1, 81 ©OCT 2003 Met hod for separating hemcellul oses froma bjonass .
containing hem celluloses and bi omass and hem cel | ul oses obtai ned by said
nmet hod The invention concerns a nmethod t oy separate hem cell ug % Zﬁlﬁom
hem cel | ul ose- 5 containing bionmass as well as biomass and h 21 ﬁl Ul ose

obtai ned by (1l ek bod Lo e eat. AIGELL WA SPuRMsed sbhinges

bet ween paper € nmal n conponent of a-cell ul ose

may cont ai npaeiceAbidddsandbiéMadt Ad Remiddiulogbeokdamed ki saisl methogul p
with an a-cellul ose conponent of above 90 % the hem cellul ose conponent

of which should not exceed a few percents. It is known that the dissolving

pul p i s one_ of. the.nost i rt t NS, phi ' l9bse-

cel | ul ose :rc!'@c IVENTiEN F?%?éﬂqg\ﬁ @ﬁ&o@ﬁ%esre %%%ﬁ-%rﬁggﬂ@g?ﬁﬁg@épﬁgguct s. The
hi ghest 5 dengpisinRgthiehee hsamelt B¢ bitinssy atidbemideiulcserakitaigedyi thist i al
substance 15 for "the production of these cellul ose products. Thus the
a-cel | ul osenetdent, particularly if a subsequent acetylation is intended,
shoul d, as a rule, be above 96 % These hi gh-grade types of dissolving '
pulp are marketed only by a few suppliers with less than 2 % of narket
share of thg tMeichewiceelhubseponddistinguish2® bEtweeh papeopilpt theh inadditien to

di ssol ving pul ps fromtinber or a conparable.bjonas i BYY’ t he
renmoval of tﬁﬁénﬁlﬂg?ﬂmp%ﬁrﬁé’fpa?e"éf?SSEBQY GPatagy gﬂfeﬁlghosgf'?qdﬂﬂeﬁ S :

hem cel hul | ' ith iafgcellfode eorpRMehton@be/e 80 %itheé t he
basi c L'@omﬁﬁ'&%’f@?ﬁ@%ﬁ'ﬁﬁ?g&?ﬁ"gni n aﬁicljlﬁ?\em cel | ul osg. 25 According to
the st at e- dferhivelialose Tomaanest obwhishishealnoleexregs 2 feyy Bargests- fhis K i cal

deconposi tion and renoval of .hem cel| ' k s akgemi Ng
bi ommeses. AL EUFSONEBRIEP 15PN Ao edngaa et L SESLEE E A0BR preptener
hydrol ytic & &linicer Aidiae, Arecessand bthehhighegridenteliutoset froductsalbel mat eri al
can be subjected to a hydrolytic disintegration by, .for exanpl e I.ngi ng
it into conhigbestempngs §[ﬁ)§\aﬁéﬁt°@dh§tdé§éﬁgﬁ'i‘9 BPE—‘\ra“{Y"-Eﬂn%Paé’%'ﬁ?'e? %fh%‘r‘ge
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not selqgct iI\%@}r?%\ﬂéérbg‘l?yggr&g%érﬁjﬁr@g%teqﬁggorrposi tison of the cel] ul gse i %sel f
t akes pl aceparicalaridTa $0BSequent acetylation is intended, should, as a rule, be above 8
%. These high-grade types of dissolving pulp are marketed only by a few

suppliers with less than 2 % of market share of the worldwide pulp production.

20  For the production of such dissolving pulps from timber or a comparable biomass
in addition to the removal of the lignin an as far as possible separation of the

hemicellulose is necessary, since timber is a composite materia! with the basic

components of cellutose, lignin and hemicellulose.

25  According to the state-of-the-art numerous methods have been developed for the
chemical decomposition and removal of hemicelluloses from hemicellulose-
containing biomasses. A classic method for the removal of hemicelluloses is by
the hydrolytic disintegrating process. In this conjunction the treated material can
be subjected to a hydrolytic disintegration by, for example, bringing it into contact

30  with superheated steam at elevated pressure. The decomposition of the
hemicelluloses achieved on this occasion is, however, not selective, whereby a

significant decomposition of the cellulose itself takes place.



A Yurther possibility is the hydrolysis under acidic conditions. The
deconposition of the hem cellul oses is gt sel ecti ve enough according to
‘this disintegration nmethod either. A clé&ar decrease of the \{ imﬁ‘ngty S
noticed, that can be explained w th a considerable decorrpoé' {0 f the

cel | ul ose. gﬁhahggggggf t'Fglﬁeﬁ drtoﬂy?wﬁqeérlat&cﬂé%gﬁ@ilfﬁﬁs pfﬁ&@e@&ﬁbbéﬁtlon

t oget her wi eness ovement can
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oxi dat | ve ofbe EVRP!ihe BeTRICERE IHUS! BTG Stach sl Bt et Aal ©
consequeat |y, %srs"i’(%ﬁﬁ'ltggrfaﬂé&memﬁd %f‘fH@ I‘F&th’éﬂ@l@EéQGﬁth’fa’ﬁﬂ@Qn@bBS& in this

20 conjunction are sim ose which are al so used for the i venment
of the pul }tl;rn@romhosbeammsletaiy usgesslThe aaisei afithig iagesrumahly (aatip ég
nitrate, H202 ar.pam de i uequs. kal i ne
or acidic cd th"Bﬁ pu tR?@SU}!‘?‘ﬂE’ Oa%érﬂrgc'pﬁ%&s 4\laY Eﬁﬁ?{érﬁl%\,\%ﬁﬁfc&?

met hanol , f ?Bré‘é“'ﬁ%n@ ,for'i‘ﬁ thelReficeBilobbs ar@ybdatisly enorecdiffivoltito dimntegraie f or

exanpl e, percarbam de, IS possible in 25 grl nci ple to deconpose
heni cel | ul odydrolpticaiy tba@mtwrmmam@wmﬁtf@a "R%h qualitative dissol ving
pul p w an a-cellul ose contents of above 96 % however, cannot be

achi eved~w t hout percepti ble DP deconposition of the cel I ul ose. No
suf fi ci ent |y fatRetkinoendesssitikigito separate hemidediviasek figno besnieekieRE

| | ul d b hi hod
ol thor -0 CoRGTIHR PIEE R DRGSR APRG BTt REIb AT 7 o

ei t her base%uﬂgbleeéﬂ%‘mé’gr feRtYcRitRsdtment aﬁ@ltﬁus?bﬂm?g“ ItYOacﬁcﬁMelandters or
require an e orate nmanagenent “of the nethod, rule, .the pulp

is more or leessedaenie@xtractabig trmg The C@eﬁbﬁﬁﬁﬁ@'% tf"h@go‘g@?%g‘ Bys
pol ymer bﬁat IconjlSnDcﬁ)lo\ﬁaar%es)mllarqgﬁhgée which are also used for the improvement of the

pulp. On this occasion typically oxidising agents, like urea nitrate, H>0, and
percarbamide in aqueous solution, partly under alkaline or acidic conditions, or
reducing agents, like Na[BH,} in water or methanol, for example, are used. By the
oxidative decomposition with, for example, percarbamide, it is possible in

25 principle to decompose hemicelluloses in the paper pulp. The range of high
qualitative dissolving pulp with an a-cellulose contents of above 96 %, however,
cannot be achieved without perceptible DP decomposition of the cellulose. No
sufficiently selective decomposition of the hemicelluloses without accompanying
cellulose decomposition can be achieved with this method either.

30
Consequently, the methods according to the state-of-the-art are either based on
expensive raw materials, particularly cotton linters, or require an elaborate
management of the method, while, as a rule, the pulp is more or less damaged,

resulting in a lowering of the degree of polymerisation (DP value), loss of




381 OCT 2003 accessability or reactivity and an undesirabl e col ouring,

for exanple during a subsequent acetylation. US-A-5 876 779 concerns a

“method for the production of a cellul ose3containing grai nhexéf)i\[m. On this
ikl

occasion plant fibres are extracted wth a sodi um hydrox ion. The
m xture obtained is acidified to precipitate 5 a first hem cel |l ul ose
‘fraction. Aaseessabilityr cerstiviyand aneniesiralde splauirpo: rsxampiputing a

filtrated mat erial qbt ained by, ' ' b

cssent ol |y SURcavaT A g o S e 17 ehearhe B PR bl g
thi's backgr quidiuidseTbdtairifie gPth @Riraéf. Grivthis aumimpmrﬁ fibeespdrevédmotedret hod
10 for the separation of hemcellul oses from hem cell ul ose-containin

bi onass, t hatitrea sbdsnn hgdatixidaelsalttianeEhamixiiee abRredissadibed tmﬁtercdm?aéﬁd
kes it_feasible to .obtain high-grade pulps in a sinple.

Tanner Fn° gl Bemgelomsedertst. Arasng b eeltole Hellol SUIHBMAEP e

hem cel | ul oges rfif-p0Y HReRSl ¢Mtbﬁ§%-cbe3{>§%tﬁiﬂ§; Rithehd) PRESSrBesGAIRe) 1i thout a

significant deconposition o oSe. 15 Furthernore, the nethod
shoul d oper @seertiallyoam aldalipe-dolihle costplex bz hevvtsluese mirdtrepr oduce at al |
or only little environnmentally damagi ng em ssions. According to the

I nvention this objective is achieved by a nethod to separate

heni cel | ul oges: kGl iR $RRA OfHeAh B e B R 8 NREtiBY: 1§ e pfovlid @Riniéthod
oreps: 20 o) g B BEEkGEhin AT AnBOMe AN RS RIS 1 REpicH °
hem cel 101 oser thenteparation bf bemsee!lulnses fean iheqitelupsncantebing biereassppdiatd in

aqueous sol utio hus form.ng a ol ybl e ¢co e t he ' ,
wherein in Sepuhedsediatetsr o s SERPEERaCrROREBKE: hsfgR o
transition mpigh I'ﬁgtﬁi-g'i‘aé’éprHSQS@ SO BnEYertenhatsemin patiedae 4 Aothed
and/ or oxygen-containing |igands are used, b) separation of the conplexed

heri cel | ul osboufd orakerestieoties sepavetion of g hemicallulaserdwntordiuiesao t he

i nvention relates. to.the producti Of . hi-eth-ar '
gl | ul ose rEHBNG BRMErSaRbrbIe RBlLd g ftang oRCEmRYs Aty i e EBluiose.
heni cel hgl o5, rGfEFRRIEMhe rhBEISRS Horild bperke scendimiddlly, isel ot effectbabaaad i on
of hem cellul oses fromthe hem cel | ul ose-cont ai ni ng. bi onass under mld

condi ti ons inPtReducs ai @t ornaAnliteenyimnmeRs!yfamapig 8NPt onposi ti on of
the cellulose worth nentioning takes place. AVENDED PAGE .

According to the invention this objective is achieved by a method to separate

hemiceliuloses from hemicellulose-containing biomass by the following steps:

20
a) extraction of the hemiceliuloses from the hemicellulose-containing biomass
by treating it with a complex compound in agueous solution thus forming a
soluble complex of the hemicelluloses, wherein in step a) as complex
compound a coordination compound from a transition metal and a
25 unidentate or .polydentate nitrogen-containing and/or oxygen-containing

ligands are used,
b) separation of the complexed hemicelluloses from the biomass.

Accordingly, the method according to the invention relates to the production of
30  high-grade pulps with an a-cellulose proportion of approx. above 96 % and a very
small hemicellulose component. Therefore it makes a highly selective separation
of hemicelluloses from the hemicellulose-containing biomass under mild
conditions in the form of an extraction possible, while no decomposition of the

cellulose worth mentioning takes place.

AMENDED PAGE



431 OCT 2003 Wthin the scope of the invention the bionmass that can be
used as initial material in the nmethod according to the invention is not
" subjected to any limtation. Exanples of preferred raw gul ps are:

coni f erous wood sul phate, spruce sul phite, beech sul phi$a0&hdiBucal ypt

| phat e. , f | t 5 ticularly.suitable.
Tt bral ©sub Ui i srce e Retnar e e e as e 4 Hadl b iSHel ARl 2e
di ssol ving P\%E-m&%‘ﬂd%d&?nﬂjpgqéﬁhé‘ﬁﬂ%nh@ﬁﬁb Ab AitiededYo Salilmidtsnng

| i gnocel | ul ose-cont al ni ng mass, particularly tinber, are preferred. The
bi omass i sEkatniptetuciesteferedrabpylidbsrara: £omiédrpus erntdniutpliatepaptucewduphite,
ground, form 10 According to step, a) of_the nethod acc&rydi ng to the

i nventi on abe®wppeRhite engdRHT@IA Splﬁﬁ%ﬁ%‘ﬂ RUR.JOLE*2RBEL (RPIESLOS BN t hat
with the hep Q fQor I S - f
the bio ss&@hlaﬁ!ig’s&g%%esﬁg s@@%}%ﬁ#ﬁg @gﬁ r@%ﬁ%’g%sahg r%gér%%abe% pgﬂ@%fooén)

metal and ahighiglenbalissaVing @uysl Rdvaipalpsithatdgae-weet abtainegl Bndédanifying
oxygen-containing ligands are used. Partjcular|ly 15 preferred transition
metal s are Mhgnacs pfwgpmtalnmbapmﬁ%c%@w!arlﬁélm%n are arRieoed. Zhabiomass

par i cul br i TRPGoGeA RisGBRFHY Bt HECO Ry ARSER Al CABATERAIRG ol | one

triamne. According to an enbodi nment preferred by the invention as conpl ex
conpound [N (tris(2-am noethyl)amne)(OH)2), described in the follow ng as
"nitrentQ i Aceerding tostepia)ef the aiethed Srepainsta the iINYgtiRisa complex

hqueous. sof onguhd PGB TRBE bR LAl AR Y iEeitsts
particul ar fppsosolubletcdndpltkdy angiadtheslthetheut ofdhedidrabss QrethosvoOcdsion by

wei ght, no |onger can be sol ubl e conpl exes of the 25 hem cellul ose formed.
I f a concenEPATINAIORCAMROIIRHIrAR 2 BARBLAD ”i"ﬂat fRd a g%”tfé‘&'sBT B‘P’V%‘?\m@i&eéds

10 % by wei : e | | ) el _ ¥r@cecur,
what 1% unditiossfraeRihdoraBt BltbrbobBhifd lgMdeare BB T RedkIo0
st ages, 1% ar pieferredtrapsitioarrabtals akOnickelc capper, cedmiemt colidit padagimaand/er

duri th t i ' f blLy in th f « 0C t.o 90C,
par 4§ cul ar | SMSppF GRendsoliseabte APIRSEO BT a2 5o BT P appr ox.
20C to 40C. Bgﬁﬁu@ﬁﬁé@gﬂ%ﬂﬁ:e{ﬂgﬁ)ﬁﬁﬁhéﬁéﬂﬁ%é Ganffd BAY/or igthPlehe tAsmirr s,

particul arly appr ox. ours. "The liquor ratio wused during the
extracti on PAncerdirgfecean echmdimenhpisfeired Bppheinventigntas aonBRIexiGeMRASRBED

PAGE [Ni{tris(2-aminoethyl)amine (OH)], described in the following as "nitren”, is used,

20  while "tren" designates the ligands tris(2-aminoethyl)amine.

The concentration of the complex compound in aqueous solution is preferably in
the range of approx. 0.1 to 10, in particular approx. 1 to 3 % by weight. if the
value falls below 0.1 % by weight, no lenger can be soluble complexes of the
25 hemicellulose formed. If a concentration of the complex compound in the
aqueous solution exceeds 10 % by weight, a marked dissolving of the cellulose

may already occur, what is undesirable.

The extraction can be carried out in one or several stages, carried out preferably
30 in counter-current. The temperature during the extraction is preferably in the
range of approx. 0°C to 90°C, particularly approx. 10°C to 80°C and most
particularly preferred approx. 20°C to 40°C. The duration of the extraction is
approx. 5 min to 16 hours, particularty approx. 15 min to 2 hours. The liquor ratio

used during the extraction in a preferred embodiment is approx. 1:3 to 1:30, in

AMENDED PAGE



4a* 3 1'OCT 2003 particular approx. 1:5 to 1:20, while within the scope of
the invention under "liquor ratio" the ratio of the

~hemi cel | ul ose-contai ni ng bi omass (i n kg) b the aqueous séﬂduﬂdmmof t he

. conpl ex conpound (in L) is understood. The pH value during the extraction

[ f bly 10.to 14 Al
10 O7 2003 wHECrekn hane etd e BRRhitte ekdo i ks Shoe) Ao e
of the reactdiRn thavrdty Bhﬁwecl‘?émlc%ﬁul‘é%%ﬁm:wm@rtﬁoﬁ\%@@(lﬁt@ t@ﬁfﬁ@éﬁ@é&ﬁs in
step b) fromthe renaining biomass nodified by the method. The separation

is carried eolutiopoéties abimpldycdimpoend fndgsesndastesthiine piHeapi dgingtieon of
the expressed bio t he. net hod adherlng resi dues
of the conp?é@?@@'orh'érﬁ@%rggiyo&? 1‘{3% P gr aﬁ’%’%pﬁ%?l ately subjected to
one or veral washing stages. The washing is preferably carried out with
wat er and/ or an aqueous solution of a diluted acid, |ike acetic acid, a
conplex fornmer for the transition netal, like tris(2-am noethyl)am ne,
and/ or ethanol am ne, NaCH or ammonia. 10 WAshing with an aqueous sol ution
of amonia with a concentration of approx. 0.5 to 3 % in particular
approx. 1 % has proved itself as particularly advantageous. To achi eve an
even nore effective purification of the biomass nodified by the nethod,
the washing step nay be carried out also in the formof a Soxhlet
extraction, for exanple with an approx. 0.5 to 3 % acetic acid. The pulp 15
obtained thus can be directly used or further processed in the conventional
manner, for exanple by derivatisation. By |owering the pH value to bel ow
10, in particular to approx. 5 to 3, the hemcelluloses can be
precipitated fromthe separated solution of the conplexed 20

hem cel |l ul oses. Due to the lowering of the pH value the O at conpl exes
formed becone unstable, resulting in the precipitation of the

hem cel |l ul oses. After the precipitation the hem cellul oses can be |solated
by, for exanple, filtration, and subsequently possibly washed once or
several tinmes. 25 Subject matter of the invention is 21SO t he bi omass
nodi fi ed by the nmethod and obtained by separating the hem cell ul oses, that
is characterised by a | ow residua

AMENDED PAGE



contents -of the hem celluloses. The nodified bionmass obtained in this

manner preferably has a residual contents of hemcellul oses of |ess than

~approx. 8 particularly less than approx.54 % 30 This iwept ppp further

concerns al so hem cel | ul oses obtainable by the nethod according to the

I nvention, xylan or gal actomannan, for exa A parti.cul arl I n erestl ng
nﬁ%ﬁp féﬁ/%

product t haThe sopmiemﬁ hewmicellulnsest piggenhs &%’Pf‘lhyo‘é!@'s!e O
Pol yreri ¢ xylan LS o BACLLGULAG) eSSl g TR B! ﬁ%@%?y{rﬁﬁpﬂn@ cal

i ndustry. 6 as’‘raw na e production

of xylan po}éh%'ilnmyabi%n(a%%r\haamed dyahy seéthbat Be séydratiopds yauiedrate has a
diverse activity spectrum that is conparable with tHat of hepar.in: The

cont i nuousl| preffeabtdnby rﬁgedamﬁasdfo enalble the puyficaipnsefd g@gcpﬁ%ﬁﬁgﬁt inass,
tisfied b I b
T e L A

antithr O”boﬁéﬁllc?&%'lﬁsesafﬁé BRAtEsAS appiopriatéle sLibjeetddnty aie bhse\tﬂrabdashlﬁat
contents, against arthrosis, as inmuno-stinulant (anti-AlDS, anti - umour)

and in furslegesphaemasiing spreiarabbicasniedad] Wi Wﬁ angd/phAN AJUERYS

i ndi cat ed
' sacort ( PCtRHc: A Flles 20Y Miiredpagive ppRg fofrher fEHREWGRSIED)
Ther ef ore i ind18€ ARBSiPArBMSetHyaniine, artéon ethbhol osipe, Nalﬁaﬂocamra@masm at ed

accordlngtothe i nvention, are of I nterest for indus
appl i catd onWasking wikran aguepus W'B@%Bﬁ%m ?‘t%? ?‘%f‘é“f&il Oef%pgﬁoﬁf step

b) of th t.hpd Q{Hseé}b ; S t al
|I)kg ni cEeIrrB 4]@%3:35?3”%5&'{'&@%{?3%@93% ue o §Ie_£|tg%l|ﬂ§steﬂ;( cor!r?)%)ﬁﬂdneagsZs
into the pr QQVtha@Fed?] bt @@&B&vemnb\ferﬁuioréayféeﬁwermi isationnfl hehlglomass

h |1 ul I'f the cont S 1n.the produc

fransi t1on madified 5y o miGRs e wexius) FERTReY b huied Pyt ARG theorh s =
possibl e togr ?ﬂ%%x’irﬁbﬁor@yw‘@%'ﬂnﬁ% Witk AfTapbfGRI0TB IS 3% efeetit @ci. (TdEIEI pupl e

| evel. In 20 Ssonme cases it be an advantage if the bi onass, Lfled by
the nett®d abthined thaisedrh betsgvrepﬁxeuaed ﬁb@ﬁ@é@ﬁ@ﬁ@ﬁ@epd”ﬁmﬁc?ﬂmﬂ% has a

contents of the t anS|t| estlon bel ow approx. 100 ppm
particul arl WEIJHT%V\;CHE&P&PQPM Gteggﬁl' g‘t can be achieved, for exanple, by

appropriate washing. 25 The econom ¢ consi deration of the met hod accordi ng

to the invention | eads altogether to very positive resu g econony
stens from BydomgsingithareH Mé'”eﬁ@r?ie!%‘f 184 Ipeticylailoapper %rr%?%i‘ in the

solution, can be FABELLEY Wi drBOHhated from the separated solution of the complexed
20 hemicelluloses. Due to the lowering of the pH value the Olat complexes formed
become unstable, resulting in the precipitation of the hemicelluloses. After the
precipitation the hemicelluloses can be isolated by, for example, filtration, and

subsequently possibly washed once or several times.

25  Subject matter of the invention is also the biomass modified by the method and
obtained by separating the hemicelluloses, that is characterised by a low residual
contents of the hemicelluloses. The modified biomass obtained in this manner
preferably has a residual contents of hemicelluloses of less than approx. 8 %,
particularly less than approx. 4 %.

30
This invention further concerns also hemicelluloses obtainable by the method

according to the invention, xylan or galactomannan, for example. A particularly
interesting product that is present when isolating the hemicelluloses, is xylan.

Polymeric xylan is in particularly great demand by the pharmaceutical industry.



great expense fromthe biomass by sinple steps of the nethod. Fromthe

poi nt of econonics it is a particular advantage when the separ at ed

hemi cel | ul oses 30 precipitate particularl§ in the form of 3:d803and
mannans and thus represent a valuable by-product. Therefore the nethod
proves to be particularly effective for paper pulps with hi glh 'g‘ro%(a):q_tion
of xylan, |Xiandsiuakyms rau matedil fdyithe foreesion)of xykeorPad gle(pentes
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f eas
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t he met hod according to the invention i eToJ1s| i I ng
t ot al procewheﬂﬂh’@%lﬁ‘a@sg 'Q%qut?tni e%'%geﬁ&agggwgﬂég@w%ée%g ?étﬁﬁi ed in
a first stage (eAYAN-SEREAPFiBRARE, Thrdmbosit® Kishieod®, Rathaquindi, rect | y
foll oned 15 5‘-} tﬁe met hod_ggaccordlgg to the invenftion as a se%ﬁ,nd sﬁ\ggﬁ‘.e By
combi nity t BARTQEHEN MIEIE, &eirgp” ene otershyereiore t besames; WYLTYS
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heri cel | ul ofR&rextforifdasirial 8PplicBiba. means that | osses of yield can be

avoi ded and a | ower cellul ose deconposition is achievable 20 by conbining
the two nethods. The technical teaching according to the invention is

further illysgr | Law cFtdias beaf feometmd ivhi | e
the inventi Aﬁ’i@%ﬁ?étp{ ﬁ?%&%%@%ﬂ%gg;ég@%%@xpI a??leg. Rat her do
f ur t her4s ef e ragidsaidriiemtstdi¢he trepsition metals2like eigkel iy e¥pmale Halk¥t i on

2roT heviinbue e aRaiaihseBs 08 BelerHifued bties phaed
accor gisngs 1§ thBGnkhsanEhathé ﬂbnﬁélﬁluwsbéaﬁth@bom‘bntsembekaazdu:tﬁ@gfme(-)m t he
method of the transition metal is too high for a desirable further processing, it is
possible to reduce this by washing and/or treatment steps to a desirable level. In
20 some cases it may be an advantage if the biomass, modified by the method and
obtainable by the method according to the invention, has a contents of the
transition metal in question below approx. 100 ppm, particularly below approx. 10

ppm, what can be achieved, for example, by appropriate washing.

295  The economic consideration of the method according to the invention leads
altogether to very positive results. The economy stems from the fact that the
hemicelluloses, present complexed in the solution, can be separated without
great expense from the biomass by simple steps of the method. From the point of
economics it is a particular advantage when the separated hemicelluloses

30 precipitate particularly in the form of xylans and mannans and thus represent a
valuable by-product. Therefore the method proves to be particularly effective for
paper pulps with a high proportion of xylan, like eucalypt pulp (Celibi of Bacell),

for example.
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di hydri c al dee@npositiPRe sugar al cohols, for exanple. The conplex formation
of nitren with hemcelluloses is illustrated in reaction (2) in the exanple
of xylan. 20 Due to the conplex-formng properties the nitren is in the
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purification or drying can be dispensed with. Furthermore, the normally employed
pH exchange to disintegrate the hemicelluloses can be omitted. This means that
losses of yield can be avoided and a lower cellulose decomposition is achievable

20 by combining the two methods.

The technical teaching according to the invention is further illustrated in the
following based of the attached figures, while the invention is not limited to the
embodiments explained. Rather do further refinements within the scope of the

25  teaching of the invention become familiar to the person skilled in the art. The

figures show in:

Fig.1 - the chemical formula of a complex compound that can be used according
to the invention for the extraction of hemicelluloses from the biomass as

30 well as their reaction of formation and reaction according to the invention;

Fig.2 - a schematic illustration of a preferred embodiment of the method

according to the invention;



water. Afterwards the extracted pulp, nodified by the nethod and possibly

after drying, can be further processed, for exanple, by derivatisation.

"The blue filtered 9 31 OCT 2003 matter i Sreacted with aiip%’[m cid, due
o IS

to which the pH value changes from13 to 10. By virtue he

addi ng NaGHF g airiebiean Sf 1§ TERBUBH P PkF LD E BT Ie Ep TR OPR 2Bt 57 e
extracting agent _gS.r n n into the 5 circuit. The
descri bed regul ata\f%rﬁ Vgﬁgyﬁé?at@ggncggﬁ%ﬁggh@?@gfrhlré?'egﬁgut via an ion

exchanger. Thus, for exanple, the concentration of salts in the extraction
circuit would be avoided, what could inpair the properties

extraction bigeht 2 diagrafaehthegesisiua) icke ‘?’Ptﬁr‘n@)‘@lapi {frtvﬁgog%ﬁfa:&?gaotfi on of
the pulp, can be c%}ﬁ trated via an evaporator and returned to the
circuit?® Thus the'THEWcals used in this version of the invention are

sodi um hydr oxi de, acids or ion exchanger, while they are used altogether

in considerably smaller quantities than in the kno | i extraction
met hods. 15FBakebows an exageisRf@ @@PWM&%WQ?OE% %E‘fé hﬁl%fni ckel

contents of ﬂ%ﬁﬁ%@b’;"%}eﬁgﬁw%e ﬁ‘éHié#}l@ﬁ%ea&ﬁ{té‘ihﬁlgi BloR@e e aabringvd fiepleg of

vari ous was steps. I nvention has shown that it could be
an advant agmd ettt apcordingl tp the du@ntioheln thisstaseaonecoedls Wit acopiiination

transition nmetal fromthe conpl ex und used. . Th | Ladis: Lhle to
renove the sempeHNddeng @dEansian Wg%‘l%pa B?lyaﬁrqtgbepP@%ﬁ%ﬁfdghtﬂgﬁﬁﬁéh\?ﬁ th,
for exanple iR hi trockel. Adverdingnsithis examplathe can be
mar kedl y regacg@%ﬁgpel%ﬁfﬁg)%ﬁhﬁ%gv%?ﬁ r(ﬁﬁcilﬁéut ed ;cli gs Ili_ ke ggit i (;l aci d.

Thus, af t er pekpentte miregeri-torainiag igand is tas<opnigoebybamine 8rd 5180910 o

b mass and a nickel, t W37 ' ; t ' I
cgnt ents cagyB%a‘lét?ip'@g&ﬂbﬁgg%géeedagﬁ (‘é%;(%ufae eg{hrygghi@%mv)\?t1hhﬁaﬂ‘%§égt ic
acid to 0.0g¢§ I&./R@a&iﬁnt(h'{/‘reﬂrééétﬂs tsakemationad@Vi(iris(2- a counter-current
wash can al so be carried ou [ [

t th ff f > [
D I N R DR CE R T X
\7\3: EL' (r)gl g;§$l-ltj llf{tgfﬁ% ofsé)pcgrgm Y X1 fige cér?npfeji%% felgfVelpsEDbI®OIgoNsi der ed,

complexes with dihydric alcohols, like sugar alcohols, for example. The complex

formation of nitren with hemicelluloses is illustrated in reaction (2) in the example

of xylan.

20
Due to the complex-forming properties the nitren is in the position to dissolve the

polysaccharides. The concentration of the nitren required for this depends from
the structure, i.e., inter alia, from the sugar building blocks, the coupling, the
length of the chain and the molecular weight of the polysaccharides. The

25  concentration of the complex compound in agueous solution is advantageously in

the range of approx. 0.1 to 10 % by weight.

Fig.2 shows a simplified diagram of a preferred embodiment of the method
according to the invention. In this case according to step a) the pulp to be

a0  extracted is reacted with the complex compound [Ni(tren)(OH)2] ("nitren") in a
diluted aqueous 1-4 % solution and intensively mixed for some time. According to
step b) it is filtered, washed with a 0.4 % sodium hydroxide and afterwards with
water. Afterwards the extracted pulp, medified by the method and possibly after

drying, can be further processed, for example, by derivatisation. The blue filtered
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wh |l | bl | i f d.
Thus washi ndneidaschbed Eeuladen et Fpsieio b ab BIHEKFIg B ehEng et °
ef f ect . Thegﬁ[’% @' 22 Pﬁp‘i’e{ tﬁ@%oﬂb rlﬂ?étldneéf%‘é% ifh SR extf StionedheR veoulk pean,
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nost efT[ect I%@s, OWF'BQF‘?@BS‘BQ %'B% Ptﬁ?tpy Ryeea e? e&tn%?\%é&a al %
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regard to tR condi t1ons shows a surprising
flexibilitypdgagsonpared with the met hod according to the
state-of-the-art outlined in the introduction. Nunerous pul ps can 30 be
used as1®nitial materials, nmaking a sinple access to dissolving pul ps

possi bl e v BORREEs v the pulp or th
cost - ef f ect ﬁ?@%g‘; r| Q%.%Sﬁf@‘?@b%g&%gg@e r%&ﬁﬂbo‘éré@exanpl e. Thepup%Erer epuI p

| eads to a kiefhlogeadetatdiirs aod:mdagcmmtp the varipus washinodeeatmess stepgs T
subj ected t Cl)n\?enrtl%ﬂul'?atsl s?hnov\?r]; thatet could be an advantage to appropriately reduce the
residual contents of the transition metal from the complex compound used. Thus
20 itis possible to remove the nitren residues from the pulp by an appropriate
washing with, for example, water. The remaining contents of the transition metal
can be markedly reduced by further washing with diluted acids, like acetic acid.
Thus, after expressing a filter cake with a solids contents of approx. 40 % by
mass and a nickel contents of 0.37 g Ni/kg of wet pulp, the nicke! contents can be
25 clearly reduced by Soxhlet extraction with 1 % acetic acid to 0.029 g Nikg of the

filter cake.

In addition, a counter-current wash can also be carried out to increase the
effectiveness of the washing process.

30
The adding of suitable displacing ligands, iike an ammonia solution or diluted

sodium hydroxide, to the wash may also be considered, which release the

complex compound and the polysaccharide from the Olat complex.
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example, xylan, increases for a 1 % solution each with the sequence: ethanol

20 amine < NaOH < ammonia < tris-(2-aminoethyl). As anticipated, the post-
treatment of a nickel-containing xylan precipitation with nitren in excess is the
most effective. There is also the possibility of the treatment with a 1 % ammonia
solution, what is particularly advantageous since due to its volatility the ammonia

can easily be expelled and separated from the strongly alkaline nitren solution.

25
The advantages associated with the invention are manifold: Thus the method

according to the invention with regard to the quantitative and qualitative
conditions shows a surprising flexibility when compared with the method
according to the state-of-the-art outlined in the introduction. Numerous pulps can
30 be used as initial materials, making a simple access to dissolving pulps possible
by removing the hemicelluloses. One can commence with cost-effective raw
materials, like paper pulp, for example. The paper pulp leads to a high-grade
dissolving pulp, in which the cellulose was not subjected to a reduction of the DP

by hydrolytic or oxidative decomposition. Consequently, a sufficiently selective
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per manganat uned dration of 1g of pulp.
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15  An essential advantage of the method according to the invention is that apart
from the simple execution in a few steps at room temperature or even by cooling,
the extracting agent can be reused by, for example, employing steam
recompression or diaphragm separation, s0 that an economical management in
the circulation is possible. By recovering the complex compound, its loss per

20  process cycle can be adjusted to less than approx. 2 %, so that the cost of the
chemicals remain low. Due to this the use of the method according to the

invention is feasible on an industrial scale.

After the separation of the solution containing the complexed hemicelluloses from
25  the extracted biomass, modified by the method, the hemicelluloses in the form of,
for example, xylans or galactomannans, can be isolated by precipitation almost
quantitatively in polymeric form and thus further processed to a final product and
used commercially. The hemicelluloses represent valuable by-products of the

method according to the invention and are in great demand, for example, in

30 pharmaceutics.

It is a further possibility to reduce, if necessary, the contents of the transition

metals in the products obftainable by the method to a desirable level by
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ethanol amine extraction and can consequently be particularly advantageously
coupled with that method. By virtue of this steps of the method can be dispensed

with since a direct further processing is possible.

10  Due to the high efficiency, the low energy requirement and the possibility of
recovering, almost completely, the complex compound used, the method
according to the invention is very economical and environmentally friendly at the

same time.

15  In the following the invention is explained in detail based on examples, that
should not limit the teaching according to the invention. Within the scope of the
disclosure according to the invention further embodiments are obvious to the

person skilled in the art.

20 Examples:
The x (kappa) number (lignin contents) stated in the following was carried out

based on the determination according to Zellcheming Pamphlet tV/37/80. In this
conjunction the titration was carried out with 0.1 n potassium permanganate
solution (3.161 g/L). The quantity inmL of 0.1 n potassium permanganate

25  solution consumed for the hydration of 1g of pulp corresponds to the k number.
The lignin contents (in % of the pulp) can be estimated from the k number by

multiplying with 0.15.

Example 1:
30 Composition of the initial pulps

Paper pulps of various manufacturers have been selected for the experiments as

initial substances. They differ with regard to the raw materials (types of timber)




(after washed b water, ruffled Thus the selected pul ps represent a w de

sel ection of paper pulp types with variaous a-cellulose contents (approx.
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deconposi ti &Chf the celll ul ose t — Suehta—t+eatrent—ot—putp—ty
under the conditions described is therefore extrenely di sadvantageous. 20
Conpar at i ve *eneagired2in theipiimskeetat i on under aci dic conditions The

exper i nent s i Macidichlotyetbbysiestratt hem cel | ul ose were carried out both
with 25 gl @icl -viowextrasnditid sbdivethpdrekide (aeedIN154355)The tr eat ment

| ast ed 20- 13ppi ny)eschd fréspeeimuresryadhldihel40C. The heni cel | ul oses did
not deconpose sel ectively enough according to this method of
disintegration either. A clearer reduction of the viscosity is already

noted, that can be explained with a conpjggrebl e deconposition of the
cel lulose. This deconpeshiion Qhohilfafe ierBéiﬁoﬁ akae iRltaR¢ Bulps

es

Glucose | Mannose | Xylose | Residue
% % % %
Spruce sulphite 85.74 6.96 7.72 0
ECF
Eucalypt sulphate 80.57 0 18.65 0
ECF

The values are average values of three individual determinations.

Table 3
Metal contents of the initial pulps

Ca | Mg | Mn | FE | Cu
ppm | ppm | ppm | ppm | ppm
Spruce sulphite 98 [ 352 |10 [346| 06
ECF
Eucalypt sulphate 129 | 74 {03 | 48 | 06
Eucalypt sulphate 136 | 49 | 0.3 | 49 | 11
(after washed by water)
Eucalypt sulphate 143 | 26 | 04 |16.9| 4.4
(after washed by water, ruffled)

Thus the selected pulps répresent a wide selection of paper pulp types with

various a-cellulose contents (approx. 80 to 89 %) with various compositions of the



30 partly with a deterioration of the whiteness. The results are
illustrated in Table 4. 15 31 OCT 2003 Table 4 Disintegration of eucal ypt
sul phat e paper pul p under acidic conditi dds Treatnent Tend.1 0C#0di el d rt
R18Whi t eness Cmi n%Jg Untreated--9209591.7 1 % acetic

aci d1402098. 643092.588.6 1 % acetic aci d1404094%h3l_§§§1 386. % acetic

aci d1408095hemessvlass. (xYiendcioal9 Vh.neaanami tod e 269, fgﬂthe%? 8

Vi negar 1404 a tion

W th steam g%’éeg@ﬁgﬁfrnggl?%eﬁh%Eﬁﬂagﬁ?{b}t{ﬁ’aé, Egmﬁs%nes@rﬁ?%%!ﬁﬁw;c% E%t raction
of the pul pparticutatyeid thefslrrusttﬂamf tHeDleavesand fibseayiid adsithia) tignirecademtal(vse
contents of approx. above % are_achj eved, buﬁ even with this treatnent

t he renoval ﬂémb@éhﬁ%@{qmﬁso@@ém@b%ﬁ“ obihedirapieriuleefcti ve or even conplete
in the case of any of the pulp specimen. Exanple 2: 15 Single-stage
extraction of eucalypt pulp The suitability of the nmethod according to the
i nvention f@ariaugpathecseparfaliowed tmfrthdﬂpmcmeltlbuIotbsle&ofwmgmula\/f,rqo‘nlpppﬂas

i nvestigated in the exanple of the extraction o,?lw euc Wt pul ’5) HSI ng
nitren. ThePE®: FURONGTH m%s%a"rerﬁhécﬁ%?ft'c gistriegradonah ey ST BAHYSt r oom
tenperature ATy L t Sk wn in Table
5. 25 Tabl eagﬁg ?eésg\{dgli ggg)b?ﬁcz%é&vgndrggd%%i@g ({/pt péjo'%pl)%vf?ﬁlﬂg 3 %nitren

sol uti or at hecmmlluloses ln the following some possibilities are described based on

comparative examples.

Comparative example 1:

Hydrolytic disintegration

10
For the hydrolysis without acidic or basic additives a steam treatment was carried
out at 140°C (p=3.6 - 3.7 bar) with treatment times of 20-80 minutes on eucalypt
pulp as an example. The R18 value (18 % sodium hydroxide; see DIN 54355)
was reduced on this occasion from approx. 95 % to 91.5 %, and the viscosity,

15  that is directly proportional to DP, from 920 to 370 mL/g. The comparison with the
analyses of the initial pulp with approx. 80 % a-cellulose contents shows that
under these conditions no selective decomposition of the hemicelluloses and a
significant decomposition of the cellulose takes place. Such a treatment of pulp
types under the conditions described is therefore extremely disadvantageous.

20

Comparative example 2:

Disintegration under acidic conditions

The experiments of acidic hydrolysis of hemicellulose were carried out both with
25 glacial vinegar and diluted acetic acid (1 %). The treatment lasted 20-120 minutes
at temperatures of 40-140°C. The hemicelluloses did not decompose selectively
enough according to this method of disintegration either. A clearer reduction of
the viscosity is already noted, that can be explained with a considerable
decomposition of the ceHﬁlose. This decomposition of the cellulose takes place

30 partly with a deterioration of the whiteness. The results are illustrated in Table 4.



tenperature Period of treatnenta-cellul ose contents %nil80.57 30 min92.11
16 h92.80 The results shown in Table 5 clearly show, that by extracting
with nitren an efficient separation of t'®e heni cel | ul oses | emﬁl eved
whil e producing a pulp with 16 31 0 CT 2003 a hi gh a-col | S1O8E Wncent. 1t
has been further shown, that in the ca(s)le bgf the eucalypt pulp used a

prol ongation of the period of extracti P ?/ér 30 m n,does  not ring any
advant age wit h iPisintagretien ok eecalypi sldppRlE RARS AR YA CC C8H9fPASand 16
hours) practically no difference can be observed between the a-cellulose 5
contents achi eved}| wiTreatrhentdi f|fesrepi | Ente p¥teldn peri| &8 | YWetengsaes
obtained fluctuate wthin thg etCor| nsnge & {hd/gethod| It is, however,
to be noted that [WRgBafedl Ng Al ates pf _pul p (of gzughbs ¢omaiut ed pul p)
approx. 1 to 2 houys, grgyc DERSSSHY [ 030 3] UBld PraByeion iy arg gvell ing of

the Condi 1 ons. et vaaeieaBo AL D CL LTSS 1T Be £ e

Srreo—1To— G Tt 1 I U1 I d.ered. |n
a direct conparis h “afcetic agid |nit4nl LY, b ;gi!'! 3 ﬁ%glo\‘;l?\:cog tfes—hi gher
than those in theGlanialenessrdul 80coul4P hb98che B | 984 ¢ cAl8 be
expl ai ned for enos} Glacidlivinegaxt|r acdd on 49 t R8."hed@®!!I89 dses B kanpl e 3:
Si ngl e- and two-stage extraction of eucal ypt pul p For purposes of
conparisen, in addition to the single-stage nitren extraction a 20
t wo- st age niddﬁé#,@gﬁégﬁﬂ@ aas also carried under the sane conditions as
in Exanple™Z ul'ts are shown in Table 6. Table 6 Limt viscosities
of eucal ypt Atkalinevéstractind witht $team and aeid tteadmenbnt 25 Eucal ypt

pul pViscosity (Cuen)* nL/g Untreated840 Single-stage nitren extracti on905

Although by a downstream connected extraction of the pulps, treated with steam
10 or acid, somewhat higher a-cellulose contents of approx. above 80 % are
achieved, but even with this treatment the removal of hemicelluloses is not

adequately selective or even complete in the case of any of the pulp specimen.

Example 2:
15  Single-stage extraction of eucalypt pulp

The suitability of the method according to the invention for a gentle separation of
hemicelluloses from raw pulp was investigated in the example of the extraction
from eucalypt pulp, using nitren. The extraction is carried out with a 3 % nitren

20  solution at room temperature over various periods of time. The results are shown

in Table 5.
Table 5 _
Single-stage extraction of eucalypt pulp with a 3 % nitren solution at room
25 temperature
Period of treatment | a-cellulose contents %

nil 80.57

30 min 92.11

16 h 92.80

The results shown in Table 5 clearly show, that by extracting with nitren an

efficient separation of the hemicelluloses is achieved while producing a pulp with



Two- stage nitren extraction970 *Cuen (see DI N 54270) The above viscosity
val ues show that no cellul ose deconposition takes place at 30 any of the
extractions. Exanple 4: Two-stage extracflBon of eucal ypt3p@ICH 2603d spruce
sul phite pulp 17 310 CT 2003 For the purposes of conparison in addition to

eucal ypt pup spruce sul phite I P I '

EI' \r/]vo-stagfa eatmmar@iluwsgwcm@%tﬁwaﬁghﬁ%% g\f/t ?r},\g?sp"?'&*tstgﬁﬂg‘ib (ﬁ?ccﬁa%gé)ﬁ ﬂ?)eaof 1: 10
e results _are s 0 T . i ' ' r

ati o1 10) CAPERPLEP By S Bicorfgatisn B péfBIRr PRI I Jocst

d ucose Xyl aﬁﬁ%%prazﬁ@nageawwtmtmge;msamfﬂ?aﬁeﬁsws imvestigated a0 pratead

e O o a1t e, 22290 1330 Jved beieah Yl o SiBREL®
5 contents achieved with the different extraction periods. The values obtained
fluctuate within the error range of the method. It is, however, to be noted that
when using plates of pulp (or roughly comminuted pulp) approx. 1 to 2 hours are
necessary for a uniform wetting and swelling of the pulp, so that the extraction

periods extend accordingly.

10
Under the conditions mentioned no cellulose decomposition could be measured.
In a direct comparison after the nitren extraction limit viscosities higher than those
in the untreated pulp could be measured. This could be explained foremost by the
extraction of the hemicelluloses.

15

Example 3:
Single- and two-stage extraction of eucalypt pulp

For purposes of comparison, in addition to the single-stage nitren extraction a
20 two-stage nitren extraction was also carried under the same conditions as in

Example 2. The results are shown in Table 6.

Table 6
Limit viscosities of eucalypt pulp with and without nitren treatment
25

Eucalypt pulp Viscosity (Cuen)" mL/g
Untreated 840
Single-stage nitren extraction 905
Two-stage nitren extraction 970

*Cuen (see DIN 54270)

The above viscosity values show that no cellulose decomposition takes place at

30 any of the exiractions.

Example 4: ‘
Two-stage extraction of eucalypt pulp and spruce sulphite pulp



Spr uce sul phite25295. 040. 464.50 The results with the spruce sulphite pulp
show that nitren | eaches preferably 10 x%l an fromthe paper pulps. The

t hus di ssol ved henicel | ul oses were al nost!'’quantitatively pidETdigat ed from
the nitren solution by |owering the pH value. The precipitati on comrenced

at pH 10 and was conplete at pH 4. According to the car %r ysi s

in the caseFpstiog P§TF}§§P§-C§108§'EP%'§PPé{b?gg'ho%ﬁgﬁpﬁ%lg?t R ggr?lgé Pg[i!ﬁe A

xyl an was obbained. ’ ; Bty &@Eddtien vilhea BrBiipéh abiution

obt ai ns fro&ﬁ%wﬁargs%l%sas%{ég}gd@éi‘@?xyal@éétn and approx. 15 % gl ucose. It

needs to be anetirgior ratat ot heOxYhanenbtsarastiownrintliabie fanner is free of the

ot herwi se usual brown colouring in the polynmeric form 20 Exanple 5:

Bal ance of nickel based on a single-stage extraction of pulp with

subsequepat washing steps. In the foll opyg 7pased on a tabul ated summary a

version of the net rdi : : ¥ ' i 59 hittesisat@sh in detail .
"B SRER SaftchdiddE P P3RS 4

Nitren was used as com un 2003 After the extraction it

was expr essed-and washed-tw-ce—wth—water—antd—on AL Y apRl Cj d.
Extracfi on |( si ng'?kélpstage fﬁﬂ? O()N@r 8vg,sl\/bi stur \etg-uéﬁy"%u o)é Fi ¢e In/ggégs X
lan 876.95 |65.215.0 g N trek sol @S0l utijon, fotal Nitrln, heasuffedN
measured 8692.73 9%.69 1| 23.75.8 Tot$iP9@@anti| used Liglior Nitrenhi
95623. 75. 8 [Fi | taucabgke C] Tar eNUntresteslur edNi |, | t AGb7 18.65 0
sulphate '
Eucalypt 0 2 94.81 5.07 0.12
sulphate
Eucalypt 25 2 96.13 3.76 0.11
sulphate
Spruce suiphite Untreated 85.74 7.72 6.96
Spruce sulphite 25 | 2 95.04 0.46 4.50

The results with the spruce sulphite pulp show that nitren leaches preferably

10 xylan from the paper pulps.

The thus dissolved hemicelluloses were almost quantitatively precipitated from
the nitren solution by lowering the pH value. The precipitation commenced at pH
10 and was complete at pH 4. According to the carbohydrate analysis in the case

15  of single-stage extraction an almost pure (approx. 98 %) xylan was obtained.
After the two-stage extraction the precipitation obtains from the extract approx. 85
% xylan and approx. 15 % glucose. It needs to be noted, that the xylan obtained
in this manner is free of the otherwise usual brown colouring in the polymeric
form.

20

Example 5:
Balance of nicke! based on a single-stage extraction of pulp with subsequent

washing steps.

In the following based on a tabulated suMmary a version of the method according

to the invention is illustrated in detail. Nitren was used as complex compound.



174.49. 68 g/ k-ql.67 18.00 9%®8, 80% Extract El TareLossNi, neasuredNi, total
76122.64.95 /1L3.88 79.60 9%.40 9%66.90 % Difference= - 0.25 g N = - 0.43 %
of the total anount of Ni used 1 washing 1840) Tot al anouﬁ)mlii@
corresponds to 96.9 % of the expressed fibrous nmaterial f aact
1.62 g N (sanple taking=0-05 N |oss Liquor 1000.1 g Filter cake G 167.1
g Water 833 AfErithe extragtionO? whsredires saslaangt washed twicalwittb&att. 3wl oridegditis 7
(15.59% 11.60% Fi,Jtrated .material WL TareLossNi, neasuredNi, total
.56 2654550

837.67.30.51 . 7%7. 40% Difference = - 0.52 g Nl = - 8.6 % of
the total amount of N used 19 2nd washing (H20) 31 O C T 2003 Total anount
used corresponds to 96. 4% of the expressed fibrous material fromthe 1"
wash (sanpl e Bxtkactipn &IAgke-gtage)l oss o 934/ of pulp Co Weight of sanple

Pulp Cq
Gross | Moisture | a-cellulose | Hemicelluloses (xylan)
87g | 6.95% 65.2 9 15.0¢g

Nitren solution

Solution, total | Nitren, measured | Ni, measured
869 g 2.73 % 6.69 g/l
23.79 58¢g

Total quantity used
Liquor | Nitren | Ni
9569 |23.7g|58¢g

Filter cake C,
Tare | Ni, measured | Nj, total
1744 g 068g/kg | 1.867g
18.00 % 28.80 %

Extract E1
Tare Loss | Ni, measured | Ni, total
761g | 22649 4.95 g/L 3.88 g
7960 % | 2.40 % 66.90 %

Difference= - 0.25 g Ni = - 0.43 % of the total amount of Ni used

1% washing (H.0)

Total amount used coresponds to 96.9 % of the expressed fibrous
material from extract = 1.62 g Ni
(sampie taking=0.05 g Ni loss

Liquor Filter cake C4 Water
1000.1 g 167.1g 833 g
Filter cake C,

Tare Ni, measured | Ni, total
155.2 g 4.34 g/kg 0.67g

(15.5 %) 11.60 %
Filtrated material W,
Tare Loss | Ni, measured | Ni, total
837.6¢g! 739 0.51 g/L 043¢
(83.7 %) | (0.7 %) 7.40 %

Difference = - 0.52 g Ni=- 8.6 % of the total amount of Ni used



894.5 g Filter cake C2 TareNi, neasuredN, total 147.92.490.37 (16.6%6. 40

% 745 g Filtrated material W2 TareLossNi, neasuredN, total 741.94.70.32

/L0.24 - $2.9 0/00.5 % 14. 15% 3rd washi ng180.5 % acetic acid) Total anount

used corresponds to 95.8 % of the expressed fibrous materia 10Ebii} he 20

wash = 0. 35 gm;\li (sample taking = 0.02 N loss) (89.5 %of pulp CO -Wight
er

of sanpl eFi | #erwaaRg Q) 9 acetic acid 847.7141.7 g706 Filter cake C4
TareNi, neasuredN, total 137.40.37 'k51 ng (16.29%0.80% Filtrated nateri al
WB TareLossNi , neasur edfbtal bicunt (94d 8SeRols 99648, Bhd Doreadeg!
(83.1%0. 7% 15.90% Di f f erence = + 0. Odborgs Mlteriz irom Bk B wikén @impleRngBSS Of Ni
used Filter cake C2 Waker 949 5 Thp=10925aNiEOB$'{QGQ4%ﬁfPLﬂﬁC@_k_ej_i_s_2. 2 % 20 31
OCT 2003 Patent clain WEIght of sample Filter cake Cz Water

894.5g 149.5¢g 7459

Filter cake Cs
Tare Ni, measured | Ni, total
1479 ¢ 249 g 0.37 g
(16.6 %) 6.40 %

Filtrated material W,
Tare 1 oss | Ni, measured | Ni, total
7419qg | 4749 0.32 g/L 0.24 g
(82.9 %) | (0.5 %) 4.15 %

3" washing (0.5 % acetic acid)

Total amount used corresponds to 95.8 % of the expressed
fibrous material from the 2™ wash = 0.35 g Ni
(sarmple taking = 0.02 g Ni loss) (89.5 % of pulp Cqg)

Weight of sampie | Filter cake C3 | 0.5 % acetic acid
847.7 g 141.7 g 706 g

Filter cake Cq4
Tare Ni, measured | Ni, {otal
1374 g 0.37 g/kg 51 mg
(16.2 %) 0.80 %

Filtrated material W,
Tare Loss | Ni, measured | Ni, total
7048qg | 55¢ 0.48 g/L 0.34g
(83.1 %) | (0.7 %) 5.90 %

Difference = + 0.04 g Ni = + 0.6 % of the mass of Ni used

The total loss of nickel is 2.2 %.



1." A‘nethod to separate hem cel |l ul oses from hem cel | ul ose-cont ai ni ng

bi omass, characterised by the follow ng speps: 5 a) extraction of the

hem cel | ul oses fromthe hem cel | ul ose-contai ni ng bi omass bﬁ i)r ting it
L1 0gh il

with a conpl ex conpound in aqueous sol ution thus forn ng
of the hem cellul oses, wherein in stepya@htafaigfy’p! ex conmpound a
coordi nati on conpound froma transition netal and a unidentate or
pol ydent at e ni trogen-contai ni ng and/ or oxygen-containing 10 |igands are

d, b ' h | d. hem cel | ul f he..bi . 2.
T R T e e e
hem cel | ul ose- coiraLidriRgd HyaAB$SIowkRg tepd; Met hod according to claim 2,

characterised in that a raw pulp is used that has been obtained by
del i gni f iTat i ona)oéxttaalicocd ithe hescallotasgs oy the bemipes/lulpseLoRAINGY ieMasdli ng

| ey 3 . ; . . |
|t roducod i s 1 PROSR BRI aderoak BERRLAR T aRutdl sqifon s MR
according to one @p|uplcitdmplextdt the hehsaiiddessafleidn imstepr)cdeadomplerpper ,

cadm um cobalt, palladiumand/or zinc is used as transition netal. 25 6. A
met hod accordi ng conpeeindfa everdimation conpount {rane adranséipr metal andza

pol ydentate nitrogen;c i ni | i s u - A0 to

cl aim 6, charact e?jpgdg@?%\%aqr%gm%\eg%&%Oéerﬂ-gfrgalln@aﬁhﬁ? LHQ&(%Eg&etgl%m t he
group comerising ligasdLagmsmet hyi ) am ne, ethyl ene diamne 30 and/or

di ethylene triamne. 8. A nethod according to at | east one of the preceding
cl ai ms, char act @) seradation of g complexes hewicedHasgn drom the biomass.

INi (tris(2-am noethyl)amne) (OH)21 is used. AMENDED PAGE 21 3 3 0 CT 2003
9. A nethod according to at |east one of the preceding clains,

charact eri sed.immethad attardingnipl aainc dngaraderisedintbatisave plip is msedaspr esent
in a concentratjon. of agprox.. 0. éb.to 10 % by weight, in particular approx.
1 to 3 % by wei gRTICERBUID§E-CRNAPKGPIYVESSdi ng to at | east one of the

precedi nggcl ai ns, characterised in that the extraction is carried out at a

tenperature of approx. 0C to 90C, ) ) ,
3. A method according to claim 2, characterised in that a raw pulp is used that

| e conpl ex

has been obtained by delignification of lignocellulose-containing biomass.

4. A method according to at least one of claims 1 to 3, characterised in that the

20 biomass is introduced in a finely comminuted, particularly ground, form.

5. A method according to one of claims 1 to 4, characterised in that nickel,

copper, cadmium, cobalt, palladium and/or zinc is used as transition metal.

25 6. A method according to one of claims 1 to 5, characterised in that a

polydentate nitrogen-containing ligand is used.

7. A method according to claim 8, characterised in that the polydentate ligand is
selected from the group comprising tris(2-aminoethyl)amine, ethylene diamine

30 and/or diethylene triamine.

8. A method according to at least one of the preceding claims, characterised in

that as complex compound [Ni(tris(2-aminoethyl)amine){(OH).] is used.

AMENDED PAGE
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parti-cul arly approx. 10C to 80C. 11. A method according to claim 10,

characterised in that the extraction is ¢ {ried 10 out at a tenperature of
approx. 20C to 40C. 12. A nethod accordi ng to at | east one i (0Ch&dgpr ecedi ng
clainms, characterised in that the extraction is carried out for approx. 5

mn to 16- hgu rotl ] : : ; t hod
accordi ng togajté\srpgg]g)td éoc%glr%\b b%{%gﬁ%r%égé'&? #g"{cﬁ gﬁetﬁg?%g@%zﬁ'g#?g@eﬁl%%hat
during the ext thstthercompleraompoahddn aquédss saotien of pagspnbin. a toScdmiraticdO,
in particular approx. 1:5 to 1:20 is selected 20 14. A nefhod accarding
to at |east on®f@PPidie Ot i 8i7nGYvvaiahts N eariiFder PP TitR 3 vhiy weldact i on
is carried out at a pH value of approx. 10 to 14, in particular approx. 13
to 14. 15. A nethod according to at | east one of the preceding clains,

char act ebi set.ifimelhod hatorting tocatpéastechehafthe préaddisg slaims, ceppactariedd im

step b) fromthe remaini ng biomass by filter presses. 16. h

according to athPldBeEAETRR I FrRITEd Sk al AEBPETalTE S HEIRESE. nar

t he bi omass, i 4¢s subjected to one or several 30
washi ng stagegw,&tfll\%ﬁ%légg%%@' gg‘d;ilwgog 2003 17. A nethod according to
claim 16, characterised in that the biomass, nodified by the nethod, for
the purpose of reduci ng the. nickel. contents ,is subjgcted t : i ith
wat er and suﬁs&} ?@/gﬁf?rﬁ'r@pﬁﬂw g@’i%%ﬂ‘&?[ﬂ?e@%ai&e ?%[I;?éyo‘?@g:laﬂﬁeed“

transitiyon met ut abai8mplrataidofa@ieRr Zh Mot 40°@. | east one of the preceding
clainms, characterised in that after separation fromthe biomass the

conpl exed hem cel lul oses are so treated that the hem cell ul oses

precipitate L, ' Ociedrahitid8d i
characteri se{c?‘%e@g?é?h%g%ﬁ@cﬁoﬁt]%%tgﬁeﬁﬁﬁﬁgrwggﬁﬁﬂ%&esr Fs lcécrir'rll ed
out by | oweri nghattaephttrastion is cardpy ook forkapipoox. min to 1@dours; wasticudaiy ox. 5
to 3. 20. A nethod according.to claim18 or 19, characterised in that after
t he approx. 15 min to 2 hours.
15
13. A method according to at least one of the preceding claims, characterised in
that during the extraction a liquor ratio in the range of approx. 1:3 to 1:30, in

particular approx. 1:5 to 1:20 is selected.

20  14. A method according to at least one of the preceding claims, characterised in
that extraction is carried out at a pH value of approx. 10 to 14, in particular

approx. 13 to 14.

15. A method according to at least one of the preceding claims, characterised in
25 that the complexed hemicelluloses are separated in step b) from the

remaining biomass by filter presses.

16. A method according to at least one of the preceding claims, characterised in
that the biomass, modified by the method, is subjected to one or several

30 washing stages.

AMENDED PAGE




15 preci pitation the henicellul oses are isolated. 21. A nethod according to
at | east one of the preceding clains, characterised in that the separated
hemi cel | ul oses to reduce the nickel contefés are subj ect edz :{ﬁ: mﬁ?{ashi ng

wi th an aqueous sol ution of ethanol am ne, NaOH ammoni a 20 AT

i s(2-ani i pe. 22 icel Lul bt ai,nahl ding to,
method at 1 enst M aRreOEnd b Em 18] ShiactErege 3 el 4is bRt mati g
bi omass with regitdeaheteal fiithefuissdCce Heabeigugﬁh@fnidk%%oﬁtéﬁfé is%QBfe@ih%ddt% %

in particular |less than approx. 4 % obtainablle according to a netho

accordi ng to ofewashipgevit) wilRy and subsequsoty\mithpiiDteplmed and/or complex
former for the transition metal.

18. A method according to at least one of the preceding claims, characterised in
that after separation from the biomass the complexed hemicelluloses are so

treated that the hemicelluloses precipitate from the solution.

10 19. A method according to claim 18, characterised in that the precipitation of the
hemicelluloses is carried out by lowering the pH value to approx. below 10, in

particular approx. 5 to 3.

20. A method according to clairh 18 or 19, characterised in that after the

156 precipitation the hemicelluloses are isolated.

21. A method according to at least one of the preceding claims, characterised in
that the separated hemicelluloses to reduce the nickel contents are subjected
to a washing with an aqueous solution of ethanol amine, NaOH ammonia

20 and/or tris(2-aminocethyl)amine.

22. Hemicelluloses obtainable according to a method at least according to one of

claims 1 to 21,

25  23. A modified biomass with residual content of hemicelluloses of less than
approx. 8 %, in particular less than approx. 4 %, obtainable according to a

method according to one of the claims 1 to 21.

30

AMENDED PAGE



