PROCESSI NG CHEM CALS RELATED APPLI CATI ONS This application clains
priority to U S. Provisional Application Serial No. 61/347,705, filed My
24, 2010.wohelicaapbet e di scl osure of this provisional applriusatiios’svs her eby
i ncorporated by reference herein. 5BACKGROUND Chemicals are used in a
wi de variety of reactions and processes, often to produce other

i nternmedi ates and products. The solubility and/or rate of dissolution of a
chemical in a solvent can affect the rate and/or efficiency of a process or
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The chem cal may be, for exanple a solid, liquid, or gel or m xtures
t hetoeof . solubility and/or rate of dissolution of chemicals.

SUMMARY
Generally, this invention relates to methods of processing chemicals to change
their structure, and in particular to increase their solubility and/or rate of dissolution, and
intermediates and products made from the structurally changed materials. Many of the
15 methods provide materials that can be more readily utilized in reactions or other
processes to produce useful intermediates and products, ¢.g., energy, fuels, foods or
materials.
In some implementations, chemicals that are treated using the processes described
herein can be used to form highly concentrated solutions, e.g., solutions having a
20 concentration higher than that of a saturated solution of the untreated chemical in the
same solvent under the same conditions. In some cases, treatment changes the
functionality of the chemical, and thus the polarity of the chemical, which may, for
example, render the treated chemical soluble in solvents in which the untreated chemical
is insoluble or only sparingly or partially soluble. For example, the methods may in some
25 cases increase the solubility of the chemical in water or aqueous media. The chemical

may be, for example, a solid, liquid, or gel, or mixtures thereof.



In one aspect, the invention features a nethod of increasing the solubility
of a chem cal conprising treating the chemcal with a physical treatnent

sel ect ed woam11ae78gr oup consi sti ng of nechani cal treat meor/USetiens3al
treatnment, radiation, sonication, oxidation, pyrolysis and steam expl osi on
to increase the solubility of the chemcal 5relative to the solubility of
the chem cal prior to physical treatnent. Sone i npl enent ati ons
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crystal | hgyut YO &f adohesepaaeal prior to physical treatment. In sonme cases,
the chem cal had 30a crystallinity index prior to physical treatnment of
from about 40l anogssaspesty ths rp@th@@i[ﬂa‘gures a product comprising a chemical that has

been treated with a physical treatment selected from the group consisting of mechanical
treatment, chemical treatment, radiation, sonication, oxidation, pyrolysis and steam

20 explosion, the product having a solubility that is higher than the solubility of the chemical
prior to physical treatment.

Some implementations include one or more of the following features. The
chemical may be selected from the group consisting of salts, polymers and monomers. In
some cases, the chemical has been irradiated, e.g., with an electron beam. The product

25 may have a functionality that is different from that of the chemical prior to physical
treatment. In implementations in which the chemical is irradiated, the chemical may
have been irradiated with a total dose of radiation of at least 30 Mrads. The physically
treated chemical may have a crystallinity that is at least 10 percent lower than the
crystallinity of the chemical prior to physical treatment. In some cases, the chemical had

30 a crystallinity index prior to physical treatment of from about 40 to about 87.5 percent,



and the physically treated chem cal has a crystallinity index of from about
10 to about 50 percent. The increase in solubility and/or rate of
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followi ng detail ed description, and fromthe clains. DESCRIPTION OF

DRAW NGSmodification may in some cases increase the polarity of the chemical, increase the ability
of the chemical to form hydrogen bonds with water, and/or break the chemical into
smaller molecules.

20 Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described below. All publications, patent applications, patents,

25 and other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.



FIG 1 is a block diagramillustrating conversion of a chemcal into
products and co-products. DETAI LED DESCRI PTI ON 5Usi ng t he net hods descri bed
her ei n, cwertizl4g78¢e. g., salts, polynmers, nononers, phaPCRASAMI1OAI38]
nutriceuticals, vitamns, mnerals, neutral nolecules, and m xtures
thereof) can be processed to increase their solubility and/or rate of

di ssolution. In sone cases, the processed chemcal is in itself a finished

product, while in other ca r ,cal can be used to produce
useful internediates and pﬁﬁgﬁﬁgijq@ﬁgﬁ&gﬁgéggﬁggg be treated or processed
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mechani cal treatnent, chemcal treatnent, radiation, sonication, oxidation,
pyr ol ysi eo-prodgeteam expl osi on. The various treatnent systens and net hods can
be used in conbinations of two, three, or even four or nore of these

technol ogi es or others described herein and el sewhere. 15These treatnents
will increase the sol ubilityDBETAIREDiDESCRIPTHAN cal in a solvent, which

may be, for e | e, ter, a.non-aqueous.solvent, e.g,, an organic
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20pr oducts. Process 10 includes optionally initially mechanically treating
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m crofracturing bonds in the crystalline structure of the material. Next,

t he'025st PaRcteUFRadyor MERACHICE IS BBORT OBMORRYT 4 of hremethedsdaseribaddicedited to
further aﬁﬁggme%ﬁ‘énngaﬁ peiicl chdfical tgytﬁeﬁ%ﬁﬁ%ﬁ,aéonfcﬁﬁa{ WhfaigAN be the

sane as or eren omtHe rniti mechani cal’ treat nént. The
chem cal pyalysisioe Bteb@ esplyjsioat Glle tvaribusrttdaaners syt ied mpthody candetusedinrent and
mechani cal treatnment, if further _structural change (e,g., increase in
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described herein and elsewhere.
15 These treatments will increase the solubility of the treated chemical in a solvent,
which may be, for example, water, a non-aqueous solvent, e.g., an organic solvent, or

mixtures thereof.

SYSTEMS FOR TREATING CHEMICALS

FIG. 1 shows a process 10 for converting a chemical into useful intermediates and
20 products. Process 10 includes optionally initially mechanically treating the chemical (12),
e.g., by grinding or other mechanical processing. The chemical is then treated with a
physical treatment (14), such as mechanical treatment, chemical treatment, radiation,
sonication, oxidation, pyrolysis or steam explosion, to modify its structure, for example by
weakening or microfracturing bonds in the crystalline structure of the material. Next, the
25 structurally modified chemical may in some cases be subjected to further mechanical
treatment (16). This mechanical treatment can be the same as or different from the initial
mechanical treatment.
The chemical can then be subjected to further structure-modifying treatment and
mechanical treatment, if further structural change (e.g., increase in solubility) is desired prior

30 to further processing.



Next, the treated chem cal can be processed with a primary processing step
18, e.g., dissolved in a solvent and, in sone cases, blended and/or reacted
wi t h ot hewochami4gmks, to produce internedi ates and prod®crdis20m/03BeE cases,
the output of the primary processing step is directly useful but, in other
cases, requires further processing provided by a post- 5processing step
(20). Post-processing can include, for exanple, purification, separation,

addi tion of ditives, drying, curing, and other processes. I n sone
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is jyncor : rei i L\ : of the
ot Koda. HOAREHGRE! i SHRY ol FAERfpre of the siciah BpKitHiR iR W05, ©
descr i beSudhmmélitd precessieg @i descrithddSh CAS. SRRANNVENT3 7R Ssarcidnterna@nate nt

processes can .inclu r f any of those described 25herein, such
P rechaRPEaT PR S ﬂgﬁ%?amma&m%ﬁ@m@ P g a4 la?ﬂfp%fawaéﬁfqubn,
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For example, the chemical may be cooled during mechanical treatment to increase its
brittleness. In some embodiments, cooling is employed before, during or after the initial
mechanical treatment and/or the subsequent mechanical treatment. Cooling may be
performed as described in 12/502,629, the full disclosure of which is incorporated herein
20 by reference.
The individual steps of the methods described above, as well as the chemicals used,

will now be described in further detail.

PHYSICAL TREATMENT

Physical treatment processes can include one or more of any of those described
25 herein, such as mechanical treatment, chemical treatment, irradiation, sonication,
oxidation, pyrolysis or steam explosion. Treatment methods can be used in combinations
of two, three, four, or even all of these technologies (in any order). When more than one
treatment method is used, the methods can be applied at the same time or at different

times. Other processes that change a molecular structure of a chemical to increase the



solubility and/or rate of dissolution of the chem cal may al so be used,
al one or in conbination with the processes disclosed herein. Many of the
t r eat mrentwodesicuptsed herein di srupt the crystalline strgcrarseoiofod3the
treated chem cal, which increases the solubility of the chemcal with the
i ncreasi ng 5degree of disorder of the structure. Sone of the treatnents
al so increase the surface area and/ or porosity of the chem cal, which

as

general | of dissol utiqn of the mcal as wel |

i ncr easi ?Péul?lf “Sefustr 915 Snth Earhermied i Somocine ¥dBes, met hods
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i nclude, for exanple, cutting, mlling, pressing, grinding, shearing and
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suscepti 0 oxi dation nirra ed. 20l n sone cases, the nechani cal
treatment may include an initial preparation of the chemcal, such as by
cutti ng rindin shearing, pulverizing or chopping. Ater natl vely, or in
addi ti on! h%“‘&ﬂgﬁeéﬁpe‘t‘én first be physically treated by one or nore of

theyot her phyg| e GL&2hIEMS BB ROUR. nRolhnic ISR ukicrabimnt, radiation

sonl cation, oxidation, pyrolysis or steam explosion n nechani cal | y
treated. thaancsaétmﬁnreatsamducﬂre f@sadmalet atgéng;snﬁlurrgpresmegm gradegt sleatieg by one

or nore of e other. treatnents, e.9., irra Lon or sis, tend to be
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mol ecul apySYha6t 4 r Wet E@ing rtﬁrrﬂtl%i‘ltyﬂ&’ oﬁﬁﬁllf'lﬁg' @‘%lllertrﬁe%ﬁﬁmttreatments Met hods
of mechanically tfeating thé chem cal includé, for exanple, mlling or
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Mechanical treatment can be advantageous for “opening up,
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stressing,”
breaking and shattering the chemical, making the chemical more susceptible to chain
scission and/or reduction of crystallinity, and in some cases more susceptible to oxidation
when irradiated.

20 In some cases, the mechanical treatment may include an initial preparation of the
chemical, such as by cutting, grinding, shearing, pulverizing or chopping. Alternatively,
or in addition, the chemical can first be physically treated by one or more of the other
physical treatment methods, ¢.g., chemical treatment, radiation, sonication, oxidation,
pyrolysis or steam explosion, and then mechanically treated. This sequence can be

25 advantageous since chemicals treated by one or more of the other treatments, e.g.,
irradiation or pyrolysis, tend to be more brittle and, therefore, it may be easier to further
change the molecular structure of the chemical by mechanical treatment.

Methods of mechanically treating the chemical include, for example, milling or
grinding. Milling may be performed using, for example, a hammer mill, ball mill, colloid

30 mill, conical or cone mill, disk mill, edge mill, Wiley mill or grist mill. Grinding may be

performed using, for example, a stone grinder, pin grinder, coffee grinder, or burr

6



perfornmed using, for exanple, a stone grinder, pin grinder, coffee grinder,
or burr grinder. Ginding may be provided, for exanple, by a reciprocating
pin or otwenoa/wamsat, as is the case in a pin mll. O hecTrasehanssal

treat ment net hods include nechanical ripping or tearing, other nethods that
apply pressure to the chemcal, and air attrition mlling. Suitable
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density is, cal cul ate i ding the weight of the sanple in grans by the
kno&n 2o ?Ve{ll%eageglf%?aﬁl?épmﬁgcubl Cc centinmeters. In some

situati ons I A foddkit Pef@eihéaﬁhieamw@e&apa{emaalIc@ﬂ\/b@ts &, glenst thyn DBt eri al ,
densify the materia g., to make it easier and | ess costly to transport

to anot hmrcettt@yatera@@maS perepnty grgelet themas percent aicatepthan SBweiceiuBicaliénsi ty

state. Dgpg '66 15@%1%5 oAl fiin 78 be g £ g%éﬁé? ﬁgag P, Yheat iendTBE SIS ngleS Cr | bed

herein, or an proce
greater than 90 percent, greater than 92 percent, greater than 94 percent, greater than 95

20 percent, greater than 97.5 percent, greater than 99 percent, or even greater than 99.5
percent.
In some embodiments, after mechanical treatment the chemical has a bulk density
of less than 0.25 g/em’, ¢.g., 0.20 g/cm’, 0.15 g/em’, 0.10 g/em’, 0.05 g/cm’ or less, e.g.,
0.025 g/cm’. Bulk density is determined using ASTM D1895B. Briefly, the method
25 involves filling a measuring cylinder of known volume with a sample and obtaining a
weight of the sample. The bulk density is calculated by dividing the weight of the sample
in grams by the known volume of the cylinder in cubic centimeters.
In some situations, it can be desirable to prepare a low bulk density material,
densify the material (e.g., to make it easier and less costly to transport to another site),
30 and then revert the material to a lower bulk density state. Densified materials can be

processed by any of the methods described herein, or any material processed by any of
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t he net hods descri bed herein can be subsequently densified, e.g., as
disclosed in U S. Serial No. 12/429, 045 and WO 2008/ 073186, the ful

di scl osurwe 20f1/mbiseh are incorporated herein by refereneeT/URaalilAs13on
Treatment 5One or nore radiation processi ng sequences can be used to
process the chemcal, and to provide a structurally nodified chem cal,

whi ch has increased solubility and/or rate of dissolution relative to the
chem cal prio o irra atlon I rradiati can,  for e ce the

mol ecul axheo%%%{s A5HAIOGH DEREYSE o HP AU D GBS B oS erdit B oan a1 so
Ster"'Z§mﬂﬂ§&ﬁ@2ﬂ294héaﬁ&V@DWOUE@VﬁnﬂﬁﬁﬁﬁﬂﬂH%cR%&%@%thﬁﬁ aphem cal . 101 n
sone enbodi ments, energy deposited in a material that rel eases an el ectron
fron1|tsmammnﬂtabmhmnbwrﬂéﬁmSQd toirradiate the materials. The radiation
may be provided by (1) heavy charged particles, such as al pha particles or
pr ot ons, géé%t% lealnei produced, for exanple, in beta decay or electron
beam acc 3) electromagnetic radiation, for exanple, gamm
rays, X rays, O@é othbrantiatied pfor¥sing Rq@hicespreashd td;ﬁdl:e%ﬁ terchémpagduced by
radi oactive substances can be used to irradiate the chem cal. In another
appr oachanddpageeieragretially mpditadshemicaly Whlﬁr brsieegesed SolybRItE#dYn beam
emtters r - I nents any
combi nat PSecs i REuREfelathd b ACL el fFoP R ifion. e iR

uti | i zedexahipde,dohies tlmppbieadaldwaghchrﬂmrtch@taibmty@”dhetﬁ@mbalarkdtdtahen patt i cul ar

chem cal .. 20l n,.so nst ances when chajn scission iis desirabl e and/ or
pol ymer HpaMEIHERIAE ¢ f?lza&wrrn? aa%%i E%P@Cesaélmf@rrg iheavi er than

el egtrons, SUgfyAR RERId@ASHts, RELI r%w@eﬁ&%ehn a #8901 1APRcaSds dnG@Rto@NS. Neon
i ons, carbon i ons, phoshorus 10 oxygen ions or nitrogen ions can be

utili zedfromneratcrmmg)rbnpﬂém mﬂgdaharadl%ﬁ@thssnajmals Hesiadatdpn p@slbtelpvwlgtecb har ged
particle n be |I|ze or their, lLew s. acid 0 ies for ed
rong- 25 I C 0]

| B Eee SetarsrodenisRomenas pioBg HudieBS haBic e fivirod atErg
desired, ﬁﬁéyﬁﬁﬂe1@&%&&@%@P6r&éahkﬂﬁﬁnuﬁagmmhﬁﬂoﬂﬁﬁkmﬂﬁbﬁhgﬁékﬂ0“ i's
desired, nitrogen ions can be utilized. The use of heavy particles and

posi t i verafiatihasfgeexasanle.igomara tags.degps. obsliravielarays. $eenakpmeach] piptipn 699,

%2,?#;3' l}ér%fiﬁged% gloggtlvvwgﬁﬁpaﬂr?%s Cborl%{ga%[ %%ad?a% %‘ thr}{lcafsflg {;'t%gr‘ In one

Rem cal average ol ediPar wei ght
30( WNi ) a@marcha@ibcatcﬁ@bgnemgmdlawnté gaprdotedsidy dléUMoZlIUé@mre&dttats) @ﬁh‘t(ee g., in

t he form of ganma ] ] o
used to irradiate the chemical. In some embodiments, any combination in any order or
concurrently of (1) through (3) may be utilized. The doses applied depend on the desired
effect and the particular chemical.

20 In some instances when chain scission is desirable and/or polymer chain
functionalization is desirable, particles heavier than electrons, such as protons, helium
nuclei, argon ions, silicon ions, neon ions, carbon ions, phoshorus ions, oxygen ions or
nitrogen ions can be utilized. When ring-opening chain scission is desired, positively
charged particles can be utilized for their Lewis acid properties for enhanced ring-

25 opening chain scission. For example, when maximum oxidation is desired, oxygen ions
can be utilized, and when maximum nitration is desired, nitrogen ions can be utilized.
The use of heavy particles and positively charged particles is described in U.S. Serial No.
12/417,699, the full disclosure of which is incorporated herein by reference.

In one method, a first chemical having a first number average molecular weight

30 (My) is irradiated, e.g., by treatment with ionizing radiation (e.g., in the form of gamma



radi ation, X-ray radiation, 100 nmto 280 nmultraviolet (UV) light, a beam
of electrons or other charged particles) to provide a second chem cal

havi ng a wecondi4msaber average nol ecul ar wei ght (M\2) | eaeruseéan3tsbe fir st
nunber average nol ecul ar weight. The second chemi cal (or the first and
second chem cal) can be used as a final product of 5further processed to
produce an internediate or product. Si nce the second chenical has a

reduced | ecul gr mel atlve o the first m, cal n sone

| nst anceBd IO eRTRL R ]39§t ﬁd(t i F%le?ﬁr(éﬁggtﬁ%d‘ HoRBYRTSIAIBRY bi ¢ s
greater g§olhidhht %d %Qﬁ{cférs) @ ﬂ?b&ﬂ@ﬁ séc%h@ cBEmALSIERE ﬂgtd é%@oﬁc?ﬁtﬁhbéf%v&r‘agé he
first chem cal ese properties can nake the second chem cal easier to

process wmtcillar woight Osgsowortbande dag nuwder swvirags noalpcugsrertight. |Tr1rlpr ove t he

producti on ra /.or ion leve es i red €

P rbod: resend el R HEED SSPur BiShish eduPER-HE st RRBIeoL Tower than
the sf i rsrmmw@eaes@a@toqﬁedd&laﬁ@mbateme Gh%ro(iﬁ@ by nore than about 10
percent, e.g., nore than about 15, 20, 2 30, 35, 40, 50 percent, 60

percent, or ediage thsrsecorsohamicabbasta rﬁgu%érm@ﬁtulaf weight rplatisoieethe Agt ances,

I rradi at &H&nlgﬁc n%atﬁﬁgmg W%ta%%¥$ %%(Hc %st%@m&tg% %\%@n%h%%&o cg%lcgy more than

about 10 perceh an a even

nmore t hafklﬁ]blfsbgreeﬁ& soﬁtbcﬂﬁptand/bﬂa aiyter erdertissehition rélbevestoahd fingclesnyisdlal | i nity
index (prior to irradiation) is from 20 about 40 to about 87.5 percent,
e.g., froORSaBERRCTtEY copMukpihe seeordleshemiial esiqrioRToLEBId 6DSABE ESELMOTY

pergent, e DRichI4s Tg?éa#l%r nﬂ#f;%vb lﬁ}%eﬁ{rg&ﬁcttﬁh rhitfy ?{3) o8 lctich IEveq’?\rf gbout 10 to

about 50 percent, e. abo to about ercent or om about 20
to aboutddme@pnnmum However, in some enbodiments, e.g., after ext ensi ve

irradi ation, is ssj. bl e t have,a cyrystallini | ndex . of wer than 5
percent. In s%tﬁ? diraghte t % FrSORL WD v e Moy avat%tltﬂtélﬁz i'§

subst ant jog)ch Yhad TR HRPH@mber averagé hokQURr W@%ﬁ NS mbleQhatt Mobi N nunber
aver age nol ecul ar MBI%V prior to irradiation) is from about 200,000 to

about 3, OGS0, EOty. tharf alomt aboiik, 22519, 60010, 60 abrant, 40 POOSTOOY ayen fromen about
2507000 ﬁp a?oo% 700, 000 and the nunber average nol ecul ar wei ght after
i rradiat "6R4PY Péﬁ?ﬁBOUt 50, 000 to about 200,000, e.g., from about 60, 000

to 30about 15f QA iastaddecoMraliathg d&rQQ8s the cARAWINILAT tROEhentigRy €l by | N sone

enbodi nents, e.g., after extensive irradiation, it is possible to have a
nunber awersgan h’@ﬂuééﬁt)atcewei:gmm%t thag @boytHan2& 50,50, HOOT SFCremers | ess t han

about 5, $89ubout 50 percent.

In some embodiments, the starting crystallinity index (prior to irradiation) is from
20 about 40 to about 87.5 percent, e.g., from about 50 to about 75 percent or from about 60
to about 70 percent, and the crystallinity index after irradiation is from about 10 to about
50 percent, ¢.g., from about 15 to about 45 percent or from about 20 to about 40 percent.
However, in some embodiments, e.g., after extensive irradiation, it is possible to have a
crystallinity index of lower than 5 percent. In some embodiments, the material after
25 irradiation is substantially amorphous.

In some embodiments, the starting number average molecular weight (prior to
irradiation) is from about 200,000 to about 3,200,000, ¢.g., from about 250,000 to about
1,000,000 or from about 250,000 to about 700,000, and the number average molecular
weight after irradiation is from about 50,000 to about 200,000, ¢.g., from about 60,000 to

30 about 150,000 or from about 70,000 to about 125,000. However, in some embodiments,



I n sone enbodi nents, the second chem cal can have a | evel of oxidation (02)
that is higher than the |level of oxidation (OF) of the first chemcal. A

hi gher | ewel200f14%m2i dati on of the chem cal can further PATUSaGI@/ 081391
solubility and/or rate of dissolution. In some enbodi nents, to increase the
| evel of the oxidation the irradiation is performed under an oxidi zi ng
environnent, e.g., under a blanket of air or oxygen. In sone cases, the
second chem cal can. have .nore. hydro ou Ideh roups, ketone
groups, eété erg%"é%’ﬁ@%‘ifa‘&%%’owg P‘?,Ssg’ifi @qu?’?)gﬁgm%%%ﬁ qlequlsr e cal |

whi ch cagr [LRAh&RR L0800 8PEIchiI&ks kvanaibduf 510G, SOl ubi l ity in water or aqueous
medi a. |onizing Radi at’i on Each form of radiation ionizes the

car bon- cont ai hi seqenatediragnty,ithe graond chandealican brect icvelof oaslatien €datited by

t he ener he ra ti.on, arti r r ioni ze

mat t er vgé}éﬁﬁ% hsRihes X%ngFHEEE é¥99§ﬁﬁ%ﬁ§“ﬁF i gﬁ?éﬁ Ia Lﬁg pr oduce
15ener gepiGatInsTithOftenti b amBithieck Inch@ke itOMIAR1i B ® ratbbPhidsdddidn. ahes are
identical to the nucleus of a heliumatom and are produced by the al pha

decay of soyeq ¢obedimaeis.dadndrese tirclre! of ectxidasion g isigdintion isdrestoumpd pol oni um
astati ”euno[e?gx%md ﬂ%&v%meﬁ’tdl muna&\/g{@#ke?gfélpb E.“& SR c%gé' ni um

t hori um urani ium  ¢uri’um ¢ orni um a ri'crum an plutonlum

20When pﬂhétsbcﬂndi’vsharh&all&anl Hax:@éhord hﬁltof)ﬁrgrdn@snﬁdélfyab gfaups Hat@edroumosi tivel y
charged or negatlvel% charged. Wen char? t he chagged particles can bear
a si ngl eSYIEPYRPOT 67T H@@}&H%gféﬁ% ¢han the TIpiPRsCe. WAKP a8 INCGECa8E | one, t wo,

thrﬁe ory, pog@?ﬁagyIBH&g&ﬁgﬁﬂglg%%Kxopﬁgﬁﬁggﬁﬁgﬁ/|n whi ch chain scission is

desired, arge rticles esirable, in part due to
their acidic nature. Wen particles are utilized, the particles can 25have
the mass of alepiging Radiationectron, or greater, e.g., 500, 1000, 1500, 2000,

10, 000 or evep,dOB8AQ0rddidiRs ibMSesTRS §ar9$n BortgRidgHateli Gk PiHichigr exanpl e,

the particles can have a mass of fromabout 1 atomc unit to about 150
at om ¢ umidrsgtiops,gs delfGrromedb@ the dneagyootithe tadiationo PbbuuthaSgbdalamm@s units, or

f bout 1.t bou 3, .4, 5 10
nconl or aboraritydafe Bruduie Sollomtyealiyink: Adinedhedy e R PasPadres pe

30efsect r gebygaidicfeckons it mby Qdther BRGRGhAter] AMWHatgafTt1dsl € Rlen@Eal €OME] nuous
wave. For exanple, cyclotron type accelerators are available from | BA,
Bel gi um nepleys odg hph@m 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.

20 When particles are utilized, they can be neutral (uncharged), positively charged or
negatively charged. When charged, the charged particles can bear a single positive or
negative charge, or multiple charges, ¢.g., one, two, three or even four or more charges.

In instances in which chain scission is desired, positively charged particles may be
desirable, in part due to their acidic nature. When particles are utilized, the particles can

25 have the mass of a resting electron, or greater, e.g., 500, 1000, 1500, 2000, 10,000 or
even 100,000 times the mass of a resting electron. For example, the particles can have a
mass of from about 1 atomic unit to about 150 atomic units, ¢.g., from about 1 atomic
unit to about 50 atomic units, or from about 1 to about 25, ¢.g., 1,2, 3,4, 5,10, 12 or 15
amu. Accelerators used to accelerate the particles can be electrostatic DC,

30 electrodynamic DC, RF linear, magnetic induction linear or continuous wave. For

example, cyclotron type accelerators are available from IBA, Belgium, such as the
10



Rhodotron0 system while DC type accelerators are available fromRD , now

| BA I ndustrial, such as the DynamtronO. lons and ion accelerators are

di scussedwDroimp3duct ory Nucl ear Physics, Kenneth S. KramalS2diohs73vi | ey &
Sons, Inc. (1988), Krsto Prelec, FIZIKA B 6 (1997) 4, 177-206, Chu, WIIliam
T., "Overview of Light-1on Beam 5Therapy” Col unbus-Chi o, | CRU- | AEA Meeti ng,
18- 20 March 2006 | wat a, Y et al., "Alternating-Phase-Focused | H DTL for

Heavy-1o0 di cal Accel s" Pro eedi ngs of Edi_ nbur gh,
Scot | and%ﬁg{g’ 1i_08 IStemC teqé hipe ac réttoﬂ%q Pvﬁlﬁg%@mn%‘ﬁtﬁ%g ECR | on
Source Ve Sria Pk o ga?%@E nhinbhAC 1680 i¥h Qwé?e'r%}@ilé%lﬁ:lé li@cusSR radi ation

has the advant age gnificant penetration depth into a 10variety of
mat eri al hltrOSWnyd‘éucdéarg%hynas Kaepseth e Kuate, fatoi Weley t?NEéomuhllce(l,%&),uKlnstas

T on. "k bssnt Ak AU, LhTEp: Cibiinfot o Kt kihoten besm | °%1 "

Soursces Pheripya¥SumBel-Oif, BERCLIAEA Me%ﬁhgq|8|-2(ﬁw&hvﬁdob wekaly taggets, such
as tungsten or nol ybdenumor alloys, or conpact |ight sources, such as

t hose pr GtlbgedinsRiswenkpeusad 15 - IM]L Iﬁqrrfé@am losdladesel Abericratory Rrpededings adi at i on
i ncl ude d i Sourc f r indrared radiation include
sapphi re® F@%&é 25@%5 q:;dé gﬂbgn dc[era%?ﬁ %ﬁ% tatus Ogt Sour ces for
mcr 0V\laVS§pdr¢’UhHu&ﬁlngG’ﬁﬁthS®rcé3V@M¢sﬂ PryRediREs SOEP£€2000)Vidh@INARBSRIAN
20sources that enploy hydrogen, gen, or nitrogen gases. In sone

enbodi nents, GBERFRGRLIN b@tth@ﬁévam gagéa%@lﬂcw neagirdiongsispidoioce. A beam of
t 10
ﬁ/r g@ Lgpéa& of gteﬁglga@{)ﬁ%@?o%&ﬁ@{ﬁg??ﬁ@g&?%ﬁﬁ%ﬁ%%uclell‘s asqgot(?#/ ?Remen .

equi pnmenéf chhRCdatcﬁ)llﬁﬁ teetmi@lmochremimm egattifrh Ghéinin, addigaush I’lgyp:tbﬁ,l n sci ssion.
I n addition, el ectrons havi nt%gZSener gi es of 4- 10 MeV can have a penetration
dept h of samariymy gelgpippy, s e, A xenomm

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
15 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

20 sources that employ hydrogen, oxygen, or nitrogen gases.

In some embodiments, a beam of electrons is used as the radiation source. A
beam of electrons has the advantages of high dose rates (e.g., 1, 5, or even 10 Mrad per
second), high throughput, less containment, and less confinement equipment. Electrons
can also be more efficient at causing chain scission. In addition, electrons having

25 energies of 4-10 MeV can have a penetration depth of 5 to 30 mm or more, such as 40
mm.

Electron beams can be generated, e.g., by electrostatic generators, cascade
generators, transformer generators, low energy accelerators with a scanning system, low
energy accelerators with a linear cathode, linear accelerators, and pulsed accelerators.

30 Electrons as an ionizing radiation source can be useful, e.g., for relatively thin sections of
material, e.g., less than 0.5 inch, e.g., less than 0.4 inch, 0.3 inch, 0.2 inch, or less than
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El ectron beans can be generated, e.g., by electrostatic generators, cascade

generators, transforner generators, |ow energy accelerators with a scanning

system |wor2enengis2accel erators with a |inear cathode, PChmaseola®sBber ators,

and pul sed accel erators. 30El ectrons as an ionizing radiation source can be

usef ul , e.g., for relatively thin sections of material, e.g., less than 0.5

i nch, e.g Iessthan04inch 0.3 inch, 0.2 inch, or less than 0.1 inch.
of eac el ect ron ctran_beamis

I n sone qlg, nts, e.energ f tr]e el
from abofi ! %WPS Beimenss; é‘el\?é‘?fgé’rﬂ chebeeonal threlees camgs from ¢ o,
about 0. ZdVeY 3tMc RO ot 2 MRV, (nﬁﬂlohrefé'ar@t@()b'ltts)o % oM Jb@u@@?%e\itoz5 MeV.

El ectron beamirradi ation devices may be procured comercially fromlon
Beam 5Ap@iiquca15|1‘dﬂ§ ot foany abeut|0aZ Melve abBetl lgZuMedt t he Titan Corporation, San
Diego, CA Ty ectron energies ca 7.5 MV,
or 30 vev T BleEten BrEE iR BB PeFmar B PoRTislop bETpONLE FEob Bmeiy 5
kW 510 kMppR&atibHY, TolvaiMVia-RNRAvk Wel b ot We nﬁan@&pkl\éﬁoﬁ rsanimsived, A

depol ynmeri zati on of the chenm cal depends on the el ectron ener‘gy used and

t he doseTappilictagtropkndrgicegpobat MaV, rzeMa‘ép@ﬁd\ée‘ioBﬁn Mae opddfecend dose.
T I Ak Kk 100
ypl ca ggﬁgiéy%%ﬁéﬁlé%a;{% T%r;bnégeggn%%%r @ arlt<| Islgs%/’hleaw é&lkﬁg%oe%ct rons

can be UBWd.106-RW, @3, &r 5P0 @MONShe ketliofepolgmerizatdh@brhd dhesicasi | i con i ons,
neon ions carbon _ions, phoshorus iqgns, oxygen jions or nitrogen 15i ons can
be util i 95Wndy on desischint sRTERE HECY, anséhet dase @R lfrdapings @mﬂiﬂreé}r@% #¢05A4S can

[ ndgoe. RN AP o0l TSHRLNE! 38 BReLERLA VEGYOS LEAIPIGPAUNIG e9) . I
T PERES § Que m Ghet

sone mstanceP0 positivel part| cles can | nts of
chai n sch&kGpnl G0HLGY, ve dod kel y char ged particles due to thel r aci d| ty.
Heavi er particle beans can be generated, e.g., using |linear accelerators or

20 cyclotrons, on Pk tsg}@ enbodl ments, the energy of each particle of the beam
is from about mc unit to about 6,000 MeV/atom c unit, e.g.,

from about 3 Retitleahamviar them dledtonabauibe use80BohMaWgl@pr@oumitljunuéleiom about
10 MeV/ a?tll%g}l fons nsll 1cotn0101?sb %gén 1'16119 (gaolrbg/rtla %lngtp%oshorusn {ons oxygen ions or nitrogen
15 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, e.g., using linear accelerators or
20 cyclotrons. In some embodiments, the energy of each particle of the beam is from about
1.0 MeV/atomic unit to about 6,000 MeV/atomic unit, ¢.g., from about 3 MeV/ atomic
unit to about 4,800 MeV/atomic unit, or from about 10 MeV/atomic unit to about 1,000
MeV/atomic unit.
In certain embodiments, ion beams can include more than one type of ion. For
25 example, ion beams can include mixtures of two or more (e.g., three, four or more)
different types of ions. Exemplary mixtures can include carbon ions and protons, carbon
ions and oxygen ions, nitrogen ions and protons, and iron ions and protons. More
generally, mixtures of any of the ions discussed above (or any other ions) can be used to

form irradiating ion beams. In particular, mixtures of relatively light and relatively

30 heavier ions can be used in a single ion beam.
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In certain enbodi nents, ion beans can include nore than one type of ion.
For 25exanpl e, ion beans can include m xtures of two or nore (e.g., three,
four or rmwoepiidispfser ent types of ions. Exenplary m xtur@sTaseoliosizade
carbon ions and protons, carbon ions and oxygen ions, nitrogen ions and
protons, and iron ions and protons. Mre generally, mxtures of any of the
i ons di scussed above (or any other ions) can be used to formirradiating

ion beans. In _particular, mxtures of relatively lLight and relatively
30heavi o i onl! I GRPGLEEN{on CemiPB T IpE AR torials melude pasitiyche

enbodi MeiSeed iBRs. PR BositREly dhhadt 3ddsnen TRIET &r SxhffleUSRitRRE) dHaygldy - char ged
ions. The positively charged ions can include, for exanple, "‘positively

char ged hydtogagenns @rs, fretogs), npirlotanions (apbicdiugascorprrgohs.cgrbonhetsi um neon,
argon), carbon.ions, nitrogen ions, 0 n ions, silicon ato phosphor us
Cons. anURETRIONT JRYeTLiohS 20 con 2t ARTBRYS [ wdmebRe SR d or i ron

i ons. W §duauth ioMsS&llEIGmtiond endyerineh s amitHoleRiskingi th bk Soiel bemgdhtdgt such

posi tivel y-charged i ons behave chem cally as Lew s acid npieties when
exposed tds brliceed tpksuch ppsitivelyshargadiong bekavaichemicatly anl-ewisiagig repietiesng chai n
Sci ssion ' [ - ] 1V ' t.-1Rn C ' Laents, ion
beams or et piavay o Sy SRk R E oniq The S et AERER RC

Negat i veleyctidisiged okidmsvecariromabntde, for exanple, negatively charged
hydrogen ions (e.g., hydride ions), and negatively,char?ed i ons of various

relatively el @c%er@w&@ahqme%é%bgw@r irragiapigg mateiads ngfude ag&Aiivelins, car bon
. el ) i . e S, i bos, o8
I ong, silicomn 1b8§?SNee§aHQe1§§H§«%Q@{dﬁ§ c%r?ﬂl%)ude,\%} F%%c%lwr% %tﬁi%% gn %ﬁ? ound Dby

any theory,”1t is bellev at such negative arg ave
cheni cal hydragenliewd ©.ghdsdridoicets), esd whetivelypbsedd ians b rati@msiralagyelgausi ng
anionic rin -%Egnin %2 in scission reactions in a.reduci ng environnment.

In sone SRH hedite » OB RS HEPEHGORR CRPPE IS cHHCTORY 4B heut r al

atoms.  FoiospRGHIPldRis). ANYhORSViOKin RS B Bun@YH 09 8RRy, AR beh&lch it ahars, carbon
atons, nitrogen atons, oxygen aftons, neon atons, silicon atons, phosphorus

at ons, angwhvelyoheigedmms belviercbemesrlyres bawisthesd meolctidewhémexposcdigans. | n
gen&ral,nﬁ%glpres of aQ%%tmo or nnrﬁlof t he abQ%e t&Pes of. atons (e.g.
thr e or TRISFA!S: FSME SPIORS N E-QheniRpah Ly OR AN PSRN the beans.

I n cert agmvieahedi nents, ion beans used to irradiate materials include
si ngly-charged ions such as one or nore of HH H5 Het, Net, Art, G, C5 0,
0-5 N, N5 Sinsogjeembopigments,hegmpfar irradiatingsmgteHals can fishdeaspisdiatnt.s, ion

bearrs Caﬁorj &%J:n%%? aEE'r'Bﬁé &Jr}{ét% %?%9&%{;% atoms, helium atoms, carbon atoms, nitrogen

atoms, oxygen atoms, neon atoms, silicon atoms, phosphorus atoms, argon atoms, and

20 iron atoms can be included in the beams. 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 ions such as one or more of H,H,He", Ne", Ar',C,C,0,0,N",N,Si, Si,

25 P", P, Na', Ca’, and Fe'. In some embodiments, ion beams can include multiply-charged
ions such as one or more of C2+, C*, CY N N, N, 0, 07, 0.7, Sit, Sit, Si%, and
Si*". In general, the ion beams can also include more complex polynuclear ions that bear
multiple positive or negative charges. In certain embodiments, by virtue of the structure
of the polynuclear ion, the positive or negative charges can be effectively distributed over

30 substantially the entire structure of the ions. In some embodiments, the positive or

negative charges can be localized over portions of the structure of the ions.

13



ions such as one or nore of C2+, ¢ 3+5 c 4+5 N3+45 N5+5 N3-5 02+5 02-5 022-5
Si Si ,? 2-

and 5i 4- . wOnogersersal , the i on beans can al so i ncl ude noPeTaSAPIAI7391

pol ynucl ear ions that bear nultiple positive or negative charges. In
certain enbodi ments, by virtue of the structure of the pol ynuclear ion, the
positive or negative charges can be effectively distributed over
SOSubstantlalk%tngg]%gtk&ﬁnggructure of the ions. In some enbodi nents, the
positive or negatrve chargestcan be | ocalized over portions of the
structure of hhanMEMmmnsEtwhkhdmmgméhﬁngRqﬁiﬁMMamwﬁhebc&omag&mhodinents in
whi ch the lrrad @F@? erformed with el ectroma netlc r tion, the

el ect rorﬁf&ﬁé“f’?ct CHG RAAR{PE, cap hgve, Cgn engRgy QFP o ﬂ o fOR| ect r on
vol ts) ofoigh QP-% Rhtck @R 1892V &V, Srefiter th%@@i q0* 110an 0103 cvdiPéreatéORan 166, or
even greater than 107 5eV. 1n sonme enbodi nent’s, the el ectfomagnetic

r adisat i oevVh assoemfeerrglyoq@mcntphbt olectodmiygictie eadia®da han dnﬂgy perephgton dzfet ween 105

and 106 fomagneti c r.adi C ave a frequ e.
reater patgrom g 105 VEHBRAG (R GETHIEV AT SRRk BagSdn Gy £12n
greater hhan ﬂ&l&éndyz()f £ B., SRARr @AY RN hiearck BRNE0EGLS ORRONIAY 191 @di at i on
has a frequency of betyween 10 18 and 1022 hz, e.g., bet ween 1019 to 1021
hz. 10 QREEFaRy thml%m r bl som amhedimenaltheelestemagne@heagiatian as a Af t er
treat nmen 71 18 2 th t.ed m,cal may becone ionized;
that is, EF$%%§§6€%%WJ%gHI %#?f DQ%F §§{ §%H§aﬁgg§elletectable with an
elemtron spin resonance spectroneter. If an ionized chemcal remains in the
at nosphere, i mnll be OX|d|zed such 15%5 to. an extent that carboxylic
acid groups apucnghipeang Copfreled Funed e jicals s npspheric oxygen. Such

oxi dation is dést ur@abxhlentbemam&mg radﬁtﬂoﬁ,ltﬂe treatbdehdmicdl ety BHC@@K@@WZEdI n

nol ecul ar melght of the chem cal t he oxi dation groups

car boxy! fhat i§cit mayieslpde radigals gelenels &f% rlrerct?ﬁecy&llwﬂh AR 9160%%F680%4%e t he
radi cal Sg alfe@f?omlaﬂe%’ erf aB%m?éEl’E‘ﬁhﬁﬁéE‘Pr&ﬁ& inlthd o ﬁe?é‘ it ®ilfhe oXi@DEE sudhan 1
day, days, 3 nont 6 nonths or even |onger 20than I year,

mat er i aI aqotocap@mtanematmbmhb |amxi@rolq>stakmg@ermmby teacnmg witth thie aitmosphmec

i nstances, can b eS|ra8 After niﬁaé%@n, a mat.eri al that
has beenotigiiz SHTLEHAHRNGS driBls begaust durab ihd elEheheHigdaiRs i n t he
ioni zed pRIRLIaRveight 8F the SHGRichNAd thBSxIARHLE Blovp&les. NArBA Hé«‘ﬁcﬂ%hﬁﬁ)% abl e

with the electron spin resonance spectronet er. #or exanp , the radicals
can can be helpful for solubility. However, since the radicals can “live” for some time after

irradiation, e.g., longer than 1 day, 5 days, 30 days, 3 months, 6 months or even longer
20 than 1 year, material properties can continue to change over time, which in some
instances, can be undesirable.

After ionization, any material that has been ionized can be quenched to reduce the
level of radicals in the ionized material, e.g., such that the radicals are no longer
detectable with the electron spin resonance spectrometer. For example, the radicals can

25 be quenched by the application of a sufficient pressure to the ionized material and/or by
utilizing a fluid in contact with the ionized material, such as a gas or liquid, that reacts
with (quenches) the radicals. Using a gas or liquid to at least aid in the quenching of the
radicals can be used to functionalize the ionized material with a desired amount and kind
of functional groups, such as carboxylic acid groups, enol groups, aldehyde groups, nitro

30 groups, nitrile groups, amino groups, alkyl amino groups, alkyl groups, chloroalkyl

groups or chlorofluoroalkyl groups.
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25be quenched by the application of a sufficient pressure to the ionized
material and/or by utilizing a fluid in contact with the ionized materi al,
such as awg@astior9isequi d, that reacts with (quenches) thecraseealod’3olsi ng a
gas or liquid to at least aid in the quenching of the radicals can be used
to functionalize the ionized material with a desired anount and ki nd of
functional groups, such as carboxylic acid groups, enol groups al dehyde

gr oups, nltro 30 0 nitri|e groups, .am.no qroups, anln groups
2Kyl gr oups, FEHFBREZRHgH H@mhi}@%&w Sl oY o @W@%%‘é gencrally

Functi Oné’f*féc%ﬁ{e'sgﬁlb'ﬂﬁy of IRNGEmid2e e@l a@lrlh&r)éas‘%fln tpbﬁrl%h@m E@leral YhGhaswi | |
general |y affect the solubility of the chem cal g., an increase in
pol ari t ythaisplubgignef tinlelctlemmlrleam@rtshlefelstsl by ¢xan5pl®ﬁ1ffdﬁ@1tcfhmocall growpspol ar
sol vents er.ent tion S exh f erent
dogr ees ST AFSER AERen o1 HREoR PG SRErsi T o R Rrrbirspf s

el et r onglgatdnégatleidms. Atdr R¥APR! @ldelﬁs}d@%ﬂ&@@ h@voOH [b‘@ngé@le@ndrﬁétﬁ@n@ IOOI e
noment and are thus relatively polar, as are am nes and _al cohol s, which

have t heargthysirelatively nolar. @g@ﬁ: mmas artdaaflefdw% mwdichdiage tlw@ﬂttﬁéo hedsoggsol ar
functi O”E‘én ¥ @?‘8%&?& Ql%é?%&%ﬁ{;‘na@gpo%lp%kﬁﬁé WS ! % hﬂ@r‘ége@ di pol e
nonent , an I NC roneS Ive a e O%I nrs,

quenchl ngonmkaﬂﬁslyaha@mpdlpclatm&ﬂer@fanﬂrlﬁaader@vot dedtiacddivontoned material,
e.g., by directly nmechanically conpreSS|n the material in one, two, or
three di nensi Bn¥mesmbadngithgiupreaiging! ufieﬁ an gnplicfianpfukssswetndicnat erial s

| MR sed, f;z]egmatér ?,Se})%tl%?ﬁdlpécﬂg?fééa&flanléa{\}hﬁéé&kbréég g‘%ﬂ&ﬁﬁterﬁa{ﬁ gf QiJrBf 1 on of

t he naterl itse gs ra are often trapped in ¢rystalline
domai ns, thirge chhmsaomnougiplydngprmMytcsa:)ﬂtu}danwﬁmmammiaﬂ;lsaamermdoﬁgl ne, or
react mnth anot her grou

In sone | ances es |s 15appl.i ed
t oget her SRFRYF RIASIEL JRiS E%h Nglaness, ﬁk}s Or@a %étnsﬂgﬁfﬂm 6%6 ‘?mt%ﬁé?ff $ aly, of

heat to @hﬂ%&@oﬁé}ﬁré@@@ﬁ{ afys{amnehoﬁlaﬁs MRESsE @hoddd (REAUEL R0tk poi nt or
sof t eni ng point of mateiial or a conponent of the material. Heat can

i mprove radlcetsmaarremnﬁmeu, pyreaet Wlldeanmln@rgmlp Inisph isgamcen, thei presshes iuenchi ng

of the radicals. \Wen essure. s dto essure can be
o ot or ' ARUEE s FOnBRETI R imo tehlb B e ST Qe 1S BRSBTS T “Tas0
psi, 3628cRft thea@hperRire of 1B thaRial toldHAVE a Pl pvest seﬁ@ﬁﬁgpoﬁlhaﬂhéSOOO

psi . In some enbodi nents, quenching includes contacting the ionized

mat er i al mjcrial er & sompenca pf ihematgripg. digad cat ingaeve molgculapmghidit: kel e of
t t tyl i
reacti ”gm\élle H wﬂ?chrc%g'afﬂnsthe ﬁﬁ'egn*ah{h%y?ﬁ% YhRRE gYhe% gg}géﬁr‘ér& ﬁﬁ%eé%‘ ytene in

ni t rogen, yléne, orina enes or ¢ uoroe enes,
pr opyl en@ueﬁmh nh&piesese odn B&@saelgaslesboult NOG( peéy suplag gleuﬂeathan 2601ﬁrm60h ment s,
quenchi ng .i hcl udes contacting the iaonjized material with a liquid, e.g., a

I'i A% d cBpalf 8 nsk 36%»%@&&%%@ |7H§Q)P%1h]500@ﬁtpé1r‘?reﬂVe%B’EfaFeé&E’ﬁ1|§80 $ih t he
radical's, sucfy s%ﬁleaen%o%ﬁel}é S@Qnaénénéru‘a&% %hﬁ%ﬁﬁgglgzéd"mﬁféﬁa @Rﬁ%‘ fic

enbodlnents guenching 1 nc S contacting t material wth an
ant i oxi dfwtl, ssbehk adisuM drayas,re.E, a gds cdpaile effrcatthng wiletheaadicdansucngd ude an

ant oxi dant di sper sed LLeLel e AORUDCLE onRlL2aL) 1 620 S pahgnoed by

chlorofluoroethylenes, propylene or mixtures of these gases. In other particular

25 embodiments, quenching includes contacting the ionized material with a liquid, e.g., a
liquid capable of penetrating into the material and reacting with the radicals, such as a
diene, such as 1,5-cyclooctadiene. In some specific embodiments, quenching includes
contacting the ionized material with an antioxidant, such as Vitamin E. If desired, the
chemical can include an antioxidant dispersed therein.

30 Functionalization can be enhanced by utilizing heavy charged ions, such as any of

the heavier ions described herein. For example, if it is desired to enhance oxidation,
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t he heavier ions described herein. For exanple, if it is desired to enhance
oxi dati on, charged oxygen ions can be utilized for the irradiation. If

ni t rogen worneotiyaamk groups are desired, nitrogen ions oPCRAISAMI/0513at

i nclude nitrogen can be utilized. Likew se, if sulfur or phosphorus groups
are desired, sulfur or phosphorus ions can be used in the irradiation.
5Doses In sone instances, the irradiation is perforned at a dosage
rate of greater than about 0.25 ad per..second,. e.qg. reater than about
0.5, 0. 7%*,%&6@_(5)}%%1,0% 5 Pf‘ovtﬂgﬁé%fgtﬁ%_ﬁ“r faq et ndige # BBt #Second.
In sone gahedi fRstS iohd\& a!n'[cfn@%aftﬂiﬂdﬂﬂie'rﬁtr@g‘éhfc‘aﬁ pedtifledd 19RSFisE, aF QuIRE between
5.0 and 1500.0 kiTorads/hour, e.g., between 10.0 and 10750. 0 kil orads/ hour

or bet weerp!®epI®rangro8p0are drsditedr sudu hoplasphorus ionk gas beresedrivddi nent s, t he
irradiatin W{t'With any radiation source or a conbination of sources) is

per f or rreﬁra% PP the material receives a dose of at |east 0.1 Mad, at |east
0.25 Mad, e.g., at least 1.0 Mad, at least 2.5 Mad, at least 5. 0 Mad,
at Iseast 10. ODdkaad, at | east 60 Mad or at |east 100 Mad. In sone

enbodi nent s, fhse0 ieriréa}[dlilaetitgg.rimsdi Fﬁfiéﬂ rrgod 1e§upagiIosatQ§terr81ferr£lallr rgcei ves a
dose of from about® ‘871" Wad” t'6'4b it Bod Wad, firo%a ou g6.t§ 1i{}lgad t o about
200 M adabdut 0175 abaadtped sdvbiad] et 0, @baert thddbdvk ad, 095, f.00N5 ahOWr eberM ad to
about 60 Mad. In some enbodinments, a relatively | ow dose of radiation is

appl i ed, gigatgr thap gbautZaMrabpysgepndsdnseras PuRodingasnihe tradisfingdh reduce t he
PLLe : S e . .
ol ecu %elr Ityﬁ‘gtn %ﬁggre%ite%rf%gt%\%gh 5T 1%60@01@%??{?5&@?]%%%6 ﬁ%ﬂx%gﬁ%.d dqr ease

t he sol rate of dissolution m oni catl on can
al sm be USk@kilaradd/kairlor betwiche 50 0emt Ga0.0&ildtxls/hamy nedi a used to process the

chem cal . In one nethod, a first m cal .having a first nunber

ch
average mol ecll RMART _m%%thgllwid%@géwﬁ@ﬂy EAGANAN SAITCS OE OB IRAERYL ,  and
soni cat egr Aoy is AW Al hab M re@Rld sREQVbAR 181sSEEMMddCheICal havi ng

a second nunber” average nol ecul ar weight (M\2) [ower than the first nunber
aver age 0Bb &ualax.g.wetilgist 1.01Mragloadeasnd ddVirmenstdeast hd MedoatdemtiibéMender age
mol ecul alt lg\ellesl[ 861 E\/Irgclivgrz 21t lieeisst 100 Mrad. In some embodiments, the irradiating is performed
15 until the material receives a dose of from about 0.1 Mrad to about 500 Mrad, from about
0.5 Mrad to about 200 Mrad, from about 1 Mrad to about 100 Mrad, or from about 5
Mrad to about 60 Mrad. In some embodiments, a relatively low dose of radiation is

applied, e.g., less than 60 Mrad.

Sonication
20 Sonication can reduce the molecular weight and/or crystallinity of a chemical and
thereby increase the solubility and/or rate of dissolution of the chemical. Sonication can
also be used to sterilize the chemical and/or any media used to process the chemical.
In one method, a first chemical having a first number average molecular weight
(M) 1s dispersed in a medium, such as water, and sonicated and/or otherwise cavitated,
25 to provide a second chemical having a second number average molecular weight (Mngz)
lower than the first number average molecular weight.
In some embodiments, the second number average molecular weight (Mx;) is
lower than the first number average molecular weight (Mx;) by more than about 10
percent, e.g., more than about 15, 20, 25, 30, 35, 40, 50 percent, 60 percent, or even more
30 than about 75 percent.
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| ower than the first nunber average nol ecul ar wei ght (MO by nore than about
10 percent, e.g., nore than about 15, 20, 25, 30, 35, 40, 50 percent, 60
per cent, WO 2euern9Tser e 30t han about 75 percent. POTAS®E 1Li0BBYRANCES,

t he second chem cal has a crystallinity (C2) that is |lower than the
crystallinity (Cl) of the first chem cal. For exanple, (C2) can be | ower
than (Cl) by nore than about 10 percent, e.g. nDre t han about 15, 20, 25,

30, 35, 40, oy even nore an ab ut 50 er cent n odi nts, t he
starting cr ysfnaﬁomwwnqeﬁag% SeBRT ghomigaldin aeafo%hlslty O a0ttt o
about 87mécﬁ%ﬁﬁﬁﬁhuﬁﬁ)Sﬂhe?FQ%héﬁRHFlﬁﬁe&ﬁnﬁﬁqu)&§ﬂ&ﬂb§@ﬁﬂmﬂ(€ﬁ%9”1abOUt
60 to about 70 percent, and the crystallinity index after sonication is
f r om aboupreltban @bmwpe@entpegcme; thangboutflisoi),2508@, 36549,@r aberumor5 per cent
or fron1 bou %2 to about 40 percent. However, in certain enbodi nents,

g., AROHT N PUFE S oni cation, it is possible to have a 10crystallinity

l nd%x of I ovvern JoRReribdAeh &0 tthe $thrtiHQ By sRIMDAE ﬁf&é}i @riot ResoRRhash)ab fidhi er
sonication is substantially anorphous. In some enbodi nents, the

st art i ngaousb@fo ahpat 8gé pmﬁ@eagauﬁomaw 59 sr abont ¥ dpereeiit @afioangbous6q r om
1000, 008 BB TEp o st tnif iften R GRR0H i AR 0B B g

mol ecul a0 pdrbented. ghfromf dbett Bt abatii 4MpdrSent bofrombdulit oQB0utt40 mibaut.

200, 000, e.g., from about 60,000 to about 150, 000 or fron1about 70,000 to
about 12H0pOvET MGREY@CModag e Cerbbdr FERRLYC snipationyit is possible frshaye a
sonj,cat i i ght of
oot thaf Vel TyRETE I b PR, TR RHRURE R Ty AR, O rent s,
t he secosmhi@hemiscabstestmllyaanerphdusvel of oxi dati on (02) that 20i s hi gher

t han t he Ievei of oxid t|on QF % of the first che 1ﬁ %@

enbodi nent s, I oMETERRGAMEHs e aingPUBRPEERT T BHICT Y g AN HeN cal

rel ati vegdn@atib) i iffodt asuend G600 toSéBBhtCﬁQ(')(PGOO 2. PR hbRA 2'56' o@@tc%o@h zi ng
medium |n sone cases, the second chem cal can have nore hydroxyl groups,

al dehydel.§0@09&or ﬁ@m@heutg%@d}ﬂﬁ to ebaut/0¢,08Qped dre manltﬂmyd:mge moledulgr oups,

eoat - BeteERFE R Snikd o™ B8Rk S bl e AR ok TBE MR A0-0809 et uae

an oxi dagout $5G;0BSr f@orﬁ@b@mnm&)obeo @bout NZ600geAoRET&XindSne m%u&ﬁ@ft@ ng
agent and/or a buffer. Exanples of di spersing agents include ionic

di sper si f§-» fRIRXECNSIe gonicafindi iind PessIYA toduve anembeliiycriga malequiardiagidr si ng
agent . G By ROk E FUNERPC AN ER han LS gégrer enbodi ments, the soni cation
medi um i € Hon-a or exanp e,Iﬁ sdni cati on can be perforned in a
hydr ocar bon, B @me dnabadénentarihh@pdadehendtal @t @ive ®legel,of oxidation (O,) that

20 is higher than the level of oxidation (O;) of the first chemical. In some embodiments, to
increase the level of oxidation of the second chemical relative to the first chemical,
sonication is performed in an oxidizing medium. In some cases, the second chemical can
have more hydroxyl groups, aldehyde groups, ketone groups, ester groups or carboxylic
acid groups, which can increase its hydrophilicity.

25 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 agent and/or a buffer. Examples of dispersing agents include ionic dispersing
agents, ¢.g., sodium lauryl sulfate, and non-ionic dispersing agents, ¢.g., poly(ethylene
glycol).

30 In other embodiments, the sonication medium is non-aqueous. For example, the

sonication can be performed in a hydrocarbon, ¢.g., toluene or heptane, an ether, e.g.,
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di et hyl ether or tetrahydrofuran, or even in a liquefied gas such as argon,
xenon, or nitrogen. It is generally preferred that the chem cal be

i nsol ubl eworeoti@9mseni cati on medi um at | east prior to searaske0O37381
Pyrolysis One or nore pyrolysis processing sequences can be used to
increase the solubility and/or rate of dissolution of a chemcal. Pyrolysis
can al so be used to sterilize the chem cal and/or any nedia used to process

t he chemi,cal Ol n one ex le, a first. chenqical having a first numnber
aver age %ﬁ@kﬁ%srrorm%wﬁrﬁ%a%r 6591?81%15%1&?16 =V ?ucgﬁsﬁ i HYOtHE first
chenicalmhgggltube furnace (in the presence or absence of oxygen), to
provi de a second chem cal having a second nunber average nol ecul ar wei ght
(M\2) | ower tHanganemllyipreferradithoethe ahemmgebembelobik an theesiogisation mediome
enbodineqhs t he second. nunber average nol ecul ar wei ght (M\2) is 15| ower
than t he®fPLPINURBENCANAS age nol ecul ar wei ght (MO by nore than about 10
pergent, e.g., nore than about 15, 20, 25, 30, 35, 40, 50 percent, 60

percent, or even nore than about 75 percent. In some instances, the
second cBRuglysl has a crystallinity (C2) that is |ower than the

tallinit i em . .
Chan (C1) by OB w8l biybls es SRt B S AR Einelilrd uf 3By 50
25, 30, ah/ordltc dIidissyiationof £clididitalaPetilyddcqmedl ettt used to sterilit thome

enbodi nents,. the starting crystallinity (prior to pyrolysis) is from about
40 to abehpmiget a8dgepremediagsed to precess Bss0eEMB6lt 0 about 75 percent or from

aboyt 60 to apou. e&gglggea??ig% ch@ffdat ﬁ.h%irfgr & ﬁlts%ﬁrllﬂé-rtaxetiaggﬁf&l&{lfa?(VG@HE olysis

is fromabout 10 to
(My) is pyrolyzed, e.g., by heating the first chemical in a tube furnace (in the presence or

absence of oxygen), to provide a second chemical having a second number average
molecular weight (M) lower than the first number average molecular weight.
In some embodiments, the second number average molecular weight (Mx;) is
15 lower than the first number average molecular weight (Mx;) by more than about 10
percent, e.g., more than about 15, 20, 25, 30, 35, 40, 50 percent, 60 percent, or even more
than about 75 percent.
In some instances, the second chemical has a crystallinity (C,) that is lower than
the crystallinity (C,) of the first chemical. For example, (C,) can be lower than (C,) by
20 more than about 10 percent, e.g., more than about 15, 20, 25, 30, 35, 40, or even more
than about 50 percent.
In some embodiments, the starting crystallinity (prior to pyrolysis) is from about
40 to about 87.5 percent, ¢.g., from about 50 to about 75 percent or from about 60 to
about 70 percent, and the crystallinity index after pyrolysis is from about 10 to about 50
25 percent, e.g., from about 15 to about 45 percent or from about 20 to about 40 percent.
However, in certain embodiments, e.g., after extensive pyrolysis, it is possible to have a
crystallinity index of lower than 5 percent. In some embodiments, the material after
pyrolysis is substantially amorphous.
In some embodiments, the starting number average molecular weight (prior to
30 pyrolysis) is from about 200,000 to about 3,200,000, ¢.g., from about 250,000 to about
1,000,000 or from about 250,000 to about 700,000, and the number average molecular
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25percent, e.g., fromabout 15 to about 45 percent or from about 20 to
about 40 percent. However, in certain enbodinents, e.g., after extensive
pyr ol ysi swoizb11/930ssi bl e to have a crystal linity i ndexPofi/useasen3tshan 5
percent. In sone enbodinents, the material after pyrolysis is substantially
anor phous. In sonme enbodi nents, the starting nunber average

nol ecul ar wei ght (prior to 30pyrolysis) is fromabout 200,000 to about
3,200, 000,.e.q., fromabout 250, 0 abou 00, 000 or. fr out

250, 000 WS{gﬁb%éﬁr PYERY 300, T g %3%%&%2@@8 > B a'?out%ﬁ}oﬁﬁﬁo af t er

pyr ol ysi shdu? 156,000 &R8th aBOt0BD00%0 8BAK 125900 OBBwcferJin soflcMBAAKENE0, 000 to
about 150, 000 or from about 70,000 to about 125, 000. However, in sone

enbodi meats after. grtsnsak perolgss, atnis possidy tadhays iaqunmiber ierggegrdlotdat weighive a

nunber avera | e wei ght of, | ess 1 about 10,000 or even |less than
about 5, $Q§Wﬂa%%§;&gﬁ%88?%@h?§meﬁéoggg@ﬂb chenmical can have a |evel of
oxi @ation (02)n dopdt enhfodith&li€lthd §2Bnd BenlieMehn BhvoxiedatdfeRridatbn (Of) thdre fir st
chemical. In sone enbodinents, to increase the |level of the oxidation the

pyr ol ysi & highep hendhgisscliod oxidatisn (P iohEhedh shermigaht In Jomosompodiaens tot he
d i ) ) ) . ket
second MR Ral et S ANE TS PNITIH L BUREm Al AEiNgRBpeUns. ketone,

t her eby émdroaashidntsbc Rys apb bddotd inatdefal tdrehavatneore &l droxyl groupgsh sone
enbodi nments, pyrolysis is continuous. In other enbodinments, the chemcal is
pyr ol yzetldelside froyms detieraus: eSIFREIOUN®T CHEAXHI] sikaroups ¢ the §rsta second

Pr eflet o7 LR Uity BREE G PIE A UELRGCAGRE e RO | on e or nore

oxi dative processi sequences-ca sed to Increase the solubility

and/ or di ssol lt Soore analteeliroénts, pgrahesiscahtindaus o breothet dwohdimerts,rtb¢ chem cal
havi ng a fir.st .nunber er age, nol ecul ar wei ght (IMN1) and havin first
oxygen cOMELR! i RX97ed (5 drSHstErmeng .tl,mwn%gmaﬁawﬁmqo} T aFSENEhi cal in a

stream ofrcaéthmAhePUNIDOFROpIONEtheRighin t O provide a second chemical having a
second nunber average nol ecul ar wei ght (M\2) and having a second oxygen

content (02) higher than the first oxygen content (01).

15 Oxidation
One or more oxidative processing sequences can be used to increase the solubility
and/or dissolution rate of the chemical.
In one method, a first chemical having a first number average molecular weight
(Mn1) and having a first oxygen content (O,) is oxidized, e.g., by heating the first
20 chemical in a stream of air or oxygen-enriched air, to provide a second chemical having a
second number average molecular weight (Mx;) and having a second oxygen content
(O2) higher than the first oxygen content (Oy).
The second number average molecular weight of the second chemical is generally
lower than the first number average molecular weight of the first chemical. For example,
25 the molecular weight may be reduced to the same extent as discussed above with respect
to the other physical treatments. The crystallinity of the second material may also be
reduced to the same extent as discussed above with respect to the other physical
treatments.
In some embodiments, the second oxygen content is at least about five percent
30 higher than the first oxygen content, e.g., 7.5 percent higher, 10.0 percent higher, 12.5
percent higher, 15.0 percent higher or 17.5 percent higher. In some preferred
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The second nunber average nol ecul ar wei ght of the second chemcal is
generally lower than the first nunber average nol ecul ar weight of the first
chem cal .wBan1ienarspl e, 25t he nol ecul ar wei ght may be re#ata$2410/081301 sane
extent as discussed above with respect to the other physical treatnents.
The crystallinity of the second material may al so be reduced to the sane
extent as di scussed above with respect to the ot her physical treatnents.

In sone e (8|nenﬂﬁ, t he second o ont is at | eas a&gut five
percent FBAYYMERSt SHGCPHQOFY%%COBSS%)/ ’éﬁ‘t H‘tlt 0 pereeny highspiheRhe hi gher,
10.0 perﬁ%ﬁ%xﬁeﬁ%@ﬁtentl%@g@ff'éwgﬁt 1@hﬁ5‘§ﬁed Q@el@m@@tﬁpﬁﬁiysﬁ' l%ﬂ%&ol?ﬁmé% S
percent higher. In some preferred enbodiments, the sécond oxygen content

is at | essiplaboufurz@coppeticeat 130036 er hidhan Abvaitdlile elemextplerlyzonisdht . Oxygen

Fur nace BREPRCHNS P Sp4B6iarah NG P sincib Fuidh a il yer i s the

LEC@ CHNS- 932Ganahlyy ®kiditibiofa MhferidP6kchisah ah @RS iAE biveroMyieat. yisdrs f ur nace.
5Ceneral ly, oxidation of a material occurs in an oxidizing environnment. For

exanpl e, SXawploheiatidaioncan boeffesteder ddebby nyrabiisny appridizieg envifenaent,
oxi di zi ng, &NV} J&’PHPE%M %ﬂ‘?&egzﬂ P b5k (R EatFo’ﬁr Leg%%g ch&nﬁh{iasgeﬁéﬁ aidin

t he oxi dation, vari ag ent suc acl bases

can be agidﬁdsbmdhﬂe aeidror Gases Ram Bé addadas tlmwhbﬂ]gcawnd&blo@ﬁunﬁg)bxﬁxtml e, a
peroxide (e.qg., zoyl peroxide) can be added prior to oxjdation. 10Sone
oxi dat i vﬁor@@%&sa@ﬁww (F@ntbeﬁzqyyB@Oéwe}ﬁaetwddehwrﬁepm%%r e di scl osed,

for,exanpl e, S&nyoﬁdatﬂe]e; Ilrng%hﬂﬁ‘%?méiaér %%oa%e éh%ﬁu&REr;Tpgﬁﬁ Hem&hS & gur e of

which is incorporate erence. npl ary oxi ants i ncl ude
per oxi dedisclesedhfoamsximyplepigdn SpBeront Nebe 121689,88N 2lny torparetexidtsuparfsdiifhat es,
such as ammoni um per sul f at activated forns of oxygen, such as 150zone,
pernangaﬁé?%%pmgﬁﬁ e§§1B5F3§E@Wn1pernanganate perchl orates, such as sodi um

per chl orate, pAChAAKIAE ihemde pHeRideS sﬁaﬂasqmdmgeﬁemo%detﬁd(b@whol d

bl each) . In sone situations, pHis maintained at or bel ow about 5.5
duri ng cpfn’o@ld@,,pesawéﬂatea,ssubeammomluannerwlfab%@mwdzfoandOBoxytgenveeelmasz. 5 and 5
or ﬁetmeen about 3 and on conditions caHlaIso |nclud&u%1contact

per i°od of? 0881%@%11%2’“13% Sf%h P‘solaloi%%ssmén Berrnanganate perchlorates, suchas so

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.
Oxidation conditions can also include a contact period of between 2 and 12 hours, e.g.,
20 between 4 and 10 hours or between 5 and 8 hours. In some instances, temperature is
maintained at or below 300 °C, e.g., at or below 250, 200, 150, 100 or 50 °C. In some
instances, the temperature remains substantially ambient, ¢.g., at or about 20-25 °C.
In some embodiments, the one or more oxidants are applied as a gas, such as by
generating ozone in-situ by irradiating the material through air with a beam of particles,
25 such as electrons.
In some 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.
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20bet ween 4 and 10 hours or between 5 and 8 hours. In sone instances,
tenperature is maintained at or below 300 C, e.g., at or bel ow 250, 200,
150, 100 wo 2601/1@9782Nn sone i nstances, the tenperature remarus2euostanti al ly
anbient, e.g., at or about 20-25 C. I n sone enbodi nents, the one or
nore oxidants are applied as a gas, such as by generating ozone in-situ by
irradiating the material through air with a beamof particles, 25such as

el ectrons. In some enbodi nents, the xtur further jncludes one or
more hydr oqui Hoteg, crabpdimepus, éﬁ%om%é?%mf{}]a rtstas @mkygsw ¢ one or

more bengogui %P@;%amﬁlb'%d?c?geg,péroQidEeJnﬁ}Q%%zéne“caﬁ%@%%ﬁbfbﬁ@ﬁl&w@ whi ch
can aid in electron transfer reactions. In sone enbodi nents, the

one or nmméu@wHdengCam@dshe@mnonhewﬁbalIy generated in-situ. For exanple,
hydr ogen peroxi de and/ or ozone can be el ectro-chemcally produced within a

cont act cti r Processes to Solubilize or Functionalize
5Any of §¥#gﬁﬁ¥%%§%%%L6iﬁk4¥%—%§#%%¥%%ﬁz%an be used al one w thout any of

t he spr ocessesAd@SEthcprsbchas ofF this Paragraplc aibonatd aldnvivtithoawhydf tid1e processes
described herein (in any order): steam expl osion, chem cal treatnent (e.g.

acid tr eﬁrpﬁ%ﬁﬁ@s Qqsmqsidleﬁ‘gn&m%@@mbla@w Wil 20 Pihe Perceehes desstihechberging h
| : ds,
Such as (PR orBHS i SR it g XIRECk PGSR RPIRIBGRET: © BET IS,

Iine or &ndmunnhydﬁbkhdewmdnHummneaﬁnaﬂhmabmmﬁmmmhmsmﬂmﬁbmﬂ@atnent (see,
e.g., P tent ﬁﬁg&{catlon erlgh 61/ 115, 3%5 gd Novenber 17,
2008, so]Ile’éﬂ‘{ Gt organig acidp.sugh awiilugraarctice ol QUPHSE) AR r ceze

M 1ol NG (SECreambnt-wikh (e Setdim Mdro%?c(e%oﬁxﬁ@&)tmeﬁt'\%@%b@%ﬁﬁ AND PRODUCTS

151 n sone tases, the treated chenical 15 itself a finished product, e.g., a
salt or pcﬂtlylnetr(sdrfamgn@ B nPatent égppiodticni SarIayNan@ll//bIS 398, éilafNoNcssior 47, on. | n

chen cal 82 BB IEle's DTSR R Bl bl PR AR G Thel s

foods ang 9r&tRLlINb.S12/M2W2de variety of products can

INTERMEDIATES AND PRODUCTS

15 In some cases, the treated chemical is itself a finished product, e.g., a salt or

polymer having improved solubility and/or rate of dissolution. In other cases, using
primary processes and/or post-processing, the treated chemical can be converted to one or
more products, such as energy, fuels, foods and materials. A wide variety of products can
be made and/or used more efficiently if the solubility of a component chemical is

20 increased. Just a few examples include binders and/or pigments used in paints, inks and
coatings, ingredients used in food products, and ingredients used in pharmaceuticals.

Specific examples of products that may be manufactured by a reaction or process

utilizing the physically treated chemical include, but are not limited to, hydrogen,
alcohols (e.g., monohydric alcohols or dihydric alcohols, such as ethanol, n-propanol or

25 n-butanol), hydrated or hydrous alcohols, ¢.g., containing greater than 10%, 20%, 30% or
even greater than 40% water, sugars, biodiesel, organic acids (e.g., acetic acid and/or
lactic acid), hydrocarbons, co-products (e.g., proteins, such as cellulolytic proteins
(enzymes) or single cell proteins), and mixtures of any of these in any combination or
relative concentration, and optionally in combination with any additives, e.g., fuel

30 additives. Other examples include carboxylic acids, such as acetic acid or butyric acid,
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be made and/or used nore efficiently if the solubility of a conponent
chem cal is 20increased. Just a few exanpl es include binders and/or

pi gnent s weediyrai nts, i nks and coatings, ingredi entsPasas220in/oBso
products, and ingredients used in pharnmaceuticals. Specific exanples of
products that may be manufactured by a reaction or process utilizing the
physically treated chem cal include, but are not limted to, hydrogen,

al cohols (e.gq., nohydrjc al cohol.s or di hydric,alcohols, such.as ethanol,
n- pr opan%ﬂqts a?a%fﬁgaﬁt%%&f,m%%? a% %aab%y%ﬁ%ﬁéa%d a%“&&?a@%@%cgaﬁ}ﬁ@aﬁt ai ni ng
greater thag o?—@ffbo%@f&?aci%@?@ég[ UM ﬁfl@_ﬁg@w eé‘t@%?,‘ﬂ%{oﬁlés, aRiEAIR;

bi odi esel, organic acids (e g., acetic acid and/or lactic acid),
hydr ocar dlphs berompztottest asidsesugh as perytieheid and plsfingssuclehd ethylkye. i @thpr ot ei ns

enzynes r .singl.e.cell .pr.otei and m xtures of an f these .inh an
Come) et Mgy ol terBiRtinfibe sPoudh bRy F8e Bhrd Y A B RE 5 5 0 ¢
any saddi plop@sedid; @ethyl stethyd Qaddi driaM ¢ 61 thkd @ EoXA NMhesSprodedtyiBrIv@ar boxyl i c
acigs, S%gﬁ aslace?iz acidﬁor butafﬁc %Cid, %1‘ sal?iqu é car boxylic acid,
a m xt ur eety! eyt pcthy lmethaerylated lashe eeid afropignisaweid. betysieiagidl. siedingst er s of

boxyl j i ... rel. - |
o tony eidia 2P0 Sl hion TRERY) sy €0 AR L RURRY mERNED By SGHORGRS |

such as sidwhmedve Qder al cohol s and al cohol derivatives include propanol,
propyl ene glycal, 1,4-butanediol, 1,3- 5propanediol, nethyl or ethyl esters
of any of theQ&lear%@ﬁtﬂd@ﬁeseﬁlﬁ@fodplﬁ%%k@mgﬁgp@.aléd Aearmyreusiglynreduets,

et iyl TelBRelonkal & DI 136 19/41010B! ARG BGLEsurPUF Khlch i@fiLhy SUCC] i ©

aci d, 3-hydroxypropionic acid, a salt’ of any of the acids and a nmi xture of
any of teoporatsl ndfearespdetdive salts. O her internedi ates and
products, including food and pharmaceutical products, 10are described in

uU. S Serb%[EMiC&E./SM?’ 900, the full disclosure of which is hereby

The chemical to be treated can be, for example, one or more of any of the

following: salts, polymers, monomers, pharmaceuticals, nutriceuticals, vitamins,
15 minerals, neutral molecules, or mixtures of any of these.

Salts may include, for example, any of the following cations: ammonium,
calcium, iron, magnesium, potassium, pyridinium, quaternary ammonium, and sodium,
and any of the following anions: acetate, carbonate, chloride, citrate, cyanide, hydroxide,
nitrate, nitrite, oxide, phosphate, and sulfate. The salt may be, for example, an

20 electrolyte.

Polymers include natural and synthetic polymers. The polymer may be a polar
macromolecule, e.g., poly(acrylic acid), poly(acrylamide) or polyvinyl alcohol, which is
soluble in water prior to physical treatment, or a nonpolar polymer or polymer showing a
low polarity, e.g., polystyrene, poly(methyl methacrylate), poly(vinyl chloride), or

25 poly(isobutylene), which is soluble in nonpolar solvents prior to physical treatment.
Examples of polymers include latex, acrylics, polyurethanes, polyesters, polyethylenes,

polystyrenes, polybutadienes, and polyamides.
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i ncorporated by reference herein. CHEM CALS The chem cal to be treated can

be, for exanple, one or nore of any of the follow ng: salts,
pol yner s,woonorees2 pharmaceuticals, nutriceuticals, vi®Pamiuss1103mPner al s,
neutral nol ecules, or m xtures of any of these. Salts may incl ude,

for exanple, any of the follow ng cations: ammonium calcium iron,
magnesi um potassium pyridi nium quaternary amoni um and sodium and any
of the follow ng ani ons: acet , rho ride, citrate, cyanide,
hydroxi de, nitrate, nitrite; i d sulfate. The salt may
be, for exampheundRr SPGhGSHifehY B?the inventiof ﬁ!l\Yé"B%reﬁ defeibg enpaditeRks, and
synthetic polyners. The polynmer may be a pol ar nmacronol ecule, e.qg.

pol y(acr yill be muieds)tooqdbawaal@uglmrhftteylowrrnmbe}/madw'i’vlthd)ld@lhmrtlng\ﬁlomﬂthﬁ s sol ubl e
in water cal treatment, or a nonpol ar polyner or polyner
showi ng ﬂPP% dﬁﬁ?%f&%éengﬁﬁmnlpolystyrene pol y(methyl methacryl ate),

pol y(vi nyl ChF&fdxdﬁhEle %1185tﬂ@bbf&(sltﬁ@ﬂ%e)‘fo@tﬂ%ll,th&@to@@ssb§dés@ﬂﬂb&l| IRrdif anonpol ar
solvents prior to ysi cal treatnment. Exanples of polyners include |atex,
acryl i csat gpgiphiniyiedl H@mégn ipspe smepdimepts) (hetmrgdeasssgre Cpmg}@t@@/ plapeléiple

pol ybut a VBODI MENTS A nunber of
errbodlmeﬁté3 q\ﬁy(%rhe |nv11 g%%? éggggﬁngescribed. Nevertheless, it wll be
under st ood t hatcotalmg@usthepﬁhtsdcﬁmbm@ Afc witlyin bie: stepeofMtht islldwidg pairhs.ng from
the spirit and scope of the invention. 5For exanple, while it is possible
to performall the processes described herein all at one physical |ocation,
in sonme enbodi nents, the processes are conpleted at nultiple sites, and/or

may be perforned during transport. Accordingly, other enbodinents are
within the scope of the foll ow ng clains.
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VWHAT IS CLAI MED | S: 1. A nethod of increasing the solubility of a
chem cal conprising treating the chemcal wth a physical treatnent

sel ect ed woam11ae78gr oup consi sti ng of nechani cal treat meor/USetiens3al
treatnment, radiation, sonication, oxidation, pyrolysis and steam expl osi on
to increase the solubility of the chemcal relative to the solubility of

the chem cal prior to physical treatnent. 2. The nethod of claim1l
wherein i i 2l ected fromthe group consisting of salts,

pol ymer s{‘g(ﬁé%ﬁg%ﬁg@ﬁ) IS 3. The nmethod of claim 1 wherein the physical
treatment conprises irradiation. 4. The nmethod of claim 1l wherein the

physi cal treaf mnhethb@bPRerchiiBg tHeNSlubARRLF b Xh&hickN®niRMgadating the 5. The
met hod of claim 3 wherein irradi atlgﬁ conpri ses exposing the chem cal to an

el ect r onchisargal with a phygicalTeatmentrrgleciofl fioinaihe gRowghesmsisiing ef meghanicaly conpri ses
appl yi ng, Lo, Lhecehamh ool it Al desSudladadkalian oo Al 8ast,> M ads.

7. The merhod of & m At Wier'8i i 'he pﬁy5| ¢ 8f y ¥ BACSF"C ¢4l has a
crystal | gplégyort fadhcresscalie dcotaslityldT tieseaiital kelueve th iansdlitaligrofshal | i nity of
the chem cal prior to physical treatnent. 8. The method of claiml
wher ei n ¢heanie @rpE o Physgalireaieital 1inity i ndex prior to physical treatnent
of from about 40 to about 87.5 percent, and the physically treated chem cal
has a crystallinity index of fromabout 10 to about 50 percent. 9.
A product conpr Tkt ngthedcifielirdl wiidiain tiwchchaen id sebmteeldrovh the @ophysi cal
treatnment sel.ected fromthe group consisting of nechanical treatnent,

cheni cal CQ@@H’P%@%E‘}“T r&?@@%@“@@ﬁ@@%&i on, oxidation, pyrolysis and steam
expl osion, the product having a solubility that is higher than the

solubility of the chem cal prior to physical treatnent. 10. The
product of clai thomeHedeifelarhd wineeidlad physicskbireatient dompmsesieradiabop
consisting of salts, polyners and nononers. 11. The product of claim
9 wherein the chem cal has been irradiated. 12. The product of claim

9 wherein t he4 pragHethod@T cRirhUneRdraRahd ShysicaPkcdidostidhBscgmmc from that of
the chem cal prior to physical treatnent. 13. The product of claim1l

wher ei n funetiodifsi efithe pkamiselen i rradi ated by exposing the chemical to an
el ectron beam 14. The product of claim 11l wherein the chem cal has
been irradiated with a total dose of radiation of at |east 5 M ads.

5. The method of claim 3 wherein irradiating comprises exposing the chemical to

an electron beam.

6. The method of claim 3 wherein irradiating comprises applying to the chemical

a total dose of radiation of at least 5 Mrads.

7. The method of claim 1 wherein the physically treated chemical has a
crystallinity that is at least 10 percent lower than the crystallinity of the chemical prior to
physical treatment.

8. The method of claim 1 wherein the chemical had a crystallinity index prior to

physical treatment of from about 40 to about 87.5 percent, and the physically treated

chemical has a crystallinity index of from about 10 to about 50 percent.
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15. The product of claim9 wherein the physically treated chem cal has a
crystallinity that is at |east 10 percent |lower than the crystallinity of

t he chemwal20mri4ers2t o physi cal treatnent. 16. ThepPprasaat/oef3oc| ai m 9
wherein the chem cal had a crystallinity index prior to physical treatnent
of from about 40 to about 87.5 percent, and the physically treated chem cal
has a crystallinity index of fromabout 10 to about 50 percent.

9. A product comprising a chemical that has been treated with a physical
treatment selected from the group consisting of mechanical treatment, chemical
treatment, radiation, sonication, oxidation, pyrolysis and steam explosion, the product
having a solubility that is higher than the solubility of the chemical prior to physical

trecatment.

10. The product of claim 9 wherein the chemical is selected from the group

consisting of salts, polymers and monomers.

11. The product of claim 9 wherein the chemical has been irradiated.

12. The product of claim 9 wherein the product has a functionality that is

different from that of the chemical prior to physical treatment.

13. The product of claim 11 wherein the chemical has been irradiated by

exposing the chemical to an electron beam.

14. The product of claim 11 wherein the chemical has been irradiated with a total

dose of radiation of at least 5 Mrads.

15. The product of claim 9 wherein the physically treated chemical has a
crystallinity that is at least 10 percent lower than the crystallinity of the chemical prior to
physical treatment.

16. The product of claim 9 wherein the chemical had a crystallinity index prior to

physical treatment of from about 40 to about 87.5 percent, and the physically treated

chemical has a crystallinity index of from about 10 to about 50 percent.
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