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Procesy For Clauining Low-Melevular Ligada (LML)

The prosent nvention relates 1o 8 provess By obtaining DML oo g Bgoocstiudosie material

by atkatine extraction and Hy conversion iate esin o plastics.

in connestion with the shoetage of wrude ol the renewable raw matorial Bgooceliulose (straw,

&

wond, paper wast, oie.) s becoming mare snd more important & a starting materdal for
chemicad produsts and fuels. Lignoeslinlose conststs of the ulirastructurally sross-dinked
polvirenie main components sellnlose, benneellnloss and bBgnin, which oflen constitute about

RE « 0% o the raw matesial,

The clegvage of the components present as pobymers and their bactionation e individual

srehuey streams as well as theiy Hurther provessing inte higher-value prodacts is the task of

oy

hiovefineeies of 2 binchomical plaifoem, The profimbility of sieh Morefineries depends largely
on wihich adsded value can be dravwn fron the produot streams. This is, i huen, heavily
influenced by the purity and the propoerties of the individual produet streanmg, sinee
downstream Bactonation processes van be difficult and costly. Henee, 8 process iy witich the

eleavage of the individast main componenis ocgurs as seleetively as possibie may be

considered as fdeal. For this porpose, 1 s advantagenus to place the step of extracting ML &

Lignin is gaindng very mineh i Seonontc importancs as 8 sulatitete for petrochemieally
produced sromates. B torn, the possible nses of the olttained Hguin are detenmined very nnch
by the chemical compoattion thereod, most netably, however, the molecudur welght {}f‘i;*m

~

obtatned Hgnin fraction. Depending on the manufbcturing process, Henins may exhiby highiy

RS

ditforent propertie

By means of the recently developed L

;. RFEEFEN s O ¢ : S rud it panes Mofeiadi Fiafrsad
Frocess, NWEO2008 The 27 Novdic Wood Biorgiinery Conference, Helsiaki, Fivdand

Septerber 24 2009, 187788 3 Heudn con be separated from the tiick Bgoor otfthe kealt
pulping and con be wed vommercially. In addition, tids brings relief for the recovery boiles

which allows & capachy noresse in the pulp willl The sulfate Hyoln acoruing thereby & pzﬁzﬁ‘.iy

»

highly comsdensed dus to repobymerization roaotions cosurting in the cowse of hotling,

furthermors containg appros. 2% of sulfar Tn the form of thiol groups and s excellently
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stitable for thermal withization. Hewever, fie range of applicay hemieal raw material

fs very Henited because of the soedl consed by the thiol groups. From the traditional selitte

srocess, Henosulfonates can be obtained, which way bo used In certain applications due to

their water solubitity. The selfur ventent is disadvamageous in both lgning.

$o pacticalar, however, sulfir-frer low-molscular Boudn fractions, prefiorably of & high degree

of puity, ave Iy demand for spphications in the manufhrcture of plastics and wsins,

Sulfur-free Hondns ariginate madaly from arganosoly processes, from soda pulping or from

bhigrefinery proCeEses,

Antong the methods nsed i blorelineries for the cleavage of lignoceliulose, alkaline methods
should be emphastesd specifically, the cleavage peinciple of which betog primanily the
vermoval of the Hgnin, The zm(ieﬂying chemical priscipls is alkaline hydrolysis by means of
which beth the bond between Hpuin and hemipeliulose and geetic acid bevnoethudose eatars

are cleaved.

Suek s method was deseribed In Avperines & Wang {1983}, Biotechnology and
Bioenginsering, Val XXV, 67-83. In US 4,393,343, ¢ method for the cloavage of
Hanocellnloss iy olaimed in greater detail, wheretn an extraction solution vonsisting of water,
hetween 40 and 75% of slecho! and a pHoof botween 11 and 14 ixused. In addition, M 18
evidont from the patent that the amount of released Hgnin will approach zeve i the ethanel
concentration s incroased o ap e 100%. Furthermore, it is desoribed that also the amount of
veleased sugars will approach zere if the aleohol concentration is radsed to 100%, The

moleontar weight of the Hgnios released in the provess is net deseribed.

Sweprisingly, it has been ghown in some studies with regard to alkaline cleavege with sthanel
that the sleavage parameters have s decisive impact not only on the amannt of the extragted
Signin, but also an the molecular weight thereal Especially by choosing the alechol
concentration in an saieons alkaline solution, LML van be obtained selectively from a
lignovelhdosie material, e, Rynovelinloses, or, respe ciively, the molecular stze ol the
extracted Hgdn can be influenced, whereby it has strprisingly become appavent that & sulfur
free LML produced o {lus manner is ;-sm‘f;:ii:ﬁ.iiai‘h-' sultable for being converted o vesin ov

prastics.
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In one axpect, the prosent invention provides & procesy for obiaining resti oy plastios using &
3 . oo X § R SRR ~ . -

Henooelintosic material, which process s charscturized tn that

2} a Henosellulosic matertal is treated with s agoeons exiraction solation eving & content

of & O.-aloohel, in partioule sthanol or fsopropanol, of from TO% vy 1o 830

pacticutay Trom TE vy 1o 855 iy, ata pHevalue of Som 12w B, wherehy a aqueoas
olution of owemolveular Hunde (LML 5 oblained which exhibits 2 rpean molsoniar
selght Mw of 20080 aod by, and

#1 the lowemoleoular Honby obtained according fo 8) 38 convertad into resin or plastios,

A provess which is provided by the present vention is heroin reftrred fo also as the “proe

aocarding to {of}) the prosent fnveution™,

For exaple, # has surprisingly been found that approximately 16% of the LML {hased onthe
fotal Honin) can be extracted from sheat straw in an agquents alooholic solubion at y
temperatire of 7000 and o pHevalue of approxtoately 13 slveady after 30 minutes, i the
gloohol content in the agueous solmtion anonnis o B0% viv, If the aleohol content i raised to
above R35% under the above conditions, the amount of exirgeted TME will decrease.

Surprisingly, G obtained lHgnin thereby oxhibits a very low-molecutar weight {Mw 1340 Ma

B507 with @ very naveow molenlar welpht distribotion (fd L3
bY

v

Pusthermore, it has been found that the extrscted components LML can be concontrated by
repeatedly recyoiing the sxtraction soliion outo & fresh Hgnovellulose substeate, the apent
caushie soda solution having been added proviously in cach case. Az shown in Example 2, the

amennt of lowsmolerular Renin surprisingly incregses Hneady fn the reeyeling sohation with

the 6 recyoling steps that have been shown and does not follow @ saturation carve, ag might

have beon expeoted, After & oyeles, the lignin contant coukd be intreased from L8 sl ©©

12.25 mg/ml. The number of extaction eyoles v be chosen freely doponding on the desired
final conperation and can be performed, for example, until saturation of the solvent with

LML,

Axs rosnlt of the successiul concenteation, a finel concentration of LML iz sclieved which

renders the sepamtion of the low-molecnlar lignin seonomically sustainable. Furthermore, the



synonnt of alvcoho! o be used, based on the totad mpount of trested blomass, v drastically

reduced by the reoveling

I o futhor aspeo, the present invention provides a prooess for olntaining ow-malecular

Hanin (LML) which exbibits o mean mrolecndar weight Mw of 2000 of less froma

Henoeelinlosic material, tn pasticalar Ranocellulose, wherein g Bgnocollulosto voaterial i3

freated with an aquecns extraction selution having a condent of a LUg-aloohod, partionday

ethanol o mnpmp&sxni of frora TO% wiv 1o 98%% wiv, In partioatar from 78% wiv 1o 88% vy,

ata pievaloe of from 12 to 14, wherehy a fiest aquecus solution of LML is obtained,
chavacterized 1n that the first squeous solution of LML I8 need to weat addittonad
Hgnoostiulosis material, in pasticudar Hisocelludose, in order to oldain o second squeous

solation i which the LML i3 soriched compared with the fivst squeows solution: wherein satd
socond agneous solution, i which the LML is coviched, (s optionally used to treat additionad
Henocellulostie wmaterial, i partioular Hgnocelhdose, dn arder to obtain further mpueous

sobutions in which the LML is envivhed compared with the second agueous solution;

amd 11y a further aspeat

a process for conpenirating Inw-nvelecular Hgain (LML) which exhibits a molecular woight

M of 2000 and less in a S8t sguecns solution widch is obtained by treating a Hgnoeellulosie

material with @ aquecus extraction solotion Saving a comtent of & Ureaicobol, in particular
ethanol or sopropanal, of fom T0% viv 1o 83% vy, in particudar from 75% viv to B3% v,

at a pHevalue of from 12 1o 14, characterized tn that said frst agueous solution s used for the

treatment of additional Henocelinlosic maserial in order to obtain futher aquecus sclutions

which the NLML is suriched compared with the first aqueous solution,

2 hardwood, soibsioad {ooniforous

As iig:mme}iuk}sia material, in particndar I

fresa), straw, bagasse o anvual aud porennial grasses have proved o be advartageous.

T a further aspect, the present fnvention provides a provess secording to the present trveion
whieh is characterized in that hardwood, softwoed, strav, hagasse or annual and perennial
grasses, in particular hardwond, stiaw, bagasse or annual and perennial grasses, is/fare used as

the lgnoestiulosic waterial,



s accovding to the pross invention exhibll & number of advantages compared with

known muethoda

rivon to known

The advastages of & method sccording to the present fvvertion o comps

methods include, for example,
the receipt of & high LML eoncentration in the aqueons alceholic sohution by which the
sepantion af LML s facilitated

« g lower need of extraction solutiow contpared with krows methods, which 1s associated
with the high LML concentration;
the separation of LML and high-molecudoy lHgstn (HML), which, 1 gene val, wonld
acvumniate jolathy n an exiraction selution scoording to the priveary
the faes that tess base (v, NaCH) needs to be added for fuether fractionation steps for the

selestive production of Heatn (ML) aad for recyeling the Hgnin solutions used in the

process compared with methods seconding to the prior art, siooe less base fs consumed for
saponification

~ the fact that fewer gmonnis of salts will secomudaie in further fraetionation steps Bocause
of the diminished nead of Nal3H;

< the faet that the Henin solution can thus be used for new amounts of straw and, as a mosult,

P

the conconteation of Hgaiy i solation can also be Inoressed and, respactively, the amouny

of soivents regquired in reladion o the sraw can be reduced;

3

the faut tha Yurther Bgainr o

action stops wre not disturbed by the presence of aciate
{aned other anionsy
o the faet thet LML does not have 1o be removed separately following a further Banin
sxtraction step in which HML acernues

. the provision of Migh-purity sulfue-free LML for the production of plastivs aud resins.

In a progess aceordiog to the prosent invention, it has been found that Tow- moteonla Hanin

which exhibity sn M (mean woleoulas weight) of 1300 10 1700 can be ublaised,

In u peocess socording to the present inveation, 3t has heon found that lowsmaoleuntar Higoin
which exhibits an My {mean moleontar number) of 1100 and less nig. less such ag, e an

M of from 800 to 1858, can be obained.
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In a furiher axpeet, the present irvention provides & process gecording 1o the present ivenion
which 8 characterized in that the ewemolesudar Rgsin obtained 1o a) exbibits an Mn of 1100

and losy

I a provess according to the present invention, i has been found that lowenleoular Rgnin
whiich exlibity a polydispersity of 2 sud o, o lose, suohag, e a polydispersity of from

1.3 10 LS, can be obiained.

n g further aspect, the present tnvention provides a provess according to the present fnvention

which ix characterized in that the lewemoleoular Bl obtained {2} exhibits & polvdisporsity

ot 2 and o,

{11 & process geeording to the present invention, ¥ bas been found that low-molsuuiar Hgnin

having & sugsr condent of 2% and lesy, e less, can be abtamed,

In a further aspest, the present invention provides @ method socording to the prosent Invesstion
which s characterized in that the lowanelecnlar lignin obiaived o g has 8 sugar content af

285 an fesa,

Deseription of the figures

Fig, 1 shows the e course of the Bandn concentration tn the exiretion solution at 7000 and
with difforenst ethunol coments, The minutes (i are thesty plotted on the x-axis. The bars
shonw the lgnin concentrstion i mg/mb o each case from the lefY to the right, with an ethanal
genceniration amounting respeotively to 409 wiv {13, 60% wiv {2}, B viv (3}, S0 wiv (4},

8% {8 wdv and 100% wiv B

Fig. 2 shows the increase o the Heade content imgfml g the extraction solution in case that

X

<

the sehution s being recveled. The manber of eyoles 1s thoreby plotied on the x-axis. Ascan
be seen in Fig, 2, the Bundn content in the extsaction solution surprisingly ncreases virlually

Hnearly with the numberof oycles.

In the following exampley, preforred smbodiments of the invention are deseribed i moe

¥

detail, All tomperatures are fodivated in “Celsiug,



M mean molsenlar woight {molecular weight sverage)
Ry rean molecuiar nomber (rolecnlar munbsr average)
HPRELD High Perlormange Sre BExchuston Cluvonstography
By polvdisporsity

Folvdispersity 13 3 measure of the width of 2 molar mass distribotion (MMY L The aeger 43,

the wider ts the MMV, with Q representing the fraction of Mw by Mo and N‘ui} favger than L

wroportional distribution of the melar mass of the contained moleendes.

Example 1
Thme course of the Hynin concentration in the extrection solution of 7690 and with
different othann! conlonts

1) ¢ of shredded wheat straw was suspended in g 300 mb reaction vesse! in 200 mb (3%
sedids content of & selution prehested to TC and consisting o waterfethanol ot diffsrem
ratios {4094, A0%, RO, 00%;, 93%, 10 BiOH  and 88 g K

a‘:{‘\,ﬁi‘in.zgarmsi}" siiveed magretically of 200 rpen and TONC for 10, 20 o 30 nuntes. Thereupan

a0H, The suspension was

the solids content was separated by Glivation. The hignin content of the solution was measured

ixhﬂwn\en ioally at 280wy e = 194 L g7 om 'y, and the moleeular weight of the dissolved

fignin was fiﬁ:m:‘i‘nme{i vist an alkabing HPFSEC systom (TRKGGRHOPW, TREGAMIGPW, TRk
CAODPW, Tosoh) with UV detention. &s an be seen in g L most of the Hgnin will be

dissolved during the surveyed e poddod of M) minutes of ethanol concentrations of hetwen

% and 80%, With higher sthanol concentrativns, the yvivld decreanes drastically,

By studving the molecular weights of said fractions, 3t becores svident that, with sthanol
contents of 405 and 609 1 the oxtrpetion selution, the nwlecular weight and the
solvdispersty of the extracted Heantn are very shnilar, but that swprisingly an LML of low
volvdispersity will be diseodved starting fron 80% EtOH In the extraction sphation. This
bepomes evident from Fig 2

Y

v the following Table 1, the molecular welght distribution of the Hgnins extracted at different

i5
e g

cthannl concentrations (T = 27, 1= 30 mun) is dlusirated



toig

L0
JEGG LG
et 8540

G B 1 1330 €58

Example 2
Reoycling of the LML solutivn

pevs
3

I this trial, 3t i3 10 be shown that the LML sxteaction solution cwt be repyeled for furthey
sxipactions.

By "

HE g oof shredded wheat straw was suspended in g 300 mb reaction vessel in *i? Pk (3%
3H,

g

solids content} of @ selution consisting of 209 water, 80% cthanol aad 8.8 g1

ooy oW

suspension was continucenshy stired nwmgnetioally st 200 romy, 70°C for 30 minutes, After the
exirastion, the sohalon was separated Hom the solid by fheation, adinsted 1o the tnitial gR
vatue with new NaOH, and frosh straw (3% \\\; was added.

The suspension was again treated ander the condiions ay deseribed sbove and sobjected o g
further reeveling step afler the separation of the solid.
Betore osch reovelng stop, 2 sample was taken, and the Hpnin content of the solalion was
delerained gfe.i‘.&st}'i{}n'zc;eir}{:ai.si\;-' ‘
As can be seen In Fig. 2, the Hpnin concentration rises relatively Unearly n the solution with
each reoveling step. Frow the solid, which was frosh Ineach case, 187 mgfmb of ligndn on
average was renved por extraction step. Deviations frowm these values can be explainad by

the variability of the extracton matenal,

Ry mgans of HPSEC, the molevular weipht of the Hinin was determined after cack oycle. Ag
cant be seen from Table 2 below, owhich the moleonlar weights of the Hgrin are ilustrated in
the individual stages of reoyveling, the molecular weight changes Gom BExtraction | to
Extraction 6 by only ghout 1%, that is, despite reoyeling, only the LML fs shwvays extracted

from the munis.



Cyeley M My By Lyveles

Gk
oo
>
52
P
o
oo
S}
pron
ks
”
fv?/
%1
¥rnd

Lok
povin
A
i)
o
5
o
e
riom s
e
5
tad

¥ e

b

Example 3

Use of poplar a5 2 subsirgle

10 ¢ of chippad poplar was suspended tn & 500 mL reaction vessel In 200 mL (3% solids
gontenty of & solution conststing of 206 water, 80% cthanod and .8 ¢ KaOHL By way of
comparison, a trial without ethano] was conducted of an Nal¥H concentration of 1 /L. Both
suspenstons weee g:{}i}%fgm‘mmi}f stirved magnetivally gt 200 rpm, FVC for 18 howrs, Adter the
reatment, the solutions were separated from the solid by Shration, and the molesidar weight
of the extracted Henin was determined by HPREC

As te ovident from Table 3 below, in which the molecular weighis of the Hgning exiracted
from poplar can be seety, the svaten used allows o oxtenet also g low-nolecular fraction from

softwonds, whereby the inflnence of the ethanol in the cleavags solution belng svident alse in
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soltink, sy sgy €, rikohok, killbodsen clanolt vagy izopropanalt tanatmas 70 Sefogat %o o 95 wrlogad %

2 tarinbon snvape 12 8¢ D4 hOsoti phdriiken olvad vizes extraldhs

Kitondsen 78 idrfogat %6 €5 85 wrfopat Yo kb mennyixghen, ankor 2000 ds ovndd kisebl dtdagos molekada-

2

s molsluindmegh iig}}i;ﬁ: vizes oldatat Kapiuk, ¢

ZVANERYS vagy mlanyagsd slakiyuk
¢ ks molekab:

Hanin el vizes olinat Ragink amelvet avre hinastiunks Doy tovabbi Benocellnbie ortalon sayayot ko

& Az Loizdmvpont szecint ofidniy, aarad jellomesve, hogy 8z i [dpdshen e

Hink abbol ¢ oélbol, Bogy ont oz olsd vizes oldator Kis rackekulatroogtt Baninben tovabh

3 Ay Lyvagy 2 zv, Savpunt szerintl chdrds, arzal ellemeres, bogy Henneslition tarbdvud anyvaghdnt

can hapott ki

WL

molekuiatdored Honin Slagos molshudatdnese 1100 & enngl kisebb,

5 And =4 pdovponiak-hirnwelvike szeran olideds, axeal fellomenve, hozy avn Kpesben apott kg
wobckudaianegit Heni polidiseperaiiian 2 & el kisebb
B Axt -3 dpdwvponiok barnelviie seerint elidrds, araal pllomeres, Bogy a i ks

S 3

molckubd@megt Hrain cukonarialow 2 % &5 ol Kisebiy

i Elaras 2000 s ennsl Kisebb difugos molchulattmegt, vagyvis ki pobkuidtiomg g nyperdeds
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re Hignneelinloz tanalon anyag, kilvndsen bgrocelinlds alkabmaeasival, Hulde ol any

fEnas
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28y B4 ROu0n phidridken olvan vives exuahdld oldatsl kereljik, amely ¢
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£3 9% wrigat %, Kilontsen 7§ whrfugat
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vagy izepropancit tartalmae 70 sérioey

sennvisduben, amikor # kis molekdadmegdl Himin oled vizes olduedt kapjiuk aseal fellemerve, Bogy & Kis mo-

3.

hasanathik, hogy wvibb Henocelinios wanalmd anyagon kilndees

fekulm@me st Herin elsh vizes oldatit aven
henooctuiort kerclitink abbal 2 ol hogy gy olyan mdsodi vizes oidatot Kaplunk, antely 32 elsd vizes b
sathuz képest ks molckulattmegd nnioben fovabb van disitvs

8. A 7. igenypont arerint ofidrds, asa! fellenmave, hogy a Nis swlekulatbmend Heninben tovibb &

sitoit masodik vizes oldatad tovskiy Henovelhtler wetalnny anvagot kGlondeen Henoosliniont Kevelink ohw

$ed

%) v

khen a Kis molchulatbmegd b fovabh van disitva a masodik vizsys

£

tovabin vizes oldatok ayerdsdrg, amshyel

&, Eliaras 2000 & svnd! kisebb dtlapos molekniatdmegd, vagyis Kis molekulsttmegst ign Koncent

rilavdra ey olvan slen viees oldatbar, amsiver Ggy kapunk, hox

Cegy Bgroealhdds mrtahug anvaget 12 68 14

St pH-drtéhen ohvan vives eyabdld oldan) Rexolink, amely sy O calkobolt, ktlindsen slanolt wagy
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