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LI G\NBVY AND OTHER PRODUCTS | SOLATED FROM PLANT

MATERI AL, AND METHODS AND COWVPOSI TI ONS THEREFOR FI ELD
WOR0DIESIY\ENTI ON The present invention rel ate BCT/NZ2008/000225

lignin and ot her products, such as xylose, xylitol,

furfural, fernentable sugars, ceIIquse and

hem.- ceIIqus oducts |solated from ant materi al s,

HICAIREAND OTHER PRO bAJEL f MATERIAL,
mat er i al SANBAMEL Mlb MBRSATHING T: IHEFOR

pl ant -deri ved products. BACKGROUND Mounti ng gl obal
energy demands have dramatically increased the cost of
IEh F ergy sources and petrochenical s.

the enviro een h er.ha .
A0 1k Ples SRR RIS, PESR sBEpRBproBFAR AR g wviose. vl
fur@lirslc wentaareds@xisr acllulexs zﬁfd hasisdelllilosd pitotackstisslited frond plant
by. roceSS| ng of those raw feedst oﬁés to roduce ever
mates e Austhads e delating rsuely produgist frem #At cpErialsrd, prampositions

coﬁthllﬁﬁrg sﬁ’&i#l%%ﬁb&ﬁh@dﬁdﬂt hernore provide the majority
erials used in many plastics and chem cal
i ndustries. The present invention is directed to
MSOI ated, plant-derived, renewabl e and
conposi tions t hat have multiple utilities
andMduating globaldener gndurrdnde haved deansitiedllyainkbeased ihé icodt tof Sossil-
f r fossil-fuel derived, and hem cal fee st Qcks
fum*%@%?ﬁrﬁnpeYasoe@ﬁi)eéipetmc AT FBle oA ey g en harmed,

pelthaﬁst m‘éﬁaﬁ%l? ilaheidkt!ty ncBt Bisaikinal@bg msawery ﬁﬂije)du%ctﬂﬁleof fossil-
he nost’ abundant renewable raw materials avail abl e

fuqb rfe@atopks, apd dwyi professipg ef chesej nawafeedsiecks Up arodyice gver mprgasing
tdif;e u t e r

oGRS SRR PR ek B B e o

mdjdritploirrﬁwaﬁbtbna/lalubed it hlanﬁ plasti¢somrsl chewiica) industxies.et Theopresent

. pl ant charid S, n|n iiSs characteriz b .

infEafeh i€ QiR g P PRHg: rorHady R o) i AEIeGE e ustainable

coPékitiing Nthate Rivet ﬂﬂﬁ&)lé Qltllihésr and itRdt &proVide TenewdBle bR sustainable
wood, -has a hi degree of heterogenelty | acking a '

substifutescler ﬁﬁlln&lp eﬂv and pegrochamjeal eedstoeksul es ar e
en I I .
Doyt & 4 Gitfer, BGRoIb &AM CEuB AR in plant
mateatalsy end @ one nf ﬂieambst rabtsdant reneWhlde degrm:aerdﬁls kvaglable on earth.
.pol yneri zatign in, na e diffi t
Lighfn PR af ebctian el oot Sotivi o b A SHER A F ahjed of the
dryt ¥HASSoPvobd. g 1’ dedulendde Bikednr Rshiiedliuteee iR Hikntl @SIE Wall§Gthereby

W th the lignin properties _generally depending on_ the .
crosslinking & vasicheeihplay Rg@g;acchh@?eé Aignip pﬁ,g@ractenze by relatively high

strength, rigidity, impact strength and high resistance to ultra-violet light and, in wood, has

a high degree of heterogeneity, lacking a defined primary structure.

~ Lignin molecules are generally large, cross-linked macromolecules and may have
molecular masses in excess of 10,000 in their native form in plant material. The degree of
lignin polymerization in nature is difficult to determine, since lignin is fragmented during
extraction. Various types of lignin have been characterized and described, with the lignin
properties geherally depending on the extraction methodology. = There -are three

monolignol monomers, which are methoxylated to various degrees: p-coumaryl alcohol,

- coniferyl alcohol, and synapyl alcohol. These monomers are incorporated in lignin



10

15

20

25

30

nmonol i gnol nononers, which are net hoxyl ated to vari ous
degrees: p-coumaryl al cohol, coniferyl al cohol, and

wa@ 0a3496al cohol . These nononers are i ncor por aPELNZ2n08/000225
I'igninconiferyl al cohol, and synapyl al cohol. These
nononers are incorporated in lignin polymers in the

coa?érp? gchfl)(? Xcll %54%&)39 %.llc%ﬁol/ ’l%j\édr o H@gy re(linamporated in lignin

I ngyl eren
poBm’(HrbIm nﬂeffbanecrﬂ phnngnm;ianmds Iﬂﬂydr&@phheﬂydfm @paiacyl dG), and

Th | | | ow t t
syingd LR SRR Mats Xt & etenf rppions ofuBe pRATiropEngity
di sg@eSpdlgbheRbIndi hﬂlgre SO M iaRd @n%veriukiﬁit; Yidd@ther with many

thermal stability, specific UV-absorbing, water
addl@préallpmnertwﬁ 6SU@b Belile ﬂismrﬁlyg,dlmﬂi@ﬂ; cemplexingzind emalsifying, thermal

staﬂnlty?‘t géaﬁé r\'{% r rgp% lgl‘ftearﬁprgonél&?lv fga@acﬁé}gtlcs), make it

Ive erirve ymer eds
an Ldmtlrachee $gneh’ablb| replpaiment fa, tokic gmd rexpensivieofdesilr ﬁ:dh&érared ipolymer

at ur e. S e.of jts bi.ode it L
reiRigtts-+ Yl Sintrif pplyirern @R Hemptnle in hlie” T Spite of is
blcﬂié lall @9 ik B&kndwa R bd brRsSoflhe ﬂnbgrdufabmﬁo;fmﬁﬂaﬁwhlasle
¥@ﬁgoduct of the pulp and paper industry. Desp
[ t S

eqiHantities ofelignin e PEIdhee e A byrpreducy of fhe, d’PlPr arlld paper
mcﬂfs Bk ;Wetlﬂg F"dllblg bR &sH%l@Eﬁa& Cﬁ‘érlsﬁpsz zf'x?#turag;m@lc? With multiple

b ol ogi cal ‘properties, danc
bentsf'wiahtcwnicalo physicah anmhmkxglcal propetigs, asd Ilaragemymce hgmn isolated

B S T S DN BAESH i

of tliizAinp recpvered] fifpap aste Nedihsdnt )prchﬁnﬁed es‘z tthé @dlp Bnd paper eddustry has
i ndustrjal utilization of abundant and

rest Bl B SeA il HIBRION O, g PHEHIDS DG crdcrepi e natura

prodibf i te or Kraft wood pulping processes as
l'i gnosul fonat es contai ning significant amounts of
contLagnim isrreepvered dromesidfite oe Kraft yood pulping pndagsses ag lignosulfonates

coﬁt&% %OEI 1c§1rt|z}n¥d W (t)thfc;n%?!iﬂtpg "H{y {e%o?e?écpgﬁm r{lolecul%s lack

necus and enera
steﬁa)regulaj‘rt}a rvadmepeanhg luhns beind hetabgmems z(rrde:‘oﬁrpﬂes:d Ih@easal, lignin

ob}};%g:];i]tcais @ah m n gggslgq%ﬁ&gégepﬁi ege g)zz?s;]?r)?agal 1% requires further -
proteSify eﬁfa?ormltfﬁoaﬁ% 28 @3scribfd i U Phtents N 6386, 6it3 find 5 ,202,403,

reactivity and to allowits use in the formation of
in |erdgRde inagase ifSrieartivity ankitepilowiitpnise iprthp dermatign of higher value

prtﬁﬁgisa' ﬁraﬂ g%r%ﬁ{;]ﬁe%\%@t‘nﬂ“ %thﬁn saangRﬁl%t(ﬁ‘ l%%’n gﬁ%ngﬁjz d %e’graded

I'gni n, nunmer ous deco tion pro
ligaing togatsheswghinmnerbn:edaecsmlpbsmmuprodmtsj saddassiugzﬁra,tfe@ suIlfhmus acid

anfilesa T PheiE i el ofit mreh en € Wl gined and

cofideRdddTEThe BUlARUSESsS fovaledd ﬁﬁtlﬂ&itﬁ)r&ﬁc@.@ﬁa{f@é} Jol@N Kulfonated
preparatjon that contains gh content of sugars, :
llggwgaepaa%waéhaé entaigg a hi @é@f‘%‘a@ YErpryayAcids aa% Sygsr feggadation

pr&ﬁéis”%s welll GaCkLiKES 3RMadtveNting SRARK! LHERHRNY With multiple
coordmatlon sntes The costs associated with the purification and functionalization
required to make these low grade lignin preparations useful have limited their utilization in

high value application markets.
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coordi nation sites. The costs associated with the
purification and functionalization required to nmake
wo b@em2496av gr ade |ignin preparations useful haR@r/NZ2008/000225
limted their utilization in high value application
mar kets. The use of organic solvents for I|gn| n
extraction or to. ab .dr at e .hydr.ol .
- (G a0 e st E o g el BB 6 RtbofiVras hugotysis as
di&:&&ﬁ 1 2xad 1e,5,uoms 1B&tentyado. SATPOMS 60 5| 78BI8PY €antiN$010,156, was
qual ity of the resultin Ilgnln but the use of a

shewp S0y ERPIPYE dhsmigrality i nihgi teRulling ilignin, BHb the gfse seff @ egptalyst in

r |
oo A1 B0 QLA B U0 )t ks i

hammlwd%mtwav (I\'Btmnongh (1992 n FHARE Sokyent TMdping sSeimingr e Boston,
ech Sano (2
MRS Mlin R 17 RGP PR g TPl Pom SRgho 2000
Héﬂ@@mhumrmd I%S z:iheBJet% 8%001% g.t _Wabcll:] C@aﬁ.%)chha.dmsg-pal Xu et al.
ps,and Products 1 1 .. The reactivity of-
Q?Q@ﬁ’?‘ﬁ‘%@ﬁ@ﬁ% ‘ﬁ‘i‘dlpﬁf"z‘%‘@%]ﬁg ‘??lz’lasence and frequency of
al i m@tréa%tlv@)hgf‘ﬁ)éﬂu?dé]:)éqﬂs(%)ﬁlnl)a(ﬂ‘ﬂthe PrRGRElang 'fr@lq'lﬁb%c of aliphatic,
whi ch varies depending on th I gnin source and

phemalicgdraxyl prdbearbenyl; gmﬂlps,cwludt aarwsmeeﬂdrmrnthemem source and

| th(_a Q}{l‘%gign éae%éj lugéd W'og& %dhgn% ydtﬁeb g&e%%éey md ecP laf IQwelght and

paration al's 6 h
pollyﬂmpﬁsuy bglhgn@s ndtghapf@_turaabreaiso hnstalpemnyacabﬁ &mﬁastnmy

repl ac henol wth lignin _in the formati.o

pherdl 451 Sehanstrated ot 51 ERBY |55PIS AR, Wﬁw lahen?'hé“ﬁhl lignip in the
forBAA0R otflisaéndw&hsédafeﬁ@kﬂe RWYAtivRl o RRNMInie aféaxbsethat only a small

di spl aced wi t hout ffecti ng the nechanical -and

amsiypls jof aphepelo patt theeélsnlﬁchh evnhmﬁapffmgg nthe gaeghanigalgand physical

%7&2@8 %‘)ng% [‘gr?maﬁ:cfztﬁ %ﬁ%{gfgbw hﬁs UAd effc{geszon ang Adhesives

22247771488; (]Z&ﬁl arﬁdDimms(Zﬁ%)aTurk (J28849. Rewr27: ]3&391:89 Sellers et al (2004)

ri i 0453 S G e B R o

otleof ayiits &f dpPRcatioRs. "Wt akimpid, yth@fthelrrheﬂalﬁhtly&ﬁdhgrmx R5e€didCiroduce
carbon fibers by?ﬁfPl nni ng, as described in U S Patent °

cajon fisersédry spirgingapirdeseribed an HoniPaignt e G16%%8, i"é’stbF ¢qrhepization
of |tl!1@1‘3blntufn%(ﬁ$ﬂlﬁ fiber'sE arlang ?ﬂ&l Ynﬂd%uj,:édqutﬁg nfhold " 18R ?ra&fon and

I'ignin ction an e origin and conp 03|t|on 0
the bneglh aghtemgasiignaf dte lignin (Kada2y aCé?tQQ@wa@oz 902999H29)0).

cl di. an cted |igni S a_ . .
pol %ﬁ ac1g’1{: he‘ghaggp%§t€aﬁtg%?§nlnp¥vg%a?eé:lt ?5\3% E'OF?orat%e experimental

prmlra_,tiah &Hhﬂﬂ?l#‘éﬂ%hed (Pe)R L@p‘l@mﬁm aff BBotd B8O %S othe tANE rédih was
ac t t t t { :

el SPAPRESEE B ReED (U arsed b H (Yepdetaan and
Tl{rﬂaggﬁ@%ﬁ%m% aﬁ@?zd@h&%ﬁ @4.3y5541; %%E%hmb'gz@?ﬂlnlrhj \P3Ymeric

yneric -Materials 52:

M@ﬁfaalls e5r2 GSéﬂO&}, o?malbplrm@nmepbﬁermt roE U resin (940%nbave been
acf?%% by direct blending of soda llgmn in pre- —formed PU resin (Ciobanu et al (2004)
Industrial Crops and Products 20:231 241).

Polymer blending is also a convenient method to develop lignin based products
with desirable properties. (See, e.g., Kubo and Kadla (2003) B‘iomacromolecules. 4(3):561-
567; Feldman et al. (2003) J. Appl. Polym. Sci. 89:2000-2010; Alexy et al. (2004) J. Appl. .
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achi eved by direct blending of soda lignin in

pre-formed PU resin (C obanu et al. (2004) Industria
w@e@pm2sand Products 20: 23 1-241). Pol yner bl enBCTyZ2m8/000225

al so a convenient nethod to develop |ignin based

products with desirable properties. (See, e.g., Kubo.

’Pq@g dfﬁé flésgol%ﬁ%,z ng) Al ngﬁ)‘:}” S14 o%)gf?a 1051627'32-2748) The

effife30nd 0418y ot >plysier dlend (1:2@&%119 clo¢glplreliied yorthe SEémical and
94: 1855- 1860; Banu et al. (2006 Appl . Polyn1 ScL

phygigal: promesties 0f ghe irgnin @r?naaﬂen,cgucﬁﬁa mRaIEE {ypes). iplecular weight

anBO8i¥FBLtidH, SAcH %e&%fim%lnl the e lof he ll%}lfﬁdaﬂ(p nlefifdd used for its
chem cal and physi cal properties of t [1gnin

expraefpa isblation amslihatvestsngrononer type(s) ol ecul ar wei ght

and |st |b ti.o on the or| t.h
li gnl‘?I fr:%}l%ﬂi&mﬁgshe%’ 'caP n§ '%&atl'rzag%: |hc?rs1b [ scgllowtn tO%e a good

strategy o the Sstxtd&%fulUﬂ@frp&hﬁ@ bf glantiddrived tighins he mghaifalue products.
functionalizati on has been _shown to be a good strat ggasﬂw

Hewiever these geacunsrant cosHy oyhsB AW iggde o 1oy seactyiby lignapyis us

subdteid Ft dhemftiad tho‘dﬁicﬁﬁ‘oxpr PeHfet SnoddNEY RlactahtY BRE required, together .
reactions are costly when I'ow grade or |ow reactivity

- with donigar reactignetimas ané digheb $emperatufesy toc prligve aelatively low rates of

&%ﬁoﬂt&f‘i{i\ﬁ g#"a%egiﬁd WP&L@V@ én%?s‘:tﬁﬁé ﬁ%d%rtﬁ b &18fle Tignin

er W reac nes and

feédstan aad redeses itk demhll it for usd iatvariehstypeswf llrﬂhletﬁaqurocesses

transformati on of |ow grade and | ow reactivity

lignins. This adds to the cost of the lignin feedstock
SEVMMARVUGETHE SNVENTI®N | ity for-use in various types

of Tndustrral processes. SUMVARY OF THE | NVENTION | n

one la$pe @spect H@ pewesk iventinpeprovides isplateddhigh jgsadiedigan polymers
de'i]ikzgci] frgﬁ-xla;quntlrﬁag&iaﬁ B Wﬂngtg ?]%eg%d% \f@tdlsél ﬁ(ﬁg ﬁ%ﬁr‘l?‘rom n]I)lant materials,

materi a as I'SO
cofnpos(tlprhsamnpmmmg nlnealhgh gedep gmmpptyners:mdpnethmdsgmt isingsugh lignin

PR i B, P AR TG B o e Gl g o o

fedds@k forl riakify dbvidirémb bfbdﬁaﬁ tHaf @igain extrh@@difrbaPiant Biaterials using
maki.ng downstream products than lignin extracted from

altﬁm&HYe mgtheds, such a3acidpralkaling gxtragtonat Heas explomion tgghniques, and
ha§Qﬁ§i’m9€ p@k&ﬁeé &ﬁn&iféd' ﬁﬁlgﬂﬂ Myrﬁér?%@la?&phgﬁ' Pint materials using

t echni que and has distrnct properties conpared to
zﬂknghvmwdbhwwers i sol at ed fron1p|ant mat eri al s usi ng

al t napi T I Io ed .

t heelgle Spcﬁm\(ggnegerlai1 gfé?gc% in E’lg rdgs E})&E(qu glegl%ﬁs %‘(ﬁ p? m)é hlgﬂ grade
1s¢15tedi tpgeid pl'ddgm in prefoshly h ligodellelosic @hinymaterlal selected from the group

noce IuI Qg_gant mat er.i al seIFcted fromthe gr

coeg &R0 HVQO %ﬁeo;bsr mﬁ@F‘B‘é{:%lﬁ’E 'llfﬁ]t g}d{(& restry plant mgterlals

an@Orebidiidst ldﬁ@'deai@ﬁ’té@ lenbi@y €bpsy Rh %he”&ﬁlﬁfdﬁrﬁerﬁs ané plant material
reS|dues and dedi cated energy crops. In sone

COPHIGEH eh’ezmiwgooq matepplaand patosre gnbodiments the plant material comprises a’
coppicable hardwood material, such as a coppicable shrub. In certain embodiments, the

plant material employed comprises a material selected from a group consisting of Salix
(e.g., Salix schwerinii, Salix viminalis), Pbplar, Eucalyptus, Mesquite, Jatropha, Pine,
switch grass, miscanthus, sugar cane bagasse, soybean stover, corn stover, rice straw and

husks, cotton husks, barley straw, wheat straw, corn fiberwood fiber, oil palm (e.g., Elaeis



10

15

20

25

30°

e Ve eop AR e ¢ ep

conprises a hardwood material, and in sonme enbodi nents

the plant material conprises a coppicable hardwood
woraioenesab9 such as a coppicabl e shrub. | n certBECTINZ2008/000225

enbodi ments, the plant material enployed conprises a

rrat erial sel ect ed froma group consisting of Salix

i, Sal i X Vi i S
gu uca yrl)?{saezs & era ed:,] tl:jlhlf &0 Fﬂ%fru'gl neeh ke ]Cshg'&; g’i)gr,s, shell and
residues afibll palm &%rumfalsc alﬁtﬁcdjﬁgﬂe&ﬁ)ﬁs tieeaoifie Mditio(ﬁﬁleplant(]ﬂdtéhals may
stover, rice straw and pf cott ?n husks, barl ey
be aysedy I e presant Epveniipn qogtemPlatesdsaleisd gpigand offer eyzctipn products

defifedrom Bh 6F Hi4H MSEASE, 2nd BbRRitRaR ;ﬁbé&ts)cofnrp%ﬁl. lHghthihd other
enpty fruit-bunch, kernel's, fruit fibers, shel ﬁ nd
extrantiot peasluts detiveddramemmefdhésaimateriabid conbi nat i ons '
t he I
o0 e SRR, R SR S B DY AR srines
(Sph@ﬁm cembparadtto cgnamydctm)tlgnﬁiedre \peefefréd mra;wcesﬁmg hesecover high

terials, .and. downst.ream.proquGcts co
gf%ds ﬁ‘Lﬁg‘B ﬁ&'&‘{ mgigrigls 36%!@% %%‘gﬁlﬁv‘é‘d ‘gﬁgﬂ?t kﬂ? are preferred
fort sféﬁﬁ%pﬁﬁéa@“bh@'p%nt hﬁtemmaﬁﬂg & maghm rai% amt 18Rt 211ia8d Sreferred
conpri sing proportron of ¥r|n (S)-lignin
forc@maapehcqﬂ@n@ @ag atayt me@)lalls hgvinga 2:@ ligniafratiq ebatfleast 3:1 or about
+ PRSI Qyf BN, ey SOUR R A ol i
and othea extraztiof eprcrchadtsfderlvabflmna;ppﬂ plaat matesalsph&awtll as compositions

CO%B]ES%rBFg Zslpézltqlﬁgtgnfrgqn%sogﬁgegﬁ% fipn, Bli 8ﬂ§ derévlﬁ:a B p?ang' materials.

mat @i bad Sspbéyhigh gead®:lignini Gdiother akiraxtioh paidul:@aﬁety B idol@ted as a
about 4:1 are preferred for sone applications. The

proslustsahia splygahextestion Rigcess fhe featig @!ﬁ@dmp'iegﬁlﬁ (fughhgs the process
dlsero*g@d mew afdrdrf? ;fiﬁleéhb%tﬁo defry4558h3f HpE Mégfk Plodita nd published

material's, as well" as conpositiéons’ conprisi Ag |so
Ndvi §n2007aa$dJ$)t26@r/O2i,’»%t%IAﬂJ the dncloduretad’ vehach mdtstrabyomospmated by

reig{eﬁcget i“ﬁ%ﬁ?‘ gi H tllb?%%)%gt @g]ﬁi?/sti%oé&eg Frf)g{ z}gg tlnll th n a delﬁed

ORGANOSTDAT (aqwetduaethamn qar\@me%mrimbntpf@ms thgt DJV&NES contacting
mat eri al s, iuqh as ;he process di scl osed | U.S. Patent

theapiant aterigh WiEs a sejunias, comprising |ugtoNeRpus 70%ygthang] fn water at a -

'tergblﬁithl%mpb\{%‘ilma%ely 29@% 821 b‘@ 0. ﬁr@?sﬁ%éﬁfrﬁh f/ib&m 9-30 barg for

cl osure her eb Yy |ncorporate
a retehtégnetie suﬁﬁCIentstomwducea ‘blagkyliquard scslgtmmontauiuggmﬂlgmn§oluble in

o JUFREGHITIAN 0, TR e T 5ol g o o

mqnsrrmt]:]elsfa mlhdlﬁed ORGANOSOINM Y ctatmpus leﬂlapd)lamgvdmti):] @dtﬂafdion process .
esreonie R R i g RRREh rontGed 18 o st s0%

ethAR6l iR W4teS St 6@ LirdunANREOWIngl 9 sStiBR E8mping from about 60% to
retention time sufficient to produce a "black |iquor'

abay|80%4 hanob iy wates, rigder, Cgﬁ@lﬁ%%ﬂlfﬂtliﬂéo thpse Hescebedeahgye.

et haqel., he , ;

i sol a? e r%ﬁ?gc}p ant Brrgt e?’fta Bt Sap r%r%%g\bince%ﬁgd b substantially
in GRGAEBEL M amjint(calgereloarsd ebthkystol Fmobxaamlc), th treamtion @mixture may

cofitaii 1€ than 1% of an introduced acid catalyst and, according to some embodiments, -

the reaction mixture contains less than 0.5% of an introduced acid_ catalyst. In some
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that involves contacting the plant material with a
sol ution conprising up to about 80% et hanol in water,

WO 20030286Zi r cunst ances using a sol ution conpri BCTYZLa08m00225
about 60%to about 80% et hanol in water, under _
conditions simlar to those described above. The

s preferab

erfBRincafy g OHERr R CINGRORTT, el BLHF §afied out in he

abseﬁbéﬂihinﬁﬁochmediadidlbﬁhlyﬂt For exanpl e, the reaction

contain | ess than_ 1% of nt.r ced acid
e i B1ak figSorreodeay Hejne 8 st AR GAT 1oV RRacfon process

as dBREibePIbVE Yy HR fRRR ERPatatdd® Seh bR soheX Ot sdent, and additional
i ntroduced acid catal yst. In soneenbodi nents, the

solyerfi fae de GRAANDEER fran thet liquer. oithe plignire aayi ther derpreepitated,

sl Yy RS ST LGRS 5% SRRy T i

natixé oé el mdrfredCGRS}Aa@SKQISV ketaaibbavierocey (leathe@swith aqueous
evaporated. tq renove,. of t ol vent nd .
CUZA0L ST s Gy SEIAHEG Beelice divds DRFHRRtN npped lignin is

" mihintdI9" modilfigd IFoa il miVe HRY ahE Bh@HE Athal EshtartiABRS 6(& 8d salts,

by filtration_ and/or centrifugation, and dried. As
Sugash slétﬁqreisg@daﬁow I?T@dllﬁtﬁl) dhangignins pseducerbusingiKrafieer sulfite processes

T B R T A Bkl tays offers

mlwhkgrmt;wtmab as at hl‘e-lmxdéd feedstatkl maerial forsuseiin lanahbtyy of processes

edfr mlts orm and,cont.ai ns

anfl St i i Brodekes)feind S B Xty R i biomass
frapfiGAi6H §1)00&d§6§hsﬁﬂ§}ﬂta%&tsﬁ’nﬂdﬁ&€ sevidfel dxgradtlonfconditiossul fite

processes The I ;)?nl n produced by the nodified '

erade tlignine of (the Presentpinyerdion may, dhust he isglafgdc from a plant
mﬂérﬁf’[‘tlr? b mRRERALORGANO SOV BaRRHod gl%qgs Pt 1m%s'cﬂl1tactmg the
use In a variety of processes synt heses t

plant glatmabwmldals@dem goinpgsipgapeto §¥ pthpnd duwveienrin somé cmbm)dlments
from t gé‘% "1536% e&h%cr:n%) ! 22\% (—I:roa?ld R ggrt%g 2 oéjlmerq% Ci) ?17(}6}% ethanol in

re severe ex 1on con I on

' wdtdrg mme &fm}iei’&tuxﬁr@ﬁ&nﬂtmatﬁﬁﬂmtundﬂgﬂiag thé uﬁ)dhiiedl salcmre@sowm

froma[!n())lant material in ified

i ANOSOLV( t m) , |
exu3qtion ¢ PIOGTHS pinaY e aPH%?P“"{“ﬁ?)éil 3&%8}@& nf tSHé’ e pprghediments

approkRfdtal 186 {3 2008 €, ¥k in yézramelrsinﬁsdlﬂ,@n&q Kokl neb to 195°
in water, .in some enbodiments from about 60%t o

C. Fhrezmresisutierin thetreactian ghamber during madisiad @&Q&N%%M Wssmg is
. n o 20l t t . .
ungl gtolnlﬁ ab el9 3 I'i)?i e% CRE&%E{]_%)?% msj&gv)? c% %Llﬁon desired

tempame&s dmmgbmod;fmdoﬂ&ﬁaﬁlﬁOﬁOLW@ﬁCpmoesﬁﬁ@Oﬁpdude smmxres that
enb ment s ely..180 to 200 C, and in yet :
S“Bﬁ“ﬁ@‘i‘h%%és%ﬂt % >?)f; HiB8ely 185 to 195 C. The
Pr e2gYsdingNtd B&né egiddatert) IR edo BT ieRBadiifl i fsi @fried out on a
- ORGANOSOLV(tm processing is generally from about

substantiglly, gpnjinueussy Pragspsige Pasis.ob(a/ieagtion yepssk thet pievidge §p-cument or
countercurrent flow of solvent and biomass feedstock. The modified ORGANOSOLV™

process, as described herein, particularly employing continuous processing, reduces the re-
condensation and re-deposition of lignin often seen in batch reactors by allowing removal
of solvent at temperatures well above the normal boiling pOiht of the solvent.

Alternatively, the solvent extraction may be carried out as a batch reaction or, according to -
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tenperatures during nodified ORGANOSOLV(tm processing
produce pressures that substantially prevent the
W@ elezs96d r om boi I i ng. According to sonme enbodP@ENEZS008/000225
the solvent extraction is carried out on a
substantially continuous processing basis, in a
react ~t h curren
sofg SR Fant £ PR SPADih SERe el 0T otre dimese dlicotalidsriauid
ratlfdj‘l EurﬁngjSOﬂ\teﬁdeml I Qcé(él’lalill}' apleasiels b and}n 6@H€ ethb@liments may be
erein, particul ar oyi cont i nuous _processi ng
at leagt) bds in FRmE @emﬁa@ﬁgag? lﬁﬁstaln’gs gng. laaﬁbééquﬁwl smbwlglﬁmﬁ up to
abBit B4 seen in batch reactors by allow ng renoval of
solvent at tenperatures well above the normal boiling
p0| rReStdﬁnqemmg of theplant matesinhiat the edagtion thambef, we selvent extraction
dlges er g %én%ratlpz% }?E% éi?r@ engm?t%g an%ism%r ngr&ﬁ arrb(g%g() t8 §0 minutes. In
alﬂéﬂﬂﬁ@é aﬂbddhaem tmafeeldt:nmme miebs bindbolt mmerrﬂhmes or, in yet

Oﬂgfil;il(r)ém q&l?lgéﬂ\gg n{gqﬁ?é&»r aCM §n|»dQS g’glef er ﬁg {eglﬁg_nclget?rﬁ% ni' 6%% solvent

exBHRRAI dTERIcP sﬁﬁcieﬁﬂ%tpréduge aaﬂlgck RquRt sAeGin édﬂ[hﬁ{m lignin soluble
enbodi nent s ulo to about 1:4. Residence tine of

in thexpquepitst athangl salvent isesuitablet Toe modifitd PRGON (b%ﬂv‘é At extraction is
AP 58 o QR SEADLY 0 O B o
exampley thetreactior mixtremaay sontdih dess elsind®a of ah iintedoeed deéd or alkaline

fromapout 30 to 70 m . nutes or t.oher . .
calg oL DA ARROCHTENLS Tl RS HnsContainsyogy ingroduced
acld dFRlkaliné Ebﬁal?w vent extractl on digester sufficient to
produce a "black liquor" solution containjing |lignin

sol Uplcertaip eﬂﬁedlaau@o% madigdoPREANQHPLY s §19r=tcaam & carried out

o 23 AP CRPACHELM o cAobllie) Y She! Ay g
tofkali pet atberaimpetimdioy tlwxmnthﬁed QR@AN@@&D\{)TH’ axiractioneis carried

ain |ess an. int uce a
ouf B 5 e ok 15 Bpol Aind 1652 P A8 U epgiments, the
médified QRG;A{NIDS@LVW ERracoH BichGied Out AttarpdlofRcrealiinthboiit 5 and less
aI kal i ne catalyst. In certain enbodinents, the
ot Bd ORGANOCSOLV(tm extraction is carried out at a
PH (IBAGHERShbdtnitnf aHlof R atePlrEfmEAdRayle ﬁs@@ mone or in combination
t enper at ure) |ntherange of from about 0 9.5. In
lefe(e o1 feblowaned adiotwent @(trat:ﬁm PrOcksh fecbxmdmal(hgm)n from plant
gi{la%B% f'ro%n i ? uP a%érlaff‘ r@ufv%];ed (;lﬁ)\&a#ar; R?Qrﬂu%xtractlon
mar han® abéit & tl 3

1ess

. Slﬁthblenmdlv\fat@dreéiﬁﬁﬁtdm&v(vblv)e c&ntabamg therplarﬁ otreputp edtesinl with an

at a rethnabo nd | ess than about 7. ln.
aqHﬁ‘B’tsh‘g’:l_"‘t’é’ﬁb don¥ffe) % 3ot eWé‘f FemReralingEiie Fn gRoYisk§C and
208PO)8nd f an RleVREPIaNGHedsBR (e.g. from about 2-25 barg) for a retention time

sufficient to remove hemicellulose sugars from the plant and/or plant pulp material, and

then separating the aqueous solution from the treated solids and harvesting isolated lignin

~ from the aqueous solution to produce a high grade lignin product.

‘Water-soluble sugars such as xylose, as well as acetic acid and/or furfural may also

" be recovered from the aqueous hot water treatment solution. The resulting plant pulp

material may be further processed to hydrolyze cellulose present in the plaﬁt material to
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with (e.g., following) a solvent extraction process,
to extract additional lignin fromplant material,
w@ar@bv o289ty om a plant pulp nmaterial recovered fptT/a%E208000225
sol vent extraction. Suitable hot water treatnments may
i nvol ve contacting the plant.or pulp material with an

agueous, solution (e.qg., wat at _an el eyated . . ’
o 208, e drocssdi Ao shem Bty RN espfcprion and/or
feentibs d IPorielepftfodIntent, @hdresdIfifgIplaMPulp AatdBalligtehtadted with: (i) an

retention tinme sufficient to renove hem cel |l ul ose .
aqueqys selufipp crmpEsipe £plulassd Pelucpsidese 39d| temRerRWFg-toferant ygast, (i)

i t e} i t

yehd hamibnicale, Bd (15 IRE A B Gulds Prisoft i BT Bne pulp
material to glncase, ywhiokl inctyrnamay brhfegnended toipgedune pthamhict . _
e g P Rl A 2, B R denive
aba(lzw mysber Bolavet &id lhmeeettemg rﬁn]-c sxdmﬁh 1é,06: -prdaipitaticnl| tRr&gpitation of
) ant. pulp material may urther processe 0 )
isdlyed éugwlemexémeu?csgr@p@@ée AmPlfe bwdamwﬁéf‘i ohf aptvent mixture
(et RHINCRSH abddti Biof 1 ifeE, By | Wih BRYqueb®d sef@diPhRh as water

I nvol've saccarifcation and/or fernment ati on. Inone
andngnsignatbnbdy lowerinecthbe pHi tadess|thant about P byradditipmlof peid. Addition of

. e (o a . _ " .

w8 Bk i Trafish 30.0%E0H Bkl BFFRETE) St rann
exyraded from iSkliy easlt othen\kiakiwoeds, abutamdd (addition bmb§ ee tesirable for

hydr ol yze. cel.l ul ose present in the plant pulp nmater] al

PEPIOR (e WA STV FOR rotisty PHEU FRsiiAlt el GemBals use of
hy8deRRAL acibiigpiefer®dité afelB6 of 6MBR MirAl 28BS Fracl &ditlonds desirable
sol vent extraction process as described_above may be )
fos presinttatingdigninn aFue gy desirably redusgiheformgtign efcqopflensatiaprreaction

i pi ' [ Iy, QA j :
oS SRl T SURE Ko =Tkl e 52 REREL Y trion
or cgernifagalionjorfsevling bodidrid. t o 10 ti nes, by volune) wth

an eous .soj. ution s as er _and, optionally,.by -

o we R HE i B2 T A Ge RS i S B PR HlrbigioR andror o
hoBGiater phe¢hsé lafd sfubBizbdl in Gn GQHEUS| solveOtoliitisiiinagthe blated, for-

the requirengnts are mnimal, for harvesting lignin -
examplea ASEE Préﬁoééﬂdrgésat}mat&"héfocﬁsér_é‘in&od?f\%gl‘e aupepss”).  The -

T al b i . uble i Liapi
soffila FRpoahd IARE SPANDP (o P pREF Safin) 3 gBilly Ll B may
optigeallyfberfjitrask; b isi thermwiixedi withpa gdstfiedendlutiont Hiegasified solution is
s B A s S5 PR PR ORI Gy ey
frdno ab@iti 200 DF times dewn 98 theokignie adtém solationlu dh dnelembodiment, black
. processing. The jsolated Ijgni recipitate may be .
ligkgy P+ g ariRyuesd PuP MKing rde%eﬁaﬂwf PISHIEs andiions afiaenerglly high
A chedf loSfovidl ERIdAId suBdtihtialll 96thPle®thik Afet ST GasifiedsdhfiH with the
a

(3
materials in sol vent extracti on and/or a hot water

 blagkdiswes Hhezasified isplutiormay e sypergiveated; feroixample, with @ gag auch as

C(gz?yni@(?geh,s gir,a'b?% gzIsonrnixture. Dﬁring mixing with the aqueous solution, the
hydrophobic lignin pfecipitates and is immiscible in the aqueous solution. Gas bubbles
attach to the precipitated lignin and transport the precipitated lignin to the surface of the
vessel, where it may be harvested using a DAF clarifier or by physical removal of the

precipitated, buoyant lignin particulates. This-lignin ée;paration technique is an effective
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exanpl e, using a dissol ved-gas-flotation process

(e.g., "DAF-like process"). The solubilized lignin and
waelmeesoesol ution (e.g., black liquor) is genepP@l/N¥2008/000225

cool ed and nmay optionally be filtered, and is then

mxed with a gasified solution. The gasifi ed solution

r a ueo | ution ch

anl SpeE et FocBRUEE 15, FRYrr O dH Pady D S fromy plant
mdterial Using sEiSerit feﬁﬁraonf)n td@hmhu@nmm Bey udimior&l]y 6t usud. to ligdlate lignin

one odi nt ck i y. be troduced .Iinto, a
exRRGte gl PR MieTial 6] GBS LSORMAVSROIE FFaciBieHEN yfrom plant

mzﬁéﬁﬂi‘s fligh i@l sShfationt MdHaPNk m{g HdRrfived §-tﬂ%fbhbﬁ‘ltéc}imque may

Iete m xi ng of gasified solution with the black
belcaq@d out arheithges batlebasisair arcontinueny obemiwpriinuguypracassing basis.
for Iﬁéﬁ&ﬂ%r X%tt Hleﬁ&ogﬁor SHERefiR ﬁ%’q e raﬁgdglgeoﬁ'éimpe%on of
a gas m x P I'ng m xi hg W e aque
ligain att ippowidddh eTllir;sdmcqﬂhﬂblrmy begtlselﬁilph eeaopemrg Bgnianhi¢tshas been’

ProcePEG (TR BHeRteGIOG SR ¢ipurt iy P iprate subsecuently
waldh&FinRbdtért eSlich inkihdls tifclbdeaditisf A G&sObnet dohpbR& Bklected from the
where it nmay be harvested usi n? a DAF cl ar| fier or by
grw&laqmgr@ynﬁbwol afa eaneenyatien pf leas han 4@aayra ammangm salts other
t
thﬁlfa%.réué?fl’ﬁ\ll./lfg]an arba—lmttTS ezingg%teg s?sﬁgth?{e %‘% I%gﬁ‘“’" 80'6r sGaif dodecyl
sulpbatoy hisregudes ghe lgnmdle flacgulate, whtﬂbb‘;}t thel ligniomay! teerreadily harvested

t | t t h
e PRSI DU SE (cBodraRice SN0 1 HEY Ak ot pgion of

beﬁbe%ﬂ tab&@R 1206 hrad 3895 VAQ f&tdiﬁrhple%@ h RbfiféaGatioarofaB6Ut IS tobout 29%
nin fromplant materials. Lignin separatlon and

v/ a?%@mmﬁ@uwahgn% 8F§§6P916dbeg%{§mf"|“8f"ai"l 8 of aemenij chloride,

anlBfaP Be Cadbld G :P%Bn&ﬂtr@d&nh cafdr RR4rC Y @S| %e%r%é?nts that may be
contl nuous or sem -cont | nudus processi ng basi

effactivehe emplopet in suabt inetheds mcludec buteare mgt lllrrgtnd o, Triton&h X-100,

Trﬁql%wogsl liuan%eﬂom qup40| grlen arer%bﬁéuqen{j ﬁme de-[ rgerﬁ 1?1 added at a

may be USET ul Ve

~ coh@mitatiuregreftet thaf dt ppm. mialms mgthed Wan &k hﬁéﬁ)l fcﬁ-oiesaltmgwart;ytype of

dilution, and the precipitate subsequently washed :
gy RPPAFE]qSn (K ePRIBHES Tt Facnsendiod preifuct endlor g geloctively recover

lngﬁﬁ{%gfiﬁﬁﬁonﬁ%ﬁéﬂe&ﬁc% {E‘aﬁ&% group consisting of:
et hanol at a concentratl on of |less than 40% v/ v;
am‘rth?P@Pm? ofiits supstripequaliaandaithdistinetive proaettion andestrugtyge, the high

s W 1?(%&?&‘ gullﬁ td%%foséchﬁé?el gﬂ@feﬁgd 8%&%%11]%9%19@&1 Gsi Xé different

I'S causes

meﬂmiokmest inghé fcgmuﬂatm;pf Ugnrreaﬂutahmng amatﬁﬂilsedThes hipht grede hgmn
on. In cer al i nt et hano
d‘%r“gfg%liﬁ‘é‘émyr%&‘u"% I Hg B%Etva%% BE 8‘“‘3 /b%FF‘g materials to

pr(EVQHe proaiifts Bavihg an CQUICABI G} tHigHer QhialAP htin tﬂ&%tﬁo&&@&hsmg fossil
29% v/v. The ammonium salt may, for exanple, be

fuelrderned. Favs matesials o feadrtasks.uoh %hwoﬁlm&éienmﬁdhamps pBecause of its
t
su?%ﬂ)$%1é}hlr%e€a§$§§gttﬁeah* g'krﬁl{eeﬁBﬁ%d l!gafh éﬁal\/éed%&ﬁ 94 Siso be

hat may tivel enpl oye suc
introviiced i, gdnarallz héghnpropértions mda varjetyTof tesing usgd iX-the Gormulation of

adhesives, films, plastics, paints, coatings and foams. The disclosed isolated lignin is also '

suitably reactive with other materials containing cross-linkable functional groups and

" amenable to chemical modification, resulting in increased reactivity. In general, shorter
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Triton(tm X-1 14 and Nonidet(tm P40. In one
enbodi nent the detergent is added at a concentration
w@e@anesveds han 4 ppm This nethod can be usef ul PEDNZ2008/000225
desalting any type of lignin preparation, to separate
lignin fromunreacted product and/or to selectively
f . .
reac?loﬁ Y%{ets aic')egtlsyql?l Zigglhc{s ié)@k%% ht%?léntss g{‘ reer%ag?t a(lq‘% gfedtayndé%sa n Pré)cessmg
1scdat3<ﬂ iligaini wRther grpeint lir@ntory redultingt Ly &)st tréductibg An@ maste efficient
i sol ated |i di scl osed herei n may referred over
ch Fﬁ“&ﬁﬂ\g‘?‘%? 'lécé‘“ﬂ%u ﬁ*éfod AT f EPREAUGRES HB&% F‘gljFa@E*a lihpmogeneity and
puki®y, T BetRN Rbrddh@oH B HRNEAAE Tigniedifés8d hered ged&amly yields a
grade l'ignin disclosed herein nmay be introduce
less)camplea, mlpﬁwrfaof\mﬁdl@tsyhaiﬁnayahebmgradqtemplmﬁeé it firther processing.
pro [ [ t
quartr e HEAHEGE B0, Blerll; dBIEE it rplsBBl and, sygainable
plmavyomraésamagxlbs wsed, fir ety eapfsHeations, @ faesubgtitatet forl etrochemicals and

ILg I Ns.. Because of its su ior blendin
fossile ﬁ\néﬁmvg? Aperialyhat g qurfgm'i% iSRS BOCEAREAR A tﬁ%y'astws and
chemi@l RAuitAty. OAY aQYnicquefRB OF dts |dystiAbive ﬁflﬁﬁ@iltﬂr%b‘itlésns@stantlal
variety of resins used in the fornul ati on of
homygergditycand cpmpagtion, ispdated: Kgnip disphosed hesein imtrysbeaysgd, for example,
f
asraggegt@\rfz\a/beg\?\jl? s§§fz!u ﬁz?o?éj he%g! iﬁgﬁglytﬂgg '?gp#nﬁle@zﬁl% ﬁéh&l?cbllﬁﬁ epoxy
resms;$so\dldmg akshmtlftum deedstoeld foy rthmparcmhdmamletwahi phdnol polymers that
dificati i n. |n§ ease

ars SRRy s S hsts syh R bE et B oty TEsing

r ethteﬁ;hc rediflk b&mas%rmmteg 6ff pro@attd Pitined b thiSREctACHT phenol
in processing isolate nin of the gresent

anriﬁw@hydeén Phenelig r%srmlgaS?dwadélsgalve a Hc2 MaHixaiRE Dinging together various
[ a [

LS, BORSERSI S BN, I GBI AR ot tus

fourdzy sdndy etal), td é@macta&srlmke(b tomm;it'cs wmﬁedomag«n hydrocarbons used in

the?ﬁles%ﬁc(%%gd cglgage eresol sn te){?'aet (g gstﬁute(g z)geno?snp THe fa[ldeéaydes are

ustiallyf ﬂfrmhﬁléhyﬁ’eppeﬁ&jrmgldelh)&ﬁl ﬂtdﬁﬁ‘ ful'f@ﬁil n Vﬁrlddﬁeotbéreaﬂﬁtives and
invention, derived fron1renemab|e and sust ai_.nabl e

reigfolring SeRPRIIOnAGAYAsA Reshsed f\praidy res ndand g maggials having

a vwriRBidfpdRertfedr petrochem cals and fossil fuel derived '
matérials that are currently used as raw materials in '
t he Bpoay resins, dikel phenobic geding, artubqyid o5 solid resinsonwbiely gurecte form

r 1)
haﬁJ n{s{)ﬁxbﬂ:r ?ﬁénﬂg% ré/s?staﬂ éfd%t cs! l@éslngo gtsée& dl*r?nci blsiH&g)lﬁ guc+osegng the
mést medeiy used d:pexyl mms BisphensbATik @rodasechby hqmd@hhse candknsation of

e e oSS G5 SRR fgony resin

thé RRAGS bP&Imh&tially avdiRbleYaRfMHnS allowasied ppiadd o prsiicsd with a
that are currently used as feedstocks for synthesizing

vephbrogfl irenggraf e sr #B¢ Axcepiipnah ahesioncrsriosmance fsaexy Eesin is

duédb 'tgef ﬁreggnap b ﬁgﬁe n {rgiﬂe(ﬁtd t&'heg %z e EH? thePPacRborR&RCture of the

and IC resin adhesi ve acts as a
resimt Epoxy frcsunskarm@l'sm gnavayfer itheir chemiicaliand heat resistance properties. There

are many ways of modifying epoxy .resins: for example, addition of fillers, flexibilizers,

viscosity reducers, colorants, thickeners, accelerators, adhesion promoters. As a result

~ many formulations tailored to the requirement of the end user can be achieved. These
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* adpgsiptitgs

substrates, including wod, paper, fibers (e.qg.,
fiberglass), and particles (e.g., wood flour, foundry

weawd/0286. ), to formcross-Iinked conposites. PQ/NER008/000225
aromati ¢ hydrocarbons used in these reactions include
cresols, xylenols, and substituted phenols. The

eh des are us formal deh par af or mal dehy
i ARIHNT 3r ae” ) apdhgt oo s pie! PELoriRice. ‘e &5 improve
proR®bdig torivefieSEBTP THE applitatiomyfon lepexyoBased @ﬂatérﬁil@ﬁﬂévéx@é?\swe and
resins and end-use materials having a variety

of
ingudsrontingssadhegiyes and cempesitemateriah rfemqnéov%&rpwgl ingheelectronics
mdrk&4ad n?e[rkéﬂ% lifbréaS 3 JMHaRl G fhe e%)Qxyf RsIHsNBF the manufacture of
I nsol ubl e em cal resistant p astiCcs. Resins derive ,
printedreirouis pmdmand/bpaxsemauldng cpmeowuistfomemedoydmmnemxlwlon
Lgﬁg‘g%ls aFI 2 erégpl(s)éq,] O?Sheﬁo rﬁglgceeg?eb t?)gn% )?etg rre%l 1var?s (1988),
Wohe Babn&yﬂidfllﬁﬁﬂhﬁc)log{{ h&l I|5h®ﬁikﬁf l(ZO&Of Je@mlﬂyof Aﬂhéﬁl(ﬂlPSblence and
e range of commercially available, variations
Tec oo 1081 SOt CHD2D il AGheSoR ok AR Ve Bt s et (2009
Twek. PTAARR! FbEDT: ﬂiqu;@xsamrg QPG4) FdhasbeN. FSﬁrJSOVPi?é%ﬁc Qfhesive
epoxy resin is due to the presence of polar hydroxyl
(ligwid oephwdery uhezub@nu farmulated adthblégnén ﬁpmu‘cﬂr@ue s@frcaste replace from
ZOrﬁ):‘? Hf ﬂ"tlé%?')é)s{ms? grzengrog aglf?lgr %ﬁr}ﬂ%e sin1 se thﬁlé m%ﬂﬁ%%?hagnm in
resﬁiD ﬂJrfn)dlangns?melly eciutes:thé auring)timmgnd, thacht«tt of pmdumhon of the resin,.
E f|EXIbLLIZGTS Vi sco |t reducers olo[ %ﬁ
anf‘ hx'i':l B e Pdugic with improyed stieg T ESNBRE dhergal Ftability and
duf®silt many formul ati ons tallored to the reqU|renent
of the end user can be achieved. Thesenodifications
ar e Thagee eldigniniocrartiedly displace phampl inadhesivermanviassire hagwlso been
r Y
sulsor TR B el 0 32 HieRB R U ROGE proltihs NG BB cive brake
padoatd mgaldingsih&be peseraed fo:rdigmdm iin theraseeof phlesol-formaldehyde based
Tr emrendous n roni cs r k
adf e ESF 515 hESed Ho e Pt et deamesios Tasidsny &inaddisig to the
redutBor e eindsions ©f @bxi® WblatiRCorgari€ orphimds.d BigghdnslpQbased epoxy
nDuIdlng conpounds faor sem conduct.or encapsul ati on.

ech pedified epplylendingwitb lighiBp| acenent in

t hen ) 5090
Took Eﬁgfggeifne%gﬁulatgdé\gﬁitgﬁn g(z%g%gt 50\]%%&&“1 ﬁ?‘é@ce gle I’?hyswal

andelestrivel progerTies fiorod vide, range ofl amgrcatdmsa riBM@e@lopthepozly/hgnm
esj ves

resAgr(?rmu %jrz dl%%)gfc_al_%l %erm? ed’rv%/mn 3366121% Qosgduc {he C‘enwjonmental
coﬁcébn%wnd?hmewabﬁcaﬁdmesgsmbl@l Iaqdjldiispeﬁal pﬁ\/\ﬂ’ifsr ))robﬂﬁ Maerlaminates
| at ed th Ilgnln fromvarious %%égs to r%P %1 ‘
formcdnyrD. 9% Btocd s TSR GFOGE S o rmilg 1ashion fq pigpent faminates,
mﬁlhﬁzfn Shd fihdre el EonsTd?:@atioH§ bf"éiin%‘mﬁ@ td tHieBin SYstb@S ione study, a
fornmulations generally reduces thé curing tine and the

compatisonf offihe dignin-based fesirhand: eusrant resing hrasgbie hfernyelg assessment
m(gé‘,r}at%% I :":?({/P \a/rggucwbﬁ qggén%rgy‘“@&n%ﬁmfvﬁ(ﬂ %&raﬁgel’lgn%gﬁern“%l ‘based resin.

Isolated lignin of the present invention may be used in any and all of these applications.
The disclosed lignin may also provide a polyol backbone for reaction to produce
compositions such as polyurethane resins. In this application, the disclosed lignin may

replace petrochemical-based polyol feedstocks currently used in the production of
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durability. The use of lignin to partially displace
phenol in adhesive manufacture has al so been
waerwees®tul | y applied to the manufacture of frPCI/NE2008/000225
products including autonotive brake pads and
nouldings The preference for lignin, in the case of

he %
S L R
avdilablefor odnic treaufions) Maofe IBar0 A3 adf dllothis q:olyalsaﬁrbﬂlﬁ:ed globally are
or gani c ounds A based epo adh sive .
sl BiCRaR b OBWOEB&f E‘f"@n’('ﬁs’r‘?g (PPIYO, prvIdaz g packbone

strdc@ft o fthE PU ALInCAR ARAPIRI PAIPEh&! pbEasiér, égﬁjbieﬁgrurnvegetabre oil
exhi bit accept abl e physical ™ and el ectri cal properties

based the fiptclsvor i thefmes pYife i seshs PolyBNetibssed opbis are gonerally
obtgﬁrg%%‘r/ h: t%lg 'rbgsrc]a c%% rég)g)p;g‘le?i% grgregf%kcéﬁ%ﬁl\}%r?@;r@%ﬂ ch9lfene and
bulg‘/mne esxides)Mtd h‘:l thiydroksb or cmrhme-nontammgnhinyatorarl%lyhs&p gedyols are

of this pr The.l a s formed fromlignin
seszatbroproglied PV aiondgianceha ol ehSieft ok BmyBRe fyeo and a
dicBok AR aci @ M rBRLES polJéstdr PoRloNdark BEndralRadEived from phthallc acid. A

consi derations of converting to this resin system In

maigecost Uidihe produstionrafsealydds it peribyterh it theagests pleproRylgng) oxide.
h {

PrgihE Bid 0} 5 il ol UL AREGAP FBA bupnefisobutane,

prdpkileng, irgahhmlblearidomdygm)swd nmmerprodlsubrab‘édbrivragm prodricti frecluding

sen i nvent S a
ol oLl REPY R efiP PoRuR syt b g vEious Pt et
pol va&ethaclpb@ae fafy usediCfot Ofhet rmulEivs €of PoP@sdthdn@nsesin for
such as yuret hane resips. In this application, the
maav@ewefs@'oroftrrg slapticyend merst fexdblp Prodyets dsReRdex. glagterperic fibers and
sof[J Jr@e Ofks sc?ﬁde'a tdsé/d Hlseﬁﬁioméblfeh«ﬁd Ré&géﬂﬁhél%hlcle seats,
po y Ut &t hane resl ns. o yol s are conpounds w
carm:tl unidgrlay, Fiyrolitws yiphdlstering, dvndrlmgraod peckagmig| d’@l)&furicapnal polyester

| polg?% i CléageFagt Onéle omguqatlo it T po f}%ore(?lflanglr?sug s%dqgr the 1‘n'?’anufacture

are USG

of Py wigkk ismﬂmg &sdhnas I‘Bh.edmity (ﬂ)a&nsp bﬁuigdegrhdeeﬂieﬁﬁdr Hasdation, or
structure of the PU resin_ and Fg@ be pol yet her,
I

strrtﬁsr[r@ r‘é)tnétructrﬁra ng)qﬂugtﬂ l?]olwret‘péréee fgaralhas in U(Sﬁ gecause of its

corflbﬁﬁﬁont W B graﬁ:i’f@r Jﬁ@%%st‘@ffé@t'i%né‘s%e QpﬁPéﬂtMﬁfi fb? bolRasi&dlexible
pol yol s are(gﬁnera y obtained fromthe base-catalyzed

uretfing feam Aegludgngasketsyair filterst praing-abparbing| eéﬂﬁeentSetanwcen@ng inter
lrnlél'ﬁg a&ﬁ%érd?t%e Of&{rfaerﬁgtertwﬁ y Sgsg'ﬁﬁyx 390 thef! P}s{%ﬁ > i e\’é %greater

ester are g era
hydrolydis mesidtanen, :n‘é easieti trol pro@ist) ydnd ruestgllegsc oH’quqsteorbyiedrfeams have a

| ycal ) and b lic ac I t .
moffs ek S e brEpe N Eier i) PERET a1 (B0 i oxidative
degfBddtion ¢&fstancé) BH@ tPica @hie bé Sprayeld, moliMed, FodnSeddih tpldch,Wr Fknished

to the costs of propyl ene oxide. Propylene oxi de (PO :

in sheetg cut fgam dabommodi ty chenical (derived from ‘
bUt ﬁ%&t&%%e@@:? polyol has become the polyol of choice for the formu]atron of

rigid polyurethane- foam. The use of aromatic polyester polyol in conjunction with
polyurethane chemistry has counteracted the adverse effects of the flammability
characteristic resulting from a change to non-CFC blowing agents. Polyester polyols

provide superior mechanical properties, such as tensile strength, abrasion, and wear
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propyl ene, nethanol and oxygen), used in the

production of derivative products, including polyether
w@oelogob®e propyl ene gl ycol, propyl ene gl ycol eptiIENZ20@8/d00225

vari ous other products. Pol yether polyols are used for

the formul ati on of poI yuret hane resin for manufacture

fie fle n

rediarRREbell 5 BB PR Buapi o thE By BHERS BEPRRE ey are
us&bf twlﬂoam) phaseduti ¢f l@tdm:trmmﬂh&)r@dad)dnelﬂb@atgl apents, pelhestdrolyol

sea et nderl rniture hol st eyi.n
pr%@a@‘ﬁ ﬁge é‘P( a@vﬁ% prgﬂch;ftaﬁl& p ﬁlgpt BQ)q ng ré'rsmtable for use
wiftoheke h&me@dtr%nllﬁév@iﬁé Y8 NelprbfRtd LM PréHuc® Poatfs with an excellent
Eglyurethane resin used for the manufacture of nore
balanet df propeties.sand roncurrently unaietain ¢opt-¢iBeptivensss And Anyjroamentally
ﬁéMﬁgggl insul ation, or structural construction ,
products. Polyurethane rigid foam has grown in use
bec duigrinsoflike t olyodsythiana tmudtiple farbraavich emd ahptaznsfl@drmu functional

cost effectiveness
rgipa prabine Gpoirratnas o Mo sad Bl gipbeBimRang fispgragate (MDD
or $S1LeHE- cﬂf@@%’fabéta groh e n"WithSts atdHatéd @) 1i3Hin dah QEt dsl d'@4ide retardant
e

(I am nat to a textile material). Cenerally

(111§ﬂ3Pl}ﬁb41WeqCJdo%F§'é’ﬁd proaasic palvester pelxal) @rpqwﬂﬁtbwsap@hcatlons Lignin
ha%%ﬁéﬂ&ﬁ% re@a% @QZJ ngohtcgmﬁ&f%ﬁgﬁis paﬁlﬂ%ﬂ"ﬁiﬂétresjuﬁs ?repzéred by the

yester-ba ave a. nore orm struc
polyatditibn giaetiomeiCd dtﬁulm:abnqw nsmpmteesolande ibee thiedhydaixlyl grodps of the

pofyb) SFRUHE Aation PO R e A0 G HFL GG PR Phases. A

wkﬁil‘tﬁ@;ﬁ&trﬁmt of PDJfszﬁ'J BY prepaRdbfro P WiYe ik §OPpYIPdls Weith different
becone the poly of choice for the fornul ati on of

fupgtignality avd/mpl@t:wah\@els@a And jpslen feaetypss of diniseeyanaisoQpe of die most
deSPbYLAttribites g@?Hﬂ'ﬁlte{h‘ﬁHes% ttln:npéﬂll‘ity & BQ "ﬁﬁﬁed: H%Tfo%h{ B(y ﬁ‘l@sdddltlon

counteracted thé adverse effects of the flammbility
of alhkoveng agenst Use ofdignintin ﬂg: rigid foam mﬂcﬁnlgemlrbd mmmowl@th hydrolytic
anc?rie resgstangentl:c’l mPo leﬁ“ %senﬁ v%r? ; os’n Rh O%Ie %fﬁc%eu lyhmt90duced in the

ani cal pro ertles SUC ensiie

foraulativnpfor emﬁbwﬁmpbl@rareﬂtaﬁamtmgs adh?ésiveﬁﬁncsmhme nt and
oi |l .resjstance, .to the pol yurethanes in which they a
useérhevwlﬁteahlégrﬂﬁadg&l%ag ‘E:?Felﬁy'a‘f’bg?ﬂ St IS abaH of these

apPliQYIbRY f3@R4hSle, RA MR Lo rBNhoeQpedifi® %ﬁﬁd’n%n@riﬁthe formulation of
chal l enged to provi de - products to the pol yurethane

plastierugesing <siich add @hensls, uepoxigst wohurathages epelyyiaklsppolyetiylenes,

po@%?(&tyf %\le \gaﬁfgtg/geég%? Br:g’ﬁ{lldg% ggﬁgart)g o V\fomalagrydes acrylics,

oper cohcurren
acnymmltldﬂ—butmh&te-ﬂirbm&stamd eﬂ@ds—bmd) asad maherﬁrahmﬂabtyrmg of themoset
have I ti

or hermRplastE Rt ST P b RsSy Pinferie e D TPt ens, rubbers,

eld3RIsieng crbemibepAdidicu@pbgear ds MDI or TDI
(di phenyl net hane d||socyanate (MDI) or toluene

di.i $ebyrhcklorid(BYC) inentexiremelyrvspsatilecmateriyl, andjcgn b converted
mt‘BE}&l@BIodﬂéts,aanfdl fRxbId Sitidfed @\rl]l%n compounded with plast101;ers. Unmodified

PVC resin has very little utility due to poor physical properties and processability. PVC is
almost always converted into a compound by the incorporation of additives such as
plasticizers, heat stabilizers, light stabilizers, lubricants, processing aids, impact modifiers,

fillers, flame retardants/smoke suppressors, and, optionally, pigments. Rigid PVC
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(l'ike phthalic acid derived aromatic pol yester polyol)
i n pol yurethane applications. Lignin has been used to
wo epbazsed he pol yol conponent of pol yuret hane PEFNAS008/000225
prepared by the polyaddition reaction of a
di functional isocyanate nolecule to the hydroxyl
fihhe I yal 1 fSerl
apgﬁc%ﬂﬁg‘s %clude qlﬁe%a%ﬁ%etri{rtlglél nggeh%lr or %vn%r glfv%ce Rl oli"lles foA windows,
domh;p |aﬁd sph’:cg, rfilm afd Bhéec dor ba:kpgla@amecbohcmmlan V\mdiE‘bro&ﬂ goulded
of poI ols w di fferent functionality and l ecul ar. )
copfaingtst o abfals?hs’gq aadfl&ﬂfﬁfﬁssb%fltwm#%{y SHsxible BNC witn high
14sh@izém%a&!ﬁ%s iy A it &dri@gt 8P afplicARbNsUTRIUAMICRAIrh Sand sheet for
their ability to be turned into foam by the addition
pagiagingb| mﬁedgfa@g@mfor Uspholstery j apdi nwalln cevesings, gfldorr gsgwerings for
inde AR dnd'R d#téj Y SorfOhdd YA ViubiheaBflmdfical and food/drink

resi st ance. e presen |nve At on nay
uses‘,ﬁmd:weelhﬂcycablmmﬂaxmd in the formul ation, for

exanpl e, oly ne coa adhe3|ves and

£ page e KB Ve BrafealyC Pradvhemd v agpipial costs are
gehrEidl | hl@h aI}Vad@lﬂfbnaiHer@iE chbm@fePabdPVC Galhie@ idxicity? including toxic and

exanpl €, as a filler or to repl ace specific conponents

poteptigl errdeerm-@sruehngwffwsfs\@ft\rae@usf additives psqdcin PAUC compounds, use
of %Fd?ﬂllesmltﬁ ﬁ)%@nﬁél Oe{t%Uén%En@% %léﬁﬁlnnw)rﬁlatlon of dioxin from

yethyle propyl enes
mcpmdrg»thm @feEVCpanﬂmslbbrieztcdamg dfdramkid@md&aals efqungghsposal of

PRSCHePR tehlaosastt eRRVET PPl TR aifiee GehR i RESk deasible for

sofiiB tfemAtion ¢ltat &5n &6 fsesdeysmly bseﬂtt@rrﬁamee@atbt Bgﬁgh fevIng, calcium
f oans,_ rubbers, elastoners, carbonfibers an

cagbgp#e Silleri flamsing\Aroictse hhe intrgdugtionof ﬂi'eslsﬁlﬁteéﬂtgflléh‘éf the present
m%%fxéﬁitlﬁ |tl?esmi‘§g§:$ | mﬁt@ﬂlalg %llbrﬁ)t Qﬂﬂ)’ Rldugd tHen&%t ah@ 'eQVlronmental

pro ucts | exi bl e articles when conpoun ed wt
imptintsefi pasties madeJdinudthmeemaﬂ@kr@s IbBSWIﬂ hla@ puagluge pliastics ev1th a better

[ ..
reffoiebtduf et B0 P B R bl om0
com@iatbod fibyers hﬁ: gmﬁﬂl@wsﬁﬂla@ﬂoﬁg thhddﬂtfah&ﬁﬁf siacdriababout 0.005-

t stablllz ht stahilizers

odlgge, @ghtzage?eﬁf %J'tf’:%‘g’f‘l?ﬂje & asstly .OFr,ssré R Sereal thosand carbon.

fibks! dr@fvﬁste(i {oBMlef BB ﬁ%ﬁﬁ/ VHRK Enay HRRISEP RIS or WH¥hn into a fabrlc
optional |y, pignents. d PVCapplications include

Theiygesordfabeticf gy mg(ynlplmcbwb epay, {csamplerandoeoung opmouied into
ing; filmand sheet for ‘
sh%p%g lt(o\’\fomgﬂﬁo%dc%mﬁ%l}eag eﬁélg ag d bl ow moul ded
co nt(hrbmrfsbefs) arehgenemlip Imhda nmrigeabarhy a:heknh:ehamypartly mechanical
Fl.exi bl.e. PVC asticizers |o
prieS, Ae oS plastic s mised afh odier BISES KEHEGS RugtT
refd Wilte£tathl9ét. PRCKREISG bléhaas 8kdn kataided Snth ngUiedd, sh®Etyetched
and wal | coverings, floor coverlng for |nst|tut|onal

to h desisrhedigmeter. hhien fiberrgmush dhet pe rabiljzed ¢ (yig heptingrin air at low
terlﬂﬁngtplgg IZgQQO(S"@? Hefdrb @éﬁ'bUﬁ‘lgﬁ‘ng tl%g(v\fﬂ ﬁ&tlﬁ@% he@bence of oxygen at
high temperatures (e.g. 1000-3000°C). The fibers undergo a surface oxidation to allow

IaFﬁygdte) and

them to react more effectively with chemical and mechanical bonding. The final treatment
is to coat the fibers (sizing) which protects them from damage in winding and weaving.

The coated fibers are wound onto bobbins, and are referred to as a “tow” that can be
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The manufacture of PVC is generally expensive, and raw
material costs are generally high. In addition, there
wo soogozsder abl e PVC-rel ated toxicity, includi PQr/Na&xios/000225
and potentially endocrine-disrupting effects of
-various additives used in PVC conpounds, use of

chl ne otentia her i
ol o dr R Dot SBAErE APty SRR by popducers as o
cofftucan dibpossasH ehdppad fibeyy CirbbRzidedatsy bat@fibiaéd with thermoset
fol |l owi ng, di sposal of PVC. Partial replacenent of PVC

and ghermoplagtic WSIP Fysiems andate maighy; applipd t%e."@aras pplySrsympiich like
gld bR MRvE BE RN If&n@ecsmtm GfbRr gﬁsss HREF Belthhy ﬁg%e% 1 ecialty
matrices for a high |evel of calcium carbonatée fill
typmmﬂlllsumsmkg tlmagmspaos indrisy,i antl mpowbileindostryt he | sol at ed
lﬁ;ﬂ? gllrhe aﬂo sclosecf ,1 r%rg tsmeagftntre;/&]s\rég n%lélgcg{tig])g si(ge?)g sh%zﬁﬁe for manufacturmg
cafboni fiberamdtcatbon rﬂlfet GGmprsntﬁin@,SdnldQﬁayﬁbﬁlﬁcé syaithetio @®B/mers such as

materi a | a ro ucepastlcs a better
qus@gwéqrawife&’@ hetﬂﬁ%drs“ﬁﬂ gherscandaﬁli a'a? ipgreconpgsitions.

bi olﬁ@&;@hosé@ﬁgﬁhldmé@ster %VI&%%révgrbeflblbfee&t@dkethat may be broken
generally used as long, thin strands of material about

daOo oI oTOAlic o tehermist wnils thaichrebsnbeldis dinishemigalos. In addition,
o€ BB B e B i asl P OUEAN u%ﬂ%f%@(}]sftdcﬁ%rf)th@llh?odggradatlon o

& form
blb-bﬂed;yfnthesns ‘gag)\ohar, onfiae ahémioals ovia Ayrdrotfiennial tmzeatfmhr igasifieation or

PRI o 1P AV B SO g GoRoB Serh gt 4% be employed as a

' pwgﬁt:i@éﬂ a8 U\Céﬂébmﬁerf hAD@IsEriedS ftRemplel 1h UBPAeHE5,999,089, or as a

artl%lﬁchem cal and partly nmechani cal process.

waerropeyisit ril e plastic is mixed with another plastic .
(su t s :
The 18 BHBE SR i B le oM B Lemica

andnohoketulet streciures), sheldggnire disticmed therein Tdae be tcami;oyndlsm various

b hi
appliapS e AL BET R m 2P e abioR. it Plic, antiyiral andror

_ anheﬁt:ﬂeﬂg acfivityh enddSRpEsve tie %&b‘@ﬁﬁea&h ofihgihals&rpemadsr es

33‘%1000 30000C). The fibers underﬁo a_ surface _
ox. ause theglisolosgdisplatsdh lignin kas arzeperplly bigh seactivigy sndg gaperally -

| lo&'%%ﬂﬂa&ﬁlan?éb‘i’nﬂ&?i%ﬁ HigRk rftR0 df e dlS-En)%e(f i's&ﬁied'hgﬁﬁtcﬁi‘?ﬂé used as a

I's to coat the fibers (sizing) which protect$ t
fegdstaek dommgling many rrpdugtsareduivie g pohyger Terslstookst wahcbut kd@lregerlously
ff‘e%t?r%gmﬁl%nr{)q%;g 1e% ({qqge fm?l’ pr)cl)ggcrt]gr 53%5?1:&{)131% ﬂ:sl Zgfc’adg d%otl%g\c,i lignin
didcildsed herainemaye be employed inpp Ml@jrabge pf pebdaes, Sleailihgmo a reduction in

conti nuoys, fi.b or .as a chopped fi ber rb :

th, APYB S B ik Cerbopn SDBBSG® (e, PTG a0l gterials
@M&H%nﬁﬁ?fa&ﬁx@ !EEéenbbbdaéi@'dnedthE&by %H{r%hﬁ? I@&'tb{é@ff&nent and .
much |i ke glass fibers have been used f ecades in

suptpipable gbaicresopreey. Fngdditiam thelighs grade ssplataddignin digqlesed hereinis
a }erbgﬂl%{yr i'n@xc'pel'\élb@ flei§oAERRP H%ﬁﬁca'll?%&&crey the?0idt BFLRATRAL Such as
carbon compos1tes epoxy-type resins, polyurethane and other products that OtheI'WISe
require high cost, petrochemical-derived feedstocks. '

Processing of biomaterials using a modified ORGANOSOLV™ process that

employs a low boiling solvent, preferably comprising ethanol, and substantially in the
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The disclosed lignin may be used as a carbon skel eton
sui tabl e for manufacturing carbon fibers and carbon
wo 2wen289emposi ti ons, and may repl ace synt heti CPEDNYZ2Z®B/800225
such as polyacrylonitrile (PAN) in the production of
car bon fibers and carbon fiber conpositions. The
sed

di scl .
PRSP BT AR B B RS B pREL By ppplbers. 1

a Bét waae&eaeﬂemn bItlSertall'tﬂfe ar follosdiguh salS'elftl di(ﬁ'aélhﬁnni)maéss the xylan
In addltlon d|Ségqged lignin may be used as
t

POAYIRRIP j25% bj%ralﬂ? Yigldgt Beik ‘?‘HP"teﬁé’anﬁd%gtP%\d‘é%‘iro'h‘/df‘dysate The

xﬁds@ %H waltY yaes | sited ﬁ?ovufég‘ afnoth@f vhivABleCHBAhG Atatl Bom which
hydrothermal “treatnent, gasification or pyrolysis. The

cr?ﬁt@jhn@xﬂds;e, iferditrak erdl/gri )gﬂmttﬂ s be dewedh dheixyloseyich|vater stream

e RRDAEA 8 Ry LAt B, PGBAAN b gy o
otlﬁ?erwatuﬁble feprhiadoi prodicts eovidiag addideral salustile pdlgmenfeadstocks for

pr.ope ecul ar_wei ght profile, chem cal and
usfdr sé‘fr{ﬁ‘?p&?‘@%mg the lignin disclosed herein can

be exsn éEYﬁlgy itfusVASd B&lprodabed Gahd ﬂ{hs{nto@edgfnng&ﬁodology disclosed
ant|OX|dant |nnunopo entlatlon |-nutagen|c

hesgin.i -SpeeifiFallyndaree quantities oF ther fixe carben wigay Xyigsg arg released as a

RGN NORFE Sl P PRy B oAy v

byhiodpent @aittion. Curramdly, xylpesiactaydliow lnquocsoarb genanalhit produced by acid

onposi tion, hi rati.os, of the di clos |so
hsrghn b bt eonddipeaeriRuble SO FiT BRI g hafyios, furfral
xyit) @HE thef PrOduELs BE aP 8Xty4¥EHN bﬁ)eesst(sgka hok Wﬁfb\ﬂfextractlon process as
del eteriously affecting the properties of the fina

digglosgdichereing  Hsipgsiiet plaﬂhemﬁ?rgq% fredyteckss disglosed. | hegpipnare also
colie aqapgdg ‘%isr},fre}?e)éprpsgnﬁgpéngxﬁd in a wde range of
pr ea

oduct s Ing to a reduction in the anount of
f os sXylodeue Iuse;:(hfob dre produdtion ofi }ﬁg;'lﬁaak:wd am ¢the formulation of industrial

on- bi,0 a terlals re
sof\RBiso X fo58 GE T tufer T SPhufiy bt B MG e dnd B ES b urfural, os
wélf hd GireAty, ania Slssealeriadd prodists, @b arfoéd of bewerageradditive in human,
addltlon t he hl%_ rade j.solated |jgnin disclosed
anigpleand oftier graapismTeess) Yn pdgitions ik loveeof HE Buspe fnvgpfton may be used

asH R3AKSR! tbY cERBHERS (el &if Rydronatith) 86 x§ifdl, Sa”&ﬁalaﬁcohol used as

carbon.conposi tes, epoxy-type resins, pol yur et hane and
nqntdaeqmqgemeubtvs celotie svettening sempeufid. réiyﬂﬂsg rando@mcentrated xylose

tr e f
A BT T PSRBT 8 s
byt foaﬂ irefupdrioy chuenah awd Boinal rfgr Samp)t Thp xgfose-eibh yellow hquor of the

ri si g ethgnoL, agd. tlaII in thqabsence
PUERAE S EP BB EAY ES D8 Y HEPOLCBEr PIRESFIBE D& riiiion substat
fol MeeBiothemi®dl prydRfioR A BIMRAS: InNvaidugtasy@ise prédue@t dTeme present
ei ther alone, or follow ng a solvent extraction

inyensier sigclude;ethg yiyigsepishyyellpw Hauor Hieaived g, thyj rapthpdeg disclosed
hetraﬁ,' &ylg&nﬁgﬁ[eduﬂbﬁlsthb r&eilg\% Mﬁfbﬁrmﬁy 9&1W%ﬂﬁ&' andRolated xylose

derived from hardwoods, including copiccable hardwoods such as Salix, as well as from
the other plant material raw materials disclosed herein.
Xylitol is used as a low calorie food sweetener. It is as sweet as sucrose, provides a

cooling effect, has no after-taste, and is safe for diabetics as it is metabolized
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xyl ose rich water hydrol ysate provi des anot her
val uabl e product stream from which crystalline xyl ose,
wo mooboesab9 and/ or xylitol may be derived. The XRCTDEEZ2008/000225
rich water stream may al so be used as a fernentation
substrate for the production of ethanol, xyIrtoI and
m%&’gﬁ?{{ef‘%ﬁarﬂggﬁu a{gfxgeém"/a;l/éﬁg r@al %éésgtlﬁgrﬁ glféap Fr?d/ gnly sweetener to
showr leoth | passive fuad abtinet hr&t—carrte@&ﬁ'&stsng(ylrf@ll@asedm:y a ide range of
.SQ be. pro ed, usi ng the processi ng. y
appl&lppaah o inlusigyats fyen lrbffthtea(F-gemcfaa PRRg B and sode)
anH h tiel MarhacREEh] SHOBersdndl 05 iAdBirles|(€aSabraAThyRicne Ipt&rycts and
l'iquor in a hot water washing of pulp, indepéndently
cogrhetisr prodictsdwi ng | | gnin renoval by solvent extraction.

or ogRia s prOUASbghctp Uy b Wy drp il B SRR Bhcd/from bireh

wdddcmlﬂsmtekpulpmgrqumndndrmbdr wilanatich Xybsostes. Tluzr prodattion process
oxylit and ot her, products of an extr cti rpocess
inyaves. e sAtseRp g, BEdiErien pbvBre Sots Hepiint 1BE8n  chemical

: hyﬁﬁfg@xhdﬁr))n réddtiof, hite tHel RBSverR e Hyfitol ft@e&ﬁb@%graphlc methods. The

di scl osed, herein are al so contempl ated as produets of
chemicaly basedn onvatsigit i0Brxylaes| 19s &vlitel s agprogimately 50-60% efficient.

Alpé'ngﬁjlgg 'técg{i]olgéi badEd b ﬁ&: Pﬁigldrehrikt&)ﬁ of &?5%@3' gﬁn Yech hxdrolysate

stri vents. 0ose 0 esent vent | .
is rmysﬂkﬂedrstedbe‘ Oclednee pmb@anrtralbn rc;fulrbsr rléssr etlergyashanette elsemical

o L, et BV R efemeiieshisr 1 bR, By hyditedfarion of
xyl®e dlatéd frapdhdriweods) ichmithgofoppleablprshads tsu¢hn yse s.tlm n In various
be used as a feedstock for conversion

m
aSPRF gsf @@H%{? iob ,t;be prgsepl fnvepgion igclude; axylitol @Eﬂﬁj@fﬁe%gsélgg grg xylose-rlch

yeﬁQxQ 1GAbC HRGE Vstng thO WeBRII0 distloSUPREER! RitSOPBAME using xylose
Xyl ose and concentrated xyl ose syrups and crystalline

isddgbd Goostbe ofllowdiqper sedylitol prodiend wsing @Qiatteétxb'bse derived from
haydsﬁoog? 1n<?9(§1 dlccgp%ﬁ%b;yhaﬁrﬁg Sods chert r§a?ﬁ z{sevr/e t?cﬂg the othef‘r plant

PosE-T1C
lnﬁhﬁﬂﬁﬂ@ﬁﬂﬂimkﬂMﬁhﬁmDMXﬂﬁy also be used wi t hout further

processi as a fernmentation subsirate for. the . '

bi o%ﬁé‘%ﬁag g‘? R YRS 6‘26181‘16 qﬂ‘?& f,y |°ﬁtavar.d85§ders%%et§ xylose -
coREABHHS (s81ufbn. t p@rﬁﬁﬁﬁ§ 8 intdrMéaRid hndifity¢@nichNRed in synthesizing

xyl ose-rich yellow |Iiquor derived using the nethods

a hnge |06§9@P141@pe|Chemb@9ll produgts; pitartingl maindyh witle firéiralogicohol (FFA),

41&19 %{Bﬁarag ehér%l+ésq Rl G hs°‘e%bfht ﬁq% aﬁ%&&ﬁ %‘?%%ﬁ‘c{ghenol

rom I ncludi ng copl cca suc
ac8ahé, Xor azeavwsbd)asseﬂrasmlt lhﬂdlng r@entpirarﬁdrundat ¢echadlogiasvor in the
d_herein use

Al of SOBSYE DD A, acrorpugic fud a@gmotive iy Jurfofél is also

used 8y h deRctiveCdMentith pétfdéim phaisctivh &ff luBficdn®S tTheread?€l mahy other
safe for diabetics as it |s netabolrzedrndependently

use (eignadhestye, flavoring andas p presursay for masy speeinlty ghemicalsy hug resins
actdifnt ﬁﬂlo%rsﬂﬁ%tr €4 of IR market. Furfural is highly regarded for its thermosetting

properties, physical strength and corrosion resistance. Furfural is important in terms of its
presence, as a carbohydrate, in a chemical industry dominated by hydrocarbons. |
In addition to providing a high quality xylose suitable for conversion to furfural,

modified ORGANOSOLV™ treatment followed by hot water extraction provides a
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show bot h passive and active anti-caries effects.

Xylitol is used in a wide range of applications in the
wo owd/028¥ust ry as a sugar substitute (e.g. i n PCT/NZ2008/000225

confectionery, gum and soda) and in the pharnmaceutica

and personal care industries (e.g. in oral hygiene

. o S). Xyl i ' oduced .

ruffyEHER el A 08, T e BOBHELS” roal oF Bl ekl B iR pctuce:
futfurat prodmed using e fusfufaiiph pejldw liguwr darivedaistngrthe methods disclosed

xylan-rjc upstrates., The oductj.on process, i nvol ves
eyl i e SR HB P IR FORRCAp oA Ygods Such as
Salfiv] Bividl ak ifi@HOthe otheLHIBRE reabridl YA aRfRRLs dNeldsefRdréian, and

the recovery of xylitol by chromatographic nethods.

The le tyehpibel aspaeisdpredupieepk therpresent invartton: inchuge celbiloses, sugars
BRI LTRSS LSS LSRR e,
indlyding leyimadleands othen $érchentation prdaimrctscdeeivae rffonarmdrdwoods, including

ol b SR TR s LR o e AR e v el

diRIReWES6inby hydrogenation of xylose i'solated from
har dwoods, i ncludi ng coppi cabl e shrubs such-as Salix. .
I n VAeseand addiienal featyres g the presenttineentipr gash theimanagg ofgbtaining

8y BROREroh A bEPABRGoRA 1 ko e
foltgwing olorgpdatailed eldscniptiomand the secompahydbg drafvingn t he yel | ow
liquor; and xylitol produced using isolated xyl ose
derived from hardwoods, including coppicabl e hardwoods
su%p'as Salix, as well_as framthe other plant

Wwwsed herein. Furfural is
an ek ia%cl@én%ﬁM%@ﬂﬂsﬁétﬁ@d(eﬂl‘én&%xﬁhdtwnfoﬂﬂh WgpdtePProcess

- of a Xylose concentrate solution. Furfural-is an
fo the prodpeticatad bindvaheed lignie ferm weed ¢ldpsd i n synt-hesi zing a

can o Co . ‘ . oY e
o 35 LR S NP P U G e
proxess/fod theipvaducti@sof trafuélandllighia frsedobdicliipe producti on
of resin (phenpl, acetope,. 0 rea,dbased) used as.a .
b1 ndig dgeh e BuRED: (BEh A g R TGepE ifghariiation and
feripentitiof) oF M iffegROARNEdEEfOr Plic proBudcidh VTBifiidl add dignin from wood
autonotive industries. Furfural is also used as a
chips| ective sol vent in petrol eum production of
| ubrgcang fic HrGh HO5¢3 i ffil
AR, RS USLTMNIPLIE! (E: b RRLR o n
integrateid padcsys, fobibt praslectnn ofdbiafueltand dignioieom Woogehripsent of-

t he yrarket rispngl is hi arded for .its . . .
et Bosuth g o b sdr it IS BEHRC Bl e cain regions,
acquifad Aating NIMIS hid] psicef. anfrsol4ted Bgnih Sanhplp dédceibéd hefeih.er s
resencg;  as a carbo e, in P,Shenica
Sl

io; d Ilftégs r6515 d2Raied Wrrﬂgtdqrba-ﬁj(é ' g)jectra 0 e chain region, acquired

~ during NMR analysis of a Kraft lignin (Sigma-Aldrich #370959) sample.

Fig. 7 shows the volume integration of the 2D '*C-'H correlation (HSQC) spectra
of side aromatic units, acquired duriﬁg NMR analysis of an isolated lignin sample
described herein.

Fig. ‘8 illustrates gel filtration -elution profiles showing the molecular weight

distribution of an isolated ligniﬁ sample of the present invention in Fig. 8A (BJLS), a
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In addition to providing a high quality xyl ose

suitable for conversion to furfural, nodified
WORGHBESRL.V(tm) treatment foll owed by hot wat ePCT/NZ2008/000225

extraction provides afurfural-rich yellow liquor. In

various aspects products of the present invention

i ncl u fur d [ t he fur ural-rigch .
colyiril e gt ErieRa s ER D e HEL BB e commercia
ORGANIOSOLahdgriml(&gmalAldﬁéH,#edl(ﬁlf-wmah@ldjk\ﬂ?ilgi$c.i ncl udi ng

coppi cabl e hardwoods such as Salix, as well as from

the other plant material raw materials disclosed
Dﬁﬁﬂgﬁjﬂ,ﬂgﬁcnggﬂggﬁgr aspects, products of the present

rnvention 1 nclude cel | ul oses, sugars.ée.b.,,glucose),

hemAsediseuSWesbovandledpmn rlewrtipm qmm & high dgredad isokatadg lignin

fy?r?elgs orb e%t ?rbmI nPolc s%m 9of f? até?rl Igﬁra lignocellulosic plant
mentat i on eri fom ods,

materidludi m@gdcelnxﬂosia b;blenth afatbnaid aress Llﬁhveasd SairLdned aana\adtbckplled

' s fro the ot pl teri raw nat eri al
Redittonoetiermerisie sizpiobe Faresed Pland el oy B, desireg ior to

pr&é?s\"ﬂ?ggtanﬂ NG tah B8 RRdved ﬁmﬁ%ﬁ Nippef of Bindiapi Ideacé e mechamcally
econe apparent, and e invention wl |

 redvgg ghessizecnf thq)glantena.tcreai deedptack. huitablel singi rﬁ@wﬁon éechmques are well

ofih S e R L o AR (2 LB approprie

paticld kieesf arrds$izes dsgébufionsh fomolariexd typed Df) fidedstbclanused in the present
. |ntﬁ?rated process for the production of biofuel and
n fromwod chips. Fig. 2 is a schematic of the

Sec o @nstsafent Batachet fetliodeR Fgmﬂk) filef stape oNtRYpAIceR disclosed
process for the productio bi of uel and lignin from

hetgifbds chimedified PRGANOSH qﬁ‘e At pqueats efanelhexigrctipn (fdllustrated
scl(e?ﬁa'ﬁ%l @%ﬁ lzacl?\h g érhl%ﬁﬁrh&ﬁ ﬁ{‘gn{\)%[\’%?r&ﬁﬁ u%ﬂ%lyQ:foaﬁgtmg a

|ntegr ess for t production of bio
llghoc@ﬂulmskr plantvonaderihi pith ¥i guni¢r-cerent sitkenef ian efuephe solution

compiiahe 4R Yfrs BLERSY b R T A el hapbfpaeRaivoc

210@ aida bfe@s’ﬁ\ra\@bm shbsg. I-be enﬁbdd&nérh £the Bigkstér ikl screw contactor
correlatlon % .spectra of lignin side chain
A

OPpratns Math wqh?wd i fedpndnischargrd yiascupr andrrong pregsurg plugs or

feédI Q:Pév& SO SIS E%aﬁﬁs‘il A& b sblidh so6th'atspl§1}i‘tem;@r1al exiting the
C-1H correlation (HS spectra of side chain

dlgeeigr wrexpessd o fresh (delnierfrpeNiianoh solytions while ghigs afitering haidrgester,

o) R RO R BHE Pl o AR 1y g goen

-solnfeetra of side aromatic units, ach|red during-NWR

anal of an |sqhated I| nin sa

S%lsvent entering the digester may e pressulr:gp pumped to maintain the operating
pressure therein and to provide the hydraulic drive to pass agamst the flow of chips.
Solvent from within the digester is re-circulated through external heaters, for example
steam heaters, on a continuous basis to bring the wood chips up to the operating -
temperature quickly and to maintain the temperature. Operating conditions (such as time,
temperature profile, pressure and solids/liquid ratio) within the digester may be optimized
to provide maximum removal of water insoluble lignin from the plant material. As the

plaht material exits the digester and is exposed to lower pressures, a portion of the solvent
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. t he
- afleeabvektages’ 6 cxtvaatigl Esobleptiand bad erme:) 496 paineiiyt cellnboss and other

descri bed herein. Fig. 8 illustrates gel filtration
elution profiles show ng the nol ecul ar wei ght

wale@boeged i on of an isolated |ignin sanple of PEENZ2008/000225
present invention in Fig. 8A (BJL5), acommercial Kraft
lignin (Sigma-Aldrich #370959) sample in Fig. 8B, and

a co rcial oL n dric
coRs e S Bpgsiee g s et ARt Bteopriaterd|, pattemative
enfbodnth&E Ghed BRME matdiRil pﬂags Bé tdidphiéced tin ke [digewteil@singig@hvity in a
grade isoglated |ignin P %rrers obt ai ned from
r

dowe@sgqaﬁ@mof Splverit eriat aldigestsr ey e PyrppRIcagainst Hisi dow of
soﬁ!isanltsdu{{@ieesdl@éﬁ extHcﬁgﬁ Glabtd RS) Be %MGdngﬁﬂnqg §ol§5i?12ed in the

arves alr-dried and st ockpi | Reducti on of

aqp@mmedlaeolssdeen@f(“hlaxéc hawordsareldmgy et isplated rframh ﬂmyblbé( liquor”
Ses A textrgctmnes& ng, and this can be achi eved
P ‘Wf{q gﬁl ﬁ'ﬁré of st lar device to mechanically

r ed Pt fagerial, 22 palp, tdi‘sehﬂjged’lﬁoﬂiai sslivalt ckesdioh Gelge of the process

Sui tabl e size reduc n. tec ques are wel | kno i n
stijlcontains some gthanqls w ’, ﬁaﬁ’rﬁ Femqyeg HJ105 1o g, syubsequent water
exir8@fdh! Yefflet S’d'l{'@n@ GeMBPIIORGY aﬁee acﬂﬁé\kﬂ Chye nitdak e Df & Qteﬁﬂnz Stripping

di stributions for various types of féedstocks used in ,
ommwpr Ehrevaporisireenveredrfrom hothrikis operetéen angfrona ethep splvent recovery

te(gl%t d%!lag'g%e’ (I;%ggtfzﬁ ah(i &&%@Q RJIH;E e %@l’f' §olgerﬁcs|tr8aciﬁ d In this

wa@/tthala&lnt keat cméntoﬁthelvhbarsisrratcﬁzdreﬁchenat| caI I y | n Fi g.
1). In one enbo this involves continuously, .
conilE RGN EM e, AR IR Bafeseh My oPRarD: b8 Pppin a second
td“getuﬁés&ra@twnr @Nbstiateschbmaticalg UAOKIE. 23 Whick nn@owrunaemen in
up to 80% et hanol , undertaken at a tenperature of
comppiablei sainsiept amb@ aFompenbleafashian e dass ehanchfextrartign described
|
abgg%?vét(l:]t tgcre (aggeéggtg %ﬁin@ecﬂﬁt %\Dgﬁgsug@ﬁéte\%aet{e n(é)?efférgﬁlgvgt a pressure of
appiiosinaglyg @do 25 hanguapd anetnmmerqueappnoxmmhag§0°@rtof2é@‘i£) is utilized
t t h f | ow of S|

to SHEYZs i PepiielipBET SR s Wit el s B SRS 3 Rie g ot

‘witérehigestes Mldihe pfdsane isabhare)] 18R kvdpotition 0N ktk&m 6béuWps This may be

entering the digester, whj ch have the hi ghest
regovered dpradirest teovﬂeevwfh th feesk hpbwalar enseTigsRsh exipssion solvent at

tth: ?(ﬁﬁ d%ﬂ&a\‘%{@nds& |t Jh ersq4h¥ &ehted Efaﬁ{ pulgis A& HoB@SE Glresult of

epre sure purrp to mai nt ai he operating
thprfbsisfmaporahtm ein and to provide the hydraul ic drive to -

pas Sf(ﬁll Z)Igtnsétublehgornf 41tgx:é¥}tg];o|f ?éqel gntﬁ1 ?anY Ena&er ?hma}/\@rﬁznn in the pulp
sugz?rg Ip?esenq 11? rtlllen?ontnh(?f QA%’ rolcygril e puI% t”lohlg rr]neate(gglF gn%t)'ibregllydrolyied to
produce glucose. In one hydrolysis procedure, the hydrolysable pulp is transferred to one
of a series of batch SSF (simultaneous saccharification and fermentation) vessels, together
with temperatﬁre-tolerant yeast, yeast growth media, cellulase, B-glﬁcosidase, buffer and
water to dilute the solids to the required‘solidlliquid ratio (illustrated schematically in 'Fi'g.
3). In these vessels,.the cellulose is hydrolyzed to produce glucose, which is in turn
fermented to produce ethanol. Low levels of ethanol are maintained in the fermentor by

continuous removal of the produced ethanol to avoid fermentation inhibition. The process
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tenperature quickly and to maintain the tenperature.
Qperating conditions (such as tine, tenperature
w@e@bioksds9 pressure and solids/liquid ratio) w POi/NZ2d08/000225
di gester may be optim zed to provide maxi num r enoval
of water insoluble lignin fromthe plant material. As
.t t nmat.erial er X
s i Fon PR pEee SIS Bydri B S @ rlin iF RN The vessel
cohtants at the eudpdihabash farmsnthtiorngili be diskhlatged vidfa il and the retained

sob s ESPRRRASH, s b OSSP FP g ] Rl products.

- ThESAIRSed E@Héisﬁb{g 'pﬂnﬁn@o(\m&ﬁzEQI Gh@ WD mayYeV@ntentiafe th riii!oduce

t he digester agﬁgd agai nst the flow of sol
hy#iagus ans/er aslbydrem eﬂeanp sioed, vsing awthedy Wk kpoww fodthese of skill in

theLiugmA R&rfmx? 8)%’) ﬁ%l&)’d? Elg e'tﬂanélgﬁl @gilfg?g/} f%egrﬁn{?%]d ﬁ]oil)l}{ ?ﬂ%{t ethanol

ethﬂhﬁmhgaroduced during solvent extraction. Plant

ext ﬁ)é%ﬁ‘lmén S%‘ihgm Q‘Eﬁhdl hafg‘t‘gs%g gslrcnp‘l%l"‘t%go‘?ﬂﬁa?‘l‘{éﬁegoﬁse illustrated

sciginidieally invHig h4I SIPbfé hRldndne MMEERlabl i1Rhort QetRanol/water/lignin
subsequent water extraction step. Solvent renoval. may

solydom)cenidng thebsplveah aerastion, digestginins thei Bist plgeo pay i @ﬁpressurlzed
begz)?ﬁgér/sglﬂg 5 a ESGHOc00!H vJsEéf o E)mcﬂ tflJ]éo?ve?lP Ere@‘riﬂog{}f:@ nldurg{epgﬁlanol

'vent reco tec ues, be “co
mantdien de s&aoh- sllnp;mdtﬂqm \bhet hiquan (prifor ¢t tranmfén/temnesntfr@ames bfi batch

this.way.the | atent t co f the vapors J.s o
veiglsg Pbp e PREPURRSPG DH R JB gl L PR oughfiluton
(géetdll9 Tednh Mbdie 226 d0afmsRdby olam8F ®ah dvatdradmie PH of the diluted black
extraction (illustrated schematically .in Fig

ligips wAY hegedyeed bydeaid additien to 1&@%%@0!!@!@ amcmﬁ%mn Bl if dpsired.
A GO Bl SRk p L PRI, ARG etygaion nd

dﬁpdesmudawhmnmmﬂmbhgﬁmpmﬂQMabIy at a pressure of

oo/ ST Sy dtstin 9133 iR e fesmvscwine 2
digsblved @89 ﬂabﬂldﬂ @3AF-fikig)dbaSed protdye apldagetibglibglowr Briciusk of its low

As the solids exj.t the hot. water digester a
cogfy gentler reeovery gonditinns and Fapid ers%ﬂyafYattt?% H‘SEﬂ'V%"P é%fnﬁ"tat“’“ method
de%ﬁk’c‘i fereillis ?)réf@r)‘e(pl%r Bﬁﬁ?ﬁgﬁlﬁqscﬁﬁfoncﬁnﬂ SfabveSthgisiBeadids I%ompared
the fresh hot water entering as fresh extraction

to sonvweationahmethods dike iseitlingi and eantgiduging)anst may be disgrbtot harvest lignin
exErF]c%e(} r o% eglalﬁl %{Merﬁﬁl Bsxhé_ 9|\§aﬁe&o%:f %ﬁtl%&l(ﬁ] rt?c%ki{?eef f In this

ash™ evaporation non °so € cons
emblodinkeat,i afieri ﬂadsh pdoaliig, nthe erlackl liguvat maye ptionally teh@ltpret pand the

WO, St a f t L.
sofybif 1Rins RS GOt IR (o AT e alucous
sofulfien {@g.Mwafer)2 The GagtivE sdhhtonidnidins B high 08icehtrAion BEY gB€such as

hydrolyzed to produce glucose. In one hydrolysis
airp pigrogenIGO:, tvetutey ghesiof.amdl(the Bka. plhespressuesing e Jow gatehmay be

~ adjusted to provide desirable gas concentrations, properties, etc. in the lignin recovery

vessel.
Gasified aqueous solutions may be prepared, for example, by storing water in a
pressure vessel under nitrogen, carbon dioxide or any other suitable gas at a pressure of at

least 2 barg. The water level in the pressure vessel is regulated by the use of a float valve
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of a series of batch SSF (sinmultaneous

saccharification and fernentation) vessels, together
wowdaob/oesaper at ur e-t ol erant yeast, yeast grow hP@BENZ2008/000225

cel lul ase, b-glucosidase, buffer and water to dilute

the solids to the required solld/lqu|d ratio

( S e
orvé(leljlsdslégl (iservfaa dCoctﬁ] F@fl ggrglnitﬁs() ro yzegl()txg&p¢sn§ﬁ & CO, recovered
fragph ﬂmd’enneMuootpra)@ss) nmtylhemdﬁmttﬂbatttbﬂbase of thedanic and the incoming

et ha s of et hanol tai ned i he .
£25 Pl BB MRS FaBte B e e hsolyBot gt ar the Bas in the
aq@édusRelutibR. a%eigasified SoHMcA! is AthdRiNnDfrbh QRe prEB&ire vessel through a
processis optimzed for nmaxi mum cel | ul ose hydrol Si s

metering val veomhigh regulates itsdlonate. Am@ gpgidied solution lepves ﬂm tank and is

t
ml&?ﬁwgﬂgj eoglgérmg(}]‘%? tﬁ ed{cg‘{ag?ﬁ sol |lé(/1|MdL tIkﬂF gﬁéﬁl sposeé‘ y small
gasfbubbles (‘Guiorcbnblles’d whaclf attacheto the dydsgpbabit _dlgn;re Ipcecipitate as it

addl tdronae! P@dﬂigt%‘ s e filtrate, consisting

W%%‘faluff '(5 M hof W wat er may be concentrated to
pr odii6fe Enibsdimsnta(uptional Bilyedsd) lbﬁacEﬂlhﬂ(ﬁl(xioni}ﬁlsﬁlgﬂighﬁﬂsolubllized
usi ng nmet hods wel| known to those of skill in the art.

m,&nﬁamq% ol 0P UIPEd (e T sample. fayetsrng pump) into a
ml&ﬁlg%’vicé Z&eh h@atvgﬂulfl 'nru%n or%t m{lﬁl deRitE! ARk nARin gtd%gig referably
Products, such as high grade lignin, are sepa Fnd
crqamsmn@tior&spf nghJﬂmdah@d tg pmgldatramdabmq/complétcgmxmg of the ga51ﬁed
Wag%ﬁ‘{}?‘. ?la@E ll{]UO Qx%%lg p?%{e(r\z}iélkféggst g:geé?r?)(rr;ﬁ;}n/ %’(%itggtﬂat ngrrllfmr}ze the
anfonet &f ligtin' sﬂb@mgrtaythdo surtkeps ef therdevied. DWhar ﬂxemﬂﬁmlngd tlignin is

a fl.ash cooling, vess i.ch the sol vent
dﬂé&?ﬂﬁ%%ﬁé’awﬁ&%&%@fl @mﬁwpmﬁ%‘g/hs'ﬂgmrw'@feégﬁé demsipupiscible
paﬁrcqmefs hig {hedatfleoly kAltid INRRHuBbled AFORS Aack th&hichRs to the

batch vessels, in .which precipitation of lignin
lmrmmlhlfs Heninj pgtisles; @dﬁr@m@&lemﬁpdgg puréce @f ithgnmixed solution. The

fldaflf %%E‘l“f‘# ﬁ{a)t lﬁ_‘%éf Qéag%b%lgﬁdh ?}é i?%bflénn%? ’rrll%ﬁ% \r/cﬂrlm %mgz)en){ﬂotdnnent the

ﬂqaemgj grin qulacbssmid pushed téward nccoassyer bhie blyirgeuns of a paddle, _ for

A T

deweaat-mg begalighin Rnedistaivested. om.r Sed @ndil%n%tﬁ @f@tee&mlvé)&a b&lt may
product. Alternatively, the l.ignin solubilized

be@ﬂh}é‘l@d tq provide PRYMYE hasvestieg eficigapmmpddicaindryingeld wgﬁbe apparent

to oh@toPBf(ﬁ’rQ:& Sali }‘1 tHE hrt AR SfFFRE 9913:@ oASi gqﬁlsﬁtfrb% %gﬁic&@’es may

Because of " its OwW cost , gent e recov con
alsariet nsedi dAftechgren yemoved, the sttainokoiagds a‘eparaaﬂlfunnrtmt mater and
de dheeni ree d for ny lignin
oG R e Rtk e bEEatBle B 2 bl seam for use in
fultlien pryetdsingasuchat Isapldse Andkeater&bmlblelwocamdreew&y i fuging

and be used to harvest I| gnin extracted fromplant .
ot IHF Arese s frgnten, hihét P dgrieds o TEERYERNG igaIn (ffom an

aqﬁéHu§ s ﬂinrfﬁmgguﬁflh ®he telln3§dim‘€ﬁ’t0{h'e W@nmtrﬂfy w ﬁ@&ve’réd%@ﬁ water
may optionally be filtered and ft
washes by a process in which ammonium salts (e g., 10 mM ammonium chloride or

ammonium sulfate, but not ammonium bicarbonate) or low concentration detergents (e.g., -
50 parts per million of Triton™ X-100 ((C14H;,0(C;HsO)n) or Nonidet™ P40 .
(nonylphenyl-polyethylene glycol), but not Tween™ 80 (polyoxyethylene (20) sorbitan
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solubilized lignin in an aqueous solvent solution is

then m xed with a gasified agqueous solution (e.qg.,
wowri0e/028969he gasified solution contains a hi ghPCT/NZ2008/000225

concentration of a gas such as air, nitrogen, CQ2,

nixtures thereof and the |ike. The pressure and gas
m%no \(f:gg% 5“ £s dmSl do ecgﬁ%‘b‘@‘t eg arte?adgeé) tg? ﬁcggﬁ?(% ) 'se catias the lignin
suﬁmﬂétﬁfnythveﬁﬁcﬁ|was§é's&bfﬂ(ﬁdulaleuﬁ@ﬂﬁatﬁ1@|hai'\ieﬁmﬁg oredie BM@shed lignin.

éared for exanple, by storing water in pressure

Thoedets eﬁdsﬁergw&slr%’geﬂnmea&usbﬁala #ei afditiye- aiﬁkw dsh&f ammonium

chidtdeat) §idIfs 1Rl havENiRgSof YvaSedli %11119 aStkcipitdléy Shay THE pamcu]arly
water |evel in the préessure vess S regulated by "t
adusléa@busa a$ poaonipa Ghdonidesisrviolatite, ded exagss mnmlemsmibraie rc;m thus
1'1)% %%vgé fr?r%rtgg H?rgfésgéd ;jgnug %ngrgg s d%lcl){zl% rareo%?s\éteaelg%lo[ may also
blese(ﬂ ke rdcave theﬁWﬁishEcﬂl #ighinc oNd 1oy @asentrasionafarasamgle less than 35%

thr arger to.increase the dissolution rate
V/Ylaé’aﬁg& ‘i“H“‘t%ﬁ %at?éwgt@bpﬁil Eq‘ﬁea YALT sppgnue)- utT?‘SrPse of

ethaholMnt (A F¥EEsS [sPRAdMearR’ KR aMAL NS BE&GLsd 7 1OUALIB and can thus be
metering valve which régulates its flowrate. As the

cagiiystemozetl Gom ihd hanvasied Jignintdyeing gheldrying prosessi xed wi t h
the Wﬁé‘n Jg hﬁ%?ira lsBﬁ%ddf?o‘}ﬁ ﬁ?ﬁ?v}w%ﬁ{) %1?‘ SUIiP sS85 “Rinuyanagi
t he gene I on o

us(ﬁgmherprbcdsbldesctﬂaemm amphxytngt @O%hmquhgad;r ethdmmblan: 185°C for 60

m’t“B ni gﬁem tg gtb?f pﬁec?ﬂi@htgﬁ%ﬁ‘i{ F%Hg,ggt(q%,gg% ﬁié P?&‘ iquor or using

thé uisﬁcﬂvéadgas lofi€ikn UesEHBED SR WS smewh it@ RavR aSaLh béére@@toklmuamy
in an aqueous sol vent sol ution is punped (usi ng,

to cnafiyg| ligniny terretaini # fighudggres oft 'i?a%PWx‘%‘ﬁgtod@vﬁe@éwelgLR}ﬁe with a

“mifimél a}é{%ﬂh ficafflo gdrat%ox?tar?ﬁrmnhﬁr h{j;?r}éfe&@? ﬁpg%ﬁlfﬂ{ft{sj{l%)lated lignin

evi ce pr erably creates conditions o
prefreaiions @f pho praentr inperdioancbngoisp | lessethan )abmg b0%t hugars; in some

e BRmar (e g abo A R e vVl o PR ‘hondiments, less than

_abbte0.89DsuparsOf Inl scaiy &nb@ﬁimen@,gnsblateﬂhlegrﬁu coap@RidAb oftRe present

devi ce. When the solubilized |igninis diluted in the -

inyentian haves cerbplydrate sempgsiion plolsst thap ghewt 04 & pep fifessupemnatant -
de%%bfe%ﬁﬁFL@hﬁﬁé Bh GoP@kEILGH RbRifn fblﬁ)@ﬁl AYsis of the lignin

sol ution. M crobubbl es of gas attach thenmselves to
premt@omthecdnpgmawd sakenicacd hlmidttroan§pbteﬁ llghmmrcmrathes of the
f ] e} lignin may
o B B g St B s TR Dl
el’rbdﬁblaitedmgmhhﬁvmg@aﬁelatlgelblllggh mtpaﬂﬂSyﬂtigyﬁlt(S)Suratsels preferred for

ushe tomard a_conveye 0 add| .,
i PR, e S BalE VB & SO kRE Tt Kipoynag
orea RIRERY ST BBth §pdcil, with 704 eftfndidt tiBSIC R WabiBktiondind oft ctvemmutes
gnin as it is har vest ed. The speed and qu?th of the

anédwv,ﬂy@ﬂ byeprecipitafion eand censifugation qusmmsqdp@ sapReximately 80%
sygg%% r?g}nftlrng (F‘aan's‘?G %‘PQ}’])%{}Q hhd 8T dgér)fé Qﬂcheln'icamohlfﬂgtlon with a

_high proportion of B-aryl-ether and resinol subunits. In some embodiments, isolated lignin

compositions of the present invention have a syringyl unit content of at least about 50%, in
some embodiments, of at least about 60%, in yet other émbodiments, of at least about 70%,

and in still other embodiments of at least about 80%. Isolated lignin compositions of the
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to one of ordinary skill in the art that different
types of lignin harvesting processes may al so be used.
wa@\bdaoe02895gni n renoval , the ethanol nay be sepaprert/a@d2008/000225
fromthe water and recycl ed, while the aqueous
fraction may be conbined wwth a hot water streamfor
use .i.n f.urther .qrocessidg,. .su I > and wat.er
pref3f iVeetith BTt BEGIR S8 iy BRI L g bty at teast
abbutr3t haid, pvenvhelre preferablg dor sbme apglivations, Bigedst givun4fit om an
- aqueouys spension of lignin. In o enbodi nent, the
K gﬁmﬁat?fﬁblgr@a ArRRagieRe ety Bhilgasribrd Egswe%avsfnaﬁvme gglecular
weight Wl Gtbud RN ol Prsé tifres (1igltbr » tha® BMpasivi diintddill Kefht and
orf ammoni um sul fate, but not ammoni um bi carbonate) or
ORGANES Y S tligmini prepaeationsyyedst demensgratedsby Fhe texperémental evidence

AT kAR sy oo

préserit inveneiog haye 80e{ghohyesegeandlydubirands? (Jetermined as described below)

sor bi t annonogl eat e) or sodi.um dodecyl, sul.phate, .are ..
Of 0 AL HaDo) I FRE CTATUMERGs S0 §1f dpRposifions disclosed
hefeitS RRRAEHeight 4V3faglRh REcuMR TRBS (deforfniRaGd! db@ibed below) of at least
facilitating harvesting of the washed lignin, The

abeytfg¥d0s ansk in et ethereambediamratsa theshisclased platedd igaineapopitians have
. ; . St L

o 0By S3Eafl pRIER HREOLERAE LOuhbIAD K e Bt 5000

In adil artheagadodimenss, asvhaped ligni kbmposigonssofutbe praserd, inwamgion have a

excess anmoni ym chl ori de.can thus, b; asy | e e

Wil RS PG A Metstiired s PR bAEbeRD) ot sRabgd 5.500.
Et hamel issTaid Alghth Beplaashst fsd HaGY eélativety \Waghh 8Gmbérg IVif Ntreactive
At | ow concentrations (for exanple |ess than 35%v/v)

hygorhrpups thalase Inpnastap te Froyideatepgiyitywith efhetrehemigalspr polymers,

as WRHSE hipH$h §¢5Qﬁ}m Tl{&%'fé%guéﬁfsof gb BA@ber! 100 RS Iﬂragﬁll?ﬁﬁ, the high

1S partlcu arly advan ecause it is volatile
grajedsalated tipnis disslosedshérginnie minimdlly nmudifiedeand dhareforechhs a reactivity

Li.gnin during the deyi.n rocess w i gnin rial
o ST b il § P BB e B bf e presens
invelition gamagly cemmpring dehstapleoganttichestit lead thieo\sile chains selected

empl oyi ng 70% aqueous et hanol at 185C for_ 60
: froghn@e MO'\ éa—

1 nut es,.
IRERUPEOn eI NG, Of RhenyleaumaranofsSIan Wrﬂ“ﬁékﬁ’%‘na‘fq? Jdppamyl

aldoli§l RdAGids! WtRbrdHe dShiE eflBBdifienOls¥REdARRiT Edthpkitidfs of the
descri bed above, was shown to have a hi gh degree of

* presenti inggrition comprisa detedtabilé gudngities of phenzicoumanan gigsidelg peeghoxy-B-

arﬂ}feﬁll{er?}gz?ntdi é‘ihr‘%{fﬁg?coil& %g v }E/l? i YRl %dP'Yh&n %e%&t?ﬂ isolated lignin

anou car rat e contam na

 prepasdtiens emlag mboddetendds , ands oheatieed | ugimg nnyxieapamagnaics resbnance

the present .inventiop conprise |less than about 1.0%
SPEHITOPY NHYLY AR BABB: nent s | ess than about 0. 2%

sugaigh gride idolatdPligifl dbhpeyitains FAIRApraBdnt Snveh@siS gdndaily have a
about 0.5% sugars. |In sone enbodi ments, isol ated

higly tgéip of Bomporsheri sybunitss sanprally ek leesftabpy A6 1B rfoma eanbadiments at

lea}‘sﬁsﬁb%wﬁ%ataﬁd %Pgacb?ﬁér'e%oﬁifmeh%.sa% 1LRP B RH%. OHTzhGer R isolated
I ter supérnatant . -

lignin compositions of the present invention also have a generally high ratio of resinol

subunits, generally at least about 6%, in some embodiments at least about 8%, and in yet

other embodiments at least about 10%.
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det ect abl e by HPLC using an ion exclusion colum

follow ng hydrolysis of the lignin preparation with
wa@eoremesosat ed sul furic acid. In addition, isolrtENZ2008/000225

l'ignin preparations of the present invention are

substantially free fromsalts and particul ate

co haviy e

ra??g&%?é Syrlltss ghﬁ{y( %oHog%egyl %dppe ﬁeler rg ﬁ%f(t))z/ lhg gblgﬁzd lignin
pr@pﬂklomtobmd hs glesaribed t ieaeih echnf benosEal withoit nfurthbn sprcmessmg

Sal *Ki.n t
Haspras Hadesisd, il SRS GPipins Steyihorreopes t pedd regimisat, and
nofivoRfleMe 58 ToRpEuNB MBS bE bk el BF eRinkHE, | Bed® tater wash. In
centrifugati on was conposed of approxi mately 80%
sorsg iembggiments) theniselgted, e Bgran @ays beyrepyveser fradda avatesguspension
usﬂgg{)ge?ec? (‘f[&Egﬂl&ﬁJn Eﬁgﬁil Ii'aga&e's&g)ew l'{eﬂ:lr? rih %Bn@rmdﬁﬁlgﬁs, the
units. I n sonme

er and resi nol

~isodmdab nglm rrhay be hatvasted! flong thenbladnfigwart usongsa afissolved gas flotation

nv on have a syringyl unit content of at

cllp;r esent e g%&
techpiqu¢ asa‘iféﬁff KM n some enmbodi nents, of at |east
aboghe ﬁ%‘i{ogrm 1§€ﬂzlted3h h dReloesd BB 5 useful & a feeasibckatopal variety
70% in stil er enbodi nents of at_|east about
of gipygnsirean dndustrigl gErPPPSé%nﬁ%umqt@wé BRnUf3EPings grpcesses.  In one
f f
en'fbgﬂ'lﬁi%{ 9% 1{%%0%2&%% tek a ma&séﬂggsh?fez{gca‘ﬁ be%el{eﬁz@ﬁ bry spun at a
desined mempﬂraupraaﬂ epeﬂdltq pf(xducasmﬂmnefm@ts usintgi metbodsatell lgmsn to those

of 30 tistem i Aol Y orChRRal ) 883 dREfAoHs patents No.

3,480082 4ndo5,844, 9111r eBdchuigSofhitg hemobriity C depaiselbsedelignin has the
commerci al Kr aft and ORGANOSCOLV |i gni.n preparations,

capagity) ey fegylah continupus lapwrpis it ﬁﬁrgpn SyriRgFRISINe Asg.dgeause

of kit 1ESRIY EniPratiBSn@owbcoh @SR fIPRUINERiR prdpaRliaté! Salix using
'Tgnfn conpositions of the present |nvenF|on have a

thevmpgehs dessvebqig}@rm issstableaduringghe @chétamlne@ora@f the sarbgrhBlament.
If re§ ? Véq, thd: ﬁpf"nmrl e%}%t‘i'us% d/oz} 'C gmz& ?mgfeﬁ%gftb%endmg the

Ignl ConpOS 1 ons Ose ereln
disslisghligrin evitge pimsticizas| (for example(stdydnytialetiob P \ek); pblyethylene

I
&%ﬁgg’b}rg);tpg yelftglgfl}cﬁssfpb éd:op%gpaéi%ggof: lp%l ehmts E)?lowmg chemical -

mdaMidansh bt ﬂ’l@shghﬁiv erR Mt dﬁhncﬂé’)&ﬁ@ﬁ)ﬁ oﬂf?b@@éﬂd@ﬁsemgl grade lignin -
deter m ned describ [east about

or §gwpEolymer blepqi ranpalspe wﬁ%@rmrgduqt@@ pheasppasitesng plastics.

cverggatcr BT et FURGERE CUNER Y. MU By UGG gyeiosed

ligoin cﬂhed damtly aﬁampdyly& p&&@lrsofhebllesdrldamédothergmlwl types (for example,

pofBRNE 2GR, TP JRUFHLTrRar Lol ot PoBe Ry ceiveo

© (PPEPGbi réhdt Ywith bR iSdch&ates RIfdal 8F oBisoPRinyie® B isod$ana®-terminated

as high nunbers of nethoxyl groups of 30 to 40 per 100
polyﬁrqﬂsane IPrengdamars §tiheryindhe, pepsenige 49 @bseaes af aFatafyghi e efficient

hiohd1Ra6sh mhghﬁcl@edméﬁ'ir{"@lth MiishRegarateS qlsaraﬁow %rpsﬁ ?éa%tnon with

as a reactivit is closer ?O t hat na ur al
pO(yblsathB\fe'h)ulatnogmf a. hlgls@lahtyelw résgniln addmpmhet disrlesed lignimecan be

furPctloneﬁlzed with an epoxide for further reaction with an 1socyanate or added as fillerto a
prepared PU resin. PU resin prepared using the disclosed high grade lignin can be used as |

a lower cost, high quality, adhesive and/or coating, or can be easily cast and cured for the

25



10

15

20

25

30

i nvention generally conprise detectable quantities of
at least three side chains selected fromthe group
wa@ egiost9sng of phenyl counar an, resinol, PCT/NZ2008/000225
a- et hoxy-b-aryl -ether, and ci nnanyl al cohol side
chains. According to sone enbodi nents, isolated lignin
SRRAS Sq re i,0 § i
fOdet egt %Fblhfegnq u%&?f ?l?nég o?ﬁlgltrl} e"ﬁ{/{ c gt na?bail‘rfllﬂﬁg) gg?'ﬁo'ls,_added to the
fomnwatiomof tlie-lignin/based Ay foamp df drivna dyrlsﬁallezyelsmhn b¢ pheduced

or b e S g3 aliodhE T e BB s drhed migh erace
o e QTS RO, Yot st
ligp i RTQWHE 2 SYRFBAL TeB B0 Phepohmmany pegpl haged resipy used in a

wille Ihdty S BESliCRHEHN] Hn%mg%&ﬁ la@hdsivedlo c&ﬂﬁ&su@po the ﬂ%c/l’osed high
in sone enbodi ments at | east about 50% and in yet

grasteHignireednobti either dirently| léetsiled atithuthe Gbexol ssifhogingerporated into the
re§u? 8 fi‘t ﬁq'ath)ls%nl (Q)nﬁg '}Ft? zatlg %vnﬁlre% enotorI f% rlgie%hglge The

ave a enera I o0 of 1 NO
digtsed Bgdiy may tHueaeiusaho tptodﬁ% a szfe smmwé@aidbméﬂina at

| ea about 8% and: in her .e od| nments at ast.

bode T80 hEERES 6F e XEarhts Jenim JROgeIdIergn GLbe modified by
owméa BRnERBC tTh¥ uitgum it Bae it RIrAt ﬁgpér'lﬁaio%elpf)@rﬁﬁﬂgafoi‘ gfi&ible blend

obt ai ned as descri bed herei n can used

fomation ewith r plesisizingg agentsvsyedy as| molﬂ%l:t,ylv:r@d oxndesGPMJ polyethylene

S TR T o AT LIRS oot

acétalle (EYAr);m(ﬂ!yethme-mg-vmy\lﬂ'emte (\Kﬂé’n) pbllypmpmencefﬂﬁjdpotﬁnh)dene (PE)

an Isolat%d ravrv I0 t r] i e % A r df ?m Q Waltls%{"ul for
8 a{lgying dyrther gontrgl ot its fhermal, progessebility. TEIHERD B
exaiﬁpler td Etiligte €th8 - splnfine) R treA6D AhdB N tchstin Fh@f theoligfi®Based final

lignin may be harvested fromthe black i quor using a

preflus’s 6T (el aking| of pdhasiyss.trainkmeagtinesa plagtéos end ghedikge i tronger
R SRR R Sy iR B FEBRA iGN willcreate
supero i;gmmfpblyprem b@sézemtlaa @osmveemnmbt cmathej fleroved composite.

pr 0cesses

| onFh RelisHORERE A CER"b R B Bl 9 BT ‘*sroﬁgh |

' chdﬁﬁ:alr @ttodeXipe of uhsaturad caberyd grmmr@dmmeﬁ&bb@mﬁg &ﬁrﬁ;ﬁ)unds

usi ng met hods_wel |l known to thgse of skill.in the a
Anofher jad¥aniagengf, thsunians: propertice @f tthe disslosed b@gﬁ@dq Hgms is the
effﬁﬁérﬁ?taﬁd Nver %#@%&%ﬂ@&émﬁﬂ%ﬁ% em GAKRE oPh dr&?yl m01et1es '

honogeneity, the disclosed E@hn has he capaC|ty
mtpcmhﬁrrfegqnoaal STOUPH: | ﬁh@dsscrosetda ngs cmor@ amsoablel to akkglatlon and

'deﬁié%lﬁﬁ oM, xeAlkgﬁtlo*) e‘ifblljs ngne-nlp t’]lel i k?gsglaf?onu ni ftgr t1'0({?1ct10n of

ensation 18v repar
poBakyatkylaiengplyetieery)r aaaton e:ﬁﬂfokbledoﬂ}ekglaﬁon ShaBigahitlen nitration,
hygr%[glenrz) ystlsh emétn}‘?lo{mlgrtl ag)luldiltlzoarllt Ir(e)é]uc(t)it)nt gglygn%glgzgl%nf IsL]?ometﬂylatlon,
sulfonation, silylation, phosphorylation, nitroxide formation, grafting and composite
formation. In general, such lignin modifications are inefficient and costly due to the
presencé of impurifies, heterogeneity and high level of altered moieties in the conventional

lignin preparations. These modifications can be performed more efficiently and at lower

.cost on the disclosed high grade lignin to produce useful polymeric materials.
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~ chipg, dittagtiycswere psofated gejng @

If required, the spinning, extrusion and/or

carboni zation can be facilitated by bl ending the
wale@elozwed | ignin with a plasticizer (for exanptBENZ2008/000225

pol yvi nyl al cohol (PVAL), polyethylene oxide (PEO or

pol yester (PES)) or by condensation of lignin units

f ol I,owm L cal ificati the Ligpin. The ..
) AR ORI S 2ot g e e
lighingthan with térgentivnabligrir rprépacitidns arhaldiseldsed ligaihudanfier directly

t he producti on of conposites and plastjics. Superior L
regefegvHD &ﬁgiﬁiewﬁw@%ﬂm U ERRyPEPY} GFivP b duenaiy a lignin-
bastl dpexidB Vil ol R8RMiliy EAl ﬁlaf ibk 6dd i oGscllyferitién RALYARS. The

t
precursor or blended with other polyol types (for
dissloserblignin po klse arspperine sybsjratsl fof pEEersion into polyols by propoxylation

Qe KNS PO | N
BB PO A RSl bt 00 SRR oBhon i
ethytdnpkisle sychngtoxirame) chain extaisidrerehationt Epteide-tighiyiuesn mande cured

repol rs either.in the presenge. or. absence of ,a )
to @J\a?ff vﬁS} lwgasg? ppg. PQMPP$J’%€F?%?£WPtE af%tryow@% tog pygduce resins for
pafitsS Gh@ SRk lok GRAy bl fehctéll IvARC ¥aicHseamaks Qo albﬂo@a&hpélpaﬁines or

reaction with polyols, the fornulation of a high
polyigenides \fopuse assadhesives erdplpsticyn Eppxidizgd dighograde ligginimay also be

0 .
et o R 18368 68 Bolful B P rROHIHE: hftaffica? B phenol cpory
regim.epared PU resin. PU resin prepared using the '
di scl osed high grade lignin can be used as a | ower
cos i gh gualit adhesi ve and/or coating, or, can be -
easmweﬂg‘vﬁgrﬂa@ﬁeé&r? SRtererl o Wi 9 U TaAN ARd i o ey of
linditatig®.. When water or a foami ng agent is added to the
formul ation of the lignin based PU, foans of various
density | evels can be produced. Superior phenolic
resins can al so be fornulExaeplé tom t he di scl osed high
grade lignin. Bec f kS _higher srgactivity
conpared to Kraftaﬁgc v o gmmsal,%\t he di scl osed
Prepdyation whd kompositio® amalgsipefimreat@fdixbiemassof phenol

in n nol based resgins used in a wde. variety of . .
appoTiEt PoRes piaiGHT Seh SURELH K Msenagu clpped with a
gardef rlilSier OSBR . WhaiNcipAdrel drftdi 4 4020 fHE2£hbi8 andi siced Iby hand

bl ended with the phenol resin or incorporated into the
bepresn fwat Wik gieshest ploBritish tesheieves aithapetiires of 2 eng 4t mghn  The
A T Cec C .
cophs g5l 1 53 AEM e LGS, LD s i
showersiin. Table 1Inatlhe ahagsr amepositios wds tssesshd glsingr bleratory ranalytical

g T i e R A
Gold&¢idu)e Vhiaad adeyxpRbiednasvdarhm ¢fl cdsiposientiped 100 @NbSdiSUsireated

as pol yet hyl ene .oxi de ([PEO ol yet hyl ene . L
Wﬁleﬁyr?gﬂtqrd gFied gnsd/weighed. Lignin

coRQhit¥tidh¥ lwerd HAEinHiRed ANEheRRAMMIARN si @G Eha SRl Eﬁfﬁg gl hours with
pl yet hene-co-vi nyl acetate (EVA), pol ypropyl ene (PP),
2hotvjfatinptidae 1Q9€). . Anid soluhlsrligninawasomeasgret by daesitogstry ab320 nm
and ftheI (t:oshcgnl'{rea ir(])’Rlof e fomeack IS(l)llllélg 'ligl-‘Hﬂl v%asC%Qasgreed%%le\fvglght rfn%rus ash.
The percentage of glucan and xylan present in the samples were determined after chemical

hydrolysis (4 hours with 72% sulfuric acid at 102°C). Acid soluble sugar was measured by
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exanple, to facilitate the spinning, extrusion and/or

casting of the lignin-based final product, or in the
woradobogeoed adhesi ves, paints coatings, plasti CBCENA2108/@00225

i ke. The stronger internolecular interaction between

pol yrrers and the disclosed high grade Ii gni n wll

, nglfrg u51 %ﬁ’leo e orlaL ' 9 | NP1 n)bos&ngbgl%gg V:M‘% 'Et?s%omposmon of

aer Fee o L&

th@mttﬂ';efeﬁ ISaIix mﬁtelnamasrdet‘eammu aad Bshawvih belod ia rrdblandl fied
t hrough chem cal introduction of unsaturated carbonyl
groups or nitrogen-contai ning conpounds. Anot her

advantrgge 19€omhP6sitict &E»lﬁltﬂéﬂt@@@&ﬁ:é Biemas (¥ P&idied plafsRH
high grade lignin is the efficiency and |ower cost "of:

chem cal conversi pExfthetive§ phenolLignal ®®ne or hydrsusy# (%)

Salgxa8eWes i nto ot her {whct i| SoalbldIT InsdRibleTNTo@l S CEREAN] Xylan

' Salit Giinalis® nore anmgnabje tq alxylatigp and 33 23 9
Sam;nWli§[| on, oxyal Kykatl on (j or eXQQ‘pI e, 27 34 -8
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and
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Averageence of inpuritie6. heterbgenei 2§ and A9 gh | ¥el 10

Stanidaad tDevitionni eti gs i f the cdnventiahal | i @nin 4 2

preparati ons. These nodifications can be perfornmed

nore efficiently and at | ower cost on the disclosed
PreitggatgeniRd SefiyBiemass produce useful pol ymeric

mat & inf)dsfiddeORAMEOSORLYTM fiHafhdn W SdI¥ Gaft R8s adeadin@ioo ml
| ower -cost to the disclosed high grade lignin than
exwr‘emenézﬂ ihigester anbd | packed-hedhexpermantabdigester lat sNesrabde ogprocess 6
{uﬁ@P C&q ewgbtﬁ i ersE@chtvglg/ W'Thg desi n of tflese two_digesters is
.- yee-un aturated groups o roxyropy gr oup sg(
1llmt1ratedrle and| degeribed asizld refpmncaje) Wgt 5 @00 dnk digedser)) iang Fig. 6 @31

oS S G R SR B Mo v

aléb%l%é@h&d @i tedied BPtHEOleBoRYy BF RRAMY lighin ok TS@ﬂﬁlbidﬁlihss at larger
h propyl ene oxi de such as 2-nethyl oxirane)

5%‘? K@W{nam M desedbad with\ieferenge g (Fagh ok pH & §u%4ﬁerasPubhcatwn Us
chali t

2P0ESRL R2nhe S8\ AP pLERELI by EBEY el SRy s

fombavenbéreatewot efithei Sakixfchipsyand cubissquant fob satse treatgient of the plant

aints. and i nk r reacted with. varniou
P, Rl gl Rl i BY o gl Giinucie e RbBUEed™ U, patent
Publibtioh USS2007/(R59412 AB.. Lightxfiréth Ziedl 00i ralhand 3adigdstefiWils harvested
may al.sqQ be enployed to reduce th need for polyol. in :
byPTSCaRIRHOR N G ifigafign et resgib eghého‘k’ Se pleisnty Bupligation Us

205'7/@2@1'1&%"1‘ n‘l@lﬁﬁ'ﬁﬂﬂ?ﬁle@{(ﬁhﬁf H%@ﬁ& W¥s W@VesR by precipitation and
illustration and not by way of

centrifugation and, in some instances, by dissolved air flotation techniques described

" herein.

At all scales (100 ml, 3 1 packed-bed, and 40 | batch), sequential solvent extraction
using an aqueous solution comprising 70% ethanol followed by hot water treatment

resulted in the removal of over 30% of the total lignin content of the untreated chips. The
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limtation. Exanple 1 Recovery of Lignin from Salix
Preparati on and conposition analysis of untreated
wGa2dsonass Stens of Salix vimnalis or Sal PRT/NZ2008/000225
schwerinii 'Kinuyanagi' were chipped with a garden
mul cher. The wood chips were dried at 400C for 24
m%ﬁﬂt&sofq 11@111[? Xﬁgt\?e V\/Akbqﬁga%g}rb 1z g sdho g ess%l%gts«%&%ctlonrlhsmg the
7oe/oathmml taqmumﬁolmﬁm andareadditichali B 36 826 df el total griipsvav@snoved
a.ss ﬂi? the results being shown in Table 1. The
d“ﬁ‘ﬁ% 098 Sg‘f"(t Sﬁwﬂﬁfére&g’é%sed usi ng | aboratory
analiheire@) oPhEHe DEE rdmABS b (iﬁé/%%mnbvtrédﬂﬁer{‘ﬁédcﬁ&ﬂbs% in
Renewabl e Energy Laboratory {NREL, Colden  CO). | ues
the fiest diopr ok rerimgrt rgteamrbflm@oamowémraﬁ@? of 430 & l%ﬂ ¢ using the

1 Oggl])i(l[] ﬂttﬁg )3( ? :H @?z glﬁ é%:gtg{ ﬁgme%g% k(?fﬂb(ﬁsﬁtg)gl 6r‘]l"sthg PM removed in

thedh pmkbd-hed dxlgsst&rﬂiuangi ﬂteesecmnd ddundf teratrodne néterdon time increased by

Jhyd Si.S heSallx orsvvlth

%61 G RedcsoPhyadet B3t ARGE ol relfition, i fhh dactor, the lgnin

coMRASHTBRED IV reflRREd inerBied onht bﬁgﬁtmm a%do &daeh 60% In the 40 1 batch
concentration of the non-acid sol ub gnl n

digestes the ertigyoflignighio M@oa%varﬂdefrm r3@éﬁ §éeWb¢n fflixcdm chips
M Sy DIBE ke L, PP 5015551 86 LTI G4 n
unm&t):hlp:t\chad ves| mtnvereslulgathe W8%o mthamal rsetyehty bithgeardhi mfgthe three

iR BY oo of etk Bty (R &7 LPGRURs uoine

thel Szh@llem Ivednbdigestar rehieuted theliyther Ratd if |]]M]rem$azb|aﬁhikved with this
nposjtion of untreated Salix _ biomass (* = Sie

d‘%FéEeér Vhith ther 3l packed-hechdiggyterssimilar seguery svaa aﬁblam \yt!hm 200 to
24myéahﬂant Ht@rﬁfoﬂ‘fi%e Offhe SR ouit &lhtbtﬁfsll é‘}ﬁﬁ r&gﬁrgdjuélﬁk the 40
0 m experinmental digester and 3 1lpacked- :
1 bewpeiugqs@nvaiedd:egm@ﬁ antl gt vanefr the ijtial ltgulqmooteesgf tBe §alix chips,
od_ch pectively. The design
coﬁ?ﬂmﬁ %ﬁté’{o %0 eeﬁgﬁlfdsﬁﬁﬂo%(gt%r ated in and descri bed
with reference to Fig. 5 (100 nl digester) and Fig. 6

(3 1 packed-bed digester)_ of %S Pat ent Publication
US 2007/ 0259412 Al. A 40 E.l?&u"&é% er was al so designed

PeediSitRYE Licndd b DidsbRed |An9F'loﬁathn°_m
ar ger sca own I n an escri bed

i { ISR oYoS poesinitatad Gom blesk liguor, sk GAPreaiRyisie BarvesedUsing 2
d1§QIQIZé7 ggsﬁgaﬁ)lﬁo@ran temﬁl}ég‘(‘ﬁ F eg ilo&g OGRS Gs gtéﬁ%gsaﬂlfrated with

ocess or solvent ftr
mtocﬁgeh Hng sBaagexundbn qzlsvamddusogmqmessme (B barg)didreat letastem mintes. The

wa?er was all%weH to leave the pressure vessel through a metering valve which regulated

the ﬂow rate of aerated water at 26 ml/min. Filtered black liquor (containing 12.4 g of -

lignin per liter) was i)umped from the black liquor tank at various flow rates using a

~ peristaltic pump. The aerated water and black liquor were mixed in a venturi mixing

device and delivered into a flotation tank. Upon rapid mixing with the gassified water, the
lignin in the black liquor precipitated, flocculated and floated to the surface of the tank.
The supernatant passed under a dam and overflowed out of the tank. Based on the tank

volume and the liquid flow rates, the residence time of the precipitate in the tank was
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pul p material recovered fromthe solvent treatnent are

al so described in U S. Patent Publication US
WQo0sH2RE9412 Al. Lignin fromthe 100 mM and 3PCT/NZ2008/000225

1ldi gesters was harvested by precipitation and

centrifugation as descri bed in U S. Patent Publication

US 2007/ 0259412 Al . nin fromthe 40 liter digester
volyme andrthe digeid mwmte%ut residence tme @éh@ prdcmtateu onthariahk was

di,s

cal#lg%tgér)] P‘P%ée%sog’gg‘g% rgm ¥ Sa A ?a%dy \ghe%? fie sca usf? 6% moyve tl}f lignin
preikip&ﬂ:tk&dob@éhd afihtle ﬁﬂ:cibhlﬁﬁ@ht)ank SACpmﬁslrﬁdMﬁg)bMem' nylon mesh was

oG e 1 0 Bt L S .

Pelspt& dcRIpRY das AfedOdHard e flighihefrdRtted béit 8 RGP @MYl Gfto the
the untreated chips. Themajority of the lignin (28 to

colgptign tapls sol ubi | i zed during the solvent extraction

B e T

" bestl ylelds of pi'eelpa;tated éuguererh obtamad ehetenibatvatenflow Tite waaht Igast three

[ rem) 70% et hanol treat nent
timE ey TighT IOV et PE oo IO st R Pt e R 43 the best
de\rmemveeé foand m@ﬂ@wmlcﬁfdew&@ the bk@@@&ﬁh@hé Rentd@@hrough a
and the 3 1packed-bed digesters. The lig

sm@bﬁ%&@ havipg @f digmeteRf pppfexiBWtely 02h@ns irblfckf@tdld%chﬂ“k liquor
lmgﬁ' 08sLifts bbb ltnyggcé‘ A;Si E%ﬂ% tHQ[Lhrl %18&! rafeh iR ﬁ%{??& gi@@ good

time |ncrease each A)a ter 4P
mixihg.eThGvénbuni ﬂ'lroaitvdm;h gﬁvethestﬁnw(mgtﬂaé ardd@u¢ter of krmm, which would

aivk P IR Pl REaON O TRRERY | oo eased oniy by

t heUseasdf the eﬁnﬁmlmh&mb@s ddhiled abyvOgava hilighinf HadvesBi yleld of 89%
8%\/\,hen Sali x ps were treated with 70% et hano|
of %frwm A-fyrghes é&% pt ﬁhs r‘ng‘P yigidramsingd i SepRPRFiQNe ARG Heated o the

surfdl€ of!tHe sBpdrR&laft Ht PRerlthAds. Wik s!l.ftég&‘(seﬁ@[da ioRgdrtesidh time of the

et hanol sol vent using each of e three d| glesters
pregigitate dn the dankt wordd gﬂvh@ Paghghyielse 6U@r15gnmf sludge aarviestggh fram the belt

wag I”Jb%{a ?c) conﬂn ?@L@&jfgﬁﬁ,e héu’&gﬁé oe t%m;l' Bg%g?\?%?s of filter paper

mcﬁh@kﬁdethe dignmtd&ntdinlrﬁtmh gaem*’,e fw/v WIhh ihdieatSs thpva beld ptees or similar
dig S|mlar re was achieved. wi.thin :

deVZ‘ZFOC"H?dﬁ'Eﬁ wsed §p increase rFP Lttt SEthfll'r%m Shﬁ‘gg ﬂ?ﬂg?ﬂnsfﬁ“enﬂy

factlﬁit@hlajlﬂw tRe 51848V A R4 altSdriigig ! the1idHn hRAt&bd By BRIDAF technique
vari ed between 22 and 44%of the rnitial lignin -

diselpseddareinyicldad a §ght brown ppydercontpininzabariny mosture. 13 %

of o

pr oS PYEiplafTin BHG KARAS oc kSRS, 4T3 KDLl of aou 20°C.
Temperatpres tabqwd H€ate mderisb atikkyl pregipitate ambot pield.

preci pitate harvested using a :

Example 3

Large-scale harvesting of lisnin by DAF

Lignin was precipitated from black liquor, and the precipitate harvested by
dissolved gas (air) flotation, on a larger scale as follows. Water was supersaturated with
air by storage under compressed air pressure (2 barg). The water was allowed to leave the

pressure vessel through a metering valve which regulated the flow rate of aerated water at
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di ssolved gas (air) flotation technique ("DAF"), as

foll ows. Water was supersaturated wth nitrogen by
watevagmeunder el evated nitrogen pressure (2 beeTNZEmB/000225

at least 30 mnutes. The water was allowed to | eave

the pressure vessel through a netering valve which

regul ated the flow rate of aerated water at 26 nml/m n.
4.5/ inire rlaterpd hlork liqw éeontaining &4 Rignf lippingeylitsf) wasgnimpeg drom the |
blalclktliec{) YX?FOEIPVH :H;?esn ldsgr%yb%rlg}aﬁigls(qun}pf Yod tl}e aerat%Lwater and black
ligaer aemtminet dn aavehturi &ﬁkmgldaumé ane rdehmrefchdutcb A flotatimt tahk. (The

vi ce. and del.i vered |nt ation,

mlmﬁ’aﬁaf?%ﬁﬁe 2eratpd vatgr i plack lighog yes; B @dlfﬁgt/%}m" ﬁﬁg <§< ? giamgter of

2. 5Iﬂmt BRichvaskd ylemwpmaa{ ﬁ&do?'lﬁ)@ére\@locft& 0€¢9! A8 PRventuri throat
| oated to the-surface of The super nat ant -

haé aslipaeterof é rrma, ighyinga lingas wlp@me@r thetmigture ¢f2.6 myiec. The lignin
S’ﬁgckofq o? rec teﬁ O#l&{zﬁla?éadanh%oakedqg It]?ije él.{ ﬁi‘é@ %ﬁ[lﬁstank When
e resi s € precipitate in the tan

the/\mk ovas rfmll ﬂredﬂdaheg Ihgnmm whsfdllowed ad etand fdr80rrems dadden harvested

ti of . t r eci the ta s.cal cul ated.to
Aol Bith et SRt e sods bltiens AU Shied et i Ggpeated
exb&nﬂéh‘(ﬁfrbﬂﬂ% hdogni HDWI Phé 8luBgd Wa®PRc&NB Pporoli€ fabric bag and
precipitation tan A porous noving belt of nylon nes

allgped tosdrainiayemight. (linis tmlefélyppfra@%é theiligninrsobids cagfent fpeabout 23%
an r u nata i qu 1 a4 d
W/gcrg%ﬁpgnv\lgsmu egbéso&%gra\ﬁgdg?ﬁ t‘f’awhtéi f]lé‘éér‘lilt‘ra] lglgmﬁtlgﬁtr EIB powder
contathing dbowt 10% tnoisté.l i nto the coll ecti on tank. The

relative flowrates of the aerated water and bl ack

i quor were varied, and tge bqst yi el ds of
precipi-tated Ilgnln wer e 44" where the water flow

rate was at FRRsklatibh 6far Ag@&dslmghhfsakgédsﬂﬂor flow

rate. Various venturi m xing devices were tested, and-

t he Thesabilifgfceasione pdditivemip censpellackelgdonyaf dignin in an aqueous

I q Vv

w7 PR 0% ko B BRI b Rt
below. Thi s provided bl ack Ii quor i near velocities of

about 5 nmisec, inplying that high shear rates are

I mportant to give good m xing. The venturi throat

whi ch gave best m xi ng hadrablgil2 aneter of | mm which

woul d give a linear flowrate for the rrixture of 0.7

m sec . ARGV ERLEd R atio” 'p;ac pbove
gave a lignin arvestl ng yle 0 sidl or etical.
A furt her —3—6%of et y;clu |c%‘ﬂ1‘ﬁe'd_|_ﬁ_
Suspensi on,xhl (F"“‘nil hated—+ tha-surface nf the

super nat ant™ 2t

Cater t0mM  THi s suggests that
| onger repidence time #MMe precipitdtfe in thel tank
woul d give a highei_vyi4lmM The |i gni n st udge haf vest ed
fromthe belt was foungDmM contain 4% v |ignip.
Pressing fhe sludge beppsav two pieceswof filtey paper
increased| the lignin gogpggnatration to Z0% wWv. [This

i ndi cat es| A DFT T T 5om O ST ar—_

U

P40 1 ppm -
4 ppm -
12 ppm +
- 37 ppm ++
111 ppm ++
333 ppm ++
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device could be used to increase the solids content of
the lignin sludge, and consequently facilitate drying

w@boovlozssd udge. After air-drying, the |ignin heeTaZLm@e/000225
by the DAF techni que di scl osed herein yielded a |ight
brown powder containi ng about 10% noi sture. The
precipitation was found to occur optinmlly at a
t enper at ut eAdditive o | tConO trafimpe Fidaenkasionloblignid 5C gave
a dense, sticky precipitate in poorsuspedsion Exanpl e 3
Lar ge-scal e harvesti ngoed ppmh gni n by DAR-Lignin pas
precipita Egmglon1 ack,lJAUor, and The precrpi ate
har vest ed I ssol veu.%Qa (anr)—ftotationm,—on

| ar ger scale as foltow o3
Dr age under Xy

air by st
The wat er
t hrough a
of aerate

/N3
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d a1 r
o AT T

ergwas—supgfsa%ufa%ed W th
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Hl A= e B w § vy \

reqgulat®y the fl

24 barg) .

s5el
bw r at e

d wat er a

4. 97% yivn,

Filteredtbl ack li

uor

(cont ai ni bed
fromthe
peristalt
i quor wer

del i vered

+8eT 358D

ng 14.8 g|of 29%gvivn per literd+was pu
bl ack |iquior 3B&wvat (1.4 1/ m m using a
c punp, and q4bev/aer dt ed wat er and bl atk
e mxed iin goygphuri| m xi ng @&evi cé ang
Imto a ftotation tank. (The mxing ratio of
r to black liquor was 3.2:1) The venturi
_Fjet jer of 2.5mm which would yield a bl ack

I|q Fadd Egr veIOC|ty of 1.2 misec. The venturi

1o Iv i mplying a linear

Vel Fargo 8?“ %C"?'f‘fa%ﬂf‘sg 811) 2.6 msec. The lignin in

the bl ack I'iqguor, precipitated, flocculated and fl oated

to tHEmeRMmaehloride 3t fonpentrtiongaiweane’Q B apd 40P MM ¢ayeed the
hgfnirpﬁfshar &ioh! 8 ToRcNRS. @dn@é’f@xgtl&ﬁ it @8fer’ Rhn 360 ml\@%e?@ Hot tested.

t hen vested manually with a plastic scoop.
Argwlonigm gdfateeand apimertiem| bigprhanats] werg @lsedestestifor mhmleqieleﬁyé@l cause

ﬂo%fﬁg n%@ttﬁef% %pAéb 1ohgn|A|?nM’()ﬁ/ Um Pl?lfa% gg m‘f‘lar results to

in a rirc bag an owed
am)mﬁnmm@htond?hwlﬂletaﬂpnmhm}bmamunamsleﬂ 4 veall e@eut mt 900 B4 and no

ontent to about.23% nin s ud e ,Was
Pl aiiBrvet Saffamtatispa Nendaes] B0, Paphengt

bﬁB’V\,ﬁﬁ’B :Be7nppm and ‘
1 mnﬁ[ﬁﬁ Rhik@d ARO UniA QUPERLiSH W BlocdutadélPhith 4 WdaRCFiebAbdiRg) seen at

an Aqueogus LI gni.n Suspension The ability of various
12aqn>m pnd,ra effert ahipyver cpRecButions.o fropsentraliensroti geaser than 1,000 ppm

wéglg H&?ﬂié&e&“ SIQS&FMOK 19b ahl gﬂg‘g‘ﬁ 1% %’3&9 gf’?mggr?gs\}xv_&? ﬁé‘a k!l‘ogldct

ese studies are provi '
P49+ +Sodilm cleakywholate showed a weak effect at 1,000 ppm and no effect at lower

concentrations. No effect was shown with sodium dodecyl sulfate, Tween™ 20, Tween™
80, a-methyl mannoside, Brij™ 76, BfijTM 700, Lubrol™ PX or cetyltrimethylammonium
bromide (CTAB). _

- Ethanol at concentrations between 29 and 9% v/v caused the lignin suspension to
flocculate. At ethanol concentrations of 4% and 2% there was a weak effect, with no effect
being seen at a concentration of 1% v/v.‘ Ethanol at 38% v/v and higher caused the lignin

precipitate to dissolve.
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+ Partial flocculation No flocculation . Cear

sol ution (precipitate dissolved) Amoni um chl ori de at
w@oremessat i ons between 20 mM and 400 nM causeBRCT/NZ2008/000225
- lignin suspension to floccul ate. Concentrations of

greater than 400 mM were not tested. Ammonium sul fate

and ammoni um bi carbonate were al so tested for their

ability to cause floccul &3ammple$ the |ignin

suspeng, on. AT .gg T iSolhfed rfond 848 31 debiMint & BY NMR

anmonl O Cr Or 1
Vveaﬁ"heﬂlgﬁmtprqtaradaﬁﬁ suanaBdi fordNMRfaagllysisvas Galated by the treatment of

tratl on ni det . P40 at, entr tions
6. 4eg )pm?th&J)g S(ihumjz 11 ué(%bdlpq/ RIPP Withj An aqueous solvent

coﬁmﬁﬁﬁgsmw ethandl! ACBIOP@ 1By 1@0 ‘i‘rhmﬁeéf\/ﬁﬁhleef(foeﬁl‘l di@sféﬁ The lignin
seen at 12 ppmand no effect at | ower concentratl ons.

reqoypred nirerat the rdack ligyos dive preeipiiption. awb cerprifugatien wgs dissolved in

e e

al 206y ddurhal tof Bidlogieal c;hem's&rk 281(181:8843) ard C@Dpapgxhicanchmmercially

o SR SRS A 0 S 5B e i

sidOchaiys "RInh Yhe NMRIQﬁalsiﬁs £& thi: (S} 1ig8in iB6lhted tusdng AAE methodology
Lubrol (tm. PX or cetyltrinet hfsl anmoni um hr om de

degcrippgsherein; i shoyvn it Figo At tha 2P srectipetfithe Hemo Sahd:hgﬂ)@ from the
Nménglgﬁ§?& A ddhmhdr&i ﬁa&qgngf}ﬁe&?aﬁoﬂ id foenyh afL 6. AL

concentrations o and 2% there was a weak
ef f &g.,5 \Mlmdurates thé fdigtibwimnnof digein side shaonciesludiagi Garyl ether

% v/‘ at 3 nd.. gher aus .
poed 24, sor bR ol Wt PRSI EPRER AN s o), o
etdegnB-aryl steAlidehtificd a3 8a) hnd aﬁntﬁl@tl ercahdsleﬂieh;haﬂiin&’rhﬁied as X1)

| jgnin preparation submtted for -84 Was ;
retaingd dn die Hgnip Heolated 4pipg dhe swd@eéimg@émfﬁ‘{ ghPoces described

hered.| ¥igS GMRGdkdtd thaMW@Q@Qitltleéj by Bk %e‘ﬂ"(fcﬁn@ﬂ‘bd as “A”) were
aqueous sol vent conprising 70% et hanol at 19C0C fo

preset initheuselated Krafh ignig @rqparadprge)ﬁtll@rtherermrq nogiﬂtwtable quantltles of

ESTRUREA, O RSl S PIGRAREL B 60 . e

ligningsubuihit distslanian ceasspeatifiab mapyolmnahysgrm((nasf the 2D icbstdurs in
Ral ph et ah, 2006, .J Bi ol

HSCG Chesfrag B MR HiaRe dIRECHiEh EOMASICTAT FYonyAvD Bl gesinol

(lﬁDf"ngthQﬂl' tHe B[%npg}ﬁ@é is@Matell ggﬁﬁ%r%aﬁj&loﬁ meﬁa‘%@@ ﬁgl)em ithRdicative

spectra of t [1gnin si chains fromthe
of arhighes idsgre of conseSation of najive strietoteat Big dpgﬁmﬂglonwethe lignin side

chiRE l?h g%c&ﬂé’ during Kraft pulpmg is shown by the absence of signal in the NMR

spectra (Fig. 6) indicating the presence of the native lignin side chains in the commercial
Kraft lignin sample. These results demonstrate that lignin isolated using the methodology
described herein retains a more “natural” structure than commercially available Kraft
lignin, with the retention of a large proportion of the side chain structures that are
important for lignin reactivity. | |

The lignin isolated according to methods described herein also demonstrated a

~ higher methoxyl content than the commercially available Kraft lignin (30 to 40% as
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descri bed herein is shown in Fig. 5 and the 2D
spectra of the lignin side chains fromthe NWVR
wEapabyssss f or a commercial Kraft |ignin preparpedT/NR2008/000225
shown in Fig. 6. Fig. 5illustrates the distribution
of lignin side chains, including b-aryl ether
(identified as "A"), phen IcounarandS|dent|f|ed as
detegniped pr yplygie-inferation pf g 2Bsconuys inHSQE spseyra, Bigureyd), making
it &%@ﬁ{l})é %9@& I% iy o rg(é é% dq{é]%te glhfr%g%fw 40“%&81%%%? Fed&ion.
i solTht apectrai shgwn lme FlgsdiS fané @ ﬁB@&MGﬁ&sVKvbdrbr pnkmms)s(non lignin)
descri bed. herei g. , strates that , m
coFBRTEHY PUEL reaRPApORs B T (PeReirPpIEN 2t M efg gonsinuents
ardX¥onihantdinta\@nib frepdr@sbninedstev]desiirdin Pt ill@rated in Figs. 5
whil e there were no detectabl e quantities of
ang ﬁéhvltb%mmmaqqlallr/@w%ie Kﬁlﬁelem&yteearapw ischighly igpure and has a
hl%l g c&ﬂtﬁ'f? thllonS 'ﬂﬁle 9'1 gﬁé a ahgrp 'o? thd! g{'égérh invengion has
i stribution was quanti ume-integration o
condiderdily d'mtrocm&ammaﬂﬂs@nsfwttmarly vall: hf henoraterial detected in the
corrections. .The high ratio of et her (739
co BTy (YSUPIT oY S, PRREHPR sy e Jpaial  While
cohth@ﬂiaﬂtsﬂi&@pﬁﬁeﬁﬁ i thedRHET plepatati@ 6f theipsesemtdiheetivy €Figf SR those
gher degree of conseryation of native structure. The

coaté@mau@tr?ns?ﬁeetra fapless sigpificant prpgortioniof thenrepargtionyr s
dur 'Araeuishai} w'gagﬁg WereS QOvBaRY Hh&n %Pé%é‘c‘?os@é i8b19a! lignin
in the NVR spectr 6) I ndicating the presence of
pretph@tlnatwas drytioysed “suhd@nmmi suHuri¢) ecid @nddhe superngtant analysed

o TR 1658 TR0 B M S o

Pheindnes Razexd¥ewithatlowed detetion dibiir ef 0.D grofcogare (giuomhé yr xylose)
a¥allable Kraft lignin, with the retention of a large
Peh Bhortion of the side chain structures that are

| MD@sddN isofa®ld frbflalix! @AwEAM! tRlinuydd8eit Sk hd aBYVALfREcess was
accordi ng to nmet hods descri bed herein al so

coprsd f rhewt 0% sringrk (Shenioand a exin ehtyringdigupiaeyl units of about
' i
TR AR UESIFLIr ot By AR ey i

Thnsnhlng@ﬁosqifﬁ ﬂlgmm iFayurefldsied byathe melafitelyl bghralotent b‘é@anethoxyl
E#% Hp g condense and nore anenabl e toward
g"EWE % F18-@4cti on. The spectra shown in Figs. 5 and 6
identify unresolved aor unknown (non-Ilignin)
conmponents, such as saccharides, as "U" These
unresol ved and unaSS|gne@3@§H%Q6tuents are

cont ant nant gydifiofh rGirRePd AR AL Altea!orh afl | dont

fromthe s that the
co mﬁaa oioddchlar weight aMskage Ir{ndifrtoldculgn wnlgpt dipibationoef seweral samples

of\l’}\llheg M?sﬁgmliléhe 3 e(:j 1sr(])P§edal 119 I'\}velr ev?ﬁulé}ed ‘t:rom Igﬁﬁﬂt%ﬂbn elutlon

prepar fon O resen ven
prétile of ﬂn:Sllgﬁﬁ @fﬂpyraflerv\ﬂf IGe@pioans Slﬁj’étrdi:x Heptlﬂaedlumﬁ €GE| Nealthcare

rial, detected i C rci al |
ol BRHE e dpaRei G451 Hoheant ridkp, 5215218
LyS&yRfel irotiMRah®3,4-dimethylbenzyl alcohol were used as standards for calibration
and therefore these molecular Weights should be taken as relative values. Isolated lignin
samples were prepared as described above using lignin harvested by precipitation and.

centrifugation (Samples BJL.2-5) and lignin harvested using the DAF process described
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contam nants are present in the lignin preparation of

the present invention (Fig. 5), those contam nants
woepesent a far | ess significant proportion oPCT/N&2008/000225

preparation. Additionally, no sugars were detectable

when the disclosed isolated Iignin preparation was

hydrol ysed with concentrated sulfuric acid and the

hezaip é?/aliratlgﬁﬂ Llahwmsb@ol:yyd BF-Eme/ingin Y% sthanel/30i mivf HaOH for the

B
geghﬁlﬂ'gﬁn% I dn g\%()ex%ﬁer&g& eﬁ%ﬁll%ﬁv\% ?‘%ﬂlﬁfe leg P?Bagreg?red for
cothparagjve dnadysisa ine ludinglacknné lrgmwbmabonms:gtﬂamrdech ﬁBmm) and an

~ OBGRVDGR N b Rikposagh (Vemeverign et Kok 50115, apvote was

anHﬂbécﬁme‘uﬁhé’até ith Qn Qhje&ion VIIMOBERGORY.] THE 'résﬁlt@ﬁre%h@s‘dﬁ in Fig. 8
71 as quantified by volume integration of the

aﬂééml@@ﬂéed in Taged. bYPewtra (Fig. 7). This high ratl o of

5 18 Ry hE e SR SHE My EpLR} o 4 gl e

. préhdidt adiatlofed dpedin iand hafveitedy by rprecimitative cindl rcemriSegation (samples

o5 R s LR L UG gt

 mdbs §iAboub ka8 Githeb infbaieh thaR ik Malebilih@d of kiR bjoftyds i the lignin (at

filtration elution proflle of the lignin preparation

the plution gyakyin ghespamupereiallpaptilable Resftulignin cpmpesitiany(Signea-Aldrich
#3%55953;% éll.iar %Q%@%nﬁ’% geme fdohﬁﬁ’eraxllﬁsbﬁ1a61%9@ﬁbANosow
nol . Tech, "5: 215

Bi ot é Lysozyne,” aprotinin and
ligdimeaiposition I(BigmasA ldeths @htoNov\k'/r d Oli§ethokesulat amaskal, 6[237 #/ool). The

Rl R B 55 6 6 LG EPHUPLPAEL AT p exces o

5,200 whie theerEgh fa&&ﬁgﬁﬂola&ﬂﬁiﬁﬁdsﬁ Iobﬂﬂ cab.meeclalmg lighi@Préparation
harvest ed by precipitatiqn and centr‘? l1gat| on % @ npl es

W33 ) Rppreyimatcty Pt%ﬂ.aﬁldh Fv‘?é“égléda‘i%a}gﬁgmf’ gulpnmast 9 dag commercial

Ol@@gwomel i) e?ﬁ%’l{oﬁ @Q§%p96ﬁf 535@(50/ edrile Qafies are in
50 mM NaCOH for

in 50% ethano . ] he gel filtration
agmmeyts mwith previnesly ipablishedstidiesbusing tgglnﬁhraganﬁpeanlx@p@r weight

f 8l BTSN Y P, M o

K AIRGENOSOMActangiécnle) 3H6004£690 ih; ((i?atgnaa}dﬁd)zigem QOOE)aProc_Nfdmgs of
E i_cate w:th,.

1K Gl Vot CPan e Hooas b ang 12 0al, o s SBRE ity Nightty

hlgﬂeg Fo@dﬁﬁé}sﬁuﬂﬂm Naksl The ifaleg llﬁnmk.%ﬁllnﬁlé’ prépafedd] dXcids¥d herein

l1gnin (at the elution_peak) in the isolated

anldu hpnyasted aipinee thepP A apreepsasiemr@eqi diereq(Saatde BIERY had an average
mOBENESHhEY on{ve‘? F98b Bhd 2e it Athet SIS GREL OFbved iﬁ@é.es

Table 3
, . Molecular Mass
Lignin Sample g/mol at(el:zt;on peak Weight Average | Polydispersity-
: t (Mw) (PD)
Avr StDv

BJL2 5,933 0.668 4,871 : 4.1

BIL3 6,374 0.844 5,384 3.0

BJL4 6,800 0.810 5,372 3.9

BJLS 7,172 0.285 - 5,450 3.9
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BJL2-5), had an average nol ecul ar nmass of
approximately 6,500 g/nol. This nolecular nmass is
wab@un2®Pes o0 3 times greater than the nol ecul ar POBESZ20B/000225
the majority of the lignin (at the elution peak) in
the commercially available Kraft |ignin conposition
(Sigma-Aldrich #370959; nplecular mass 1 942 g/mol) ar
t he [ cBoheyverage y av@$Pabl b OSREANOSOP69 i gnin 37 '
composi BJUD ( Si gna-A7dri ch,0.0dat|. Nos787, 101-7;37
nmol ecul arafBSS 2, 621949/ NO| J.218Ne wep,ght aver agess
nol ¢ ANONOL 0f The isolared |ignin sanples BJLZ-
was ?jr#%xgess off 5,2€0, whi%0%0 the waP¥Pht ayer age
nol ecutar—mass of the—comerciat—Kraft—t+ignn
preparation was approximately 2,229 and the wei ght
aver age nol ecul ar mass of the comrerci-al ORGANOSOLV
‘l'ignin preparation was avé)r oxi mately 3, 000. These
val ues are in agreenent MP¢ &viousl y publ i shed

st udi es US'I@&cBGi:g bt ﬁn&ﬁgH&éan%an iS01h @A o St 9ht |
ana:ﬂv15| s of I gni n preparations

f r orhhp zeagtigticof{the disclased ligain way o639 hyweasnismentofahe total and

PP AR by Slg nfilf S Thel el i RER Gt oS oL
lighid: prepdvdtionS §Pable Wi, belosi).i glheltytahaxgblmt qﬁ(lnly;ltdxxybﬁmsmdrgal group in
PD) .val ue The isolated |i e are
caff] Gy SEHR b ERPToS oneh RSP Dorats ol g oS gneasured
usi@ SstdnidRRte b mefPRATIAS TRA LibY2 7h 3. aMTIRVAH GG dffﬁh@ﬁdﬂoaﬁydroxyl
mass of over 7,200 and a wei ght average nol ecul ar nmass
greyps ¢y e3chg igngpsample, was essasved By 7iffesentiel sneetjoriotamegry as described
ar i I [ Vv oh_ -
bydl @g?gtegq%lﬁ%g %‘éqgg{sr essgl %32223 nént h%l?g t &eﬂy BFoxy 3
metthrtxaberambalptbimh o} a calﬁtyahcmw}andgndo upshia radalymrphﬂ adownit toffi phenolic

he ¢ rcia t d ORGANOSQLV li.gni n
oSy PR (oo o Tl Sommiee ABET AN fh ! amount of
hyBislylopydsufestivats donidt vafyogRatlyafiédthe isgifiples $Patid 6). i However the
expressed as a_potassi.um hydroxi de eqw val ent and wa

ratﬁse%fseheeah%gq totpl §‘b’%‘ﬁd}§'r‘§ lq%egtm e disglntsd lgniragmples @13, BiL-s

anMﬁi‘b)o% cJH&r@dT%m e RRANGha CORGANIIHLYT Qb'rﬂﬁlefc'ihl hgnm .
each i gnin sanple was assessed by differential

preppeatipnophot omet ry as descri bed by Wexler (Analytica
Chem stry 36(1) 213-221 (1964)) using 4-hydroxy- 3-
nmet hoxybenzyl al cohol as a calibration standard. In
this analysis, the amount of Tabledol i c hydroxyl is

r‘e|.at | Vn! y ! oW for ! ! t hn | | mnl a canr‘nl es— anal yC| S and
the total anmount of |hydr oxyIH §%1r G&% do not |vary
greatly hia Sanspledqopl es (Table . However, th
rati o off phenolic tag tntmmOHg/drnva is Ratier in tlhe
di scl os i i al pﬂlegaollc _ Phenolic:Total
JL2 6.06 0.33 0.054
BJLS 6.23 0.28 0.044
BJLD 5.40 - 0.29 0.054
'ORGA§OSOL. 578 | 038 - 0.066
Kraft 641 | 0.40 : 0.062
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and BJLD) as conpared with the Kraft and ORGANOSCLV
comercial lignin preparations. Table 4Exanple 8
w@e@diozgoson of Uret hane Foam using | sol at ed Li BOi/NZzf08/000225
the Present Invention Rigid polyurethane (PU foam was
produced using lignin derived from Salix and |solated
as described herein. The foam was tested and
denonstrat ed excel | ent t Keamglle8onductivity and
density properties. The density of the rigid PU foam

uecti Ureths ! ~Isplate :l CoIn, .u enti Q'entlon
con entlo al fee ks of 0.05 an The t her
condti@fipg Wtweﬂﬁ@) ? a1 &fawqdasml( g ligup deay om Salix and

1sdl§t9d ad aeschib@nh&teivasTi: fath Was Qes%zarﬂod@lﬁfn%iat&f’ efcellent thermal
her mal conductivity of rigid PUfoam produced using

combm@m agrh density caiepedidss Bie densizp of theerigide?Pefpam produced using
t f

I8, 0072 L BRL g b Boad .9l POTB) GRS wsin

conveneoml rfeemmde; & 0/P5 g/carid Theetheonalreadictinityod dhcusgideR foam

progue pine elEd G HES CAR 4 V052 FEBBRAbA & CRBRGgPdutity of
righd'PU! felark Prodi ek irfpQdnPontioh sl SBedstoickd @Id) 035 th@ tﬂéﬁnal H@gradatlon

vari ous changes { be made and equi val ents nmay

terapgsatprer of dbe \mg.ich faarpaproduepds peng tipelated ulegr%rpqust 290§; the
coﬁr’%%’?ﬁ?lggttreﬁlgﬁ swd}ra\bsﬁﬁdpgh%n éﬂ?g&% apt ’mé)ﬁgﬁélv&sl lngPa

situation, material, conposition of matter, nethod,
met Wﬂﬂlestheppres'enshmﬂtlorf has been descpbat withi re@rtﬂw to the specnﬁc
sent jnvept.i ificatipns. are inte
enPpERs (AL chahcuid e BremBtcaliost SR dbdns g e Various
chdizet Ry ¥ rRdde ahd@quildlents hﬁ?/mﬁ sabsRRItelE Aithedt leParBNP ir8MmSthe true
inventions in | anguage different fromthat used in
spigit Bed sqepe of A dnventiem enaddition; many wadifiggions madbg made to adapt a
f e
paffP Satiod Mk BimpbfioffbPirRer: RRARE-eES S8 of Qeps, for use
in @w&bcmgtheopresrht tniventionv eAll isaeh, madifictooms taheintendehtd banwithin the
(?‘E#ﬁ ‘P@ cl ai nrs appended hereto, to forma '
Saﬁ?r c?ﬁ§§pﬁmg% fiPe. Al of the publications,

pat it tha pxkdn€ ahdt ARS chdisls Ppp&ided Herdte@ Gxpfesd Mvéntions in language
plication are herein |ncorﬁprated by reference in

dltiqugqtrfr%fhap g§e)gl ip other Portions of theaspecifeatiop, appligants expressly mtend
for tAE tMiriY4p ﬁ’déQlHeFé% {09Brm P&t &P ¥he3599<!1ﬁ€a§5h ahd e vﬁﬂ{e‘ﬁ%scrlpnon

was specifically and individually indicated to be
of jthe wpasicat end by thefinventhens, anexpressedhin tl@tq}alvamed hereto, to

fo% pM !)f%‘ms disclosure.

All of the publications, patent applications and patents cited in this application are

herein incorporated by reference in their entirety to the same extent as if each individual
publication, patent application or patent was specifically and individually indicated to be

incorporated by reference in its entirety.
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1. An isolated lignin preparation prepared froma
pl ant material by: (a) contacting a continuous flow of

wo b@opbsand nmaterial with a co-current or PCT/NZ2008/000225
counter-current continuous flow of an aqueous et hanol
solution at an elevated tenperature and an el evat ed
pressure for a retention tine sufficient to produce a
soI vent m xture conprising ethanol, ethanol-soluble

gq&:":n?ﬁ ter and a plant pulp materl al; and (b)

WHé e plant pulp material fromthe sol vent
m xture and recovering isolated |ignin polymers from
the solvent m xture, 2. The jsolated l'ignin

1. prépiselateddigndt Prepagatinmiprenafre feom apiagt ma%?ﬁ*@l Material is
a {ah gn%%{a!cﬂﬁg)%' CortRb&ls AbwSE! ffel FEnf HRRLNSvitH Qu&)-current or
consi sting of? woody or herbaceous materi al s,
agri cul ctoumt—cmrem gorésmogs floe pﬂa,resqueamlethmwi sclttéah at an elevated _

energy &hob3 rature andt leva%df;l)trees %rer 2' &Y P ime su@"?:%e?%tr% produce

claim 1, 'S Se

the gr wsblmnmnsmtd@annsmgaﬂthaml Eﬂﬁharsohﬁw:agxﬁ@hmswmer and a
Mesqui t LPdﬁ ha, Pi ne; switch grass; m scanthus;

sugar gal; %’kﬁ‘ybean stover; corn stover; rice

Stipgw %Sa sk the AR MagkRl ﬁ@ﬁlr {h%YSoWehﬁYﬁlxtmeéHd recovering

straw, corn fi bervvoocfglﬂ ber; oil palm fronds, trunks,
enpty fiselnted ligwin@olymess fiierh the sobvghtmixtser s, shel | s and
residues of oil palmmterials; and conbi nati ons
thereof. 4. The isolated lignin preparation of claim

2. 1, Thdmsmtedtligumlmeﬁaramheof allauins 1a velmpgin cthb| plant matenal is a

o e S e b B DB Bl ) B

matefialo2dgriSulBRAICIr Forestby redidfes) Sl RUREtel ety cidpsepar ati on of
claim1l, wherein the aqueous ethanol solution

conprises 60%to 80% ethanol.7. The isolated lignin

pr [ r:
B SVELAGN) i o Wi, B R Pl A e fom
the yd)dmctqnamtm@bﬁl y‘isltx, plaf[riétcalypdua:thsqmtgrﬂatrophae rBateastch grass;
miscant r S gl nSt tgn(’l:rn gm Si Ve I! Se recove USkS cotton

iyt B st Bl s b B L4VeG i R 5 |
huskd;i EAAEN sth4vR W HAEstEM; COmL fibErwdodr fibek;0oiPpam} fends, trugm émpty fruit-

the Ii n| n precipitate with

t at b h
bunches, geel, e w)r%gﬁ%lsle@sdﬁilgweé < wheslgbparsas f sombinations

therebf 9Ni N- cont ai ni ng suspensi on;

4. The isolated lignin preparation of claim 1, wherein the plant material is a cdppicablé
hardwood.
5. The isolated lignin preparation of claim 1, wherein the plant material comprises -

material from a Salix species.

6. The isolated lignin preparation of claim 1, wherein the aqueous ethanol solution

comprises 60% to 80% ethanol.
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(c) adding a conmponent selected fromthe group
consi sting of: ammonium salts ot her than amoni um

whe@anksnat e, and detergents ot her than Tween(Paj/NZ208/000225

7.

sodi um dodecyl sulfate, to the solution, whereby the
lignin floccul ates; and (d) harvesting the floccul ated
l[ignin. 9. A nethod for recovering lignin from an
aqueous suspension of |ignin conprising: (a) adding to

T L R R P

in thél@Bsenve\of aR BETO B alkAlFRI datalyet.her than anmoni um

8.

bi car bonat e, and detergents other than Tween(tn) 80 or
sodi um dodecyl sulfate, whereby the lignin
fi 'ﬁfecfél)ﬁ{eg%gllﬁnﬁeﬁéﬁtld?%fvﬁﬁ}d N9whdtEinfthO@ Bighth HoBfner is recovered

[ignin he isolated Iignin preparation of° claim

ﬁomlbelvmreloﬁsttmé))lbb’gnl n polyner is recovered fromthe

SO(It Xen Pres qplEeagrl} 116%51 h If{orr} tclilgls!) % n u?%??%\% T lhéj]nﬁ)\( Precnpltate
pr@gi piwahiag,thé lngmmﬂred@satamihf\matts femowh eo@tercfpataes, thereby
and (b) harvesting the floating lignin. 11. A nethod
for harfQEaPga gP‘I"gCr‘PF‘W‘W"i‘%ﬂ*\SBe"é’(S’Pvent m xture

CORP' | SidAfhg ol @npdhbrtistReted HRnd tle\@olp wnglwgeow drhma#ium salts
aqueous gaS| fied sol ution, whereby the [i ™
preci piatlkardkan afmra@mumableagbm ﬁhd)d@tsrgwsv r Q@nfTaft@n 80 or
and (b) vV I e
gt SRR L. o U3l B g bRl P
whid) ei mametlr[gthﬂﬂomlmd lignin.s sel ected fromthe group
consisting of: Salix, Poplar; Eucalyptus; Mesquite,;
ro h% Pi ne; swi tch rass; m scanthus; fs gar cane
é‘é?gé’ QWB%"&H“&PSR‘/‘@ o g} #1UePY\suspensipR af ighin, Goraprping:
h U@KS: #8inpes tﬂ%léfensi%ﬁ rdl @¥npohét Wele¥B® &omSthe %%upc&hﬁstm g of:
f ber wood. f I ber alm fronds, trunks, enpty
fruit - Rvopkat a k(mcﬁ@raé,lonqu Ugss ﬂﬂanb‘!a‘% Vi AaImaniym @alts other than

d
* thor eof oy bibBOMElE S, Blckeenfy NGO R FHAAT 80, spdom

or 12 hivdeaydsulfaves miteby verlgmén fiaicelates;aandnass (M/v) of
t about, 4,000, 14. isolated lignin

pr@b)ar jlafvzfﬁt“lgfthﬁpg?cmaiedol?g“i‘? havi ng a wei ght average

nmol ecul ar mass (Mn) of at |east about 4,500. 15. An

isolated lignin preparation of claiml or 12 having a

10. welhnisolated diggim prepasetingef claim 1, wherein the lignin polymer is recovered

11.

_ from the solvent mixture by:

(a) diluting the solvent mixture with an aqueous gasified solution, whereby the lignin
precipitatés, flocculates and floats to the surface; and

(b) harvesting the floating lignin.

~ A method for harvesting lignin from a solvent mixture comprising:
(a) diluting the solvent mixture with an aqueous gasified solution, whereby the lignin
precipitates, flocculates and floats to the surface; and

(b) harvesting the floating lignin.
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mass (Mw) of at |east about 5,000. 16. An isol ated

[ignin preparation derived froma plant materi al
whanbogeoeet ect abl e quantities of at | east threrCENAB08/000225

chains selected fromthe group consisting of:

phenyl coumar an; resinol; a-ethoxy-b-aryl-ether; and

ci nnanyl al cohol side chains; as neasured by nucl ear

nagnetic resonance spectroscopy analysis. 17. An

| at ed I i r at or. 12 havin

12. eRubdiies Huh ppRBEoD defyed gt 5t Mpdlo Mategi. Y the plan
mate$igl &Cb&ettdd ﬂmnt e Q’b@;ﬂ Qoﬁ@sﬁﬁuﬁ%ﬂ Ngakt, P dﬂmnwus&ww Mbsquite;

resinol; a-ethoxy-_ b- | - et and ci nnanyl al coho
Jatrogha Pings Awifsh gws,n@bigamw BB e@}eel@agaﬁfagmbw FREENeAR stover;
rice SRGCINAIREP Yo u¥k°s' §arle§%tra@n hefkahw: dcolrﬂ B4R, ?Od fiber; oil palm;

preparation o alm 1 aving a ratio o
fronda;y nnunlgylen(;@ fnuutl-lttmcltes, bera¢laciruit (fBersushells ofd msidiesast oil palm

i solated |ignin preparation of claim

"mmfagrmT5”H§ H&$Qh?5?ro of syringyl (S) units to

guai acyl (G wunits of at |east about 3:1. 20 An

isolated |lignin preparation derived froma plant
13. nafesolated HamRipssnagntion of clamnl albé%#lamn@%wglarayeraga molecular
masﬁﬂdxb)s&}*aﬂe%&abbﬁﬂﬂdbopr eparation of claim1 or 12 having
l'ess’ than 0.2 g of sugars per |iter supernatant
det ect abl e by HPLC US|ng an ion exclusion colum .
14. f:ng\]'g gé’“ laqgc% Férgr o %/péfa%gg é)g C di‘iemlzllzgrnlg hgwgg %tr\g%glﬁ avera%g' molecular
massAMapEfal least aleutidys@d. f rom a pl ant material conprising a
high ratio of b-aryl-ether (>50% and resinol (>8%
subunits. 23. An isolated lignin preparation of claim
15. 1 Rh 1§ogat8<9ﬂ'§ﬁlh réiﬁra?ioﬁ“o@ Riaidti 6r 93 hkviag ¥l w@klﬁt@fvefaﬁé%ecular
‘and resi nol g subunits. 24. A material prepared
mass§wpfahleagfabowd,0080] at ed |i gnin pr eparations of any
of clains 1 and 12-23. 25. An isol ated xyl ose
preparation derived froma plant material, wherein the
16. pl Ant ismlatedr]h@iin ipsemeﬂtientckadivéd dirort hee pga‘rmupatenﬁalshazidgn detectable

* auanficn, Slo RGeS T corklten seieCETTbRT o CHRRP Rapsisine o

phen§lcO¥iftran; ir€sehol;l asthaXPP- :h'gli&ﬁer CAdt @ihnﬁkki?lkﬁlcob@lf ki@¥ chains; as
straw, corn flbermpod f oi-l palm fronds, trunks,

measypRgk by ruclert magneHe sesonasehElestroseeRy anafysifer s, shel |'s and
resi dues of oil palmmterials; and conblnations

t her eof .
17.  An isolated lignin preparation of claim 1 or 12 having detectable quantities of at least

three side chains selected from the group consisting of: phenylcoumaran; resinol; a-ethoxy-
B-aryl-ether; and cinnamyl alcohol side chains; as measured by nuclear magnetic resonance

spectroscopy analysis.

18.  An isolated lignin preparation of cl.aim'l or 12 having a ratio of syringyl (S) units to

guaiacyl (G) units of at least about 1:1.
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26. An isolated xylitol preparation derived froma

pl ant material, wherein the plant material is selected
wo c@oiord9e9 gr oup consi sting of: Salix, Poplar; PCT/NZ2008/000225

Eucal yptus; Mesquite; Jatropha; Pine; switch grass;

m scant hus; sugar cane bagasse; soybean stover; corn

stover; rice straw and husks; cotton husks; barley

straw, wheat straw, corn fiberwood fiber; oil palm

fronds, trunks, enpty fryi.t-bun s, kernels, fruit .
19, | §Ritaed S berepsnplslais BB 53 Fving i g Shapits o
guai®NIT)alts g 16Beaaf 3:127. An i sol ated furfural
preparation derived froma plant material, wherein the
plant material is selected fromthe group consisting
of ; ' : | AL a . [te; t i
20. 33 An Tk, R, FparihMo RN Srond 3! ot cRing tess than
abous b9%esmgarst over; corn stover; rice straw and husks;
cotton husks; barley straw, wheat straw, corn
fi berwood fiber; oil palm fronds, trunks, enpty
21. frAhisoar hi@fin pkeph€bs of thaim 11 dri I2HavingsIB&! thén 81205 of sugars per
resi dues of qil palm materials; and conbi nations

liter pupspratsnt desectable, by SIRILEt wsinecan i exalusion elumadolinwving hydrelysis of
the ligféiﬁlg;ré})aﬁtiﬂﬂtwifﬂ%ﬁéénﬁlated\Qﬁlﬁfrﬁ:!a'&id_t. he plant material is

cted fromthe group consisting of: Salix, Poplar;
Eucal yptus; Mesquite; Jatropha; Pine; switch grass;

m gcant hus:. sudgar cane .ba e, .S gean stover.. .corn. .
2. o BRIt e el SR ITon s Y L Syt i ratio

of B-atyl-8ilver (MIOWY aid Fesinbl ©8%4) shhdags wood fiber; oil pal m
fronds, trunks, enpty fruit-bunches, kernels, fruit
-fibers, shells and residues of oil palmnmaterials; and

2. AP ASESn SR AN 00 5 v
(>50%) endfesineb(>82©dubunitei N t 0 provi de anti oxi dant,

I munopot enti ati on, antinutagenic, anti-viral and/or
anti-bacterial activity. 31. The use of isol ated

24, Ihi Athdlerid? prépRfeaURineNAyHFIRY Bblatt@alghth HEpARIIBIOF aBY of claims 1
unmans.
and 12-23.

25.  An isolated xylose preparation derived from a plant material, wherein the plant
material is selected from the group consisting of: Salix, Poplar; Eucalyptus; Mesquite;
Jatropha; Pine; switch grass; miscanthus; soybean stover; corn stover; rice straw and husks;
cotton husks; barley straw; corn fiberwood fiber; oil palm; fronds, trunks, empty fruit-
bunches, kernels, fruit fibers, shells and. residues of oil palm 4materials; and combinations

thereof.

26.  An isolated xylitol preparation derived from a plant material, wherein the plant
material is selected from the group consisting of: Salix, Poplar; Eucalyptus; Mesquite;
Jatropha; Pine; switch grass; miscanthus; sugar cane bagasse; soybean stover; corn stover;

rice straw and husks; cotton husks; barley straw; wheat straw; corn fiberwood fiber; oil palm;
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fronds, trunks, empty fruit-bunches, kernels, fruit fibers, shells and residues of oil palm

materials; and combinations thereof.

27.  An isolated furfural preparation derived from a plant material, wherein the plant
material is selected from the group consisting of: Salix, Poplar; Eucalyptus; Mesquite;
Jatropha; Pine; switch grass; miscanthus; sugar cane bagésse; soybean stover; corn stover;
rice straw and husks; cotton husks; barley straw; wheat straw; corn ﬁbérwobd fiber; oil palm;
fronds, trunks, empty fruit-bunches, kernels, fruit fibers, shells and residues of oil palm

materials; and combinations thereof.

28.  An isolated cellulose preparation derived from a plant material, wherein the plant
material is selected from the group consisting of: Salix, Poplar; Eucalyptus; Mesquite;
Jatropha; Pine; switch grass; miscanthus; sugar cane bagasse; soybean stover; corn stover;
rice straw and husks; cotton husks; barley straw; wheat straw; corn fiberwood fiber; oil palm;
fronds, trunks; empty fruit-bunches, kernels, fruit fibers, shells and residues of oil palm

materials; and combinations thereof.

29.  Ethanol produced using the isolated cellulose preparation of claim 28.

30. The use of isolated lignin to provide antioxidant, immunopotentiation, anti-

mutagenic, anti-viral and/or anti-bacterial activity.

31.  The use of isolated lignin to improve the general health of animals or humans.
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