COVPOSI TI ONS COMPRI SI NG C5 AND C6 MONOSACCHARI DES CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains the benefit of: U S
Appl i cat iwo 2bis/106308581, 907 fil ed Decenber 30, 2011; U. Spchaskéicasison No.
61/ 581,922 fil ed Decenber 30, 2011; U. S. Application No. 61/581,878 filed
Decenber 30, 2011; U.S. Application No. 61/581,890 filed Decenber 30, 2011,
U S. Application No.13/649,395 filed Cctober 11,2012; U. S. Application No.
13/ 649, 343 fi |OMBIHEDNE COMORISING S5 AWIG&MGN@SABCHKB?IIBES, 294 filed
Cct ober 11, 2012; and U. S. Appli cati on .13/ 649, 437 filed Cctober 11,

2012; the ent| re disclosures of whi are i ncorporated herein by reference.
FI ELD OFCRGSS W@QFJ@BFWWEDQ?\BBU&AT@N&U on generally relates to
conpositions conprising C5 and C6 nonosacchari des contai ni ng maxi num | evel s
of undesirable inpurities, such as conpounds containing sulfur, nitrogen,
or net al §00043 pedihi dpplicattrecipimscibs bedefitralm | i gnocel | ul osi ¢ bi omass usi ng

supercritical i,d extraction.
BACKGROUND @Uﬁﬁ%ﬁk%é@%‘?%o?oﬁg‘? eD(\e a?@bgﬁﬁ% dér1 of processes for
converting i grﬂ)aﬂqdpllcdtmum [B166815822 filed Dieicgrnbdr 30,r284Ms of vari ous

ferment abl e s e ces r ased on supercritical
wat er ( SCW o E%FBPQ%%@Q’% %ffﬂ;@ec?rén %@@?’Mich of fer several
advant ages i nulsumgp)gcéﬂogm@ l1BRIngad fled Deee®benBaexhifieedst ocks, separation
of sugars, and avoi dance of ncentrated acid m crobial cultures, and
enzymes. ProcHsséwh ﬂ%ﬁt 'ﬁ%ﬂglgéﬁgﬁég'&é’og%ﬁp%r?w %éve two distinct
operations: pyes, Wp%ﬂéé’f%'ﬂtN@nl@/@@ 348 M@ Oeysbepl1sp@12; The pre-treat nent
process hydrol yzes the hennicel | ul ose conponent of the l'i gnocel I ul osic

bi omass and CHIS Mirpdeatiopdie| \peg49.2¥Hjleg Qeéehes 1152013 @nflame i nfers, _
hydrol yzes thg geldutars Mid kskdo, 4’5'?%06@%5@9”'#1 M9, _carbon (C5) and si x

carbon (CB) sugar streans are recovered separately. The remaining solids,
whi ch cofis entirerdisclogurss df wdnighnaredneorporatast aseip bygeterenesd, such as t hrough
filtration, and may be used as a fuel to provide thermal energy to the
process itself or for other processes. [0004] Anong their many uses, the
sugar st F&ai3 OfalHBENYBNTEOINed t 0 et hanol through fernentation using yeast
or bacteria that feed on the sugars. As the sugars are consuned, ethanol
and carbon di oxi de are produced. [0005] The invention is directed to these

conposi t [6002] &Fhe\pleseatsinadttiontdepieralypelatednto c&iﬂﬁlﬁ)&tﬁkﬂ%ﬂbn@ﬁgﬂfahddva\m ON

0006] I n first enbodi nen the inventjon i to conpositions,
Lommr) S1 68 RN ERa A NG B (eiPsoT WHES G JaPe T ea SaghEs | se: at

| east 0”@or\hﬁb@ﬁdss@émblhﬁg%lmﬁﬂﬁ%&h&frl ifletalty @spbyiaipt thosd@flocessed ftgpgs than
about 6750 ppmin total by weight, based on total weight of water-soluble

C6 sacchH9nese!luosiE obipase YHiNG aFWPErEiisalsi $ybsAticals apdenea; critical flyjgher i n
sai d el e@?ﬂﬂéc‘ﬁ re Al, As, B, Ba, Be, Ca, Cd, Co, C, Cu, Fe, K Li, M, M,
Mo, Na, N, P, Pb S Sb, Se, Si, Sn, Sr, Ti , T, V, and zn.

BACKGROUND OF THE INVENTION

[0003] There are a number of processes for converting lignocellulosic biomass into
liquid streams of various fermentable sugars. Certain preferred processes are based
on supercritical water (SCW) or hot compressed water (HCW) technology, which
offer several advantages including high throughputs, use of mixed feedstocks,
separation of sugars, and avoidance of concentrated acids, microbial cultures, and
enzymes. Processes using hot compressed water may have two distinct operations:
pre-treatment and cellulose hydrolysis. The pre-treatment process hydrolyzes the
hemicellulose component of the lignocellulosic biomass and cellulose hydrolysis
(CH) process, as its name infers, hydrolyzes the cellulose fibers. The resultant five



[0007] In certain enbodi nents, the conpositions conprise: at |east one
wat er - sol ubl e 06 nonosacchari de hydrol ysat e; | ess than about 10 ppm
by wei ghtwokasad1ia t ot al wei ght of water-sol ubl e 06 saecharseae/obysdr ol ysat e
in said conposition, of alum num | ess than about 350 ppm by wei ght,
based on total weight of water-soluble 06 saccharide hydrolysate in said
conposition, of calcium | ess than about 425 ppm by wei ght, based on
t ot al wercglvbnofCh)edrer sixotarbbre (C6) sagehaireatss ardrrecosaee sepasaely. The
conposition,. of irqQn; an .. less than about 4500 ppm. b Lght, based
on Total Meege ssHR.vBRD sengist eS8 St BT Rl iR AN Sbuell sy

conposi t trrougrofilttibhuand MEPAY ubed car hafusl eripechidee nhermd henee@Mm@hé i ons
conprise: at lea} t one water-soluble C6 nonosaccharide hydrol ysate; and

| ess t haR™Og68RHSA O IBRPHG" RACERIES: based on total wei ght of water-sol uble C6
saccharide hydrolysate in said conposition, of alumnum [0009] In certain
enbodi nents, the conpositions conprise: at |east one water-soluble C6

nnonosac (94 de AMRNGONGE 4Dy bishs. the sugareslecantiafay ReuECSHe dmaanei ght ,
based onyigfH fe\f‘@lbﬁfé?tioﬁ’fusf[ﬁgé}%%'sts&l b8 RN IhdSsUd%AY. OhY B Suddps Sai d

conposi tion,” of calcium I'n certain enbodi nents, the conpositions
conpr i seareagonsgmed, eif@nalanst casbdnudioside@renprasiigedhar i de hydrol ysate; and

| ess than about 425 ppm by wei ght, based on total weight of water-sol uble
C6 saccharide hydrolysate in said conposition, of iron. [0011] In certain
enbodi nefl0d5] t heThooipastion ds direotear ios thesat cdngansitionn e asawelr as cdnaobieCo

nonosacc i de ol ysate; and | ess than about 4500 ppm by wei ght,
based onnﬁéér%nt%ﬁéht of water-soluble C6 saccharide hydrol ysate in said

conposition, of sulfur.
SUMMARY OF THE INVENTION

[0006] In a first embodiment, the invention is directed to compositions, comprising
C6 monosaccharides. In particular, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate; and

less than about 6750 ppm in total by weight, based on total weight of water-
soluble C6 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.

[0007] In certain embodiments, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate;

less than about 10 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of aluminum;

less than about 350 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of calcium;

less than about 425 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of iron; and

less than about 4500 ppm by weight, based on total weight of water-soluble

C6 saccharide hydrolysate in said composition, of sulfur.

[0008] In certain embodiments, the compositions comprise:



[0012] In other enbodinents, the invention is directed to conpositions,
conpri sing C5 nonosaccharides. In particular, the conpositions conprise: at
| east onewoabeyHsBubl e C5 nonosacchari de hydrol ysate; &ow/UsS2012/061585s t han
about 1950 ppmin total by weight, based on total weight of water-soluble
05 sacchari de hydrolysate in said conposition, of elenents; wherein
said elenents are Al, As, B, Ba, Be, Ca, Cd, Co, C, Cu, Fe, K Li, My, M,
Mo, Na, N, PatlbstoBe v@iler-Ssubl&iC6 Bonosiicchdiide ﬁ'ydrolysatanathn [0013] I'n
certain enmbodj ment s elyselely itio qubIe
C5 rmnosacchalleF%I %%H%?Qg)a?% We'&% @gé?ﬁ{ ﬁotgﬂb\%ﬂgﬁ@o \ﬁ e[ﬁo based
on t ot al saaihahitie bf/droisate iaGhidodampdsitione ohaumirunhydr ol ysate in sa| d
conposition, of alum num | ess than about 300 ppm by wei ght, based on
total weight of water-soluble 05 saccharide hydrolysate in said

conposi t [ayp9] ofin eatsih WiMbodiments, the@®fdoBRIBnSEeMbridd) ppm by wei ght, based on
total wel ght of water-soluble C5 sacchari de hydr ol ysate in said

conposi tion, @fleastone vaier- “SolUble Cq ’é‘@@%%&h%ﬂﬁ)@bﬁdr@@@@ep@?ﬁ by wei ght, based
on total weiggtg ﬂfanv‘@écﬁl'f 35@ @y Qai gﬁf"%@@ﬂ b 8oV HERLY 88N Stet-BoRBlcCs

conposi tion, of sul fur. 1d]S rtain enmbodi ment’s, the conpositions
conpri sesa@qharléaﬁvd@watsaaﬂ@ﬂ esropnsitions ofheaiosac char i de hydr ol ysate; and

| ess than about 5 ppm by wei ght, based on total weight of water-soluble C5
saccharide hydrolysate in said conposition, of alum num [0015] In certain
enbodi nefd0d0] t Hlecemaipmuddﬁnentsohmprdowosﬁaibni; eawpriggie wat er - sol ubl e C5

nnonosacchar i 0 ppm by wei ght,
based on tot agﬁﬁg%/tgwg %ﬁﬁg{/\gql @eg:oq mBP%SQ&ﬁ%i%e 'H@P'&gé{ﬁyﬂ? | ysate in said
conposi tion, leks tancabout 4P9OpoOT by weight, thaisad enthorl weighsof Wwhter-solopesté i ons
conpri se: | east one ter-sol uble C5 nosaccharl de hydrol ysate; and
| ess thaﬁa%{%@ﬂae %Mdrﬁg/ﬁ?%”\ﬁ@id;?ﬂmpw?é‘do fPtot al wei ght of water-sol uble 05
saccharide hydrolysate in said conmposition, of iron.
[0011] In certain embodiments, the compositions comprise:
at least one water-soluble C6 monosaccharide hydrolysate; and
less than about 4500 ppm by weight, based on total weight of water-soluble
C6 saccharide hydrolysate in said composition, of sulfur.

[0012] In other embodiments, the invention is directed to compositions, comprising
C5 monosaccharides. In particular, the compositions comprise:

at least one water-soluble C5 monosaccharide hydrolysate; and

less than about 1950 ppm in total by weight, based on total weight of water-
soluble C5 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.

[0013] In certain embodiments, the compositions comprise:

at least one water-soluble C5 monosaccharide hydrolysate;

less than about 5 ppm by weight, based on total weight of water-soluble C5
saccharide hydrolysate in said composition, of aluminum;

less than about 300 ppm by weight, based on total weight of water-soluble C5
saccharide hydrolysate in said composition, of calcium;



[0017] In certain enbodi nents, the conpositions conprise: at |east one
wat er - sol ubl e C5 nonosacchari de hydrol ysate; and | ess than about
1000 ppmwy 203/19n398 based on total weight of water-sol ulpCe/uS2012a6™Bar i de
hydrol ysate in said conmposition, of sulfur. [0018] In certain enbodi nents,
the invention is directed to nmethods of reducing the |Ievel of enzyne
required for enzymatically hydrolyzing first water-soluble 06 sacchari des
havi ng an aveleagthahegppas 16fpgno by verightabased o taibloueigBt efovaiboadlutle, C5

pref er abl%/ boat 2 t? apout #O and.tm)re preferably about 2 to about 6, to
second wat %t 9E ?GM‘W ¥58'<'H 8 a9qn&%%3| F?QvPHS%%”Smr aver age degree of

pol ymer i lza:): oless$ litgam Slgd)l.d ?ﬂermgﬁ byragsigiet, dbséd by rtetal mtg'hg@f Wat@rﬁeidabb‘l? rst

wat er - so e C6. saccharides, c ri sing: provi ding a hydrol ysate
conpri si ﬁ% SQLrhpr era@{dr FHE I85! gg@p%'t'g%ﬁﬁélwrdes and | ess than about 5250
ppmin total by weight, based on total weight of water-soluble C6

sacchari de h){drol ysate in said conposition, of elenents; wherein said
el enent s[@H4] aln cadaingmhedimests, thg copposiigns epmPEse: Fe, K, Li, My, M, M,

Na, Ni, P, Pbyt|SastSe @er-&lublg@S mbnoddcchdride Mrdrélggatg!‘anc[ 0019] In certain

enbodi nents, the invention is directed to nethods reduci ng the | evel of

enzyme requi rleds than abeuirmapPoady yeightirassediangtotal iveigheaferatesbelible ©3
sacchari j e . Of erdzation to about 2 to about
6. pr et SECHPOUE PRI RECh 3R AGR oPALKITRIMER O Le 5700 about 13

even nore preferably about 2 to about 6, to second water-sol uble C5

sacchari avi I [ r ree I rization than said

aver age E@Slpie\%?gﬁ%r]f%%ﬁ%ﬁ%ﬁ@gfgg@lﬁﬁf’ﬁ% g&%ﬁﬁ €r-soluble C5

?acchari des, at?jaaxlrtimieﬂ@ter-sﬂublegﬂm\zsh&e{wharid‘alldycwblgsaégar@rrpri si ng sai dI ]
irst water-soluble arides a ess than abo 700 in total by
wei ght -+ basedeoh TEGraoRABE RELEY WeBB. besa o does Ye gt Aty SRl Y oat o i 1
sai d con@@@dhtah@@hy@fog%bwrmcomposit_idhh@f&lﬂumai d elements are Al, As, B,
Ba, Be, Ca, Cd, Co, , Cu, Fe, K Li, My, Mn, Mo, Na, Ni, P, Pb, S Sb,

Se, Si, Sn, Sr, Ti, TI, V, and Zn. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0020] Aspﬁﬁlﬁh 0Y8 e ABA \En IR OB RBHTpOL iBns bombasdir €, the follow ng terns,
unl ess otherw se I ndicated, shall be understood to have the follow ng

meani ngs. [ 0021pas aneevpiees@ible Ghmospsapghande kydiglysafe;andin, " and "t he"

i nclude the p h Ladi

ot herw se. [O%%fﬂiﬂrh?%cgﬁ? QQ&@' g S’?ﬁﬁg@thggﬁqéﬁﬁtglwgggﬁﬁe\h@g} g@PQS C<;a5nbodi ed
i n var i oegcdharigs hydiotysdtesiorsast ¢canpdsdicowobiforsever al enbodi nents is made with
t he understanding that the present disclosure is to be considered as an
exenplification of the invention, and is not intended to limt the

i nvent i o[0017] t He cepeinichdiméad] thie o pokitioas tamnedse:Headi ngs are provi ded

for convenience only and ar ot.to be construed to limt the invention in
by manner . EABERNE quRR b RoTRRE AHE B SEMRYF be- conbi ned wi th
enmbodi ment s i lebsigidrabsslituroder pen by o dight, Based e -totalWeight of water-soluble

2013/ 101398PCT/ US2012/ 067537 0_023%he__use of nunerical values in the

vari ous §OSRCPRgIGeYARlYAIR InspRiE coineastian +AiSelflppl i cati on, unl ess expressly
i ndi cated otherw se, are stated as approxi mati ons as though the m ni mrum and
maxi mum val ues within the stated ranges were both preceded by the word
"about . " [A418] hila cagain@mbosimenis. grinvantionds direptedtosnatheds phragecivdnh®e used
to achi e}é‘%/elstb?%ﬁzz}frﬁé‘!r@ﬁuﬁ&? fg@;%zgﬁ]%%él ﬁzdrto[}&i f gtgdyws r-‘é‘gjubf’ésc‘?a the

di scl osure of randes is I ntended as a contihuous range I ncluding every

val ue besagaharidés having nmmeuerdgaedaanesnol glolysserizetion del akoutr] to atuariyp, r anges

t hat can u u i i r al |
rati os (BRGePENGER R Sl 0 Flo ke Hrleh 03804 T IF RS E%eig
recited mamerrsotublalClesaicolharides\havinges lowet iaverhgeldegree o/pdlyaeriZatioartdamgl vy,
the skilled person will reciate. th y such ratips,..ranges,,and
anges. o PR aRbise ShBRETeTohy e e T WABHEE MR RN GRCTRERR I es
pr esent edomgerisihg: and in all instances such ratios, ranges, and ranges of
rati os represent various enbodi mrents of the present invention.



[ 0024] As used herein, the phrase "substantially free" neans have no nore
than about 1% preferably |ess than about 0.5% nore preferably, |ess than
about 0. W 2b18/me39ght of a conponent, based on the t ot alPCraisgér/oafs3any
conposition containing the conponent. [0025] A supercritical fluid is a
fluid at a tenperature above its critical tenperature and at a pressure
above its critical pressure. A supercritical fluid exists at or above its
"critical poi IDIDVIUII‘IQ‘IG pairolysaié dongiresty Sam‘pfm'samrcer-sauhmm@fssaccmaaldeMi ch

theliqw a phases n_exi st .in_ equi r

anot her . @ t\cﬁlaﬁ b@&g%2$8§£m@5°ﬁ% .‘”{e'%b gip 5‘?[ %’9'9%8?&{9%% nction
bet ween lsolqlblleCC@QQk:(@aﬂdQh?@es/sdleﬂalsaﬁiacfcﬁnpc;%ltmwef@Iémteh’?sal fluid pOSSﬁSSﬁS
appr oxi mat el y tration properties_of _a gas_si tan th the
sol vent pr ope‘f"%‘?@@pﬁ?' e?'?mﬁrﬂf?cﬁ%_ﬂ@cé?dgﬂaﬁy sgﬁepgr b &4 E?d Kekbract i on
has the ReN&IH, MONDINTP e rskbiskel Sl sandr 9ROA, §0a@KhOoN. [0026] Reported
critical tenperatures and pressures incl ude: for pure water, a critical
tenperature of about 374.2C, and a critical pressure of about 221 bar; for
carbon djgidofle in BofihlchiRuhEMBORBUNRIGh BRI P maNBAS ofFddLiR@lingr essur e
of about 72.9 atnospheres (about 1072 psig). Near critical water "has a

t enper at lgvel af @rnzymﬁ)vr@qalrﬁmfoemymﬁucajbl ovdnohingr ifirstc wiatareopdieatwd e of
water (3 @l disin
the 11 quedcdilided Myl B BP8i2DE dicie BRBHMARBET BoblRD B andutde 1o
300C andpeefenablysaipait maqujgﬂi} moreepsajertabtyhabotﬁlz td labodt 13, évert here i qui d

hase. enmperature e qr .about 0C and
Poae’t naregahl S8ue 18 aobiBald SERa A o8 Y shiPiBeg Moy g

t enper at loweer e braendegpesi bf poiPGeanationbibat sakilaverddee degres of polyntermaties sed
water" iIs usglnt rch 8% herenfor water that is at or above its
critical 96% & rst e%"laé SnedPPEYY i cal or sub-critical, or any

ot her tenper apmmur@o@vaoﬁ@%ﬁte%dr@rr@‘ esiablirgt waterlsoasdle aim@bcdrféﬁai@és but

| ess than subcritical and at pressures such that water is in a liquid state

[ 0027] As @013 éeFshiiaBi 3Pouh 37 PRirpPrvi &Hali by weighér agad; emytotal weight of ya@rri ti cal
vater, SupRpeIEs badthaRRnydofshte il Gitldnubflelwhicafy; woul d be
supercrltlcal i f present |n pure rmunder a given set of tenperature and
pressure condivhegissaigaieragatgare Al é&p@r Bei BEC&B, et 607 Grndicheek. Wat er

pr esent r S 0 7 a pressure of at

| east abmﬂ/g‘gmwaawmlgt%rsaﬁ?lé%\%btéggﬁl gppﬁrﬂ ‘\%g?ﬁ&gnor present as a
mxture (e.g. water and ethanol, water and CO2, etc). Thus, for exanple, "a
m xt ure I i cal carbon dioxide" indicates a
m xture ?))FT%II?EeQ daénédfﬁ ﬂﬁhﬁfﬁdm-@q&emer ature and pressure above
that of the critical point for carbon di oxi de but below the critical point
for wate regardl ess, of her e s r|t|c ntai ns water and
Fogar ol cLOT AR REPISRe "thevey nsh HEaatBR Bie,oisERsu B IS SR rmSpor
exanpl e, ualed’ sthenrisefindicted,rdhiall alundetstsoidthavenes MllbirkphesiBggay have a

t enperature of about 250C to about 280C and a pressure of at |east about
225 bar. [0028] As used herein, "lignocellulosic biomss or a conponent
part thejgafj reseised ﬁ’erlé|na"!ﬁe er@;ﬁ?&'fs*roﬁﬁ’sm@* M9 ak@ el @rfua @@ @gkd ul ose,
and lignin froma variety of sources, including, without limtation (1)
agri cul t (Rfelence sinkegs g coniexidiansy dustieates oherwisid sugar cane bagasse), (2)
dedi cated energy crops, (3) wood residues (including hardwods, softwoods,
sawm || and paper m Il discards), and (4) municipal waste, and their
constit uEOQZZbarW@iIe e prgsent inveitiontis capaleof beinglentgrasiss inwanioes fdromsass
itself , ( SE, | i.0SE

of i gosacliei et BBRENGL s ERa oM BRI hedt R nE PhiPRTRAo

hem cel | tHeogreseriidisdlosyos actolzr catstlerehds @5 exempificatibaof thesihyerdion, anat ur es

t her eof . As use e h" fers ta the n-ague i due
that rent RO dreared o fimteties TR, Lt cprens: ST RRST RS oxi des.
Ash cont plRadimgy abe provatudr e comweaamédﬂirgcgnmtdlnéﬁaime?ém&aéd thathhle No.
E1755-01, "Standard Method for_the Determnation of Ash in Bjomass.” This
test met KYENUIY & Lr¥h@agBeer nFRAPHIBIFNEY | nlé@HateQxb%%rs%W 4620NE PEYCcRAt age of
resi due egmBinedVethedhiBddifeMtsamilsthatd Pindr aﬁ?%tﬁé? heB@fkg. Al results are
reported relative to the 105C oven dry wei ght of the sanple " See al so:
htt p: // ww. nrel . qov/ bi omass/ pdf s/ 42622. pdf and

httio://ww. astm org/ St andards/ E1755.5htm which are both incorporated
herein by reference in their entirety. [0030] As used herein, "degree of

pol ynmeri zation" refers to the nunber of nononmeric units in a macronol ecul e
or polymer or oligonner nolecule, including those nononeric units that are
not identical (such as in a oI i i gomer W|th d| fferent rmnorrerl c re5| dues)

-, = —\ Y b1 o o o



at | east one water-sol uble C6 nonosacchari de hydrol ysate; | ess than
about 10 ppm by wei ght, based on total weight of water-soluble C6
sacchari deOlyywiidpgat e i n said conmposition, of alum numpPCT/US2012l067537 t han
about 350 ppm by wei ght, based on total weight of water-soluble C6

saccharide hydrolysate in said conposition, of calcium | ess than
about 425 ngy, based on total wei ght of water-sol uble 06 saccharide
hydrol ysate in said conposition, i ron; and | ess than about 4500

ppm by sed on total we t wat.er - sol e 06, sacchar.i

D of yo T2, B e 3R pliiefibala *%ﬁ i dhe HBhST St CA R PR T e <.
L hg Cf)r’rpﬂﬁ;t hppli’t?tlom)nwlé&eexmé?]dlﬁﬁﬁitijcaﬁéteomt'\ﬂBeS@Heuﬁhl@d% gmo(x;lambasl dfa
ydrol ysate; an an about 10 t ased on tota

o gt oRS VRRET 9 HHID G ad SR e iyt B Paine SHCAiARSED MRS Iston

al um nU”brdc@@é&by'tﬁe QRIrd 2atb e MopdinrembEnert Blﬁgrﬁ%ﬂﬁﬁdr{sl%}ﬁ & Staryd ﬁeﬂue at

| east one water-sol uble C6 nonosacchari de hydrol ysat e; | ess t han

about 3sea®5mu§9d\k%agwﬁve Bubsientiy dhe aqamwéeaﬂfts 21 Pagatated dGUaD A BN

sacchar i dRcld¥deoby S8hGed T SReHdSPTEOS! EbMIhuols BALE! |H8hdin§0§\5e1r yl paiger tain
enbodi ments, the conpOsitions conprise: at |east one water-sol uble C6

monosac chaiWess the drisInywataed raadmum valuge secitedas welbas ang3anges thatean on

t ot al I

Lot ol bl MPLECT BRLAD! SRR SAGRA O BRI YRRl Mkt ances

conpr i seof any kees tation g thah tcen -teoforbee bgalividing ssacasited indenenigdratdey més eny and

| ess t han . t _of | ubl
06 sacchgm%gég%vgj?gvvgpgn\%y% sﬁggr&%&gsg O%ﬂ %I sgrssmﬁf\g]'rﬂ aﬁ%ﬁégﬁe ?gelrjt a?n
preferr edqaemglmdﬂ Meidss raxﬁgdshencmamgesi &fi raties caxﬁrbelmangmgdwsw@rvesdn‘amblhe 06
nonosacchari de roj ysate osu tio an
Thout STl maerea LBLER Theerk il nERTP et SR MsERRS sy ketiosr anses: 381 b e

C6 sacchpdrigde ony4tio!r¥sidbent varisas enboapests bPihe Péseit AVRALIGH. ~ Wherein
said elenents are Al, As, B, Ba, Be, Ca, Cd, Co, C, Cu, Fe, K Li, M, M,

Mo, Na, N, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, TI, V, and Zn.
[0024] As used herein, the phrase “substantially free” means have no more than

about 1%, preferably less than about 0.5%, more preferably, less than about 0.1%,
by weight of a component, based on the total weight of any composition containing

the component.

[0025] A supercritical fluid is a fluid at a temperature above its critical temperature
and at a pressure above its critical pressure. A supercritical fluid exists at or above
its “critical point,” the point of highest temperature and pressure at which the liquid
and vapor (gas) phases can exist in equilibrium with one another. Above critical
pressure and critical temperature, the distinction between liquid and gas phases
disappears. A supercritical fluid possesses approximately the penetration properties
of a gas simultaneously with the solvent properties of a liquid. Accordingly,
supercritical fluid extraction has the benefit of high penetrability and good solvation.

[0026] Reported critical temperatures and pressures include: for pure water, a
critical temperature of about 374.2°C, and a critical pressure of about 221 bar; for
carbon dioxide, a critical temperature of about 31°C and a critical pressure of about
72.9 atmospheres (about 1072 psig). Near critical water has a temperature at or

above about 300°C and below the critical temperature of water (374.2°C), and a



In certain preferred enbodi ments, said elenents are present at a | evel of

| ess than about 6600 ppnn in total by weight, based on total weight of

wat er - solwbl2e130813acchari de hydrol ysate in said conposi PConS2a/0sm3d

el ements. [0038] In certain enbodinents, the water-soluble C6

nnonosacchari de hydrol ysate is extracted fromlignocellulosic biomass. In
certain enbodi nents, the water-soluble C6 nonosacchari de hydrolysate is

pr ocesseﬂre‘ssorra thlglg;eooegh 0 @siuce tav athdsidus imtpedigpr phrasel lb-criicbcwater cal , or
near cri |ca f1ui ext act n, . or iLpation th 039] I n_ certain
ebodt menPs 2 eEtkEsYl R e s 3pOR0 AP PRl G Boatah o-tutfe afn
enbodi metias alltflied vairethesiiguitb brask mlbecmcalhwauedeerhpdfamrysaéyebeSgreatesent at
a concentration of_ at |east out 0.5 0041]In certai n enbodj nents,
e Co miisaieasols 75 Tissdas cogl 2P 55 At gy e S0 CHNca,

m xture Laekratds alt8fpalatlird s&vkah rbbl@ﬁ?b@()*@@n@"éb@ﬁ!lt P80tS. ofhed B#m “hot
conpositions conprising the water-soluble C6 nonosacchari de hydrol ysate,

t he conp68Mpresssd Mﬁt?rhé? ugenitieeaangably hareim s uvaten thabis BS/OV\/@P@YR ItS based

on total ;MelghdtaRf dRIRKNES! HEkh B $REFRAdMCoN Kb Yieat or %n?abﬁer
conposition, of alumnum preferably | ess than about 7.5 ppm by wei ght,

based ontqrmeratuv\em@lwecﬂbqumwcs(ﬂr@ r@'w&ts@@éhabpdem(yﬂ?r)obqts@ﬁ% thansai d
conposi t fgLied enbodi ments of the
conposi t F%'tlgélrfaglrd%sﬂpﬁ%g%uﬁéso&ﬁ]etpéggﬁtk% %éﬂpr@nsgégccharl de hydrol ysate,
t he conpositi ons further conpri se Iess t han about 350 ppm by wei ght based

on total ari dr I

conposi t[wﬂ @%lugg%%eréﬁegqi Esstgtuﬁgﬁ;%&g% t(é’g%%ué%ﬁ# tb‘g?? C[l%fht,
based onsn@éradutmecgm etof) wrmaes a@lbuhhlaclﬁ)ﬁ/oemblﬁéﬂempeﬂentmadw pleseat i@ pune sai d
conposi tion, of calcium 904?&9 In certain ref erre enbodi mnents of the
CoNposi t%%ﬁ's UREpRi SVRY SEhTWa reragBreuBP %H‘i%rﬁ?é‘ ORsr i B8 ﬁf}a’F‘Bféysat e,

t he conpesipkt@isall Watdheindicads iveaet @ﬁé?sehhaﬂ a’ih@Mbel‘h&iep@ﬂbbké{Wﬁﬁut based
on total V\el ght of water-soluble C6 saccharide hydrolysate in said

conposi t P6h?2 %@nﬂraowesw@péa%ﬂsﬁ? q%éz%ﬁﬁr &%Eheri%wﬁf%'%wr\ﬁeﬁjﬁﬁ Orbased
on tot al puakANtSOS m&mé @% Ubkter Ehas BFaRaE hiRen tll 0D aLR) [ NTRA, dor
conp05|t|on of iron. In certain preferred enbodi ments of

conposi t B&@fﬁp@orﬁpw@lﬂrﬁgﬁt’shb Ofiitiga adeyl Qﬂﬂ fupescritgAlraieemdioxigle” mdmtﬂ% at e,

the co based
on tot gF ﬂﬁktﬁ#eh@%tgggtﬁlg?erggﬁﬂqu%ét sac ari Eé; %9 e vféﬁhgs\gdfgﬁé

conposi t pomqal ebing fiorf carpop difxédeablitybélewsthe halracelmmmt mmt@p negeydiaes @it ,

based on te sai d
compost ¢ 15t HEbRe el BhEle SR Bt SRERRPIUES QY BhPER e ey e
conposi t pbase cmmams shngation diaties.- ot ednepl€ba rrtixtoaaa@fcémlccrﬂhealhyateobmat e,
the weight ratio wat er - sol ubl e n chari de plysate to
so "ol oAEREG! SIQEREY Hiters JEDREMER 0! AT S0 0 ou 2P0 2 dabout

30: 1. [ OBredkutdoregidaat absuteergaed enbodi nents of the conpositions
conprising the water-soluble C6 nonosacchari de hydrol ysate, the
conpositions further conprise at |east one water-soluble C6 oligosaccharide
having af Gmge%sousdmﬂéféﬁr "hgﬁbd:é?lﬂld%fc 56PEEs 8r5%oﬁ@9Hént rt RERE Ry about
2 to about 1 nore prefera about to about even nore

pr ef er ablgy pbﬂﬁ‘@)lhiomaﬁso centamms?llulq»secé}emwﬂubzsef enﬂéwrmﬁfr@m geYarietyoft he
conposi t n at e,
he. compeay £r5 e p by &ihas 165 on ) KL fohalTeRBREs PSR HESIEEELY: e
havi ng aadegugarcane papgsas)i @itdedicatdd anergy ctopse (3pbwaed Z&Idtmse@rmhacbw about

1 to 15, e : : V. Le bly
about 1 PEApSRERohARss, SoH nf PaPHr i Srealy. S R TSP bRER ¢ oo
nonosacchad itksr byrdtinleys ates i iscipdingesitredit fimdatidn, digncedliulose tiemasitseds usi ng
supercrit.ical,. subcrit.ical near critical fluid.extract

conbi nat [ ffr Saerol HEROINTTH<iE el o8t SRIGRTRES Ot HoPESatye ol

el ement s nhesacm3Hies d%%acblﬁb,rtdels\(mlcwdﬂ'@uliﬁrﬁhdelmlm5@Wg@éélc@ﬁamctah@sCOpy

[ 0051] In other enbodi nent t he conP gl tions conprise | ess than about 1500
mg of ni £ SRERSBETAKIGED) ap f%i’l‘tu(ﬁéltaﬁteo f water-soluble C6 sacchari des,
preferably | ess than about 1450 ng of nitrogen per kg of total weight of
wat er - sol ubl e C6 saccharides. Nitrogen nay be neasured by thermal
conductivity detection after conmbustion and reduction. [0052] In yet other
enbodi nents, the conpositions further conprise a weight ratio of the total
mass of hydrogen and nitrogen to carbon of |ess than about 0.17.



[0053] I n certain other enbodi nents, the conpositions conprising the C6
nonosacchari des further conprise | ess than a nmaxi mum of any of the

el enent s,wondiiodisal |y or in conmbination, in the table PCItusdoabar

El emrent Level |ess than about (ppmor ng of elenment/kg of C6 sacchari des)
As 0.25 B1.0Ba 1.0Be 0.1 Cd 0.1 Co 0.25 C 3.25

[0029] As used herein, “ash” refers to the non-aqueous residue that remains after
a sample is burned, and consists mostly of metal oxides. Ash content may be
measured in accordance with ASTM Standard Method No. E1755-01 “Standard
Method for the Determination of Ash in Biomass.” This test method covers the
determination of ash, expressed as the percentage of residue remaining after dry
oxidation at 550 to 600°C. All results are reported relative to the 105°C oven dry
weight of the sample.” See also: http://www.nrel.gov/biomass/pdfs/42622.pdf and

http://www.astm.org/Standards/ E1755.htm, which are both incorporated herein by

reference in their entirety.

[0030] As used herein, “degree of polymerization” refers to the number of
monomeric units in a macromolecule or polymer or oligomer molecule, including
those monomeric units that are not identical (such as in a oligomer with different
monomeric residues). The degree of polymerization (DP) of the various saccharides
in the compositions of the invention may be measured using gel permeation
chromatography (GPC), high pressure liquid chromatography (HPLC), such as
DIONEX with an electrochemical detector, matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry, or other conventional molecular

weight determination methods.

C6 monosaccharides

[0031] Accordingly, in one embodiment, the invention is directed to compositions,
comprising C6 monosaccharides. In particular embodiments, the compositions
comprise:

at least one water-soluble C6 monosaccharide hydrolysate; and

less than about 6750 ppm in total by weight, based on total weight of water-
soluble C6 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, T, V, and Zn.
In certain preferred embodiments, said elements are present at a level of less than
about 6600 ppm in total by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of said elements.



Cu 325 K350 Li 25 My 0.1 Mi 625 Mo 3.0 Na 15 N 0.25 P 0.25

WO 2013/101398 PCT/US2012/067537

[0032] In certain embodiments, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate;

less than about 10 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of aluminum;

less than about 350 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of calcium;

less than about 425 mg, based on total weight of water-soluble C6 saccharide
hydrolysate in said composition, of iron; and

less than about 4500 ppm by weight, based on total weight of water-soluble

C6 saccharide hydrolysate in said composition, of sulfur.

[0033] In certain embodiments, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate; and

less than about 10 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of aluminum.

[0034] In certain embodiments, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate; and

less than about 350 ppm by weight, based on total weight of water-soluble C6
saccharide hydrolysate in said composition, of calcium.

[0035] In certain embodiments, the compositions comprise:
at least one water-soluble C6 monosaccharide hydrolysate; and
less than about 425 mg, based on total weight of water-soluble C6 saccharide

hydrolysate in said composition, of iron.

[0036] In certain embodiments, the compositions comprise:

at least one water-soluble C6 monosaccharide hydrolysate; and

less than about 4500 ppm by weight, based on total weight of water-soluble
C6 saccharide hydrolysate in said composition, of sulfur.

[0037] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the compositions comprise:



El enent Level |ess than about (ppmor ng of elenent/kg of C6 sacchari des)
Pb 0.35 Sb 0.25 Se 2.0 Si 0.1 Sn 0.3 Sr 0.1 Ti 0.25 Tl 1.0
WO 2013/101398 PCT/US2012/067537

less than about 6750 ppm in total by weight, based on total weight of water-
soluble C6 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.
In certain preferred embodiments, said elements are present at a level of less than
about 6600 ppm in total by weight, based on total weight of water-soluble C6

saccharide hydrolysate in said composition, of said elements.

[0038] In certain embodiments, the water-soluble C6 monosaccharide hydrolysate
is extracted from lignocellulosic biomass. In certain embodiments, the water-soluble
C6 monosaccharide hydrolysate is processed from lignocellulosic biomass using

supercritical, subcritical, or near critical fluid extraction, or a combination thereof.

[0039] In certain embodiments, the compositions further comprise water.

[0040] In certain embodiments, the water-soluble C6 monosaccharide hydrolysate

is present at a concentration of at least about 0.5 g/L.

[0041] In certain embodiments, the C6 monosaccharide is glucose, galactose,

mannose, fructose, or a mixture thereof.

[0042] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the compositions further comprise less than
about 10 ppm by weight, based on total weight of water-soluble C6 saccharide
hydrolysate in said composition, of aluminum, preferably less than about 7.5 ppm by
weight, based on total weight of water-soluble C6 saccharide hydrolysate in said

composition, of aluminum.

[0043] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the compositions further comprise less than
about 350 ppm by weight, based on total weight of water-soluble C6 saccharide
hydrolysate in said composition, of calcium, preferably less than about 325 ppm by
weight, based on total weight of water-soluble C6 saccharide hydrolysate in said

composition, of calcium.
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V 1.0 Zn 0.1 C5 nonosaccharides [0054] Accordingly, in one enbodinent, the
I nvention is directed to conpositions, conprising C5 nonosaccharides. In
parti cul awQ 2b18&10¢398posi ti ons conpri se: at | east one wat @cTAskubloe75685

nonosacchari de hydrol ysate; and | ess than about 1950 ppmin total by
wei ght, based on total weight of water-soluble C5 saccharide hydrolysate in
sai d conposition, of elenents; wherein said elenents are A, As, B,

BaBeCaCdCOCrCuFeKLII\/gM”II\/bNaNIPPbSSb

nd Z t f d emb th
oF ot < [OUAT 1n Betiaib pretérred Bhsyme s &F e idhtl P (SRR thE TG 1
wei ght belabl;élmntoobed(a)%oger@lué]hydrblyeateethmdm@sﬁuoﬁé fsmm@mwse{lasirthbrysate in
sal coO 0S | y - n certaln odl ne Sl
oot | oaBBau 425 5bmh B Welg'tl baStdBneiof WeHNe o BRI ElR B JecRpade
| ess thap @f’@%bt&mp@éfdbbbrﬁ%éilmn d?arﬁfhd ﬁ?@fe?éﬁl@'leé&etkﬂxht al&futvﬁ(ﬁbpﬁpby‘bl e G5

sacchari de h};}drol ysate in said conposition | ess than
about 30W€} W%?@ﬁ@tm MRIGKY o vatek-seIuigi @ﬁtsaéﬁh%&eeW%”@'Iy%tleemC@'d

sacchar| ggmgggf,&q W3@bg. i n said conposition, of calcium | ess than
about 10 ng , based on total wei ght of water-sol ubl e C5 sacchari de
hydr ol ysat e in said conposition, I ron; and | ess than about 1000

Fyar of yo i, g8 gReiets !eofﬁﬁwfé%tﬁfo e
t he conpeslubledrd moonpadcharidatydrelysateptie mmtmsdmrmr@ﬁmmlsemhaml de
hydrol ysgfb&it fétfé) ppm by weight, based on total weight of water-soluble C6 saccharide
hydrolysate in said composition, of sulfur, preferably less than about 4425 ppm by
weight, based on total weight of water-soluble C6 saccharide hydrolysate in said

composition, of sulfur.

[0046] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the weight ratio of said water-soluble C6
monosaccharide hydrolysate to said elements is greater than about 25:1, preferably
greater than about 30:1.

[0047] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the compositions further comprise at least
one water-soluble C6 oligosaccharide having a degree of polymerization of about 2
to about 15, preferably about 2 to about 13, more preferably about 2 to about 10, and

even more preferably about 2 to 6.

[0048] In certain preferred embodiments of the compositions comprising the water-
soluble C6 monosaccharide hydrolysate, the compositions further comprise at least
one water-soluble C5 saccharide having a degree of polymerization of about 1 to
about 28, preferably about 1 to 15, more preferably about 1 to about 10, and even

more preferably about 1 to about 6.
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| ess than about 5 ppnn by wei ght, based on total weight of water-soluble C5
saccharide hydrolysate in said conposition, of alum num [0057] In certain
enbodi nerwe,2013w1398nposi ti ons conpri se: at | east one waPerAsed1ROLEEITS
nonosacchari de hydrol ysate; and | ess than about 300 ppm by wei ght,
based on total weight of water-soluble C5 saccharide hydrolysate in said
conposition, of calcium [0058] In certain enbodi nents, the conpositions
conpri se[0049] | elastertaimeembodimestd, the @a@s-sphubleo€a codransadehanigdrigidysygate and

| ess than about 1 rTEB base an. total weight of ter-soogiu.ﬁlé 05 sacchari de
hydr ol ys&t BOFS¥H FORbHIETHVIBHC PMepy s 58T i aber 1o HCAnBE dIHENt s,

t he conpeosiidal i exraEtions e a @abmb@asibn teewfat er - sol ubl e C5 nonosacchari de
hydr ol ysat e; and | ess than about 1000 ppm by wei ght, based on total
wei ght of water-sol uble 05 saccharide hydrolysate in said conposition, of
sul fur. [6U5P] | h eefthini EmBOMRIENEENHE \ el €ofCOATR 0SIEiE RS afel hidABlire@OpP! | Se:

| ess than about 1950 ppmin total by weight, based on total weight of

wat er - SOIWHP%V%C%L&%CE@%@@ SYISFIeN $RFIEOSCAPsai d conposition, of el enents;
wherein said elenents are Al, As, B, Ba, Be, Ca, Cd, Co, C, Cu, Fe, K, Li,
My, Mh, Mo, Na, Ni, P, Pb, S Sh, Se, Si, Sn, Sr, Ti, TI, V, and Zn. In
certai n [0SMEr rle @thariasehadiments. thisecosinsiions camgripe éaseribamabeut| 1®PBIM®f | ess
t han abo : in I i d '

wat o - soP B ooa R sl S ey Aler <PRBECCA N Blact P raBly st |
certai n praaf @boetd 1660 odignentrstrajent per ckgrpdsiatal oweighb nggT wsiketepoluinte C6

wat er - sol.ubl e . n. i ol ysat sitians..further
corpr i s P GLE Thn UR00E S pAenycaenety ke sHRIBREN WEREHoN Gher

wat er - sokorbestdn smicebactiohe hydrol ysate in said conposition, of alunm num
preferably | ess than about 2 ppmby weight, based on total weight of

wat er - sol ubl e C5 sacchari de hydrol ysate in said conposition, of alum num
[0062] | [oom2]t ahlyepbeifce ehBddeRérasl the kb pekitibhe fFerRP esinbties s w&gmrrbﬁé ng the
wat er - sol ubl e C5 nonosacchari de h3{drol sate, the conpositiagns further
conpr i se°f B§dotehmasapbixdraaen aphAtIegenis 63 PoN BASSa i aRAU0- Wei ght  of

wat er - sol ubl e C5 sacchari de hydrol ysate in said conposition, of calcium
preferably | ess than about 280 ppm by wei ght, based on total weight of

wat er - so[&b&% C5 18aeetain i @feeheimbsidiaents. ithe LMPostiepds¢am@isindthe P& um

[ 0063] | Ml i - j L C rial ng the
wat e - sol L e B R e R e R B B e e
conpr i seirdasduallian iratayatvinatiorp prinieytableiligted, betavwwed on total wei ght of

wat er - sol ubl e C5 sacchari de hydrol ysate in said conposition, of iron,
preferably | ess than about 5 ppm by wei ght, based on total weight of

wat er - sol ubl e C5 sacchari de hydr gl ysaeeeliloss ehah slosgtosi {i on, of iron.
[0064] In certain prefergleeppbodi gpphﬁopﬁ]gtdrfem@manﬂﬁgti ons conprising the
wat er - sol ubl e C5 nonpsacchari de hydr obyestsacchlifidégyrpositi ons further
conprise |l ess than about IXDU ppm by Wer gnhigobased on total weight of
wat er - sol ubl e C5 sacg¢taridg hydrgiysate 1m sg d conposi{ion, of sul fur,
preferably | ess thanfabout a"575 ppnT by —wei gilq 0 based—on{otal wei ght of
wat er - sol ubl e C5 sace¢hart e hydrotysate—+n B'ali t—conrpost{i on, of sulfur.

Cd 0.1

Co 0.25

Cr 3.25

Cu 325

K 350

Li 25

Mg 0.1

Mn 625

Mo 3.0

Na 15

Ni 0.25

P 0.25
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[0065] I n certain preferred enbodi nents, the weight ratio of said C5
nonosaccharide to said elenents is greater than about 90:1, preferably
greater twernospoui9sd5: 1. [0066] In certain enbodi nents, PCHAISCONPOBT i ons
further conprise water. [0067] In certain enbodi nents, the water-soluble 05
nonosacchari de hydrol ysate is present at a concentration of at least 0.5
g/L. WD 2013/ 101398PCT/ US2012/ 067537 [0068]I1n certain enbodi nents, the C5
nonosaccharide i s xylose, arabingse, Leyeldess tharbalseut or |a m xture thereof.
[0069] In certain preferElethedrbodi pphsoning dfeelement/kgt | ons conpri sing the
wat er - sol ubl e C5 nonpsacchari de hydr oby€&gtsacchlfidesypositi ons further
conprise at |east ong watesysoluble C5 ol gps@cchari de having a degree of
pol ymeri zation of abput 2 &g about 28, prefgsgbly about|2 to about 15, nore
preferably about 2 tp abow 10, —and even mob g preferabty about 2 to 6.
[0070] In certain preferreg embodiments—of —phe—conpositions conprising the
wat er - sol ubl e C5 nonesacehart

€€t §‘r§' de—hydrolysat eﬂ;,’t he—cofposi ti ons further
conprise at | east ong—wat e$ selubleC6——sace glri de—having a degree of
pol yneri zati on of abput 1 Pb about 15 prefdrably about|1 to 13, nore
D

preferably about 1t nhml;r' 10, and even mr935nr¢=f erably about 1 to about
6. [0071] In certainlpref (—‘--r“r ed_enbadi nents 60 'rh(:- (‘nrmmq tions conprising
the water-sol ubl e C5|monos¥ccharilde hydrol yd& e, the cofrpositions further
conprise at |east one watefnsoluble C6 saccBdride having a degree of

pol ymeri zation of about 1 to about 15, preferably about 1 to about 13, nore
preferab!g% about clc!toi @bout 10, and even nore preferably about 1 to 6.
[0072] | ments, the water-soluble 05 nonosacchari de

hydrol ysate is processed from I i gnocel | ul osi ¢ bi onmass using supercritical,
subcriti near CI’I tical uid extraction a | nation.thereof.
00751 | nlAH o ACERBBEM b t32 ephEcimanti haiEHin & efsied branhesiied by

i nduct i vebmpaSIHG I0Fmbh@EBh & eSS [0 Pakieart,'tAS eamos i ddmprisedt her
enbodi nent s, the conposi tions conprise | ess than about 350 ng of nitrogen

per kg of t ot &llegRiogRivaier-slile SonapesaceRarkda bysiPlyaRis; aff ef erabl y | ess
than about 32@s&ghH a%t}tr’l@gg'bp?@r tela| Hy \IVQEﬁ{ b‘é@é@% Bfal %ﬁﬂ tot N e C5

saccharides. N trogen maé be nmeasured by thermal conducti vi detection
after coﬁ@ublﬁl(bﬁsmaﬂ@@l gerobygate ipGeiEsjompesyion, ot ¢lemedishodi ment s, t he

conposi tions J\/Hérteﬁwe% |n%;?r¥1%§t§ feV&! Abtpraki g Obat ea, kgt @hygﬁsﬁeok pydrogen

and nitrogen to car ess than about 0 77 %carbon rogen,’ and
ni t r ogenMgeWirl, Mayia, e, vells &, &b, Bg, Shenpdl, 'lho'ﬁducamd/Zmy det ectl on after

conpost t IoRSn e EGbH e aaded o hsc Sl BilSeafihae AP S5an ¢ nan a
maxi mum abowtny928 pphe |relteuaibrblyswe|ghd| vasddabh ytotal weigleto obiweadr-sulyble nC5 he
e gggc%arlge %ydroE/sa{mln sal c\:/oempés?tlso% than about

[0055] In certain embodiments, the compositions comprise:

at least one water-soluble C5 monosaccharide hydrolysate;

less than about 5 ppm by weight, based on total weight of water-soluble C5
saccharide hydrolysate in said composition, of aluminum;

less than about 300 ppm by weight, based on total weight of water-soluble C5
saccharide hydrolysate in said composition, of calcium;

less than about 10 mg , based on total weight of water-soluble C5 saccharide
hydrolysate in said composition, of iron; and

less than about 1000 ppm by weight, based on total weight of water-soluble
C5 saccharide hydrolysate in said composition, of sulfur.
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[0056] In certain embodiments, the compositions comprise:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 5 ppm by weight, based on total weight of water-soluble C5

saccharide hydrolysate in said composition, of aluminum.

[0057] In certain embodiments, the compositions comprise:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 300 ppm by weight, based on total weight of water-soluble C5

saccharide hydrolysate in said composition, of calcium.

[0058] In certain embodiments, the compositions comprise:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 10 mg, based on total weight of water-soluble C5 saccharide

hydrolysate in said composition, of iron.

[0059] In certain embodiments, the compositions comprise:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 1000 ppm by weight, based on total weight of water-soluble

C5 saccharide hydrolysate in said composition, of sulfur.

[0060] In certain embodiments, the compositions further comprise:

less than about 1950 ppm in total by weight, based on total weight of water-
soluble C5 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.
In certain preferred embodiments, the elements are present at a level of less than
about 1925 ppm in total by weight, based on total weight of water-soluble C5

saccharide hydrolysate in said composition,.

[0061] In certain preferred embodiments of the compositions comprising the water-
soluble C5 monosaccharide hydrolysate, the compositions further comprise less than
about 5 ppm by weight, based on total weight of water-soluble C5 saccharide
hydrolysate in said composition, of aluminum, preferably less than about 2 ppm by
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weight, based on total weight of water-soluble C5 saccharide hydrolysate in said

composition, of aluminum.

[0062] In certain preferred embodiments of the compositions comprising the water-
soluble C5 monosaccharide hydrolysate, the compositions further comprise less than
about 300 ppm by weight, based on total weight of water-soluble C5 saccharide
hydrolysate in said composition, of calcium, preferably less than about 280 ppm by
weight, based on total weight of water-soluble C5 saccharide hydrolysate in said

composition, of calcium.

[0063] In certain preferred embodiments of the compositions comprising the water-
soluble C5 monosaccharide hydrolysate, the compositions further comprise less than
about 10 ppm by weight, based on total weight of water-soluble C5 saccharide
hydrolysate in said composition, of iron, preferably less than about 5 ppm by weight,
based on total weight of water-soluble C5 saccharide hydrolysate in said

composition, of iron.

[0064] In certain preferred embodiments of the compositions comprising the water-
soluble C5 monosaccharide hydrolysate, the compositions further comprise less than
about 1000 ppm by weight, based on total weight of water-soluble C5 saccharide
hydrolysate in said composition, of sulfur, preferably less than about 975 ppm by
weight, based on total weight of water-soluble C5 saccharide hydrolysate in said

composition, of sulfur.

[0065] In certain preferred embodiments, the weight ratio of said C5
monosaccharide to said elements is greater than about 90:1, preferably greater than
about 95:1.

[0066] In certain embodiments, the compositions further comprise water.

[0067] In certain embodiments, the water-soluble C5 monosaccharide hydrolysate

is present at a concentration of at least 0.5 g/L.
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Si 0.1 Sn 0.25 Sr 0.1 Ti 4.0 TI 0.25 V 1.25 Zn 0.25 Further enbodi nents
[0077] In further enbodi nents, the conpositions further conprise |l ess than
about 0. 5%Ok13miigRt , based on the total weight of sai drPChH/useee®aersedhari des
or C6 nonosaccharides, of organic solvent, such as al cohols, including
water m scible | ower aliphatic Cl1-C4 al cohols (e.g., nethanol, ethanol,

i sopropanol, t-butanol). In preferred enbodi nents, the conpositions contain
| ess t hafoo@8put . m%tab'ny emathagtimentsadiezl Gin nidnesaathalideds giytosef asabimbsef sai d
C5 nonosaccharides or saccharides of organic solvent. In nore
preferre Xgﬂ%JGDﬁ%ﬁwga”?Wgegﬁ gltions contain substantially no organic
sol vent. [0078] The conp05|t|ons of the invention are preferably prepared

from bi opass. by praocess i ng supercritical, subcritjc b and/ or near
r 11 car [GR0 B g G raeRy SRR S Chi BSOS OO oHG 11 3Bl sos
i ncl ude psiablec@s Wioséé&%n@é rﬁftdﬁtﬂ%alt@ltﬁg C%H%Fsﬁlbhé *flﬁ'ﬁ{er%rﬁﬂﬁl@é #Nddst cal

water to separate t sugars (nononers and/or oligoners) fromcell ul ose

and | i gnPRe waﬁerrer%uqs@ &@@lmmh%lﬁ@@aqu&sg@et@rﬁwra@rmeégnéaf @bawodit 130C
to about (25Qf 2%ubﬁe$&bs|¥%rb6§§m&§b&ﬁq5ama\=l=s P(’efd%b éb%uﬁ@%‘ébétﬁqobéﬁé and

suitabl e residence tinmes are about 0.5 mnutes to about 5 hours.

pr ocessesvemmont peferablydpoub ¢@bl ul ose hydrol ysis step or steps u5| ng
supercritical or near critical water to separate the cellul ose (which may
processed to form C6 nononeric and/or oligoneric sugars) fromthe |ignin.
I n t he hia®76] ydi segaiogreferres wmtmdlireente wp dreatamessitione cabuuising30E€Ewaterabout

450C, sui | e SS t .40 rs t . 6 rs. nd. suitable
fost denc 0 BPeRt HARLREERE 1OBRMsR 78 Dalels Rt iyl M Rle Bk oner s
:j n theI poat rv;@aéml'ublst@@ slamwafrudertmshsrf@/aaietg@ée/l | of ﬁbbyﬁ‘ieﬁizbmimof abmtxy:ct@n .

i rect oligoners. Simlarly, the no s are fornmed in
he - superbrdt 1 arcRAproai el B of moreeidkyebyciichd e dRoadhereh 1 rom
C6 ol i gorRI6 pref@blr foucatidrapsutsd.ep al so produces smal |l anounts of C6
sugars in oligoneric and/ or nmononeric form The C5 and C6 oligoners may be

hydrol yzed to their respective nononers using acid, such as sulfuric acid.
The COWP&W! ong Cgﬁéflntlﬁef@Fr%B%rn%d'lrﬁer?@)bf A é&%&ltf&@%ﬂ{prlsanOché'Wa?& but

not lim o, a tubular reactor, a digester gvertlcal hori zontal , or
i ncli ned§0|ub||e @51énQﬂ%éCCf’Sulid@d"tYId@')tﬁaé%sIh@rC@rﬂQ@@I o fwrﬂwrmog@éts@retWem

descri begnk R, é%é@ol@‘:@e ‘égé’cha}“f@b%v‘l Fa't @e df gS@F@rr% h, ab&it™M fp' osi on

unit, the entlre I'sclos corpo erence. [0079]
The conpebomtl ‘tn preferabieabouteinto avout ddpmose pgef@@bimmadcﬂ@aabweé Opend6

m)nosaccg\%ﬁ 91%% C%’%@'gh%ﬂ%ﬁfq%' n a wde variety of applications, where 05

and C6 sugars ar y utilized, including, but not Ilmted to,
t he production of various chem cals and fuel s using fernentative,

enzynat i talytic, and non-catal ytjc . ~-thermal deconposi ti
o res e lo07R ek B0 SRBoARR T R Wblef <ok Go i B T BRI ey
pr epar at IsOﬁrdEfes§éb9frf)ﬁ1 ligrddegulosia- Bsmadstiusk®y kusércrifidie| Sudchitied), @ r@@sol i ne,

jet fuel, butanol, and the |ike);
critical fluid extraction, or a combination thereof.

[0073] In certain embodiments, the level of said elements are measured by
inductively coupled plasma emission spectroscopy.

[0074] In other embodiments, the compositions comprise less than about 350 mg
of nitrogen per kg of total weight of water-soluble C5 saccharides, preferably less
than about 325 mg of nitrogen per kg of total weight of water-soluble C5
saccharides. Nitrogen may be measured by thermal conductivity detection after

combustion and reduction.
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EXAMPLES Exanpl e

1. Preparation of nobnosaccharide conpositions [0083] The C5 nonosacchari de
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stage process followed by acid hydrolysis.
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The slurry was
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reactor for about 1-120 m nutes under sufficient pressure to keep the water
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concentrated to about 200 g/L, adjusted to about pH 3-4 and filtered using
0.45 mcron filter. [0085]Sulfuric acid (0.3% was added to the C5

ol i gosacowartke®13®Ad the C6 ol i gosacchari des streans i nPaTtushukas7sseact or
at a residence tinme of about 1 mnute at about 200C to hydrolyze the

ol i gosaccharides to their respective nonosaccharides. Alternatively, a
batch autoclave at a | ower tenperature or a continuously stirred agitated
t ank r eaEudghemamboeliments The gl ucose was cl eaned with over |imng and had
acetic acid at a level of less than about 5 g/L. The xyl ose was cl eaned by
contacting it with ion exchange resin and had acetic acid at a |evel of

| ess t ha[‘O(Hbq)utIn&ughér erbB@dipleats? theAoarhpssitionsf furtherosomo sar leske thaonabagit t | ons

using in |ve | ed, pl a 086 e dried _conpositions contajning
Uhe D5 At ikt Brsid BEoRTtoks] Aot o daict San BIpoeeraranaes Phdahti val y
coupl ed moﬁw@c&ﬁhééé OfF SiRAICT 850eHRY sudhes’ Qﬁzuhé@ #fcmoﬁfg)%térnnﬁsl%ﬂalé abl e
bel ow. Speci es Monosacchari de gl ucose sanp ﬁg” iter Ebm based on

e

total Coloe AHiRhalie &1 Mondseladth ?Qde’n?tﬁﬁ‘ﬂ@sétr@@ |I%9pr@mw Wanglhmlbased on
total CopragedRkifiRdinintd, th compositions contain less than about 0.1% by weight,

based on the total weight of said of said C5 monosaccharides or C6

monosaccharides of organic solvent. In more preferred embodiments, the

compositions contain substantially no organic solvent.

[0078] The compositions of the invention are preferably prepared from biomass by
processes employing supercritical, subcritical, and/or near critical water, preferably
without the addition of acid. The processes may include pretreatment step or steps
using supercritical or near critical water to separate the C5 sugars (monomers and/or
oligomers) from cellulose and lignin. In the pretreatment step, suitable temperatures
are about 130°C to about 250°C, suitable pressures are about 4 bars to about 100
bars, and suitable residence times are about 0.5 minutes to about 5 hours. The
processes may also include a cellulose hydrolysis step or steps using supercritical or
near critical water to separate the cellulose (which may processed to form C6
monomeric and/or oligomeric sugars) from the lignin. In the hydrolysis step(s),
suitable temperatures are about 250°C to about 450°C, suitable pressures are about
40 bars to about 260 bars, and suitable residence times are about 0.1 seconds to
about 3 minutes. The C5 monomers in the pretreatment step are formed by
autohydrolysis both from xylan directly and/or from C5 oligomers. Similarly, the C6
monomers are formed in the supercritical hydrolysis step directly from the cellulose
and/or from C6 oligomers. The pretreatment step also produces small amounts of
C6 sugars in oligomeric and/or monomeric form. The C5 and C6 oligomers may be
hydrolyzed to their respective monomers using acid, such as sulfuric acid. The
compositions may be prepared in any suitable reactor, including, but not limited to, a
tubular reactor, a digester (vertical, horizontal, or inclined), or the like. Suitable
digesters include the digester system described in US-B-8,057,639, which include a
digester and a steam explosion unit, the entire disclosure of which is incorporated by

reference.
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[0079] The compositions of the invention comprising C5 monosaccharides or C6
monosaccharides may be utilized in a wide variety of applications, where C5 and C6
sugars are conventionally utilized, including, but not limited to, the production of
various chemicals and fuels using fermentative, enzymatic, catalytic, and non-
catalytic (e.g., thermal decomposition) processes. Such processes are useful for
preparing feedstocks for the preparation of the following non-exhaustive list:
fuels (such as gasoline, jet fuel, butanol, and the like);

chemicals (such as acetic acid, acetic anhydride, acetone, acrylic acid, adipic
acid, benzene, ethanol, ethylene, ethylene glycol, ethylene oxide, methanol,
polypropylene, terephthalic acid, toluene, xylene, 1,3-propanediol, 1,4-butanediol,
and the like);

pharmaceuticals and foods (such as acetoin, alanine, arabitol, ascorbic acid,
aspartic acid, citric acid, coumaric acid, fumaric acid, glycerol, glycine, kojic acid,
lactic acid, lysine, malonic acid, proline, propionic acid, serine, sorbitol, succinic acid,
threonine, xylitol, sugar acids (glucaric acid, gluconic acid, xylonic acids), and the
like);

specialty chemicals (such as acontic acid, glutamic acid, malic acid, oxalic
acid, and the like);

textile applications (such as formic acid and the like); and

industrial intermediates (acetaldehyde, 3-hydroxypropionic acid, 2,5-furan

dicarboxylic acid, furfural, glutaric acid, itaconic acid, levulinic acid, and the like).

[0080] In certain embodiments, the invention is directed to methods of reducing the
level of enzyme required for enzymatically hydrolyzing first water-soluble C6
saccharides having an average degree of polymerization to about 2 to about 15,
preferably about 2 to about 10, and more preferably about 2 to about 6, to second
water-soluble C6 saccharides having a lower average degree of polymerization than
said average degree of polymerization of said first water-soluble C6 saccharides,
comprising:

providing a hydrolysate comprising said first water-soluble C6 saccharides
and less than about 5250 ppm in total by weight, based on total weight of water-

soluble C6 saccharide hydrolysate in said composition, of elements;
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wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.
In certain embodiments, the C6 saccharides are extracted from lignocellulosic
biomass. In other embodiments, the C6 saccharides are processed from
lignocellulosic biomass using supercritical, subcritical, or near critical fluid extraction,

or a combination thereof.

[0081] In certain embodiments, the invention is directed to methods of reducing the
level of enzyme required for enzymatically hydrolyzing first water-soluble C5
saccharides having an average degree of polymerization to about 2 to about 28,
preferably about 2 to about 15, more preferably about 2 to about 13, even more
preferably about 2 to about 6, to second water-soluble C5 saccharides having a
lower average degree of polymerization than said average degree of polymerization
of said first water-soluble C5 saccharides, comprising:

providing a hydrolysate comprising said first water-soluble C5 saccharides
and less than about 3700 ppm in total by weight, based on total weight of water-
soluble C5 saccharide hydrolysate in said composition, of elements;

wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.
In certain embodiments, the C5 saccharides are extracted from lignocellulosic
biomass. In other embodiments, the C5 saccharides are processed from
lignocellulosic biomass using supercritical, subcritical, or near critical fluid extraction,

or a combination thereof.

[0082] The present invention is further defined in the following Examples, in which
all parts and percentages are by weight, unless otherwise stated. It should be
understood that these examples, while indicating preferred embodiments of the
invention, are given by way of illustration only and are not to be construed as limiting
in any manner. From the above discussion and these examples, one skilled in the
art can ascertain the essential characteristics of this invention, and without departing
from the spirit and scope thereof, can make various changes and modifications of

the invention to adapt it to various usages and conditions.
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EXAMPLES

Example 1: Preparation of monosaccharide compositions

[0083] The C5 monosaccharide and C6 monosaccharide compositions of the
invention were prepared using supercritical, subcritical, and near critical water
extraction in a two stage process followed by acid hydrolysis. Particulate
lignocellulosic biomass consisting of mixed hardwood chips of 140 mesh or less was
mixed with water to form a slurry (about 20% by weight solids). The slurry was
heated to a temperature of about 170-245°C and then feed into a pretreatment
reactor for about 1-120 minutes under sufficient pressure to keep the water in the
liquid phase. The pretreated slurry was then cooled to a temperature less than about
100°C under little (less than about 10 bar) or no pressure. The pretreated solids
were then separated from the liquid stream using a filter press. Alternatively, the
solids may be separated using a centrifugal filter pressor. The pretreated solids
were then mixed with water to form a slurry and the slurry was heated to a
temperature of about 150-250°C. The slurry was then subjected to supercritical
water at about 374-600°C in a hydrolysis reactor for about 0.05-10 seconds under a
pressure of about 230-300 bar. After exiting the hydrolysis reactor, the hydrolyzed
slurry was quenched with water and then flashed to about ambient temperature and
pressure to remove water. The lignin solids were then separated from the liquid

stream using a centrifugal decanter and air dried.

[0084] The C5 oligosaccharides and the C6 oligosaccharides streams were first
concentrated to about 200 g/L, adjusted to about pH 3-4 and filtered using 0.45

micron filter.

[0085] Sulfuric acid (0.3%) was added to the C5 oligosaccharides and the C6
oligosaccharides streams in a tubular reactor at a residence time of about 1 minute
at about 200°C to hydrolyze the oligosaccharides to their respective
monosaccharides. Alternatively, a batch autoclave at a lower temperature or a
continuously stirred agitated tank reactor may be used. The glucose was cleaned

with over liming and had acetic acid at a level of less than about 5 g/L. The xylose
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was cleaned by contacting it with ion exchange resin and had acetic acid at a level of

less than about 5 g/L.

Example 2: Analysis of monosaccharide compositions using inductively

coupled plasma

[0086] The dried compositions containing the C5 and C6 monosaccharides of

Example 1 were analyzed using inductively coupled plasma emission spectroscopy.

The results are shown in the table below:

Species Monosaccharide Monosaccharide
(glucose sample) (xylose sample)
g/liter or ppm g/liter or ppm
based on total C6 | based on total C5
saccharides saccharides

Al 7.40 0.39

As 0.18 0.12

B 0.81 0.91

Ba 0.78 0.16

Be 0.00 0.00

Ca 0.08 0.02

Cd 0.07 0.02

Co 0.18 0.04

Cr 3.09 0.08

Cu 316.00 261.00

Fe 0.05 0.03

K 333.00 291.00

Li 19.50 60.00
Mg 0.03 0.12
Mn 590.00 33.60
Mo 2.09 0.18

Na 13.50 17.90

Ni 0.12 0.08

P 0.15 0.07

Pb 0.24 0.16

S 54.50 10.80

Sb 0.20 0.14

Se 1.61 2.48

Si 0.00 0.00

Sn 0.24 0.16

Sr 0.00 0.00

Ti 88.90 3.56

22



Speci es Monosaccharide (glucose sanple) g/liter or ppm based on total C6
sacchari des Monosaccharide (xylose sanple) g/liter or ppm based on total C5

sacchari o&® 2013/1013v8 0. 12 V 0.81 0.91 Zn 0.78 PCT/US2012/067537
Species Monosaccharide Monosaccharide
(glucose sample) (xylose sample)
g/liter or ppm g/liter or ppm
based on total C6 | based on total C5
saccharides saccharides
Tl 0.18 0.12
Vv 0.81 0.91
Zn 0.78 0.16

[0087] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, all combinations, and
subcombinations of ranges specific embodiments therein are intended to be

included.

[0088] The disclosures of each patent, patent application, and publication cited or
described in this document are hereby incorporated herein by reference, in their

entirety.

[0089] Those skilled in the art will appreciate that numerous changes and
modifications can be made to the preferred embodiments of the invention and that
such changes and modifications can be made without departing from the spirit of the
invention. It is, therefore, intended that the appended claims cover all such

equivalent variations as fall within the true spirit and scope of the invention.
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0.16 [0087] When ranges are used herein for physical properties, such as
nol ecul ar wei ght, or chem cal properties, such as chem cal fornulae, al
conbi nat iwo13aMIsubconbi nati ons of ranges specific enpodiusen2®61sBEr €i n
are intended to be included. [0088] The disclosures of each patent, patent
application, and publication cited or described in this docunent are hereby
i ncorporated herein by reference, in their entirety. [0089] Those skilled in
the art WiHdt isagpinessi iat e t hat numerous changes and nodifications can be nade
to the preferred enbodi ments of the invention and that such changes and
nodi fications can be made w thout departing fromthe spirit of the

i nventi on, ItAkSnmbbﬁbef@mﬁpmim;ended that the appended cl ains cover al
such equi val ent varlatlons as fall hin the true s |r|t and scope of the

invention. What ¥ G4ShPRBYEIE b'%Ctg‘d%Q%?aPFW' PRyt | east one

wat er - sol ubl e 05 mB&Y H@CARIUL d%@)p%olrww& €bTy \a&ight, ®ased Bﬁrto%b%ﬁghl%o ppm
in total by wei geg based on t ot al wat er - sal ubl e sacchari de
59

hydrol ysate i Wa L@Jﬂrﬁé§iaf3¢hﬂ'i'ded‘fyd€?|iéﬁ%fhtnssa'%‘é'T‘BPﬂt'%loﬂie@l”@?ﬁts are Al,
As, B, Ba, Be, Ca,y{&ein(id Q%me@tb ar%@\l Ks Iir'Ba e, M cadVeo 5@ cliNire, R, Pb, S,

Sb, Se, Si, Sn, Sr, Ti, TI, V, 2. onmposition of clai'm
wherei n sai d Waig MoMbiNg, 5, Wfﬁi(ﬁﬂ'l&eb Se Srmy&r,oleHaVeaﬂdsZ@xt racted from
| i gnocel | ul osi c biomass. 3. A conposition of claim 2, wherein said

wat er - sol ubl e C5 nonosacchari de hydrol ysate is processed from
| i gnocel Rul osAcompmsiies afslairg 1supercriti cal subcritical, or near critical

further“comprt ot gl TR T P, PN DBl A

extracted from lignocellulosic biomass.

3. A composition of claim 2,
wherein said water-soluble C5 monosaccharide hydrolysate is
processed from lignocellulosic biomass using supercritical, subcritical, or near

critical fluid extraction, or a combination thereof.

4. A composition of claim 1, further comprising:
water.
5. A composition of claim 1,

wherein said C5 monosaccharide is present at a concentration of at
least 0.5 g/L.

6. A composition of claim 1,
wherein said water-soluble C5 monosaccharide hydrolysate is xylose,

arabinose, lyxose, ribose, or a mixture thereof.
7. A composition of claim 1, further comprising:

less than about 5 ppm by weight, based on total weight of water-

soluble C5 saccharide hydrolysate in said composition, of aluminum.
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wherein said C5 nonosaccharide is present at a concentration of at |east
0.5 g/L. 6. A conposition of claim1l, wherein said water-soluble C5
nonosacchaioi2des/tyadsol ysate i s xyl ose, arabi nose, | yxosePCTiUsese/ 067587 a

m xture thereof. 7. A conposition of claim1, further conprising:

| ess than about 5 ppm by wei ght, based on total weight of water-soluble C5
saccharide hydrolysate in said conposition, of alumnum WO

2013/ 101898PCA/do8jwsRi0A®7 5ZFM 3, fultheonpoprisingn of claim 1, further

conpri si ng: l.ess.than a 300 m_b i ght d on tal wei ght
of at or 20l ubl e (6 A Rty dorg) S Wehe A o S Be @M T VBrerta) & um
9. A conposi t seloblefCEbadomadide hydrolysatednpid onmgpsition, of dadsismt han about 10

ppm by wei ght, based on total weight of water-soluble C5 saccharide
hydrol ysate in said conposition, of iron. 10. A conposition of claima1,

further gonpr A%bRosition of LIBHS 1! iAReEAHPriskRPO ppm by vei ght, based on tot al
wei ght of water-sol uble C5 saccharide hydrolysate in said conposition, of

sul fur. 11. A conp®s§ tth%haB@UtCT%Mm by weightsthased rory tdalweight of ¥ate5- of sai d
oo mnosaCChaéd)IQSIet@S §§ddﬂaﬁb@ﬂ'zﬂ}{)§sb® Iﬁrsgfélt&fmﬁ&ﬁf@magﬂ%n 90:1. 12. A

conposition of claim1l in the level of said elenents are
nmeasured by inductively coupled plasnma em ssion spectroscopy. 13. A

conposi tign Oof Cgl@b?]éé Pffagwqrfu%gpéé’ﬂ?@’éﬁ: | ess than about 350 ny of

ni trogen per ht "o ubl e C5 saccharides. 14. A
conposi tion of cldesa manfabduhélooticpm bgiwejght, based on total weight of water-

soluble C5 saccharide hydrolysate in said composition, of sulfur.

11. A composition of claim 1,
wherein the weight ratio of said C5 monosaccharide to said elements is
greater than about 90:1.

12. A composition of claim 1,
wherein the level of said elements are measured by inductively coupled
plasma emission spectroscopy.

13. A composition of claim 1, further comprising:
less than about 350 mg of nitrogen per kg of total weight of water-
soluble C5 saccharides.

14. A composition of claim 1, further comprising:
a weight ratio of the total mass of hydrogen and nitrogen to carbon of
less than about 0.17.

15. A composition of claim 1, further comprising:
at least one water-soluble C5 oligosaccharide having a degree of
polymerization of about 2 to about 15.

16. A composition, comprising:

at least one water-soluble C5 monosaccharide hydrolysate;
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a weight ratio of the total mass of hydrogen and nitrogen to carbon of |ess
than about 0.17. 15. A conposition of claim1l, further conprising: at

| east onewoabsyrsBubl e C5 ol i gosacchari de havi ng a degPe®/usk012/067537

pol ynmeri zati on of about 2 to about 15. 16. A conposition, conprising: at

| east one water-sol ubl e 05 nonosacchari de hydrol ysate; | ess than
about 5 ppm by wei ght, based on total weight of water-soluble C5 saccharide
hydrol ysate in saildsscdnmoabbﬁ:toﬁ poh & weiigmm)ased onl tetd wéight abeuaters00 ppm
by wei ght, bag

d.a ota wat er o ubl ccharide hydrol ysate
in said corrpogﬁ P'gn 8?CCPQ\A§‘? '}#roﬁ/sate 'Pég S§5’8u9Pgi}5m§Pé’m ‘based on total
wei ght of water-sdésmtmn%b@ﬁ@dmappmebwmrghlt,ylﬁﬁeel omt@tal deightppwatéron, of
iron; and Iesi‘cihan abg 000 pm b%‘ vvei ht , i (il on total weight of
wat er - sol ubl eS@HPE{R Baf g ‘hb r8|y§§ '8 Sp IRPSEIORPBSSASYR; of sul fur. 17.
A conposi tion of qbgd makb abbutr t0ehgCBEREd %hn@ﬁall\ﬁéIPM BRWAOsHIUBI®IO5 pPm i n
total by weight, based on total werght of water-soluble C5 saccharide

hydr ol ysat e i BRGKREIR BHdOYsRiedR Salskcamrasiions of i@ 28N sai d el enents are Al

As, B, Ba, Be, Cale@thaﬁoabcgt 1068 cf)pﬁ?bym/eléht’ bdBed MR tofPwelitit oNwatdr- Pb. s,
Sb, Se, Si, Sn, Sr, onposition, conprising: at

| east one wat §¢|U§|6IQQ)S%COGBFI¢\QJHWQU§Q@ND@éldl‘qumﬂs‘ji@at of sUiftl | ess t han
about 5 ppm by wei ght, based on total weight of water-soluble C5 saccharide
hydrol ysate in said conposition, of alumnum 19. A conposition of claim
18, furthér cémoempositign df elsmtibafuriaboodmpds0g:ppm i n total by wei ght, based

on total weight of r-s0l sac ride dr

conposition, of e|'8%€£§}%3;35%¥33§59%§5] % @P@%n‘@’%’gﬁﬁ' ggi¥§%h§° aEW%%ﬁ Oée Ca,
Cd, Co, Cr, CwatdraolUkle CB,sab@arNb,hyNEDIyd‘dae inNbaid EbmpPbsitich, oBelenteants;Si,  Sn,
SroT TV andwhzereln said eA]eme sogrletAIORé gogg)ré S nng Co, Cr, Cu, Fe, K,

Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.

18. A composition, comprising:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 5 ppm by weight, based on total weight of water-

soluble C5 saccharide hydrolysate in said composition, of aluminum.

19. A composition of claim 18, further comprising:
less than about 1950 ppm in total by weight, based on total weight of
water-soluble C5 saccharide hydrolysate in said composition, of elements;
wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K,
Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.

20. A composition, comprising:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 300 ppm by weight, based on total weight of water-
soluble C5 saccharide hydrolysate in said composition, of calcium.

21. A composition of claim 20, further comprising:
less than about 1950 ppm in total by weight, based on total weight of

water-soluble C5 saccharide hydrolysate in said composition, of elements;
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at | east one water-soluble C5 nonosacchari de hydrol ysate; and | ess
t han about 300 ppm by wei ght, based on total weight of water-soluble C5
sacchari deohytvhi3sgate i n said conposition, of calcium PRT/USA1ROREBI ti ONn

of claim 20, further conprising: | ess than about 1950 ppmin total by
wei ght, based on total weight of water-soluble C5 saccharide hydrolysate in
sai d conposition, of elenents; wherein said elenents are A, As, B,

Ba, Be, Ca, Cd, CoyheZein said element§ arkeiAl, My, B,\Bg, Béh CalNed, Nio, CB,Cllre, K, Sb,

Se, Si, Sn, S, i ., Tl . C Siut i o] Lsing: at |east
one wat er - sol L%W&”%%ﬁ%@@ﬂ%ﬂgﬁt’dé& $g§?‘e?“ ﬁgTIF/ QMZ@S t han about
10 ppm by wei ght, based on total weight of water-soluble C5 saccharide

hydr ol ysgée in said conposition, of iron. 23. A conposition of claim 22,
further €émpr AGORYPOSItion, CMERUSAGan about 1950 ppmin total by wei ght, based

on total weight ofat\istbns Naisd| e EBGRORIIAMENANGEIRIYSR e dhosai d
conposition, of elenents; wherein said elenments are Al, As, B, Ba, Be,

Ca, Cd, Co, Cr, Glesséhankaboyt 1Qppmvey Weighinbasesl onplotaibweight o wadir- s
sn, Sr, T, Tdoupfe (ﬁ%c%ﬁﬁrid’@%d?ﬂ?%%béib%mggg%ﬁ!(§f'i|'2)9|3. at |east one

wat er - sol ubl e C5 nonosacchari ydr ol ysat e; | ess than about 1000
ppm by wei ght, based on total weight of water-soluble C5 saccharide

hydr ol ysage i ﬂ(?)ﬁggsﬁfa%qr%ieairjg%?hfuggheEH%%Hq%%%S. A conposition of claim 24,

further conpris an abo ppmin total by weight, based
on total weight oflessathen-amutildPe0 Cprs actolka hydeeighilbabgds atdoiah weaghd of

composi L on, o SLERSL &5 sapcnart B Brdhll HEHEESAbR AL ferfis, B e
Sn, Sr, Ti, TI, V,wkdin&aid elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K,
Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.

24. A composition, comprising:
at least one water-soluble C5 monosaccharide hydrolysate; and
less than about 1000 ppm by weight, based on total weight of water-
soluble C5 saccharide hydrolysate in said composition, of sulfur.

25. A composition of claim 24, further comprising:
less than about 1950 ppm in total by weight, based on total weight of
water-soluble C5 saccharide hydrolysate in said composition, of elements;
wherein said elements are Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K,
Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, Tl, V, and Zn.
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