k? Fion is
desi r edyctR¥HIRBCrRAScFAN o@%%y hia{e!ril%lﬁﬂpocé’s@é’d vhery ok MeMJak HERELODhdrSin,

desired, nitrogen ions can be utilized. In oné nethod, a first nmaterial
t hat i scanbeisneseqamslycendifitbsea. adisetpsed i WE 201848 8@ver age nol ecul ar
weight (MNL1) is irradiated, e.g., by treatnent with ionizing radiation

(€. 9., Radiation Treatment

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 and/or 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) electromagnetic
radiation, for example, 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 to irradiate the feedstock. The doses applied depend on the desired
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in the formof gamm radiation, X-ray radiation, 100 nmto 280 nm
ultraviolet (UV) light, a beam of electrons or other charged particles) to
provi de aveeomnmu3sswat eri al that includes cellul ose havi ngca/tse@oneisunber
average nol ecul ar weight (MN ) lower than the first nunber average

nol ecul ar wei ght. The second material (or the first and second material)
can be conbined with a mcroorganism(with or without enzyne treatnent)

t hat cayfifeut dddi tae parficulaeoddo &N diodxdrhpls] hipRtieyek af radiatioh $af break cheigidhl sugars
or lignin to produce a fuel or other useful product that is or includes
hydr og&?Pd%twltg1ncf6?ﬂ§F0°%<éP§1P9n@%t% aePmsringRcahphen ehpdmsession is dgggableyy

t butan h/or B ik fl?[fcitig alf?'zaﬁé/ S gl'i‘%ﬁ)(? glrticfgs)hrey\;i nel A% on(gf utcH%§e.'
gc g(rp{{ (fg h { SII% % g ?/ec ul

Since the s mat er1 al has ce ose ving a reduced no ar wei ght
r el at i yeotoos,theBurhinuskei, negoarioad, siliaoilians, r&:orréqﬂsnsatrbmcieas, phosleducieds,

crystallinity as well, the second. material.is generally nore.djspersible,
swel | aBt*eedh@Pdr” %P&ftﬂ ony ﬁanabes‘&}ﬂl}g&oW@Bﬁ{n&r‘?ﬂ_%ﬁ’@lgéﬁﬁlinéf”é%}%é%faeé&’? nd/ or an
enzyne.noliRes JBLRRE phitRfes TRK e hilg,ca960MMir TR dcdd {)1!69&1%& B CRR4CBY Bing O

chem cal, enzymatic and/or biological attack relative to the first

mat er i alpeningicbincainsign.eBior axaimpie, ehen tasimuro gy clatiomisrdetiecda gy gon ipnsognct i on

| evel qf a.desired,product, e.g., ethanol,. .Radiation can also sterilize the
mat or | Ao TIGEE 4hd R Pt Rim it SRV at Ao RaO R AT S0

enbodi ment s, Intone n&BANE iR TRLEri AU RAE iALRGELRiloYEh S 4 Nt durhBerl Ower t han
the first nunmber average nol ecul ar weight (MN 1) by nore than about 10

per centavergg moleoglar ;gight Mng0s irggliatad) ¢. g5 (hygesatraent widolopemneaadiation (ce&en nor e
th b . hn. i NSk teri |l ul
o R R iSRS DR R an PR G B VIRSE  ) °5

t he celdeuinasgel@irohder dthérsharyal paitiales) b@roddansd@dnd fatdriat eiat bheludewer than
(G) by nore than about 10 percent, e.g., 15, 20, 25, 30, 35, 40, or even
mor et aHulgpolAvinDR preped REMPe aysingc aipbsalansreight (Mo lewar thamicdityist al 1 i ni ty

i nd . C . ‘ g,
i ndex (REiRE (a)é;é?aéer @g%%ﬁ%%@%ghﬁ St Hersgégn?lt}ﬁé{En ‘Wmt t‘ﬁg gil?%%gh(ai. %gcoﬁd Hga':[&ﬁw can®- 9

fromabout 50 to a rcent or from about out 70 percent, and
t he cr yetcahlbimdtwith adeoroafgheismi (withdir atithont ¢rszyfic orontolbatit thdtcah aitibibotie 50
e e T T ot RS RETGE S LSTER g0 200
| 1 radi agrb@de ol is 6 iR Bl Brolen. AR oo FleX 2 Rldnb N DrddIRKctPhs 1-OURL of han 5
percent. In sonme enbodi nehts, the nmaterial after irradiation is
subst aritaiol )y amengaph @, a hpdrecarboreabmdituenotanytdighestar t i ng nunber aver age
mol ecul ar \Aeéigpetthé Qerciogcri n%a?erial 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 a microorganism

and/or an enzyme. These properties make the second material more susceptible to chemical,

enzymatic and/or biological attack relative to the first material, which can greatly improve

the production rate and/or production level of a desired product, e.g., ethanol. Radiation can

also sterilize the materials, or any media needed to bioprocess the material.

In some embodiments, the second number average molecular weight (Mx) is 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 cellulose of the first material. For example, (C;) can

be lower than (C;) by more than about 10 percent, ¢.g., 15, 20, 25, 30, 35, 40, or even more

than about 50 percent.
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irradiation) is fromabout 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
nunber awsoagm/msdecul ar wei ght after irradiation is freoraseunozds000 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 sonme enbodi nents, e.g., after
extensive irradiation, it is possible to have a nunber average nol ecul ar

wei ght of | dasotbambabiontnts] heQORHiNE ciiV@NINiitQSSddk pHoad GtthdibtidH) Gs frbm sonme
enbodi nent s the second material can have a | evel of oxidation (Q) that is

hi gher APREGAG RDPEENS PRro@ti wt from abert Ship atbﬁ\ét #5i peggenfa B about0fpgher
| evel Qafb 7@@%@2 ra% t@@ﬁ?@ﬁlﬁ{& ?rldeg %ﬁelal'nq {aﬂoh Essfrc?h %B&{t%% IaHuM 50

smellabl t her anC|n e naterl
susce ptpebaeht ). tfeorn labxmtdélto also*uz yhgttcentar chm) hlowit aa lto aliduad@ peidcants one

enmbodi nents, t.o |ncre the | evel, of the oxidation . of tqﬁﬁ %Hﬁnd mat eri al
rel at i V&OVYD/SF-HB SPF §1En iMentsaf-2- pHEr §Xtenstyie Arpgationg “ﬁ%P‘PSélf @ W¥N8ér an

oxi di ZIdi'gstﬁﬁﬂlw RABEBE lowRr than SYRAGNt Al ARkSTboafm@ts, tRY mREYigeFer Pr oduci ng a
second nmaterial that is nore oxidized than the first material. For exanple,

t he sedondiatiet Brsubitargatly hewephwos.e hydroxyl groups, al dehyde groups, ketone

gr oups, est I’OU oX c aci ro can. increase its

oo T i TR o i R, AR aarlfe B A PRE mof Byl B 585 ° he

car bon- 1@@&1&@@@'@&019%@&1 @do oooatola%ﬁﬂsczdoam ket AE25@6000Rt8ba ned by

t he en%v%é of 'the radi ati on. Heavy char ged fartlcles prlnarlly ionize
@n

mat t er WSardram sleant £89.00@to &h@rdt A thsewmbienperagstmelaenlyrodigite
ener get ‘?Jfa%lf t{oﬁnffr%rgadtbo ”«?é’o 6@' tﬁ*&%&u Ri0pB éTEt hSh aboaﬁ(létg%(ﬂﬁtr tat'bﬁl s are

|dent|ca he ' nuceis o ium a ohlah are pro e al pha

decay of50y080i00 thont &diu02@,000/® dbeal E15, 008U dHLvAS/ ct, smts@ﬁesmi)dlhiemm B., afp@l oni um
astati ne, radon, franC|un1 radi um several actlnldes such as actlnlun]

t hor i urfXtqRsRiRAiatias ttinpRAMPICigriave? NHEIDEF BicHIZE Mol erwiativegiglhof Lgse than
p'UtOnh%ﬁthﬁﬂxﬂﬁr%&9k§§ﬂﬁﬁ%b&ﬁ%“k%ed t hey can be neutral (uncharged),

positively cﬁarge or negatively’charged. \Wen charged, the charged
particles cdn sbmalenﬁméimmtsetlmmscdnd\matenalrwgaava/aale&bﬂaaf@mdadon 00))ttheplie

charges, e.qg., one, two, .thre r even four re charg In instances
o diieehBish 68 Ryt olfpidsbie bo Ploa st vty L Riehgel i oricklied REYEDe
desir al}h@cerlélr&aﬁ)ﬁfdtm%%lm?grsﬁlg[ﬁ{}f s@@l‘l%lﬁy'ﬁﬁ&/‘df Solub I8N riRdct beaBSing e Ut i 1 ZEd

the particles can have the mass of a réesting el ectron, or greafer, e.g.
500, 100@erlaﬂm§ce@0bﬂ)lty toochemdcabrengymatil@i@iogictl at@skthlesonmnbﬁdlraerrtesu ng

el ectr ® 'inc'?garse 61@ 1 of tl}eho?(l(?a%ro}l io J[heessegoa% rna%erlal Fel 3 toCHle Ers?rna sl tthel atomi ¢
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 material. 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.

Ionizing 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 scattering; furthermore, these interactions produce energetic
electrons that may further ionize matter. Alpha particles are identical to the nucleus of a
helium atom and are produced by the alpha decay of various radioactive nuclei, such as
isotopes of bismuth, polonium, astatine, radon, francium, radium, several actinides, such as

actinium, thorium, uranium, neptunium, curium, californium, americium, and plutonium.
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unit to about 150 atomic units, e.g., fromabout 1 atomc unit to about 50
atomc units, or fromabout 1 to about 25, e.g., 1, 2, 3, 4, 5, 10, 12 or

15 anmu. Asoebsvmsszws used to accelerate the particles caoThs2@bmeispst atic
DC, electrodynam c DC, RF |inear, magnetic induction |inear or continuous
wave. For exanple, cyclotron type accelerators are avail able from I BA,

Bel gium such as the Rhodatron(r) system while DC type accelerators are

avai | abl e f rwheRprticle@uteluBAz¢d) diustdah dk nestud iudchatded), Pysiandly charged or 1 Ons and
ion accelerators are djscussed in |Introductory Nucl ear Physics, Kenneth S.
Krane, ne&pfivoly shayecd. J¥hen chapged, theahmped pprdielss prebesE 2 spgly poaite®r (1997) 4,

177-20 U, AR . R VJ f 1 - "

ool uip et chitae oA iplc chHREN R e I bOBYCHTBH o 16 RKarges. 1n

" Al t er riagtimgs RhaBieh Ebgin seidsibtisDiEkiréd posidealy chapedvediiclas mag be desiabter a1
Proceedi ngs of EPAC 2006, EqQjnburgh, Scotland and Leaner, CM et al.

" St at u§a5ffoF ﬁ%t@gﬁ&‘ﬁ%ﬁ% R&E@ lql%arsgaﬁ%%t rﬁi'gmc?%%eélém hgnass oEpac

2000, \Q@ﬁﬂ% ol EMh 6@greé§é‘z‘?’€%_.,r5@§j AjoooDsdvasoddI¢0 ddy BRL@GE 00f008 t2hQNhd | cant
penetration depth into a variety of materials. Sources of ganma rays

i ncl udenzsadif eacsting elenuieh.eFor esxamipleatheipdiadgann bhveobabs of foah eban1 atomic

techniciu hraonjum .gal lium [ ndi iodine, .iro rypton, samarium
el ent i R B0 P B A SR AR L R Bangrt B P vl ect r on
beam cakdrh Sb& Wb abowr@t5aé. gt ar get 4, 5, S0C 2 8514 WAGS heBel OatoiPhadE RELF Pate

al l oys, or conpact |ight sources, such as those produced commercially by

Lyncearihe Botieler sarf o clegtrastaiic Betelacaferamie D(x &ulthead snagastiivmduetiovadm um
| _ or i nf Cation i o y A
anps. oy oCr.ecén{uglg%fs _rv‘va%g{”?gre ésx%ﬂl&e, @’@P%%{yég%cée?ﬁqgta%esr% Sa/\?[lﬁgle f?&%ﬁﬁke”' €

w ndow ceram S S ThC rons, evin type

RF sourB&giung bucht 3hdRBGHasOHRGS Steinh athile M B AysHl @@en, aroxygable fabm ni t r ogen
gases. |l n sone enbodi nents, a beamof electrons is used as the radiation

sour ce.RIAL pewntBd¥ Indpgteiels sied ay dlsc Prieangigroa®t deessindfiompeglesrais aradisesgad g. | 1,
5, or i . tay and | ess
conti nalmniostp bR BRSRR endhc EhSBHP Wy € G CRIL HAE Ke g

chai n sutiesiAIKAB adiior) onl77ebes tan®vilaw TQ “onefgiwvesf bikhdloh@BdyRY can have
a penetration depth of 5 nm El ectron beans

h 5 10 30 nmor nore, such as 40
can be JersraedimpsOhioplCRIdAEANMegling: [82ReYach2006.dwsadecigener at or s,
“Alternating-Phase-Focused IH-DTL for Heavy-lIon Medical Accelerators” Proceedings of
EPAC 2006, Edinburgh, Scotland and Leaner, C.M. et al., “Status of the Superconducting
ECR lon Source Venus” Proceedings of EPAC 2000, Vienna, Austria.

Gamma radiation has the advantage of a significant penetration depth into a variety of
materials. Sources of gamma rays include radioactive nuclei, such as isotopes of cobalt,
calcium, technicium, chromium, gallium, indium, iodine, iron, krypton, samarium, selenium,
sodium, thalium, and xenon.

Sources of x rays include electron beam collision with metal 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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transforner generators, |ow energy accelerators with a scanning system | ow

energy accelerators with a linear cathode, |inear accelerators, and pul sed
accel er atwo010&98$20r ons as an i oni zi ng radi ati on sour cepPcamsb@owsmsul ,
e.g., for relatively thin piles of materials, e.g., less than 0.5 inch,
e.g., less than 0.4 inch, 0.3 inch, 0.2 inch, or less than 0.1 inch. In

sone enbodi nents, the energy of each electron of the electron beamis from

about 0.3 MY sb@cabdotinns, Mbvarﬁms'fbllebt@dsmeb asddraemha/@btasipn s@urk., A foeamosibout
0.5 MeV to about 1.5 MeV, or from about 7 MeV to about 1.25 MeV. El ectron
beam i relesdfions hasriheiadvaategenebhigh dosegatss éfag ¢ brimeF ey 10 Mradongr pesongh digh

I t
D 6go. g B8 el i des SEh AR ko bR, A RYRHA (oS ey,
or 10 Wﬁlmeﬂﬁa}ncmingmlmmtS‘cmmobeénimddmadle&tctrom lobevrigeameeweot 4 EhMed’ dankW 5

kW 10 kW 20 kW. 50 kW W 250 kW 500 kW The | evel of
depol yr‘l@?’?i‘@?ﬁl%w%’fld?ﬂ’fgofééﬂé HHROH@BE%H%C HeMe| ect ron energy used and

the dose apptib&fhn W@ahﬂs%aﬁﬁ@geﬂ&aﬁe& 'er? W%taﬁ@ E&@at@ﬂ"\@e{sceﬁﬁ%eﬁ@rﬁ 1S,
Typi cal doses may take val ués of 5 50 kGy, 100

kGQy, rtr@@ﬁmln@ygenbmmrpdomeoblgyBematlémmth hs&nmagvsyeuent tmmelmrgy:t rons can be
utilized to rials, such drates or erials that

el uae eaPisisy it el eleaghodd oSG Sl o TN B RTprEloa I Pty

mat er i ainSenisin@r&ditidBdoRFdcalas be Akefll, ¥l rf@[smfafnvalwhﬁfpﬂteb 85RarAds0d RelcSs
described herein. For exanple, protons, heliumnuclei, argon ions, silicon

i ons, rtban0.p ared, ear tesh thaéiri)s“ insha hditolis 0.2 areh, oplestydan pdrlQClbrInrwmeogen i ons
can be dnﬁgn(%s tﬂéﬂ'ef‘neﬁ)%’sofee%?l?glleg?&{ gfthgg Etlr CA ?esanbl%aﬁl rfglb%utt%@ 19[ %Ctgr ons can

i nduce eh er —ano N "Sci ssSion re er part| cles). In

sone i %bﬂtrﬁ:&Me\pQﬁilIﬁ(bn/ﬁbotrdhhaﬂtgﬁd.gQ&’fdm abas ocsaMeVrtdub@Jthl eV, anfiont s of
chai n scission than negatl vel\y charged particles due to their acidity.
Heavi erabpihr Q-7 MV eabeut £dn MY .generated, e.g., usi ng | i near accel erators or

cyclotrons. ct?o‘ﬁ{ﬁ%aﬁlmggfa{f&?a?%cégglg aﬁ&? 8%159 @?&t rod @tﬁ&h‘?orpfseérﬂe beam i s

from about 1. tom cunit unit, e.g., from
about ApEidAti@tsphowvaimia-NewcaBolgiund pBhe Tl /Gateorhtdony Sah Diggo, CAONTgfnoalt 10

MeV/atomic unit to abopu 000 MeV/ atomic_unit. | rtain enbodi ments, ion
beans LP%@&FOPGn?TlgFeé&P%g%E é\i?\g glﬁ&g gr%‘il%Y’iOéIqQ(ﬁ‘é\E ITYPIB? on
mat eri alefm iF8MaliEHMIE PRI S cﬁﬁ‘ﬁ@ 1 ‘RW‘" 3 ywe10kw, 20-kwW oo @avam ew, bomipeans
can include mxtures of two or nore (e.g., three, four or nore) différent
types ofr 500h3V. Eheleptlafydepolymerization of the feedstock depends on the electron energy

used and the dose applied, while exposure time depends on the power and dose. Typical

doses may take values of 1 kGy, 5 kGy, 10 kGy, 20 kGy, 50 kGy, 100 kGy, or 200 kGy.

Ion Particle Beams

Particles heavier than electrons can be utilized to irradiate materials, such as
carbohydrates or materials that include carbohydrates, ¢.g., cellulosic materials,
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
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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m xtures can include carbon ions and protons, carbon ions and oxygen ions,
nitrogen ions and protons, and iron ions and protons. Mre generally,

m xt ur es Wb 2aryo9ed29t he i ons di scussed above (or any ot hecTtiuse&)/oe®s7 be used
to formirradiating ion beans. In particular, mxtures of relatively |ight
and rel atively heavier ions can be used in a single ion beam In sone
enbodi nents, ion beans for irradiating materials include positively-charged
i ons. Tint tp@bouticyEIoMeViat@ed unins g G adnm dboutisl®ie W/ afortix afflte abqegigoovel y
charged hydrogen ions (e.g., protons), noble gas ions (e.qg., helium neon,
ar gon) ,Me§@m0iuaH59r frorp @g@éd 0iMp¥/atasmig yai to abrut 1 H00MeYYamgggnitphosphor us

i ons, and i : I I Gl Cl (o) : i fOn i ons.
Wihout wi SAe S BEOR e i R0, iy AP 0B R ek 2R

posi ti webyiagsmaatgéads,icam sncheleavec cieamine aypeyofasn. LEBovi cxampicgliombiceiis €sn when
exposed to nmateri al initiating and sustainin ationic ring-gpening chain
sci ssi JRCIRLERITIERS Of Hveust BRIAEr Y B OS5 ERL SIERNE BPESP ORGP, | on
beams fofnirtd @QiRLLADC B Eh bR ﬁr@%n@,dc%rﬂlﬁ%ﬁd é&ﬁi‘éﬁ&%@r{ ged i@ iNegatd vel y
charged ions can include, for exanple, negatively charged hydfogen ions
(e.g., rynsdedionsins aadgrotegat Vel genclally getkturonsf anfy of dird ionsdiselsatd vel y

el ectronegative nuclei (e.qg., O n_i.ons, .nitrogen ions,.carbon ions,

i1 corPpenier “anatgrSashei i w SRy o PHBR b G 8 e teyany

t heory,ofirtlafivelP Bhht@wna delbfiadly BetsMeri@gadah b8 lu¥edinar @8de icdnseaRehave chenmical Iy
as Lewi s base noieties when exposed to materials, causing anionic

ri ng- openi ndnepar smbetistingn ianckeams dersiragiating ewirtiakgnelnds pasifishi-chargeds ome
enbodi MEAL Sy LA ofy Wl reaa&dr{r%%éh e R f"orrle%rﬁ &8 osﬁt{‘v%[y”&%rg’%%% rgf’?‘o' eﬁ‘ﬁo%@s- l
exanpl e, "any @gne or ‘nor of ydr ogen at ons, P& PUm ‘atons, e Carborr: at ois,

ni t r 0gEB.gatpadt®ns ) oaobYeFasdb(®,g. ,MRUEMAh@I argdh), c&BBn &8 troI0IB L) @k Yigenat ONs,
argon atons, and iron atons can be included jn beans that are used for

i rradi dPPosilisen poBrraRROSHRATEY [08P.nd Ipetyldeis ich appadiyp dansoal g iPe or nor e
of the a%%\é‘?rohmﬁ.s Wfth(?tftmlg ‘ao?r%e’bofuﬁﬁgga §ﬂ{58§ﬁﬁ%t if BUievRl tPEEn OF even

nore) can be present I n the1 . rtain odi nents, 1on beans used
t o i rr goisaivelyrdiaeyed adiss ehavaudhenseatlglay 1 etvay gpaédimocitiss stichexgmsah® materias.e of
H+, H, He+ Ne+ A+, C+.C, O+ O ,N,N,.Si+ Si., P+ P. Na+, Ca+, and
Fe+. | indigHRe axbasiming eltioniingsopriiteiaheistes TRRHPIHINIGHIHRE i ons such
as one QkirhRnentof C2+ C3+, C4+, N3+, N5+, N3, Q2+, Q2 , @2 2, Si2+, Si4+,
Si2, and Si4 . In general,

In certain embodiments, ion beams for irradiating materials include negatively-

charged ions. Negatively charged ions can include, for example, negatively charged
hydrogen ions (¢.g., hydride ions), and negatively charged ions of various relatively
electronegative nuclei (e.g., oxygen ions, nitrogen ions, carbon ions, silicon ions, and
phosphorus ions). Without wishing to be bound by any theory, it is believed that such
negatively-charged ions behave chemically as Lewis base moieties when exposed to
materials, causing anionic ring-opening chain scission reactions in a reducing environment.

In some embodiments, beams for irradiating 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 in 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
even more) can be present in the beams.

In certain embodiments, ion beams used to irradiate materials include singly-charged

jons such as one or more of H', H, He", Ne', Ar, C", C, 0", O, N", N, Si", Si, P", P, Na",
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the ion beans can al so include nore conpl ex pol ynucl ear ions that bear

mul tiple positive or negative charges. In certain enbodi nents, by virtue of
t he strucwonelod3g2be pol ynucl ear ion, the positive or negatist@oobmsges can
be effectively distributed over substantially the entire structure of the
ions. In some enbodi nents, the positive or negative charges can be sonewhat
| ocal i zed over portions of the structure of the ions. Electronmagnetic

Radi at i@, it RsThoglidrea élﬁbd)dinwhis cllantbh@mb tarcidtiatt AQltEyprarbed oad sw'htd@
electronagnetlc radi at.i op, the.el ectromagnetic radjation can have, g.

ener gy {6 it 8RC(ih efechr @N vV 8§ Peabbr Yhav 103 . I’ég@neralgr eat er
than 1 L o ment s,
ho el bt IRmRgRet T FE el o Ro MR Ry OB R bt BuPRERSTF Una 107,
e.g., b&gmmhﬂl@s ahdceﬁ@ﬁl anbodimente| tyctirtasraihe kiractu@dif #did riymeicahave a
frequen ter than 16 hz reafer than 10 17 hz, 10 18

10 19, ﬁ%wmﬁor&?gﬁ%@r s S al R Bies S&Wﬂ%fﬁ%ﬁnﬁ%e

el ect r ouREREL bthé Ak ald Pnd@sbRiIMERIURD BYsi®le &%{e‘é@ﬁ% Hargk8 cangk 1022 hz,

e.g., between 10 19 to 102 1 hz. Doses The dose of radiation wll depend on
t he I|gﬁnmmwpeaitzedvbwrht@rtﬁmdﬁﬂm&ucmO%thamﬂse, in sonme cases 0.1 Mad to
5.0 Mad is delivered per 1% by weight of lignin in the bionmass feedstock
e.g. 0.25 M nda .3 Mad to 3.5 Mad per 1% In sone
enbodlnents]ﬂgﬁe |rﬁ§5&g?€%%ﬂ% h any radi ati on source or a conbi nation of
sources) i s Ipenfbedimahtdintvwhich the ifradigtingils pedeehadesitidcldogemadnett rddéamh, 0. 25
Mad, e.g., at least 1.0 Mad, at least 2.5 Mad, at least 5 0 Mad, or at
| east fbe elegfraraagnetic Seinsion sBbHR e At CNENEXE DEF PRAIPTRER lgciran walfs of gisatetint i |

the MUGLT p diecel ueayd ARPRIOTq DRIVEENT By M8t afth Ry QMAdong: O

bet ween h sone’ e i“ment s irradratin |s
per f or netbodiments olseeelemmagheﬂn@tawmun 5a@emm@y A (Rodnkif bomads /1 Abad, 1

bet ween 10. 0 and £50. 3gg||o hour .bet ween 50,0 and 350.0

Ki | or adks$-nbsiween |Gy 2ad ﬁtf@na%%c sdigfionean hayey Wegem%sﬁ »ar e

used, ?ﬂ&ﬂeﬁﬁaﬂ W}“ H£ g?@ité‘rtha{‘l(?‘? Re 1o&di G @RS or B/ %?—é@%@ﬂ%h%l@za{{?' fs can be
treate in an beam of " el ect r ons, anma

radi at |somemd30dm1¢nt$3 hlne ﬁaxnormgagmtwceﬂaémgbhbas‘a &ntn@lnowof b.@@’emri(bl abl@”” 280 nm
In sorrqlz,e%‘d%et‘r%gﬁolﬁgﬁrgjl%% are treated with three ionizing radiation

Doses

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 Mrad. In some embodiments, the
irradiating 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 dose 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
kilorads/hours.

In some embodiments, two or more radiation sources are used, such as two or more
ionizing 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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sources, such as a beam of el ectrons, ganm radiation, and energetic W
light. Sonication One or nore sonication processi ng sequences can be used
to procesworratoawsebs froma w de variety of different seomams0mo2m11ract
useful substances fromthe materials, and to provide partially degraded
organic material (when organic materials are enployed) which functions as
input to further processing steps and/or sequences. Sonication can reduce

t he nolteabb@rn8veing ih samd/catbodiny&itQ shrmplict S{rleeateﬁQViﬂﬁﬂhﬁd’ei ighisingSbdibti?s one or
nore of any of the materials described herein, e. one Qr nore

car bohyHEER Sdgupsceleansefcicciions amppodiation, qnﬁ@ﬁ%@‘llq HUVoléghe: materials, or
starchy materials. As discussed above with regard to radiation, the process
par ametSynsea¢iwad for sonication will vary depending on the Iignin content of
t he feedstock. For exanple, feedstocks with higher lignin |evels generally
require a hi @mr RIS seRigetEon: Pragesaing setucans cgly b Bvas|to prassed mitagals Arom #i gher
total epat adgLiiereth LQutnaoLeRURLOGH whDa008 AT BhaidL L grater i a
that inc e 0oSe having a tirst nunber average no ecul’ar wei ght
(MN\1) imodis patiaky dégradedrorginidinatiiah(vasenwagalic maredakard aapleded malich
othermnse cavitated, to provide a second material that .includes cellul ose
havi ng THNEEES AL IRUHIOLHITAY a5 RS ERI AT RETURRECS: IQnIcatiomuesn efuss thhe fi r st

nunber rﬁeﬁ%&ﬁ%agh%u}o@waﬂl gg%y dof-[ﬂ@mﬁgéﬁgﬁd ta§ 6{%‘& e &f*aﬁy bRt and

second materi al n certai'n e nments) can be conbined w
mcr oorrgamlﬂsrdésmbéd hrrrenm ¢. go ohe enmyme:at‘tro@adm@ﬁo)lrctemauclc ancdliuidsicze t he
second .and/ i ncl

r st to rQauc . | S Or uaes
P oqdfmogdluge Rate orsisch BRaa. As HibHse abat i et 688 any of
these. t§é Plro;%e§s fi')‘ﬁra%?&&@ %éﬁ%? §d1ﬁ’éat1|8ﬁ%flﬁ @hﬂﬁe@@ﬁlﬁ@&!ﬁ fHe l%nh‘?éﬂﬁ@&fﬂ oflcecul ar

wei ght ive to the first material, and in some instances, reduced
cryst alfleq:drstqc;i Eor qualnip|e, tfersistosksowith higher ligitin d@e@@ﬁveerally yequie @ ham@per si bl e,
swel | abl e, and/ or uti.on anism e.g.,
oth conatrp SRRy Birdus et il B S AR B PR ROLE%, Sper £ 2
make theedae@nd material nore susceptible to chem cal, enzymatic, and/or

m crobial attack relative to the first material, mhlch can greatly inprove

the product 189N atedhosnafisit nptesinl drat B1sludey etllwgse haviag arfeet eYerage g.
ol SOTLERLLATEN 9054 6L o G0t i o be
t he seanhdwivgrdaeitated, es peeidee &cmﬂcﬂhamalghﬁt iadldgs deBulbeadving a second

number average molecular weight (My;) 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 crystallinity as well, the second material is
generally more dispersible, swellable, and/or soluble in a solution containing the
microorganism, ¢.g., at 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, e.g., ethanol. Sonication can also sterilize the

materials, but should not be used while the microorganisms are supposed to be alive.
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than the first nunber average nol ecul ar weight (MN 1) by nore than about 10
percent, e.g., 15, 20, 25, 30, 35, 40, 50 percent, 60 percent, or even nore
t han abouwo?biopmBs2ent. I n sone instances, the second matremiuskoloaszsssel | ul ose
that has as crystallinity (C) that is |lower than the crystallinity (C) of
the cellul ose of the first material. For exanple, (C2) can be |ower than
(G) by nore than about 10 percent, e.g., 15, 20, 25, 30, 35, 40, or even

nmor e t han alaybmb@nibedeeis, tﬁemeéﬁfdﬁuﬁmﬁé@diidﬁgﬁlﬁolehﬂer wtight iMng) e lgstal 1 inity
i ndex (grlor to sonication) is fromabout 40 to about 87.5 percent, e.g.,
from al %ﬁthséir%télua@sw%ew%@ﬂ%r Wit (Vi hbomorehar abaisddperegntyeLeent , and
the cryst ahlisnk s about 50
percentISS % 2.5, B@rosmﬁg?(?&%fr E‘{ t6§%§t) ﬁ%bﬁ%én@%ﬁgﬁl{l‘ﬁnﬁ&}%ﬂ jrlﬁger %&t 20 to about
40 percent. Ihi@mmeemgtances tler dcadml @atoaali h’ﬁBIOélﬂiJ,lOE that,haghg enystablmame’:y)ethat

per cont Ghier St he ol MG ﬂe@p&@ & teitrdh il cXPr BFpge. (Cocan
subst angl lé%lythéxmﬁlw%re tHAnS8PF: RITRA T%SI’S bhe5388r39, g, d}lé‘m?ﬁlo?é/ erage
nmol ecul ar wei g (prior to sonlcatlon Tom about 200, 000 to about

3, 200, 0b@y at@ugSQ pénccrm about 250, 000 to about 1, 000, 000 or from about

250, 000 to gbout 7 00, . a nunbe v nol ecul ar .ght after
Som cati on 1185phg frbpgmenss Mok el GEsEliByerEaarTE § SonEiua ifBn 60 000
t o aboufhodt) BRABo 87 I pérL@hus ., AOmABLut 50 t@fa%ﬁt 25 30 or f&m%sumo tg sone

enbodi nents, e.g., after ext ensi ve sonication, it is gosm ble to have a
number aémtr%(b@rmt,@@dn@rcw%mtyeﬁdemﬁgr soninatiam sufrom b d 06e akaus§0| ess t han

b I | of
ot da TSR bs R Ep SR R R R RN Bt 0T PRE S The ¢ 7r o

mat er i dllowdvehiigketaih emebdlﬁfencsxe gahft@ﬂ‘bx@efnsivb%oﬂiait&fﬂ alis peibdd @ HaRc bt S
dlspersablllty swel [ability and/ or solubility, further enhanC|ng t he
mat er i Zrysalipisewdex af lopiey thed Sqrcerant aln, sogysApRedirecsy. tha mrsHRlACA tack. In

Sone e’Egﬁféh{@ﬁ%%ub&&tfaﬂgﬁﬁl?%oh?e | evel of the oxidation of the secon_d

mat eri al tive rst material, the sonication is performed in an
oxi di zi ng medisomge epmodmmdnmtl& ssmnmg\dumhﬁrewb]age trfokiculas weighe (joidrde zed t han

o oups sou By ot TGRS b apLt B0, e Grogs b CARIBIYE acid
groups, 1 §éy,600 Satbnh ISR 256,000 & 4W6H! P40, Ghd dhe number average molecular weight
after sonication is from about 50,000 to about 200,000, ¢.g., from about 60,000 to about
150,000 or from about 70,000 to about 125,000. However, in some embodiments, ¢.g., after
extensive sonication, 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 embodiments, the second material can have a level of oxidation (O;) that is
higher than the level of oxidation (O,) of the first material. A higher level of oxidation of the
material can aid in its dispersability, swellability and/or solubility, further enhancing the
material’s 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
sonication is 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 hydroxyl
groups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can
increase its hydrophilicity.

In some embodiments, the sonication medium is an aqueous medium. If desired, the

medium can include an oxidant, such as a peroxide (e.g., hydrogen peroxide), a dispersing
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I n sone enbodi nents, the sonication nmediumis an aqueous nmedium |f
desired, the nmedium can include an oxidant, such as a peroxide (e.g.,

hydr ogen wenrowimed29 a di spersingagent and/or a buffer. Bxargsk@s/ oedos7

di spersing agents include ionic dispersing agents, e.g., sodiuml auryl

sul fate, and non-ionic dispersing agents, e.g., poly(ethylene glycol). In
ot her enbodi nents, the sonication nediumis non-aqueous. For exanple, the

soni catdgeit sdfor taemﬂef f Pxaimgsed of dspryiiOgRRBARGIud: @nic dlgiewﬁigeagahtshe gt ane, an
ether, e.g., dieth et her or .tetrahydrofuran, or even in |iquefied gas

such asSOQWQbHury)ké e gl NAN-H9THg éﬁpewg@gw < oriolyethrisng gbgsapw ysi s
processing %ﬁ%ﬂ%?%&%ogﬂ%l st tHASGHichPorPh O&6Ss GaY- QQ&EO&EQ “F%@aa&% dTRferial's

froma w de vari et erent sources to extr use étances from
t he matsenicafien caartrd: Iteﬁfopnednnolaeh}piaasd:arlajnl, y.gdeguaced hoptaae,iaalcthentd. g hditthgtt i on
as input to furéwﬁngrocessin F nd/or sequences. Feedstocks with

hi gher QRGRF FFHRBYEPEITYL QEFEIY 16E2a5 SHERY AR 2P SRt RO Bnger

resi dence time, and/or introductlon of higher |evels of oxygen during
pyrolysis. In one exanple, a first material that includes cellul ose having
a firstPyralysisr average nol ecul ar weight (MN1) is pyrolyzed, e.g., by

heat i th t t . t ube f b f
oxygen), 1o LT R LTt R B R R o e Gt RebieRs Bt T PR

second MuBhESs froMed AaR WiBkE Ol dafferdm sgtifce M\xirabQweful bimnt&erdhiisd  nunber
average nol ecul ar weight. The second material (or the first and second

mat er | dnatpalsend 4 Aroxdsurtiabitdspradsd materielsghiale fingriemasinpiicte dwithgini sm (wi t h
or Wt &B&esﬁﬁé gttegsr andr/-I y en(c\?shy[*%r @4‘%&% Svglthtlﬁgﬁerq%ﬁl glte{I%]lg égne%eﬁﬁl r%in nd and/ or

irst uel s or e et 4t cohol

(e g., Iﬁgﬁbamhpe@aituﬁumgal residtigdd timse, and/oﬁm@oeﬁctionbiﬂmgh@f Devel@ﬂf@ji}@%ﬁl c acid,
a hydrocarbon or m xtures of any of these. Since the second material has
ceIIuId@@nBQVFﬁﬁﬂ% reduced nol ecul ar weight relative to the first material,

and in some jj,nstances. Al ﬁufeﬁquﬁﬁyl E%hég & osEfalifh %ﬁr&ﬂﬁm@@@&%ﬁdg@at erial

is generally nore di per5| e an or sol e In a solutron
cpntalnnmgmﬂmewﬂghmhhﬁgaqwaﬂymﬂ,gg”bgmeah@aheﬁntmﬂmmﬂmnniu@eﬁaham(hhan 106

m croorgani sns/ niL. These rties ke th secon mat
suscept! (P PisSerse Shihiench of CHEVHaRO YA &F sicon aroprafabpdicks Pl eFve o ¢ he
first b Alecotdihmhbes ﬁ%@é&%%ieﬁul‘af‘&%@ﬁ?(l\ﬁ&? ld%l}é}q}z'aﬁlt th® Firdt %hﬁlb@rné}{/e% e
production IeveI of a desired product, "e.g., "ethanol. Pyrolysis can also
st eri | imele¢ier weight. The second material (or the first and second material in cerfain

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 a 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 is

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

microorganism, ¢.g., at 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, e.g., ethanol. Pyrolysis can also sterilize the

first and second materials.
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first and second materials.ln sone enbodi nents, the second nunber average
nol ecul ar weight (MN ) is lower than the first nunber average nol ecul ar

wei ght ( MWoIZpiomg3smre t han about 10 percent, e.g., 15, 2POT/1&20108839535, 40,
50 percent, 60 percent, or even nore than about 75 percent. In sone

i nstances, the second material has cellulose that has as crystallinity (C)
that is lower than the crystallinity (C) of the cellulose of the first

mat eri al . Fdn sexarpibedin{ded), t}fea:,ecdaﬁl ﬂmr atdrage lletulbyweghe(Mbams lakeut 10
percent, e.g., 15, 20, 25, 30, or even nore than about 50 percent.

I'n somshamihsdirshaymber %\r?éa@traqlﬁwg V&ﬁ"l%tt(MNl? By mprq than apout 40 ;ﬁy?csmyg £3) is
from abl%“E A 56 Q?'ts ergénp%bjo%%%t %rgvenrfl&%%égﬂbt hht%) bo“t 75

per cent from’abou to dbo er cent e cr I|n|ty i ndex
after pyrolwamsnmsmﬁmmm;dﬁnm&n&ﬂanﬁdﬁuwmeﬁﬂo@ﬁhmdm$ase@gmnnﬂwQ@DaMMut 15

t bout . 45 t f b 2 ut 40
cgr? a?ﬁsm%af#%ﬁ%' grygéﬂglrltgr@ é’flﬁﬁf‘ee@?l@#g %ﬁf}ré}l%} Fféa rF@%@éihﬂ @0t o

have a irystehbh (@})Y) 'n%@ﬁlaﬁfabbﬁw &han eE% P&y, ognts, 3b n35s B rRNBPHioRENt S,
the material after yronS|s IS substantla 1y anor phous. I'n some

enbodlnbmidxmtﬂ@pstaﬁtlng nunber average nol ecul ar wei ght (prlor to

pyrolysis) i.s from 0Q, 000..t o aboyt .3, 200, 000

200000 to ABSHPSEhRORG: O YPUN SRaal nsEE0 G0 PetoLiAlis Fo0 B8 ThRd ¢ he
nunber a%@trgmsepém&@w$ QfroMeibaht 5@fotBbutdyy Syt 61 frémfabenh @P@UbOBOI000 t 0
about 200, 000 g., from about 60,000 to about 150,000 or from about

70, 000 Reeceabend themy g bnitH-odey eftcr nyrolgsisrs fearb ebourd Atte abaut §O persPpie.2.,
ext eﬂ ts ' ﬁé%rn ¥ 1§ $h ﬁbo t45 tp%Tg 'd?'n‘%‘ b BBV at% gﬁglfcgl%" Gﬁq‘;‘y&%ﬁg‘?ﬁ ?Cr!fgn?r

ess than a even | esst n sone
enbodl regitiosliméms e@camd cXaitigvd rolyais, inav@ssbleay Bhveod c@mlﬂ@ity(imie&@) that is
hi gher than the |l evel of oxidation (Q) of the first material hlgher

| evel dpweiihampipsreerl Ippempgmpdigien aﬂleanfaeﬂ%l aftespyaplypieisatbslentially
mellaghgrp gand/or solubility, further enhancing the materials

suscept | ity to chemical, enzymatic or microbial attack. In sone

enbodi nent s,Intsome rembedmmntmélel searghg odmbdreveaie atol@nlaofveidhe (gecond mat eri al

b I gt T R LRI 21 e RS0 25058 b o ™
first neg@yoq or Fdh aBXAPBH,.800 I UboREFROOTREE e RunfbaPa ¥R MBI gy |
groups, al dehyde groups, Ketone groups, ester groups or carboxylic acid
gr oups ,afmhpy:thlﬁans from about 50,000 to about 200,000, ¢.g., from about 60,000 to about
150,000 or from about 70,000 to about 125,000. 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 5,000.

In some embodiments, the second material can have a level of oxidation (O;) that is
higher than the level of oxidation (O,) of the first material. A higher level of oxidation of the
material can aid in its dispersability, swellability 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 is performed in an oxidizing environment, 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 groups or carboxylic acid groups, which can

increase its hydrophilicity.
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increase its hydrophilicity.ln some enbodi nents, the pyrolysis of the
materials is continuous. In other enbodi nents, the material is pyrolyzed
for a prewdebsvoysszed ti me, and then allowed to cool for pPaTasc@nm23957
pre-determ ned tine before pyrolyzing again. Oxidation One or nore

oxi dative processing sequences can be used to process carboncontaini ng
materials froma wde variety of different sources to extract usefu

subst ances flh@omt ReboBIn®htA kR, pyddlglsit 6f e avitelealPricbh@dloys dBostAcled and/ or
altered material which functions as input to further processin steEs
and/ or SehpdEnEs thermategah iy ayTobyzed dord Erﬁdmerwneﬁ tipag, pnditse Py

'ignin1?§Q%%?ﬁ%8%2%¥§3ﬁ&$g?5ﬁ§§ﬁ5¥5$?3%%E ggﬁr degree of oxidation

gener al ontent feedstocks. |In one

met hod, a first material that includes cellulose having a first nunber
aver age nﬁlecular wei ght (MN1) and having a first oxygen content (OLl) is
oxi di zeX é‘@“ by heating the first material in a streamof air or

oxygen- enri Borahére oTxRiaH(z@iﬂo@%s%g%%&%@esf@h%'ﬁéd {of]%césé‘eir%'ﬁ-s cel I ul ose
havi ng a second nunber average nolecul ar weight (MN') and having a second

oxygen wohieng n](a@rl)alsrfrcgher\ledhamett% ef diiffesnt m@ ro extrce nsefiflGupstanc8sich

mat er i onbln | i nd/.or i dquid
and or TS0 P A T crdde Pt Bl ang B Graaplsit fhicd Alebp
eNzyme. as iffut X AmbkLprotLinB3€HS bhd/BY 2Hémks. e’[lHé/dSBﬁd&ﬁﬁh MRl ofSwilnearGel I ul osic
or lignocellulosic material to produce a fuel, such as ethanol, or a

copr odutspendingen ths lignpy eomesing of tha deesistonks withpr bithet degsgecofpidatipp genaralyF| BROUS
MATERI %%%&%Qr%ﬁh%ﬁ?gmnlc@r%e%éf%&ﬁ? 3,951, filed June 15, 2006. The entire

contents or égol ng ap I'Cations are incorporated herein by

reference. I oﬁemtlﬁmt)@ﬁlrﬁ'ﬁmit@lal the irsacion ol hilds v iay arfagenuiilce avdrage Wei ght
is not nore 97 percent | ower .thapn the first nunber average nvol ecul ar
wei ght ,melegplar wejghtfiyha) abhpvare Hrstertgen gontep 0181y, oxv@zedmg 8% hegitng 55, 50,

'the frst fitaterratina st of afr otox —eftidhed FirQo provide £s&ofRl nfd 1am1ra than
45, 40,438 Wenga? Peg {r o g ‘%c%QOtp%é & Eeh

1.0 percent han the first er average nol ecul ar melg
anount iofludedettlosnhofingbeond anmbei ayhtagaind ol conlkip evetkht PR, )talnd hamng jacat i on.

O oo B S RTRIHTE R oLy o omposites. the

first nunbergayerAde I DInetd R ottt with B s@id8{d/or a liquid. The liquid and/or
solid can include a microorganism, ¢.g., a bacterium, and/or an enzyme. For example, the
bacterium and/or enzyme can work on the cellulosic or lignocellulosic material to produce a
fuel, such as ethanol, or a coproduct, such as a protein. Fuels and coproducts are 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 embodiments, the second number average molecular weight is not more 97

percent lower than the first number average molecular weight, e.g., not more than 95 percent,
90, 85, 80, 75, 70, 65, 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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applications, such as meking ethanol or another fuel or coproduct, a higher
anount of nol ecul ar weight reduction is generally preferred.ln sone
enbodi nenwe 20m/0aBs2eh the materials are used to nake a f melr/useoi@/o0e3pT oduct ,
the starting nunber average nol ecul ar weight (prior to oxidation) is from
about 200, 000 to about 3,200,000, e.g., fromabout 250,000 to about

1, 000, 000 or from about 250,000 to about 700,000, and the nunber average

mol ecul ar Wdh@bine @fdbedintiatwiaeh the nhdteinl aie ukedld, AR 4 PclbdraudopZddcQ00,
e.g., fromabout 60,000 to about 150, 000 or from about 70,000 to about
125, 00Che pgipgaumbenasige rapisgdrmEselt (Paogto oxigatian) i tioahahape 20k Phio on, it

| S pOSs)Bl,Es bey, R ég.gt‘fi,rﬁab#fg%dut%@bg(gg)_ a{f}lah?ﬁ%@boq;g{) &haB%ut'z%ﬁ%on@deglg"“t

10, 000 or even out n SONE e I ments, the seco
oxygen oMo nind the atmbeastragb autlcdular evejie a&at oxidagioaris frhmmboheSF,000stb oxygen

content, e.g..,..7.5 percent hi 0. 0, percent_ hi gher 5 percent

hi gher ,2098{ S0t TRt 6&8@‘%05&]563? %@mr&%ﬂ ot 7040 o MErEr T o
embodi neRteRHo. Hb%ve%&?%ﬂ)n%éﬁﬁ%ﬂi&@ﬁ't&,e&é Afferktch§S bx AR, it49 pGss & Nt

hi gher than the first oxygen content of the first material. Oxygen content

i s measuved nbynbet &werge aholenvddryadightivy lgy thahyaboutgl 00 anmsiven lens thaf abadice
operatgg%)at 1300 OC or higher. A suitable elenental analyzer is the LECO
CHNS- 9 é%alyzer with a VIF-900 high tenperature pyrolysis furnace.

General |y, axisgkicAibo@imctsYBeaktdd ARG Sorit¢ht MatQxdsHh iR SvEPAtEAMIERE . For
exanpl e, the oxidation can be effected or aided by zyroly5|s in an

oxi di z@thgl Gaviryt oAbegit conswbe-gas’ b netgPrt haghesr Wohpapent diabar.ila-Sabarcento aid in
the OX'h‘?@Oﬁr,ﬁS&% f!%fﬁéen‘%‘r@gﬁh%flgﬁf%‘ Ietgc‘gtﬁ,?{[(i)g Oe}r.sﬁpg&n%;prgf&‘r 8‘@&%odl‘%ﬁqn9s§th%r bases

can be adde r uring oxidation. For’exanple, a
per oxi decdrel dkygebesizay is pacnxatda) 2¢.8pchenadded timi the fitsd oRydedabh@nt ofSone

oxi dati ve nethods of reducing recalcitrance in a bionmass feedstock enpl oy
Fent on B¢ firsé ragsilal yBayeoReRneht iy magserd R clisatad pealyiis by BEelyzinegy sagipisml e,

in U S. Pr Mﬁ i . h' } : 1 el ilﬁ G § , 2008,
t he co&%ﬁgﬁe %% C o% re %@ﬁﬁ%ggﬁggg'?%%%%ggﬁﬁ%%ﬂﬁiér%?%§b§ﬁge é%gnce.
Exenpl a&tNSx33Qantlyzéemeithua & TFe?@ixhidie smewtivegyrdiyds tigeateper oxi de and benzoyl
per oxi de, persul fates, such. as a ni um.persulfate, activated for of
oxygen, suciCRETH ofada iRl kB ARREI RSO i i QA FEIERra T ORMER ORGSR

per chl qpaheRaticieh 1R ASOMH BALREH 6 boloRit inaNWxRNARE BhaFdnhRS:, sSUEA) iA%irsodi um

hypochl orite (househol d bl each)
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 is 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 (household bleach).

In some situations, pH is maintained at or below about 5.5 during contact, such as
between 1 and 5, between 2 and 5, between 2.5 and 5 or between about 3 and 5. Conditions
can also include a contact period of between 2 and 12 hours, ¢.g., between 4 and 10 hours or

between 5 and 8 hours. In some instances, conditions include not exceeding 300 °C, ¢.g., not
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In sone situations, pHis maintained at or bel ow about 5.5 during contact,
such as between 1 and 5, between 2 and 5, between 2.5 and 5 or between
about 3 awd 2610/0@8s2di ti ons can al so i nclude a contact percodasediobeivseen 2
and 12 hours, e.g., between 4 and 10 hours or between 5 and 8 hours. In
sonme instances, conditions include not exceeding 300 0C, e.g., notexceeding
250, 200, 150, 100 or 50 OC. In special desirable instances, the

t enper afxoEalingeI®, D60, 930 S10Ndri S8l °ICy 1arpéddltdesitabls instdhcel] thalb@perre25 0C. I n
sone desirable enmbodi nents, the one or nore oxidants are applied to a first
cel | ul gsinging substaptigte pmbicss e rpeabat 26Ad “Che one or nore conpounds as a

gas, such as_b nerating ozone in-situ by irradjating,t fi.rst

Qe ulosi ¢ g PrgABSERld PER R oPs & St Bkt AR s RS unas

t hr ougheeBulosiviok MigRod2aaIBs @ m@idl iabdl B8R, onSWE RS cOhBEINHIBSa ghd) srdsibgul ar
desirabl e enbodi ments, a first cellulosic or lignocellulosic material is

firstl gcapepes seahciimsiabeirasthating the fiess od wesds embignese!lulerds matssiat 4nd thee or
nore cQ i i e in, (s renoved after a
Soak 1008 of B ETRELES AU AL Hh TR pLRELS, M BT, Gm) ™ and ¢ hen
the one or mampeartixxiagdedisbiy@ntidirhérasl atfirst detiulooriar igho @lukSicangasal isuch as
by generating ozone in-situ by irradiating the first cellulosic or

| i gnocdlPily SpEsehia A& %538 2giconp MedRERHBE NGRehths 9§R CAMPTFAPPANER am of

particl c&%ers%g %gd/tals dﬁéoqgédrtﬁa%m(, Srafhr is I%@@be(ggﬁﬁ% REE ﬁhr%r(@.ge%&x afiq BoLential

difference o et ween MeV and 10 Me aki ng can open up interior
por t i ongatéras cothahatlibyrtiltrhtiony panel therbibd ione nt syord dredamitxdrarpplicicb tites one or

nore co unds and one Qqr re oxi.dants, and mol e ratjo.of t one or
e aBien A ght SuflLasTy deaRiting Petise iy Oy potiaiuh® §7 st Rt Shout
1 25, f{%ﬁcé}ﬁﬂésﬁ@éﬁd@g? Hhe dr mOR cbﬁlpéﬁﬁ’&stthﬂo'u%ﬁ afwitt @Héa%b%arﬁéléso QudtPasabout

1:25 n some desirable embodi ments, the mxture further includes one or
nor e hyalgcigos (ranesach daiwl agerl@a®d by meotankiyhdificegod alobaew ¢V Vaard/ B one or
nore benzoqui nones, such as  2.5-di met hoxy-l .4-benzoqui none (DVBQ, which
can aiﬁa?ﬁﬂe$%%yﬁ%ﬁnfpg%§?Bpmygé%TW%ﬁéqO%ﬂm¥3he desirabl e embodi nents, the
one or nore 1ax%bsiaRhibodineen®, Gethixele Mchialeh yeesemateednipduiidd dhd dnelor exepl e,
hydr ogen peroxi de and/ or ozone can be el ectro-chem cally produced within a
cont actoxé#antseaid ¢ Blaiage ef theanper nMoroewsREMATE tBelo0HPT MPES oXREtcls from

Recal Cianogﬁlpﬁ ?063 to-g%ogtulr.]%,isﬁaﬁési & about 1:500 to about 1:25 or from about 1:100 to
about 1:25.

In some desirable embodiments, the mixture further includes one or more
hydroquinones, such as 2,5-dimethoxyhydroquinone (DMHQ) and/or one or more
benzoquinones, such as 2,5-dimethoxy-1,4-benzoquinone (DMBQ), which can aid in electron
transfer reactions.

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 and organic acids, such as

trifluoroacetic acid), base treatment (e.g., treatment with lime or sodium hydroxide), UV
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Any of the processes of this paragraph can be used al one w thout any of the
processes described herein, or in conbination with any of the processes
descri bedwvbensiasg2on any order): steam expl osion, acid tceatsoe2i9sncl udi ng
concentrated and dilute acid treatnent with m neral acids, such as sulfuric
acid, hydrochloric acid and organi c acids, such as trifluoroacetic acid),
base treatnent (e.g., treatnment with |inme or sodi um hydroxi de),

UVt reattmﬂﬁentS@f@vveﬁmstdm&'t@nnéﬂte%negt U(S&atene Agplicddob ScRalt)ent Appl i cation
Serial No. 61/073,530, filed Novenber 18, 2008, solvent treatnent (e.g.,
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carbon-containing material at el evated tenperatures. Specific exanples

i ncl udelr’gERM O€CI KM CONYERSIONf or mati on, partial oxidation and

m xt ures of ese in any order% Gﬁs'fHQ%ﬁ Bn convek}s carb t ai ni ng
materials i %ﬁ?ﬂ PSMgLEont BRAER et fretiymme SPﬁﬂguﬁgFﬁé , carbon
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acet ogens or honpacetogens are capable of utilizing a syngas fromthe
thernDdh@ﬁV@&HG@@ﬂ%@HsP@%wbﬁMbMUmﬁgﬁlnmngﬂ&dm@@(@imyﬁmﬁtl t hat includes an
al cohol , a_carl. aci d
ester o a rrwtrofoRh srteRZobe MadnREER Y 5 AFH sl Platg ¥hidh

cel | ul Qﬁh@n&mdelmgnmldabﬁ@&h@ndmde%arabxshl,oxﬁaranbelya@g@mpMaﬁ@ed by a variety
of techniques. For exanple, gasification can be acconpllshed utilizing

st aged TBICEQATRRRISBISNEICh G AAftOBCRS 91 harapacsiedsad aFeeanadie ofitilinga sHeas

car bonaf? YRe EWetrﬁ{ocﬁlamllc%l &4\%1"5185 ?L%%%g é)trlggu@ebfﬁnﬂ)%ﬁlcp{ha?ﬁ”}@l?&saa d then
t he pyrolysis vapors are hesi s gas t eam provi di ng
added imcb"martaaMqumgﬁna silHoSaJCil‘bangzlﬁCamfd QuarbdXylic asisl d3edtoreqiBsuifer om
burning char. Another technique utilizes a screM/auqr reactor in mhlch

moi st ur® apxed thesegEayifisgteon; qftbmm%ﬁé &Iz atelthesiqyi lignpselilasigpatcaialy). g bpr ocess
heat is 1 [ f g ter
st age. KA S}Tﬁﬁe@te?egﬁ le %lg?élcﬂ ﬁ%@n‘?reé%“ﬂ@& %%bf%aﬁgrrgaﬁldn%ét %}Séaﬁhih% ich both
ext er naltiligingamgad @lteannrreﬁ»mamcm winhle ¢kl izdil-bedsiemgdrein stldgethg aaibbhabion

reactor. In partial oxidation gasifjcation, pure oxygen is utilized with no
st eam MetitiaTitrrelzetisthe Absenss 0%@,%%&%%/3 mlrc%swms@m@ A typi cal

bi 0maS o504 (P E nBROs Fh R ith Slcal ASGiding&IMUELhY dtbOHEmdI gl GRisDctPh us | esser

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 burning 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

oxygen 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,
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 conditions under which the bioprocessing occurs.
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anounts of proteins, extractables and mnerals. After one or nore of the
processi ng steps di scussed above have been perforned on the biomass, the
conpl ex cwokotwsabes contained in the cellul ose and hemrcraisbalboozms7
fractions can be processed into fernentable sugars, optionally, along with
acid or enzymatic hydrolysis. The sugars |iberated can be converted into a
variety of products, such as alcohols or organic acids. The product
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acet ogéndragenitotsa datogéng provhict lv.garathanapalbh sorod cases, labtogaps ar syngas from a
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fermentation with sonme m croorgani snms, such Pichia stipitis. Accordingly,
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Sui t abl e bi gprocessi ng net hods are disclosed, for exanple, in U.S.

Provi si®ae isgisniasian; BerRe upehy nlid »f dreaclytione fonartmals sodumplpooxidner
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General l'y, various m croorgani sns can produce a nunber or useful~ products,
such asgs aptimein, fobthc aperoatdangnomjlizedg. , fernmenting the treated

car bon- cont aj ni materials. The m cr.oorgani sm can he t ur al
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m Cr 00T st catid RO, @Qlﬁ,WEferd'J‘dﬂﬁa 26:2009, @elcbMbRiyiisQohRebeRhidmis @ fungus,
e.g., a yeast, a plant or a protist, e.g., an algae, a protozoa or a

f ungus-ih¢cdkporptedthierstin beraferenee. sl i me nol d. Wien the organi sms are conpati bl e,

i xtur f Qrgan .can . ilized. T
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pH

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, e.g., a cellulolytic bacterium, a fungus,
e.g., a yeast, a plant or a protist, e.g., an algae, a protozoa or a fungus-like protist, ¢.g., a
slime mold. When the organisms are compatible, mixtures of organisms can be utilized. The
microorganism can be an acrobe or an anacrobe. The microorganism can be a
homofermentative microorganism (produces a single or a substantially single end product).
The microorganism can be a homoacetogenic microorganism, a homolactic microorganism, a
propionic acid bacterium, a butyric acid bacterium, a succinic acid bacterium or a 3-
hydroxypropionic acid bacterium. The microorganism can be of a genus selected from the
group Clostridium, Lactobacillus, Moorella, Thermoanaerobacter, Proprionibacterium,
Propionispera, Anaerobiospirillum, and Bacteriodes. In specific instances, the

microorganism can be Clostridium formicoaceticum, Clostridium butyricum, Moorella
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m cr oorgani sm can be an aerobe or an anaerobe. The m croorgani smcan be a
honof er ment ati ve m croorgani sm (produces a single or a substantially single
end produwD)2010ftess2ei cr oor gani sm can be a honpacet ogeni ¢ POrASo@0@23953mM  a
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encodi ng proteins that direct the production of the desired product is used
(see, &,8005)U.S. Pat. No. 6,852,517, issued Feb. 8, 2005). Bacteria that

can fernment biom to et hanol. and ot her products includ e.g., Zynononas
mobi 115 and AR TG ERaR e BrrumetRe i eodSbdr TS r . Coach ne
et al. £ A hioBNRland €U sAaiuRf 11 SY&icenmed; (RniBpsldisy BIoet Lenay. ML MIGhOB ol ogy
2002, 52, 1155- 1160) isol ated an anaerobic, nesophilic, cellulo lytic

bact er iain{ihesptiosrebirdiof Sysgmedtaandi fvelysieyeiot Miareiokas 2892, SAoll55- whi ch
convert;g 6@2%55%{6%38,% a’ilgergﬁiga\?%o' hﬁl%[ E@fﬁl{lo&}t Iicoﬁ]ac(t)efriu%{ 0 sf%retsps oL ??or}gflidize}nqd ot her
product's y be carried ou iy ng’ certarn types o errmpohl" ¢ or

genet i gidyloyernigidane ep.etbvi ol c@arHS 08 lulsdead cthagsinoanaer obact er speci es,
including T. mathranii, and yeast species such as Pichia species. An
exanpl e of d<smen{pHonef bomastectianel and ofmmTodusis mayds Ger &5f8nsen et

At Mo S 8 R o) 1 A
mat er i altermbatactobattodgetive ivatding @'s endrhiuedt ad yeystapgeicssublods Heser | bed
AT WA I Y U N TN TR
cel | ul qsigpRs LMl BibIdeh BRY B HDILD S9SN 2RI 7-8410 or ABYing QTR NisRG, t he
mat eri al ‘and the enzynhe in an aqueous
Microbiol. 1997, 168, 114-119).
To aid in the breakdown of the materials that include the cellulose (treated by any
method described herein or even untreated), one or more enzymes, €.g., a cellulolytic enzyme
can be utilized. In some embodiments, the materials that include the cellulose are first
treated with the enzyme, e.g., by combining the 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, e.g., by combining in an aqueous solution.
Fermentation is generally conducted in an aqueous growth medium, which can
contain a nitrogen source or other nutrient source, ¢.g., urea, along with vitimins and trace
minerals and metals. It 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, 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
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solution. This material can then be conbined with any m croorgani sm
described herein. In other enbodinents, the materials that include the

cel | ul osaeyotzhm/@Be290r nore enzynmes and the m croor gani SECas2@omIsed
concurrently, e.g., by conbining in an aqueous solution. Fernentation is
general ly conducted in an aqueous growth nedium which can contain a
nitrogen source or other nutrient source, e.g., urea, along with vitimns
and tr apeaininpadejuatcaoshiREihalrder td nihdnigenrigl tonspmpli@r afl sl cdsheF@r owt h
medi um be sterile, or at |least have a |low mcrobial |oad, e.g., bacterial
count . S3EEP|G [NHEMHISERCAsHEC GFOVDAMGARM dfselhral caseroas s wb thesriewth meding
desire Vel I i i bl .Qn is

e compl R B ! 4 e ok s et s
of t he Igrpadific me@ncas theigoswthonedixm ngtreafttewtb aalgse off bataekinatboon] asd eneral |y
as low gs possible while still obtaining adequate results, in order to
mnim 1”aéinergy consunption and resulting cost. For exanple, in many

i nstances, the growh nmediumitself or conponents of the growth nedi um can
be treated with a radiati on ¢ppRERIEVMEBODINMENES M ad, such as | ess than 4,
3, 2 or 1 Mad. In specific instances, the growih nediumis treated wth a
dose of bet weanmbpraitembodimknss hvadecrOitERb EVEEBICNENTS, A willbbandgstood

enbodi ts .have been.described, . Nevertheless. it wll. .pbe understood that
var oud i Bt SRRy bR i AP S pb Bl bR ROBL TR ana
scope ofisdidvaredi scl osure. Wiile it is possible to performall the processes
descri bed herein all at one physical |ocation, in sone enbodi nents, the

processes arWhigipt pessibleato netfiorm glldhaprogessesgheagriied hgieimall pedregiirsigaldur i ng
0 Slianin i . ) e " q
and ot i Prigh: Hashe G, Wb 0 ARe oy AR T REMNE LR M o BRD L
or it qmaAfohecdyninpetidnspdt.y upgraded to other plastics. In sone instances,

it can be utilized as an energy source, e.qg., burned to provjde heat. In
some i nst anc[é_gl}miei’?’e@é%i_ 15128% pﬂ@e%@%\?@m@é&%%ﬂ o e atea 16 B can be
utilized @ lel,){H%q%fQﬁll ca%'b%%é@@ﬁéa%tur@d% ShihstRy 8r Rbafibe SRANERANPRMFadHNE q

measur enment of t Ignin content of the starting feedstock ‘can be used in

pr oces thamiasots. i In semehndtangns, it @ape wtilingl pracesgysouitbheng ubeded® a bi nder,
the Ti QIO\E}dg ﬁeaat. &1'1 gorrlr(l)esllilllstfagpeesl:[ i ce?naaﬂéo ge' 9o'n’velt%eed ‘yotliédoglﬁgoda{%s,cvgﬁilch can be

utilized as binders, dispersants, emulsifiers 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 used 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 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, ¢.g., 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 emulsions.

As a sequestrant, the lignin 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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briquettes, in ceramcs, for binding carbon black, for binding fertilizers
and herbicides, as a dust suppressant, in the making of plywod and
particl e woanoyo9dszp bi ndi ng ani mal feeds, as a binder fecTfisbewgbass, as a
bi nder in linoleumpaste and as a soil stabilizer. As a dispersant, the
l'ignin or lignosul fonates can be used, e.g., concrete m xes, clay and
ceram cs, dyes and pignents, |eather tanning and in gypsum board. As an
enul si fier, Adehddtigpisouros, lgngngsdtadlgmat e sighancleegtismtknt €hag.holdcoll@sghal t,

pi gnents and dyes, pesticides and wax emul sions. As a sequestrant, the

| i gni n (6¢llulosgread hipmissHulose)siise peconiadep maregarbonthap WWH&P%tF%ySt ens,

cl eani . &N . 1 i
cooIingggﬁ@gggﬁﬂ%%ng&ﬁggg%ﬁgeé%%?%@% tfgﬁ?n geﬁ2§g9H¢X&§@dggﬁPgE§$ﬁ %érgy
cont entpotthdrcohglacceb [710100 s & 000 BTIU psepamd of éoiocellilodeo ss)sush Apmin ¢and@nt ai ns

nore caj bo hap honocel | u] ose. For exanple, dry |ljgnin can have an energy
Cont entdBr G AL EHN ARG GoHesd HBCo0n BFUTBe Pjogsimﬁe,é% B4 o 7, 000
an 8, 0Gf Bt RAMnRYPNE:s B RO WRERI dk@RRd MRS UEH a JIH W8 HirGiAl pBifet@ensi f ed

and converted into briquéettes and pellets for burning. For exanple, the
| i gni n leapetie tioolngren tadbd erosslipkéd, svch dsyepahyyngwetadodod desy ofhetivévarabpbut. For a

sl ower i e r briquette, the li in can be.crosslinked, such as
Sonl ot S A EE MR S b at it O B R R R T Bt ot

Cr ossl igakh Bda pallet BRkSqRHS] QWb BN dHcaddo b ObynticietcBhl” of BRarkeul vafp?fdlpﬁmg such
as a pellet or briquette, can be converted to a "synthetic coal" or

char coah thyyabsgics|of 2irnggi At hanscedrad 98P °qi Priocetapyroleingett geebe dodablad 950
0C. Prior _ta. ol.yzi i.t can be desirable to crosslink the ligninto
naintaﬁﬂCngH@%h?génwﬁgg&ﬁﬁ?&ﬁﬁggggﬁHﬁﬂﬁﬁ¥y ot her enbodi nents are within
the scope ofAddapiih@l! Mérientolirhds MERitHiSHEls S MEIR thStol lbwiry dRiftod of maki ng
a product conprising: determning the lignin content of a bionass
feedstock; treating the biomass feedstock material with a process sel ected
fromthe group consisting of nechanical treatnent, chem cal treatnent,

radi ati on, sonication, pyrolysis, oxidation, steam explosion and

conbi nations thereof; and setting a process paraneter of the process based

on the lignin content. 2. The nethod of claim 1, wherein the treating step
conprises irradiating with ionizing radiation.
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3. The method of claim2, wherein the setting step conprises setting the
dosage of ionizing radiation to be delivered to the feedstock material. 4.
The met howoabioxleas2m 3, wherein 0.1 Mad to 5.0 Mad is welrivsesieder 1% by
wei ght of lignin in the biomss feedstock. 5. The nmethod of claim4 wherein
0.25 Mad to 4.0 Mad is delivered per 1% by weight of lignin in the

bi omass feedstock. 6. The nmethod of claim5 wherein 0.3 Mad to 3.5 Mad is
del i verwdHAEIS ChoAMBBiIght of lignin in the bionmass feedstock. 7. The

met hod of claim2 wherein treating with ionizing radiation conprises
treating with an el ectron beam 8. The nethod of any one of the above

cl ai ns furthlerAé‘%?ﬁW%ﬁ‘ﬂ%l%?’lP@dPFtﬁQnﬂlsméast a portion of the treated

bi onass f eedgt@fkin H'eelrﬂgl},%dﬁ%ﬁ@en%pggg,hgl@pfe%ggtoag produce a product. 9. The

met hod of claim8, e product conprises an al cohol.10. The net hod

of clai m8, twhengthe tidtreaprfedistrk ooingral sed agproeashetgdteciramithk gesper of
carboxylic aci sal t. of carboxylic id, or a.mxture thereof. 11. The
ot hod nsisagE SraGehiefleraBioe sl feftinethaftidigtprSsatg SRRt g € ho
det er mgxidigion! ft@at bfoddfakeddnvightthsBRradridhda second feedstock. 12. A
met hod of making a product, the nethod conprising: providing a cellulosic

or |ignocel Issttogiapraeesepirameteact thg paogebubastd ey theflignenehatant.car boxyl i ¢ aci d
groups; mxing the material in a fluid that includes water to provide a
di spersion that has a first pH and adding base to the dispersion to

increase it prhdmetbosd6LERG PHvidrainghic trbaingtshp dohipsibesditadibBng Wixd et hod of
claim 12 wherein the first pHis between 2.5 and 4.5. 14. The net hod of

cl ai m Ionigmerediptiathe second pH i s between about 5 and 7. 15. The method of
any one of clainms 12-14 further conprising adding a saccharifying agent to
the dispersion to saccharify the cellulosic or lignocellulosic material.

16. The net Bodlefmethad of disint Dywineeinalmaguttin sa¢p comiréet sdting the despelodr i fi ed

material w th a mcrqorgani sm :
1onizing radiation to%e dgeﬁvered to the feedstock 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 is 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 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 8, wherein the product comprises an alcohol.
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17. The method of any one of clains 12-16 wherein the product conprises a
fuel. 18. The nethod of any one of clains 12-16 wherein the product

conpri seswanoslosszel . 19. The met hod of claim 15 or 16 waoenustenotbss7
saccharifying agent conprises a cellul ase.

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

carboxylic acid, salt of carboxylic acid, or a 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 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.

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 12-14 further comprising adding a

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

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

with a 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

cellulase.
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