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can easily be recreated after it has been dehy-
drated.
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- pharmaceutical applications, such as an excipient 20 - for nedication, a
préecipitation control agent, olntnent or cream support, intestinal. - .
transport agent, etc. Until -~ now, all known cel l ul oses have had
di-sadvant ages. WO 93/11182 from Wyer haeuser- descri bes a bacterial 25
cell.ulose with a reticulated structure. Apart from being very expensive,
.such a bacterlal cellulose can cause contanlnatlon problens in alinmentary
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120 471 from | TT | NBUSTRI ES descri bes “a ' redi spersabl e dried

secomdary war1

{STNce 11 15 obtainéd fromwood pul p) microfibrillated

cel lul ose which is characterized by the presence of an additive which
prevents 5 ol fOrmation of hydrogen bonds between rrg?ﬁﬂobby ose
I bri %ﬂe qu?aont ity of additive is considerable (at Ieggt? 0% by

fibrils.

wei ght with respect to the cellul ose, and preferably at Ileast the sane

gquantity thereof). The additive is, for exanple, a polyhydroxyl ated

conpound such 10 as a sugar ‘cont ai ni ng 5 to 6 car bon atons or a gI ycol ,
nG 48 iiléa at 8 I o arkim . ) A4

a borate or an al kale 5
quaternary anmoni um coipaupd
"cellulose" is inprope

cellul ose, this
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. La présente invention conceme une nouvelle celiulose de parenchyme et son
procédé d'obtention. Plus particuiiérement la présente invention concemne une nouvelle
celiuiose microfibriliée et son procédé d'obtention & partir de pulpe de végétaux a parois
primaires, notamment & partir de puipe de betteraves sucridres aprés extraction du
saccharose. _

La celiulose est un produit de grande importance industrielle qui trouve de
nombreuses appfications. On peut citer pammi celles-ci:

- las applications alimentaires, comme épaississant, pour la stabilisation de
dispersions, d'émuisions et de suspensions, pour des denrées a faible pouvoir calorique,
pour des denrées a faible pmporﬁon de graisse ou de cholestérol, etc.;

. = les applications industrielles, dans les pemtures le papier le textile, l'agncunure
les cosmétiques, efc.;

- les applications pharmaceutiques, comme excipient de médicament, agent de
contrdle du relargage, support de pommades ou de crémes, agent de transit intestinal, etc.

Les celluloses connues jusqu'a présent présentent toutes des inconvénients.

Le WO 83/11182 de Weyerhaeuser décrit une cellulose bactérienne ayant une
structure réticuiée. Outre le fait qu'elle est trés onéreuse, une telle cellulose bactérienne
peut occasionner des problémes de contamination dans des applications alimentaires.

Le FR-A-2 472 628 de [TT INDUSTRIES décrit une caliulose microfibrillée,
constituée essentieflement de parois secondaires, obtenue & partir de péte de bois. Une
telle cellulose ne peut &tre remise facilement en suspension une fois déshydratée. Ceci
occasionne d'importants probidmes de stockage et de transport en raison du fait que les
suspensions ont une teneur maximale en celulose d'environ 4 %.

Essayant de pallier cet inconvénient, FEP 120 471 de ITT INDUSTRIES "décrit une
celiulose microfibriliée & parois secondaires (car obtenue a partir de pate de bois),
redispersable, séchée , caractérisée par la présence d'un additif empéchant la formation de
liaisons hydrogéne entre les fibrilles de cellulose. La quantité d’additif est considérable
puisqu'elle représente au meins 50 % en poids par rapport & la cellulose et de
préférence au moins la méme quantité que celle-ci. L'additif est par exemple un
composé polyhydroxylé tel un sucre comportant de 5 a § atomes de carbone ou un
glycol, un borate ou un phosphate aicalin, un solvant aprotique, un amine ou un
composé d'ammonium quatemaire. Outre le fait que 'appellation de "cellulose" est
impropre pour désigner un produit qui n'est constitué de cellulose que pour au plus la



15 "“cellulose” is costly and is not suitable  for all .
app+cati ons. Furt her, —wrttrouot—t he additionn"of additives this cellul ose
can only recover from2%to a maxi numof 20%of its initial viscosity after

dryi ng. Mai %@ ni the viscosity requires the presence of a#.l?ﬂngég in .

an amount 20 ght whi.ch is substantially the same as that o

“cel lul ose. EP-A-0 102 829 from Wi bel describes-a process for

si mul t aneously isolating the cellulosic and hempcel |l ul osic constituents of
sugar beet pul p. However, as wth 25 FR-A-2 472 628 cited .
above,” once  dempitidaunaitelie wwmmmmmm let né canviertt pas poul toutas es

readily be taken u
transport probl ensgpé%‘ﬂ‘esr&&u?he Wg%d@m m%W%%ge
residues, in part RUBR&20 %MWE@ d‘ﬁﬂl"pﬁ“‘ﬂ‘éﬂ‘gdf Leymaintien dea valmn dela

I nportance. .Che al %eésﬁhﬁgaummmmm drﬁqdaanﬂwsumnsumm égale &

5 . celledelaceliuiose.

" UEP-A-D 102829 de Weibel déait un pmcédé pourlsoler simultanément les
constmanisamhuquuethémullubﬂquudehpulpedebeﬂmsumére Mans de
méme que pour le FR-A-2 472 628 précité, la cellulosa de pamnd:yme cbtenue ne peut,

. ~ une fois déshydratée, étre remise facilement en suspensnon ‘occasionnant les mémes
10 pmblémasdestockagootdehmpat
| Par ailleurs, hvdoﬁsanonderésuuvéqéhwc.notammemdelapmpede
betterave sucriére est une nécesswi industrielle imponanta

Un objetdetaprésamnhvenﬁon ostdefmmirune cslldosemmﬁbrﬂlée pouvant.

étre remise en suspension aprés avonr été déshydratée sans ajout d'un additf,
15 ~ Un objet de finvention est encore de founir une celiulose microfibrilée qui
récupére, aprés séchage, ia quasi totalité de sa viscosité initiale et ceci sans ajout d'additif.
" Unautre objet de la présente invention estde foumir un procédé d'obtention de
calluloseissudalavalonsabomésidusvégétauxépampnmms notanwnentdelapulpe
: de beuemve sucriére. '
20 Laptésentshvenﬁonrépondieesmobjab. | - |
- D'autres cbjets otavantagas de rmvanuon apparaih'ont i la lecture de la description
u-aprés '

D'une maniére générale, la celiulose naiwe se présente toujours sous une forme

microfibrillaire, ces microfibrilles étant plus ou moins associées dans des fibres, des parois -
25 et des membranes. Chaque microfibrille callulosuque est constituée d'un assemblage
- rigoureux de chaines de cellulose paralidles, cetassemblagetésulumdumodede
biosynthése de la cellulose. On considére généralement que les microfibriles de celluiose
ne eomponent'que'peu de défauts le long de leur axe. Leurs propriétés mécaniques
. avoisinent les propriétés mécaniques théonques de la csllulose : ténacité de lordre de
- 30 130 GPa et contrainte de rupture de l'ordre de 13 GPa. Les microfibrilies eeuulosiquesse
| pnésentam donc comme un maténau lntéressant si f'on anive & les dissodier et & les
remettre en fonme. '

Lesmnuoﬁbnlesdeee&nbsesonthab@alememmemasmées entmelles .
dans les parois ou les fibres. On dustmgue les parois sacondaires dans lesquelles les

35 . moﬁuulessommmséessousfomadenappesﬁésmsfomamamswneﬁbn
' indissociable et les parois primairés dans lesquelles les microfibrilles sont déposées de



m crofibril ] ated cellul ose which can be taken up into suspension after

dehydratlon wi t hout adding an addltlve 35 . , Another aim of ‘the
PCT/ FR96/ 00205 3 microfibrillat ed cel |l ul ose which regains “al nost al I its
initial wvi 5005| ty after drying, wthout addi ng an addi-tive, er a| m- _
of the in¥ a/l s to provide a process for the productl WW‘@'&%‘{}UI ose by
‘econom ¢ 5 expl oitation of primary wall. plant.residues, in particular

sugar beet pul p. The present invention achigves .all- these three ains.

Further ai-ns and advantages of the invention will 10 - becone apparent

fromthe descrﬁwwﬁu upummymmmmphwquodomammra
Abmqu‘iutlrésdilﬁdlo voirairnpouiblc.duéparatunsleublmerlesmiaoﬁbrillude
eellulosedepamluoeondamas nw.ummmmm«m:mm:
' ..mmmnmmmalewaqmlsmnpmmm«mmdeaquem o
5 Mumm&ls.mmm&wmﬁmmmuwtagemmmdems
pams.
Desoxemplesdapamndwmesommparhwlpedebemmvesuuiéu
. lesdtus(duons,omnga.pamplemouau)otlaplupandesmawgumesUn _
exempledevégéhlipmsecondﬂmeﬁlebois. R
10 - Parmaopémuonmuodedsdlumm.aestpmmueaémamm | ¢
' mammmmmmmmmm«
pamuwndampwommwmﬁmsadamms.ipamdepam
sawndamin’eﬂpossibledbbtwwdesmimﬁbﬂbsqdeneassammﬁbmsongnmﬂes
_ _ Lacdlubsedepampﬂmhuprésmmncmmmmaﬁnauépomnel
- 15 intérassant
B ummwamumemm&hmdebem
. mmsmbemmmmmﬂdepmdmmdomde
ulmlesipamprmﬂas. :
. Lacunposchonpondémledehpulpedebeﬂemvamémarétatmpem
+ 20 varier selon l'origine des pwpesetlescondibonsdewmusptﬂpesfenfementan
~ général:
| - 15 30 % de cefulose;
- =12 & 30 % de pectines,.
. -12430% dhémiceliuioses;
25 .. -226% deprotéines, |
" .246%de matidres minérales,
-2ée%deugnmo detamms,dapdyplﬁnolsetd'osterfenuhque
n:mmmmm«hmmmmww«mh
_ auuhsodecdluhspamndtymatemoaLEP-A-owzmprédﬁmmameuntelpmeédé
30 etdécntde . : -
' meth'eensuspensbndelapulpedebetteravedansunmmeuaquauxacide _
. (pH<4, 5)oubaanue(pH>1o.0). : _
-dﬂuﬁerlasuspensmémtsmpérauasupéneumMZS'C(OSMPa)
: mamﬂnthsuspensioniuneﬂnpémwpéﬁomﬂzsv pendantune
35 pénodoseMentreﬁetaBOs.



in general, native cellulose is always in a mcrofibrillate form these
n1crof|brlls bei ng associated to a greater or |esser degree to form fibers,
wal I s. and nenbranes. Each cel.lulosic microfibril is constituted by a 15
Tigorous asse f_parallel cellul ose chains. resultlng from by
whi ch the cel Fﬁj‘%’é‘@ bi osynt hesi zed. Cel lul ose microfibrils gg@l’%}r‘l’g@gl |y
considered to contain.only a few faults along their axis. Their -
mechani cal propertles are close to the thegretical mechanical 20
properties of <cellulose: a tenacity in the order of 130 GPa and a-

fracture toughness in thgegbanétreia sispénsion chiifiée i nicsailiment iécanique dang uhNus
are Usually assoc RISyt SW% ieRtin 2808 b Fovar e cfiofiidhiois Wilegigans’
\Th_cr(r)]f:cg;H 2 f: lr)n;e.r\/\::z?;\njpmﬂﬂuﬂﬂ“gﬂ:l zed into highly ori Ient ed | ayers
-pr: ﬁnry_ wal I's are deposi MWW&W@MhMMWM
o 5 - laealuﬁse d‘auhputlaﬂ'acﬁonsoluble{leﬁlnt)qua conﬁentles -
' hémicelluloses;
-detraﬂarhhdionaﬂulmutparblandwnanttrhypodioﬁtedesodiumet
déﬁbﬁllauonméwﬂquo pomdonnerunep&hdecelhbndapamnd\ymaconsﬁm&ede .
tragmantsdaparoisesuulms. ‘
ic Amsuqueeelaaétémenhoméplushamlauuuloseobtenuesalonlepmcédéde '
" IEP-A-D 102 829 ne peut, mefolsdéshydratée étre remise facilement en suspension.
La présente invention foumitunpmcédé d'obmnhondaeelulose microfibrillée &
partir de pulpedavégéhxipmpﬁmaues noummantdepulpe de betterave sucnéra
. apresexunchondusacd!arose eompmnantleséupesde -
15 - (a)hydmlysaaadaoubasiquedehpulpe,poureffemeruneemehon parhelle
_despedmesutdeshémmm
(b)récuﬁraﬁon duriddusolidedelasuspensnonprovenanldel‘étape(a).
«»deuﬁﬁneammwMN\eﬂbduéedhnsdasamemnsakaMms,eréﬂdude
maténau cellulosique pmvenantdel'étape (b), obligatowamentsnrétape(a)estaade
20 facultativement si l'étape (a) est baﬂqur
(d) le cas échéant, rémphﬁonmrésvdudematéﬁauceuulosoqueparséparahon
de la suspension provenant de l'étape (c); ' :
(e) Iavagedunésadu pmvenantdel‘étﬂpo (b) ou, le cas échéant, de I‘étape (d);
(t) facultativement, blanchiment du matériau celluloslque provenant de I'étape (e);
25 (g) récupération du maténau eellulosaque par séparaﬁon dela suspansnon

o provenant de étape (f);
(h) dilution dans lleau du matéuau ealluloanua pmvenant de retape (@) pour obtenir

entreZetw%demauércséd\e
(‘)homogénécsahon delasuspenslon de celiules ptovenantdel'étape (h)
'30 caraciérisé ence que
(Drétape(a)asteﬁewéotumtemmmseen&eemmneo‘ca _
100°C, depréférenca qornpduen_treqnvlronm_'c et 85°C, mieux encore, égale & environ
90°C; '
: : ' @meﬁech:ewmnsmemchonabainedumatéﬁaucenubslque ladite -
- 35 mmnalealme étant effectuée avec une base, dmusuedepréfénneepamlasoudeet

e ——
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di sorgani zed fashion. The parenchyma is a typical exanple 30 of primary

wal | tissue. Wiile it is difficult, if_n_ot:irrpo.SS|bIe to separate: -
secondary war 1 cerrut ose Trcrofibri | s—wthout——dareg-rg—them—++—+s -
not only because of their

~easy to dissocjiate primary wall mcrofibrils,
pol ysacchari des,

. | ooser or on but al so because |nterst|t|al 35
usuai ’(io s} 96/ 24720 PCT/FR96/0020S

whi ch are y charged,. constitute a
.PCT/ FRO6/ 00205 4 | arge percentage of these walls; Exanples of parenchyna
are sugar beet pulp, citrus fruits (|l enons, oranges, grapefruit) and the

majority of fruits and veget abl es. An exanﬁl e of secondary wall plant 5

matter is mnodap&ﬁunmmaﬁBhbhﬁkhi&ﬂﬁu?ﬂwmﬂﬁbﬁfﬁk@hfiﬂuﬂ&mﬂprag&m&&%a
comprise entre environ 1 % et 8 % en poids;. .
amwhanq#M£hdhndehﬂqnwncunﬂumﬁhmuwnmageoubnwugeouﬁmme
| -.opémuondedsawemnmméamuoﬂmm&passagedohwmdeedhmé
5 uawusunomhedepmndhnnualumnnnuthsuqnnﬂuniunacmnedepumﬂnndhu
' mmhszoumhcniunaadmndecudhmmnuivmumeéhmaeujmedunnmmmzde
tﬁkéHNNnnivmuuaékwie X :
o Lesdlspomons G).@etaﬁ)mumuvdbs etilseumontiphslomqu‘euos
- pemeﬂemwobuwmnouveleeamhudopmmmalnqupmm«spmpﬁétés
2-10  anxnmdmnnnumnhgnumuchmm;nBGNMédqnmnsummun ’
o ' Dumﬂ%upo«mcmenhndmrﬁuun dahpdpehmmhecﬁﬂwdmﬂh<umﬂuwk
.mnenﬂhqeoupumWMMmﬂndhmuﬂmub -
" U@upbdhummmqnanpmﬂéﬂaeMumﬁnennﬂnuauueouennMwubamme
o I%nrunaemnwhw:audgIapuhaeshnneensuqmuwkmsdhnsunesohﬂon
15 deaupendammelquesmmumdefleonihonngénémrlasuspensionaddiﬁéeé unpH
leomprismuts.depréféraneamwetzs avecunesohﬁonmneenﬁéed‘un
B aaneuﬂquahmuedmmhmmhuaoulhdﬂesdﬂﬁmnu
Pmrunewmudnnbmmpnuumboeaqhuueiun-sdmhnabﬂhedhne
_ - base, par axemple de la swdeoudolapousu.doenncemraﬂoninféneumisssen
20 paus:humﬁ%unnaiﬂiﬂumniesbenpdumlnkuxenuxnenm:1et29benpmustJn
pomajoubrmfalbloqumﬁtédmagemanﬁmdantsdubhdansrw tel que le
ummadesodmw1Nagﬂ:haﬁndamnmvunuamubnsdbxwhﬁandehaaﬂhkue
' saMnﬂnwumonl%hmeaneuem:nﬁnénmn&wmﬁhﬂmuﬂhwdﬂée . comprise
R lmmmenmmMGUThu1ooT:depmmwumaemmmuaenhaamﬂon?bthmsﬁT:nmum
25 encore, égale  environ 90°C. Ceci contraste avec les températures irds élevées (>125°C)
tNMﬁnsduuWQnanﬁnaurLadmﬂedbn&npaaoencmnmnaenmsemmun1hemnet
environ 4 heures. UWsdaréhpoansehnrkwun&xudsepmuununehwmuusepanmﬂe '
avacubélamﬂetsohbiwaﬂmdesmadeahémicellmomhutenprésewaMh |
masse moléculaire de la celiuiose. ' :
30 o nmuw@umeanJeﬁkwMsdwbeunkupﬁéé;mnwdbhnusmuwhnpuwammu
dﬂﬂﬂﬂn’&&
Dansleeasoulapmni&amemn(a)estunehydmlyuaade ilfaut
obhgabmmmproeéderiladmmétape d‘emwon(c)quest,elle effeduéedans
| mmmmnambmwhmmﬁmmmmestumhydmlyse
35 bwmmn»hchun&naéumecﬂ»madmnaaeﬂﬁmummma




usi ng a nmechani cal shear operation which would break the fibers of

~secondary walls to produce mcrofibrils. In otherWords, microfibrils can
only be obtai ned from10  secondary walls by breaking the ori gi nal '

fibers. Prinmaryy &ﬁ?fﬂlulose Is thus a material with great pagﬁﬂﬁﬁg%Bthe
pr esent |nvent|on W be illustrated with reference to sugar 15
Sugar - beet pulp is principally constituted by parenchyma and thus by -
primary wall cells. The conposition by weight ofgsolid sugar beet pulp can
vary depending on the origin of the pulp and the cultivation condltlons In

o neratt o PUB,cont o fenc Athdcsssal. e reids e e Sttosiid oawant do e 1)
30% pe mt_er;als;owwm@m@mmm&(w&i exiraction alcaie.
: : &Imhpﬁsmhhvenﬁon.lyapareonséquemtoujomaummuneemm
alcaline dans le procédé. -
5. o SdunhmﬂhaMnkqunntunaannunm1damno i&mmkﬂ»&adbnabﬂhs
' del'évenhnlhétape(c)ot/oul’eMondal’éupe(a),slelleestbaﬂque doit étre
el’fectuéeavecmobase.ladltebaseétantchasiedapréfémneepamilasoudeetla
potasse dontlaeoncenﬁahonestmfénmienwons%enpom. de préférence
- cornpnseemmm1%otemmn6%enpuds ' :
10 Ladmnmuhnuueacnnndéqunemuwwnndummséhpetﬂ»&udmnahﬂhe
'sdonhwdupmmmnsdawmmMnnonéwuuatanﬁanumammﬂwuﬂue ' :
- cellulose | ——> csiiuiose Il ~
_ * Une telie transformation détruirait la structure mmﬁbrillaire qui est néoessalrepow
'obhmwkm;mqmﬁﬁhsmkﬁmmmaupuﬁhndennwumbn
15 La durée de toute étape dextraction alcaiine est comprise entra environ 16t
' emmnn4hausstmeeﬂdbpdﬁhmwaégdeiemmunzhemna :
lmunr@hpoanhnﬂhHMsdwblntﬁnumuéépamrder&nmnuneéupe«»
‘Dans létape (o) |6 résidu provenant de fétaps (b) ou (d) estlavé abondammenta
_ lhauaﬂ1denkmpﬁmrhuéududenumhhucammumme :
20 _ Sanﬁmummuiongadeunemuwuxmuanhgedepowan:muwbsmﬂ#mrnn
oﬂmbmmnuﬂunyuu.humaﬂﬂouu»aulmnﬁmedbsn&mwbmhqdecnmmum.eaqm
& poureffet notamment de les empdcher de s'associer entre elies. Ce pourcentage de
pobun:hamunaudelﬂuaenqaimﬂimamuréemmun3096enpmdsdbpmﬂémmoa
mféneurés%enpolds Unequanhtédopolysacd'narides acides trop importante
25 néeessutera:tdes durées d'hulmgénéisaﬁon trop Iongues toutefons selon l'invention, ce
' fipoumznunenadbnpasammmwno |
' Lsnwm&hueﬂhkmnwedehﬂnna«»eﬂemnﬂmfﬂaﬁahmnwntbhndﬁtﬂms
létape (f), euunﬂeaucﬂhMadesodMNIérhnxxhbedasammn aupuunﬂe
o &mquﬁneiumwndeSQD!&arnnmheskmecna<hmenumamomvmeenﬂm
30 Différentes concentrations pauventitm utilisées, édestempéramm comprises entre
" environ 18°C et 80°C, depréfémnceentmenwonSO’Cet?O’C Laduréedal'étape(f)est
compnseentnenvm1heumetenwmnttheures,depreférenceenu'eenwonut
enwnghems.Onobtlem:lorsunmaténaucelltﬂoaqueeontenantemasass%en
-pddsdeoﬂhbua



25 - 2%to 6% lignin, tannins, polyphenols and ferulic ester.
The treatment of sugar beet pulp to |solate cel lulose from parenchymatic
" proposed: EP-A-0 T02 829 cited above concerns:
such a 30 process and descri bes: - suspendi ng the sugar beet- pulp
I n an %&2 B{|< 4.5) or basic (pH > 10.0) aqueous nedj '40§@§ting t he
suspen5|on enperature of nore than 125[err] C (O. a) , .
- keeping the suspension at . a tenperature of . WO 96/24720
PCT/-FR96/ 00205 5 nore than 125[err]C for a period of between 15 seconds and

360 seconds
Lasuqmuuhnpuwunmudor&hpe@nnhnnhnmmmuntmmnModhnsnﬂapaay
est, dans l'étape (h), rodﬂuéodmdcruuimdeziw%demaﬁémm puis
elleestenvoyéeiréhpeo questeffectuéo salonrhvenﬁon.parmmgeoubmyageou
. pmwomhcméumbndccuaﬂmnmunmkamnmlékwénnmﬁdopasumechuasuqummnnde
5 celuies & travers un orifice de petit diamétre, soumettant la suspension & une chute de
muﬂondwmhsmMPauimem«dsmlmmtmm:mdun
ummu:dedkiuannivmuuadunhr B
, Le mixage ou broyage est, par exemple, sffméparpassagaaumixawou
ummmrpenwutunedmaaamrndaqudﬂuunnmuhsienﬁumtmnrnunadhnsun _ _
10 . apparell de typetel un WARING BLENDOR équipé d'une héiice & quatre pales ou broyeur ¢
érmmnaouuunaumaumedcbnwnuruﬂunbnumurquhm#m¢hmskscnndﬂmns '
' suivantes: ummmmmwmmzmm%m
poids. Aumsdummgeoubroyage sepmddtunédnuﬁementdelasuspensmt.e
_ Nkumwnmnéquédauﬁﬁmnwodunsmuamedcnmvwesdﬂkmumasparhqwuka
15 hquideestranvoyémlaspaladerhélieesiméesaucemduréapnent o
| UhmnqﬁMBwﬂmnpummmumumpsu:awmunauammuamumﬂhchmsun o
_.homoﬁnaswautypeMANTONGAUUNdambqnllamnsionestsoumméune
' .admndbcuaﬂmmunivmnmeatépmndonéhw!usdhnsunpauwaeé&onetuwmaum
: amumudedthnuuxﬂﬁmudhunqﬁhﬁﬂnhnﬂunhuumnmms la concentration en
- 20 mﬂuns&ﬁnsdohswmuuhnthanqﬁhﬂunenﬂmﬂnlmmmmoumuwmmcnmm%e
' an@a2¢u10960npaua.Lasuqxnnhncnth@mmmadansﬂuxmmﬂhﬁhunrde
méﬂhmnaapﬁnpﬂkhmﬂhgeaunoMmuﬁumnaemmmuncmha40¢n1201:db
';mﬂ%nnmaemnnhmcnma85eu951;Lauunnﬂanmadehuﬁnmqndhonngémﬁﬂmbn
_ - est maintenue entre 9501120’0 depréfémsupénmé 100°C. Lasuspenslonest
25 somsedanﬂhomgénﬂsatemédespmssionscompﬁsesenﬁe%etWOMPa etde
_ pdmwuuasmumgutsisouwh _
o L'homoqénélsahondehsuspensioneellubﬂqueestobtanueparunnombmde
- 'passagespmmmvaneramreut 20, de préférence entre 2et 5, jusqdiobtemOnd‘une
ﬂmpuunnshua ' -
300 uﬁnnnoquuaﬂwmwm&MWnMuvu*xﬂapﬁquammmﬂnnatmeﬁxumnn
différente de celle des brevets ITT lNDUSTRIESpt&d&ésFR-A—ZﬂZ 628 et EP 120 471.
'Eneﬂhtdmuﬂepnxﬁdédehuméuumawwun&xu%umncﬂumuuémﬂsnbna;xur
'ﬁmﬁmnded&ﬂhwumubsuuawhsnmnmhmw:ahnqwmmmxhsbmmus
. ITT INDUSTRIES susmenhonnéscettemémeéhpupourfoncuondeeesserlesﬁbms
35 'dbapuumsuunmmmasnmrobhnkdesn&mﬂbﬂkm




~'subject|ng 't he heated suspensi-on to nechanical shearing - in a tube -

reactor fol | owed by 1—ap1-d"'5— depressurization through snall
orifices into a zone which is at atmospheric pressure; -filtering the

suspensi on and‘&f&?g é’l ng the-insoluble fraction whi-ch contains the . '
parenchyma cel I'u nd the soluble fraction (filtrate) whi chPCIFRAGANI05 he

10~ henmicelluloses; - treating the cellulose fraction by bleaching with
sodi um-hypochlorite and mechani-cal defibrillati to produce a parenchyma
cellul ose paste constituted by cell wall fragrrents 15. As

mentioned above, once delvsistion dhoinbgendsation asmmmdm BGIAE BRine
"hvent 1 on provi des SPuitn 38 Mspllasiiy Il Nevg, dor Bling i ap i Ea‘yersu‘i%
cel I ul ose from pri nEWJRRAK de SYOVERS@Nant pul p, in particul ar sugar beet pul p
after saccharose = Ladunandmmaeomntiquohhﬁémem“tdautantblusefﬁcﬁuquela
-5 - .conoentaumonmaﬁnsmmhsuspmnihamgénéuwestpluséhvéoetqueh
|  température dhomogénéisation est plus élevée. C'est-i-dire que lorsque Ia concentration
en cellulose augmente, lonombmdopassagu néeessam diminue. Cependant, on sera
limutéparlaviscosiﬁdelasuspensioneneoursdaﬂantemantqusdépenddnrectementdela '
, eoncentraﬁondelampemlonm Eneffet.rappareiln'estpas.deparsaconcephon,
10 adaptépwtavaﬂeravocdessusponmmwpwsqueuses
 Lademanderesse a constaté quil existe des cispets spéciaux pour broyage
cellularre qui pemmettent de diminuer le nombre de passages: néeescans Par aileurs, le
nanbredepassagesmddwtsil’on ajouteila suspensuonihomogénéuser des agents
' duspersants suspensoides ou épalsssssants solubles dans f'eau tels que la
15 . catboxyméﬂ\ylcalltlosa desémerscellulosques des polysaed\andes gémiants (guar,
carnube aiginates, carraghénannes, ; xanthane et leurs délivés) :
_ Parailleun hspupesdobeuuavesmfefmemde4é6%decomposés
mnéraminsomlesdansl'uu. o
_ Pamlleseompommnénmprésentsdamlespulpadebemnve ontmuve
20 des résidus du sol, des cailloux de taile relativement importante (>1 mm). Panmi ces
composés minéraux hsolubles.ladamandetesseanusenémdencelaprésemede
 cristaux de silice et d'oxalate de caicium monohydrate. Cedemlersatrouveérméﬁeurde
"~ cellules quuontlocallﬁucngénéraldanslesfaseaaux libéro-ligneLs, & proximité des
vaisseaux. Ces cristaux d‘oxalatedecalciwnsontcontenus dans certaines celiules et _
25 B correspondentiunefonnedastodageducaldumparlaplante La nature, les quantités
' -"etlespmporﬁonsdeeesmlnénuxpowantvaneravaclesddewlh:redelaplante la
variété de betterave, Iedlmatpendantlacroissanee etc. '
umum«usmwmm«wmmmmummdermpe |
d'homgénésatmcarussommwsetiestpréfémbbdaleséﬁmmeroumm
30 momsdaréduuafortementlemhmur Unotalhélmnahonpeutétmeffeméepzun
: _tmnementenmiueuaude parexenplel'aadedﬂorhydﬁque tel un traitement d'extraction
acide teleeluqnpeuléhneffeduédanﬁétape(a)(sinaﬂreﬂmnteele-aest effectuée
dansdescondtbons aades),qulpermetde tmnsfoumrl‘oxalatedeealaum monohydrate
| enaqdeoxahq.leetandllomredeealmmsolublesdansreau , :
35 S L'érmmﬁondermlahdcealcunpeutégammmmoduéeparunbmyage
- mécamqueetuma_msage Ladmndamsseaainueonstatéquelaeoncemﬁonen ,



extraction, conprising the followi ng steps: (a) acid or basic hydrolysi's of

the pul p partlally to extract the pectins and hemicelluloses; (b) -
ue fromrtie sSuspension 25 fromstep (a);- (c)

carryi ng out under -al' kal i ne conditions, a second extraction of the residue

of cell uI erial fromstep (b), th| s step being -obl step
(a) is aC| ¢ and optional if step (a) is basic; 30 Wa}‘ai)og
necessary, recovering t he cellulosic material residue :

separating the suspension fromstep (c)g (e) washing the reS|due from
~step (b) or step (d); (f) optionally, bleach| ng the cellulosic material 35 .

“from step (e)témmmpwvmmdknmuéompmcédmmféhpe(a),imbmageetm
' .'tamusagedalapu!pedéshydmtéepourmmmerqueh&acﬂonayamw :
granubméﬁoeompﬂsemﬁaenvmmmquOum.depmmnceenNHumet
5 Danshmouhtéslduedlubsiqueeonﬁandmn.lpﬁsmchonbunueouapﬁs
' blandmmentmquanﬁlénonnégllgeabhdemstamd'oxamwmmoui _ '
' I‘mtéﬁeudaealldu mmpmciderimbroyagohumidemodéré par exemple dans
un mixeurde type WARING BLENDOR ou tout autre broyeur, eequi permat de faire
- éciater les celiules, md’uneﬁlhaﬁonoud‘unhmisagemmappmpﬁé.u
10 dutamis sera aisément déterminée par fhomme de fart, par exsmple entre 20 et 75 m, ‘
' telleuneouverhmde'rs,eo 40ou20um.selonr|mpomncedumbcageoubmyage. '
c'est-i-dinsalonlahilledesfmgmensdecauesobtenus otlafausabmtéindustnele
Unaunemoyenmélmnarroxdatademumgenauestdepmcédertun _
tmtementd'oxydabon, parexempleavecderozoneoudumxvded'hydmgéne assocué _
15 aun h'antememueblandﬁmentdans l'étape(t) _ .
_ Aﬁnd‘éﬁmharloscﬁstamd‘oxalahdeealdum onpeutégalementeffectuerun
blandimemm réupe(t)avecderozonoouduperoxyded'hydmgém c
Touseesuwyensd‘éummﬁondesaim&oulatedecdaum outoutdumm
'- «mm«hmmmdemmmmwmmmmmwouuwm '
20 'isolément.comrmcelasemansémentdébmnéparrhommoderandansd\aquem |
Laceltdoscmmfbﬂnéeobtenueparlepmeédédelaprésentemvenmnest
constituée de celuiosel.
o Elheuunmmmeeqdeleconﬁemaumnsmmnaoss plus
25 génémlementaumomonvmas% deparolspunmm,otenoaqu‘enaestdrargéa
avecduaddecearboxyliques Par"addeseatboxyliques ilfamamsndmlesaades _
carboxyliques simples, Ieuspolymémetburssels.c«adduamoxyuquessornen
" . général deucndesuromques tels lacide galacmmuqueoﬂ'aade gluwroniwe
Lacellmosemmﬁbriléedehprésenteimenﬁonestmmarquableencequeueest
30 capable aprtsdéshydrataﬁon d'étammmensuspmsm ) : :
. Lacalluloumlcmﬁbriuéedernvemonposstdauneamalinnéde 154 50 %.
Ellaestconsﬁméedemiaoﬁbmlesayantumueuoneompﬁseenwa anvlnget -
‘environ 4 nm. o
_ ummmdehpﬁsmnnvmnmdasmpmonsstams
35 detypeaishuﬁqudes.conshﬁ:écdedomamesnémaﬁques.
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WO 96/ 24720 | ~ PCT/ FRO6/ 00205 6 (g)
recovering the  cellul osTCT  "materi al by ‘separating the suspension
f.rom step (f); (h) diluting.the cellulosic material fromstep (g) in water

to obtain betyse %“nd 10% of dry matter; 5 ) (i) Q, lo30s19
t he cell suspensmn romstep (h); characterlzed in that (j). step §ak I's
carried out at a tenperature between about 60[err]C and 100[err]C,

preferably between about 70[err]C and 95[err} G onDre preferably at about ,
90[err]C 10 (jj) at- least one alkaline extraction step is. -

carried out on the cel | Ld esliiossvnicrofibrilbe de i plésahtednventionprésents Linogrolipa deCpropriétés
carried out with a.Wef erably selected from caustic soda and pot ash,
t he concentration 'ei ng | ess than about 9% by weight, preferably 15

bet ween about 1% and e%mglnmmwwaymwummwmwms
out by . a des pH dans lintervalle de 2 & 12 et dans uns gamme de température de 0 & 100°C &

5 - uneeoncennﬂondeoz%mlnhmct ayantraspectd'unoelideseoncantmﬁons
supérlemsh% '

- umammmmm-,tmdeummmm)dmmu
.unwmpommmgdmmmmmmemmmrém&dumpomm

: vuscoélasﬁquedupmddtenosdﬂaﬁon que G' et G" sont stables dans le domainede
10 ftéquence etque G'= 5G", G‘étlntlaeanposantaélasbquedusystémeote"étantla .
' eomposanhmqueuse llfammquelexamne par exemple, n'a pas ce E
componementdegd LavuscosutédelaeelulosedelaprésentemvenhonéZO‘Cestbnen*
_supéneureéeelleduxanmaneézo'Cetéqulvalenteéceneduxanmanei 80-90°C.
Encaqdeoncemelaviscosué aun taux de 2 % dans leau, la celluose dela
15 présente invention & un gradient de cisallement de 1.8 s ", & une viscosité équivalente a la
_CMChauteviseosiléimeonantmhon identique (= 20 000 mPa.s). La celiulose de Ia _
présents hvmﬁonamcﬁmsﬂéblmwpéﬁeuﬁaumnﬁam (= 7000 mPafs). Un
, niélahgede1a%'de'eeuubsoaauapfésemmenﬁonetdeoz%decucansreaua )
des pmpﬁétés méologiques intéressantes car la solution atteint des viscosités supérieures
20 425000 mPas. _ :
B La cellulose de la présente invention est un produit rhéofiuidifiant et thixotrope.
- propriétés phys_iques et chimiques uniques en ce que la celiulose est constituée
~ majoritairement de callulose & laquelle est associé un taux de pectines ou dhémiceliuloses
. ' réslduelles qui emtnentdespropﬁétésphysiques etch:mcques particuliéres. La celluiose
25  selon rmvenhonestconsWéedemiuoﬁbﬂlles plus ou moins mdivnduaksées qul sont du
"'typenamaoueemosol | - |
' - trds g grande réactivité chimique, trés grande surfaee accessible;
exeelentpouvolrdemtiond'm
. powarwspensifélev& '
30 - pouvoir épaississant.

" Lacellulose de Finvention peut, unefolsobtenueparleproeédéa—dessus étre
concenhée depréférencaéumaux d'environ 50 % de matiéres séches, préapltabon.
par exemiple dans un alcool, tel Téthanol, Misopropanol ou tout autre alcool sembiable, par
un processus de congélation-décongélation, par opération de pressage du type passage

35 _'suruﬁﬁlh'epmsse(eéquinepauténomnupourlesautmshydmcono?destelsquole
" xanthane, la CMC; etc.), par filtration, par déshydratation, par dialyse contre une solution



m xing or grinding or any high mechanical shear-operation followed by
paSS|ng the cell suspension through a small dianmeter orifice and. subjecting
~tre—strspernstomrtoa20 presSUTe urop ©Of -at 1 east 20 . MPa and to a hign )
vel ocity shearing action followed by a high velocity deceleratlng i mpact. |
Conditio jj) and (jjj) are novel. It will be sh hat t hey
can prodS@%sgiﬁgéel primary wall 25 cellulose with unﬁ%ﬁ@ﬂgpaﬁ@ ural ,-
'nDrphoIogicaI, chem cal and rheol ogical - properties. In step <(a), .the
term pulp' means noist, dehydrated, sijljo stored or partlally ' '

depect| ni zed. pul p. Extractlon step (a) can be-carried out in.an acidic 30
medi um or in Wwﬂnhmmmmmtuhﬂommuspended

| \II\EI\(IIVﬁtIe; Lg{m@mw prﬁ*gramy E h ween %G 5 5 g wmi &a o

concentrated

| . Laedukwehnuadupnxﬂdésobnﬂhwumonouapdnuneéupodecuusnumum

5 pmnéuaukhdndbﬂnnnphsouunmspaua&nuwéwumumu\ddﬂwmauﬁmx
ukhaaebaamsunwﬂnmnaenhunmmﬁcumnmh;sédumn;mratmmmﬂhn séchage sur
cylindres, Unpmmumonaunmﬂhodadh;nﬁﬁcﬂ&;nlouuxuaubepmnédépemmuuuu
d'obtenic le produit a Fétat secondaire. Leseond'monsdesédtagebassetenlpémwreen

_ andmﬁawmbﬂesamnunwmhummnnawunqmnwesenaaumuque&unuxudmxnset

10  peu coliteuses en énergie. | | ¢

- Contrairement au bmvetl'lTlNDUSTRIESEP120 471 ol1, sans ajout d'additif, la '
. swmamumﬁbﬁlléeneréwpénapréssedmgequ'auplusdez%ézo%auma:amun-"_
_desavsuuﬂémmdeammu4IMmas3842)laedhhaedelapﬁkammwwmﬂmn
o . Nkupﬁ!amnsduMdhdehmmﬂmhouMédesavhuumﬂhhdeam%ssaumga :
015 ucdhﬂmdahprésentemnﬁonprésenbenmdespmpnéﬁsﬁlmogéneset

' 'd&ﬂﬂﬁﬂthﬁMuwaMBt

Enembtkxuwnruaqmmquounosuqxnuhndenmmﬁmmhwsdhnrmmawwnum',
unasuﬂuadurcmunMQunaﬂlﬂnenﬁnmhusemvun&enoﬂamkmwuna|mquaNx|'
o umsesédunlesn*umﬂuﬁbsﬂmuun!unﬁh1éh:aaﬁwa R :

20 - Lacahmnodehuuésuweiwnnmm1dhﬁnenemxhanmum'kmneunﬁMnense_
dﬂﬂwduﬂnnlsspmuméﬁsdeaaﬁhuxnéuuﬂmnmmﬁesmvnnmwsduwhdmedﬁwmmg-
eomgé(Eeor) caq\idmlaﬁgldmédusysﬁma Paremle é25%d'humtd|té ona
Eaxazsmaasumnupa ' :

_ - OnpemaussmammesfeuinesdepaplerhummsIorsdeleurfabncaﬁonparune

25 'swunnuandecahMunsehnfkwammwianﬂMmmuawwuuwspummdﬁsdmmnuaa

' nmhwmmunkurduuhunniuauadmn .
| EnnshuhnnmnnonamnuMﬁn:onpatenuxacMndenuﬂMamnmamﬂmmmns
_mNmmdhsdehcnhﬂnedehpﬂkuMniwmﬂnn _
: - pour les peintures, elieeonshhmunbonépaassnssantenphaseaqueuse en
30 lnmwhummmtmuqmmmhcnnhmnmqﬁanchbﬂn :
S -sespnxﬁiﬁmﬁhmxﬁrn&eﬁdenummnpeuwHRGMaumBéesdamshskmmt
. dmmnésauxpdhumuutllﬁﬂﬂMuh'auxnmﬂmunuusauh&mugam;
kwpomﬁondo1t15%dceeluosemiuoﬁbﬁuéedansdulatex(etauuas .
pmxum:hwﬂnﬂm:*umoudbscunmuﬂsﬂuunmphsﬁnns:mchsauwmasdeedumse
35 ap&smomamdewmpmetd'améﬁaarmtabhmembmodubdémala
'~ résistancedlatraction. :



§5 acid such as

hydrochl oric acid or sulfuric acid. WO 96/ 24720

PCT/ FR96/ 00205 7 For basic@xtraction, the pulp is added to an al kal i ne

sol uti on of a base,

concentration
nore. particul arly

for exanpl e caustic soda or potash, with a

t han 9% by wei ght ;- preferably | ess than ,px, dognt
bet ween 1% and 2% by weight. A small arrg%/ir'lt ‘M

- water- soluble anti-oxidizing agent such as sodiumsulfite Na2S03 can be
added to limt cellul ose oxidization, react i ons.13d.n accordance with the
i nvention, step (a) is carried out at a. "noderate" tenperature, between

about 60[err] C 10

andmpnuqmmow M&MMMr] C and

95[err] C, nore preferablpgng cB8hElqub Gt parihédicst 14 EellQIBEE mitrdfibiide d8fa

very hlghterrperatu S > 125[err]C) used in the prior art '
prg (vwenllon[cntm}u.lo) GS com&ﬁtfparmpponau &rbopolouauuas

10

'épalsslmntsuﬁumwsadomalm. Cepu’odxaiprésentel’avantaged’éh'emmnseollant"
' queleuuuas.coquamélioneonudémblmmumgabdudespmdunsetﬂsstde

contact plus agréable.
Dansledommdelapapeum,onpeutater
: -ruuﬁsahmdupmpnétésdcmhndehcellulosemuoﬁbnuéaparmdeon .
danslamamdemdpaplor
-ruhllsalioneunblnéedespmpnélésépalaiuanm demnfcrtetﬁlmogénesdela

'callulose microfibriliée dans le couchage de certains paplers spéuaux. La cellulose offre en
__ouhadespmmﬂtésbammﬁmm '

15

On peut également déposer la cellulose de rinvenhon a la surface d'une feuulle de
papner.cequ:amélml’opadléetrunlfonmtédelasurfaoedupapler -
La celmbsedermventonpeuttﬁ'aapplquéeseuleouavecdaulrescomposéstels

| des pigments et des charges, utllusés habituellement en papeterie.

Onuﬁlisem.parmnple lespmpﬁélésdemnfolt dalacelluloseparhlroduchon

" dans la masse de pite i papier.

20

25

Dans le domaine allmanlaura

- la cellulose uuuoﬁbulléo a des propriétés de stabnlsateur d'émulsson. de support
d'arbmes, de géliﬁamgtsmoutd'épalm:sam o

- elle poummméeenmmplawnentouen synemavecd’aulres produits
épaississants déja utilisés dans tout ce secteur tels le xanthane, les CMC, les celluloses
mmmslalllnes '

L'utlllsabon en synergie est parbwliémment intéressante au niveau 6cononuque

--'.=E||e permet en effet, apropnéﬁségalos dutiiser beaucoup moins de produits.

Comme exemples d'applutlms de la celiulose microfibriliée dans le domaine

alimentaire, on peut citer les subsliluts de matétas grasses, la stabilisation de

30

mayonnaises, de sauens pour salades, et en général toutes émuisions, les crémes
glacées, les crémes fouettées, les épalsslssants pour bolssons de tous types, les pates a

larbner,lespétesifuaouilwées lesdassertsladés lesprodutscamés etc.

A effet rhéologlque égal, la celiulose dela présanm invention est trés sensibiement

'moinsdﬁrequelonmhmetquelacelldosebactémne

35

La présente invention sera illustrée plus en détail dans les Exemplas non lnmltaﬁfs

| suivants en réfémnce aux Figures annexées dans Iasqualles



~duration of step (a) is between about 1 hour and about 4 hours. Duri ng

step (a)

of the invention, partial 15  hydrolysis occurs with
[ on"of—'t"h'e*pecﬂ"‘—ns and nemcelruloses while

conserving. the nDIecuIar wei ght of the cellulose. In step (b), the solid
resi due vered fromthe suspension fron1step (a). STy When
t he firs#a%éé%ékﬁlon (a) is acid hydrolysis, the second ég?ng |on step (c)
is obligatory and is carried out under basic- conditions. Wien the first
extraction step (a) is basic hydronS|s -§RBe second extraction step (c) is .

optional .

25 Thus, if necessary, the cellulosic material residue

from step (b) undoiigFigan estonshotographie priss aa mioscops dptinué ob celiliesde! at t er
step is an al Wstep Thus the process of the present.
i nvention al ast one al kal i né extraction step. 30

I accordance Wi t-ﬂﬂmm W(mbmm

10

15

20

25

. 30
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mmim . _
-thmswmephabgmphbdcauubullpnuaumnmpoaewnmque
& transmission; o
| thnln4estmqphommmuwmmmMniqueénnsmission _
de paroi celiulaire avant homogénéisation dans un homogénisateur Gauiin;
_-hmsmmwmwmmiMM
~ de miaoﬁbﬁlleshdiwdualiséasapru homogén&sahondammhanogénﬂsmsaulm ‘“
(6 passages). |
_ IameGcstumphobnmplﬁepﬁsewnhoscopoélewomqmavanmsmn
'«mmmmm:mmmwmmmmmwem
(109assaoes)

mmmmammmmumm -
deNassandres. France, sommuensuspenwndmdcreaudém Afin d'obtenir

- unomelllmhydnuﬁon, onmnsemmmdetprWARING BLENDORéquipéd'une

_ hélice & quatre pales, etonmbndefagoninhmltcnhpendantﬁminutes.ususpensm
estaudrﬁéeparadditond‘umsohﬂondoﬂzsmlumiprl-z ‘Cette suspension est
maintenue & température ambiante (25°C) pendant15mhuhspusportéet80'c
pendantzheurenousagmonméaniqueconmmo cmwspenswncstenmrteﬁltrée
swumwmmmnethvéeabondmmareauuréssdusoﬁdeapﬁslavageest_ '
emnpwumsoluﬁonalunm.ummmnensusmsmdammesohmndesoudade
cuwﬂaﬁonappmpﬁéodefagoniobtenwumcomnﬁaﬁmhabduoudedez%en
pddutmpomeerﬂgedenahémﬁd\edoz.S%enMsparnpponwﬁqumw
OnynpubM%mpudsenvmdammﬁhdemdiwn(NazSO.)parmpponauiquida
Wmmmsuspenﬂmiao‘cmmzhewusousamﬁMMnm .
constants. Apréscenmment,oneffecwauneﬁlh'aﬂmsurhmisdeoemm Onlave le
résndusoideil'eauquéobtemunﬁlhtnm

Apréscehvage,lerésidusoﬁdoostrenisensuspeminntZS%dansme
sohhmdedubnhdesodiun(NaCloz)534gn.unponnéepummélmgedesoudeet
daadaacémeimpﬂ =49. Mwspmmestpaﬁeiwcmndamsneumsous'
agitaﬂonnﬁwuqueeonsfantc_?slam la suspension ast filtrée sur tamis en inox puis
rincée & feau, jusqu'a fobtention d'un filtrat incolore. Un résidu cellulosique gris clair, de 3 &



al kaline extraction step - nanely the al kaline extraction step of optional
step (c) and/or the extracttomof step (a), if it—Tsbasic - nmust be
carried out with a base, said base preferably being selected from caustic

- soda and 35 t he concentration thereof being less th % =
WD 96/ 24720 W8béin " PCT/ FR96/ 00205 8 by m&%ﬁ’?‘%‘" .

pref erably between about 1% and about 6% by wei ght.- The applicant -has shown
that carrying out each al kaline extraction stepygnpl oying the conditions of
~the 5 - process of t he i nvention . avoids t he irreversible

 transformation: cel 5mmmmmmlmmwmmswmmamedm&w
~ destroy _ t he : debﬂdwuw
' S Lac»nmumhnenauaesmuﬂnsduﬁkwmsdﬂbeucbumuepmwmoammua
cnmmquabas&;uuﬂacmadﬂmumononchummanEHNBen;*nsegannwedbsaaﬂmbs
5 -  dhwmdscbumusanﬁntwduhueaaﬂodbspoumuzhmwhulidunmnetmxmmendes
suaasmmomémaL‘ideMﬁahmdesmdaldibbesthéeenCPGethdosage
dbssuuaseﬂmﬂbduicnuﬁuuMilnwo&uuﬂﬂemwmeéh&xﬂmhnu;enhuunnomnmm
dbsﬁxmnusdenﬂxrnospﬁdﬁawsiemuundhsawmﬂaLscNmnmtmmmheuMhéeﬂ
un HEWLETT-PACKARD 5890 avec un détecteur & ionisation de flamme, reiié & un
10 intégrateur HEWLEIT-PACKARD 3395, OnuﬁlisounecolomeSP 2380 (053mmx25
' m), et fazote U comme gaz vecteur. .
~ Les acétates d'aiditols sontéluésavecdes tempsderétenﬁoncaractéﬂsﬁquesdela :
. colonne. Desmommfauespourconnamlefacteurdaréponsemlaufamaque |
acétate d'alditol. COnnammralreetlaquanttéd'mtoldedépan,onpeutd'aprésla
15 surfacedespmded\awndesaeémesd'aldmls endédmlaquanhtédesosas
7 'axmsnmuhmuquNGMwuupnmnqunnenpoﬂsdecmumesmmemnmanumumma
dMQuuuwnumnnihlmaunundedbsuaesummasdaﬂkmwmkmdmuﬁ Le glucose
muwmtpnunueqmnnmmnndeﬂwdmﬁnedehuammuo le pourcentage de glucose
_ domeamsnmndiahonswlapmtédelacelluosederéd\anmlon Les autres sucres
20 neutres sontprhcipalomcnﬂexylose.logalactose Iemannose. farabinose et le rhamnose,
"~ ils donnent une estimation sur les quantités de pectines et dhémiceliuioses résidusiies.
_ Ladosage chimique dutésuducallulosique obtenu indlque un poummage de
asebdamuane . N
. EXEMPLE 2 Purificati ‘mgl'g;'  pulpes de Mg'_ | .
25 Toutelasérie de traitements de Exemple 1 a été répétée en sjoutant aprés le
--";tra:tementparlediomedesodiumetlesnngagesmspondam unsecondimtement
:muhbmsdeumwmiummwnaummmwrOnoMbmamﬂundkMuodemmn
'blanchalndontlacomposihondmﬁqueonmneuh'eapeuvaﬁéaucoursdudeunéme'
blanchiment. Lodosagemimique ndlquempoucentagedeas%de glucose du résidu |
36 - awasnuecbumu. - _
| EXEMPLE3: ion des puipes o |
Lespmpesdéshydratéessontmmzsas en suspensnondansdereau délonisée puus
'soumisasa.unehydmlyseaadanbnlepmédédeauuansraempln Onfiltre eton
hwairhauaﬁ1d%hnmmrhspedvnseth&mcdmmnessdummﬁeslauéamJumdeeﬂ
35 ensuneemnparunesoluhonalcaﬁnesebnleprocédédéaitdanerxemplﬂ Ce
trantsmentalcalmestrépété une deux:éme fois. Le résidu solnde est lavé & l'eau jusqu'é



- quantities

mcrofibrillar structure necessary for the specific 10  properties
of the product of the invention. The duration of each alkaline extraction

hour and—apout 4-fours,  preferably apbout Z hours.

In step (d), the solid residue is recovered from 15 optional step (c)-

In step ( bgf%residue fromstep (b) or step (d) is wa skﬁ?gopl ous_.

er to recover the cellulosic material r

accordance with the invention, a certain 20 per cent age of the non

cel lul osi c acidi.c polysaccharides (pectingg hemcelluloses) is retained at
the surface of the cellulose mcrofibrils, having the effect of preventing .
t hem from assmmmmmmawmmwwwmm '

et erably | ﬁiéﬁﬁshﬂ%@wd*ﬁ“"wgh rdoth ?‘F&*W?ﬂ'c
pol ysacchari dm% L
' mmmnzaamonumtqueplusbmmbmd'mwonust&nmm o

5. pluslammmmmmm

Tmhﬁﬁa«mm&t&mmhﬂ«éﬁpéﬁemwbﬂhmthsdm
daadesdﬁnﬁquarunesoluﬂondaddodﬂomydﬁqmmmbpﬂdala :
_ -suspenmnipﬂ=2. _
10 ' Onobhantmpmmnhgedew%deglucosedemlducenulosique,sin-nilalraa - “ -
eelmobbnudansl’Exemples. -

Lospulpudéshydmasontmniuunsuspemlondamde leau déionisée. Aﬁn
_ d'obtemmemoilmhydlwon onuhﬁseunmbcemdetypoWARlNG BLENDOR
15 6qu6d'meh6luéq.:atmpales etonmixedefaponintennittentependantﬁmmms
'Lasmpmmmmmwuneparaddmmdumsduhondemdede :
mnﬂﬁonapmpﬁéodemdeewnmmdadeeZ%m
poldsetmpouumagedemahémsmanS%mpmdsparmppMauuqmdew.
o Onyaputeo1%enpudsenvmndeb|sulﬁhdesodmm(m,so,)parupponauliqwde
20 wmmauempmsmiw'cmzmummmméﬁmue
' oonstante.AprésceMnmtmeﬂecﬁnumﬁlﬂabonswumisdeoemmOnlavele
lé:ldusolideal'eauiusm'éobtenrunﬁltratnm C:etramma!ealmestlépétéme
deuxiéme fois. Onlavalerésidusolldeil’eaupsqu’éobtemrunﬁm'atnem avant
| '-‘de«mmmmummwbm«mmmmmmdm
25 dansTExemple 1.
' ' Ledosagemiznuqminduqueunpomemgedee?%deglum

Oneﬁemmutehséﬁedehmm&r&emples avacmtmtaments
alcahmmssdswecumsokﬂondasoudedeconunmﬂonappmpﬁéedefagmé
30 obtemrmeeoncenﬁaﬁmﬁnabensoudedsZ%enpods.auheudedemtaﬂemn&
' ' commedanerxanples.Lerésidusol:d.utmuntelavééfeauhsqu’aobtemrmﬁmat
" neutre, avaMdeﬂecﬂerdewcbhndumentsmsslfspa'ledﬂmtedesodunsetonle
pmcédédéeﬂtdansrsxemplﬂ |
Ledosagodumuquehduqueunpomntagadaszssdeglum



h'ormgeni zation periods whi ch were too | ong, but in accordance with the
i nvention, this percentageTmost- be greater than—0% 30 The
cellulosic. material  of step (e)- is then optionally bleached in step:

(f), for exanplg,yu sodi um.chlorite, sodium hypoC'hI orite,
matter hydrogeﬁ%%ode etc, in a manner that is known in |t§§ﬁ1ﬁl§%ﬂ”
Different concentrations can be used at tenperatures 35 bet ween about
18[err] C and 80[err]C, preferably between about 180l err] C WD 96/24720
"PCT/ FRO6/ 00205 9 and 70[err]C The duratlon of step (f) is between about 1
hour and about 4 hours, EXEMP s PlIbes delbalieive 2Nd about 2 hours.

A cellulosic material coRfaink ght of , cell ul ose
is obtalnedlnthlsvvayai'| Wlﬂld%

nnemenualcahmihsoudepardwnlﬁamonusumifsamumsduﬂonde
|  potasse de concentration appropriée de fagon & obtenir une concentration finale en
5 - - potasse de 2 %. Le résidu solide est ensuite lavé & feau jusqud obtenir un fitrat neutre,
 avant deffectuer deux blanchiments successifs par le chiorite de sodium selon le procéds
décrit dans 'Exemple 1. Onobumonuﬂisanthpousse deués'duscellulosiquesde
puratésimumtceueobunuemcdehsoudo

10 . Lapulpodémydméelétémensuspensbndansreaudéioniséeparun
mlxageldenﬁqueieeluldéandanerxemlﬂ Lasuspensbnainﬂobtanueestponéeé_
reflux pendant 20 minutes puis filrbe sur tamis de 0,8 mm. Le résidu soide est alors remis

. ensuspensnndmsumsduhmdesoudedemnhﬁonappmpﬁéedefagonéobtanw
unacomenuatonﬁnabensoudedeZ%oua%enpoudsetunpoureentagedemahére

15 ""séphedeZ.S%anpoidsparmpponauluqmdetotalcmesuspenslonestmaintenuesous
agitation magnétique pendant frois heures & 20°C. Apriseemment.onemdueune

' 'ﬁmmnsmmdoosmmetunlavagetreauusqu'iobtenkunﬁlntnem
| Apréseeuemchon.lespoueenuguenglueoseobtenusmunmm
_avacdelaswdetZ%ouﬂS%sontmppoﬂésdansleTabhaul

20 : . TABLEAU)
| 'Eﬁétdela'eonqenﬁaﬁondesoudesdrhpumté_du
Conemtabondesoude R % de glucose
: ~en poods | B o molaire en poids
25 2% | . 05M I
. 8% . 2M N

On voit alnsi qu'au cours de fa ptamiém extraction alcaline, l'utslisatlon d'une soude
plus concentrée se traduit par une celluiose d'une meilleure pureté
_ EXEMPLE 9 : Influence de la concentraﬂon ensoude :
30 Lapulpe déshydratée a été traitée selon I'Exemple 8. Le résidu cellulosique ainsi
purifié donne aprés firation sous pression réduite & faide d'un entonnoir de biichner une
p&te a4 % que fon traite: simultanément et de maniére similaire dans huit expériences
~ distinctes. On sjoute & 0,6 gramme de cet échantilion 50 ml d'une solution de soude & 2 %,
7%, 9%, 8,5%, 10%, 12%, 14 % et 17 % en poids. Le traitement est effectué & la



5 ' In step (h), the suspension from step  (e), optionally:
bl eached in step (f), is diluted again in water to 2%to 10% dry matter,

Themr Sent o Step (1) which, imaccordance W th the Tnventron, s carried
out by mixing or grinding using any high nechani cal shear operation, 10

f ol | owed Wy opgersd N0 the cell suspension through a small @#}ﬁ?ghkﬁg orifice,
Ig%s 2

subj-ecting the suspension to a pressure drop of at- a and to
~a high velocity shearing action followed by a high vel.ocity decel erating -
| npact. 15 . Mxing or grinding ig7 for exanple, carried out by

passage through a mxer or grinder for a period of several mnutes to about
one hour, in WEFW%MQMW‘&&WMMW@M&H

- bl ade screw. qugeion g Bifed dPGosBonbirisRAS boritidargdy 2
colloidal mil 20 under#”.&ﬁi’%w!ﬂ condjti-qns; .the. concentration of
dry cel I ul oseistiéa o g Wm#mﬂlﬂ?ﬁw’m ng -

or grinding, mmwmmm«mmm
5 R Dmdmemmgmdamemmapﬁsduyseestdépom”me
' mammmémnqmmmmwanm , '
' mmmmmxmmqmmmmmmammm
dessomnsduoudodazae%mpommmmhgonidentqueéhealmsede
. départ.Onmmmmmmmhmmel(mmmeuounm.o4nmet o
10 .Ozam)MmmdealshninMderommdoas% Parcontre, pourles fims de ‘_' |
' .whbumwumtdammmdeas%otawdemmspm '
mﬂﬁm«mllmmuﬂunmdémenpmm«pardes
mtférancesto7nm,o44nm.o4nmeto,258nm -
B ' Onconsmaparobservatnonaummscopeéhmhlque queleséchannllonsquu
.15 "ométémlésdanslaswdedezts%sepréunwusousfomed'assemblagede
- mmummmamm«mmmgmrmmmram
 (Figure 2). Parcom apﬁsmagsdanslasoudeass%etaudessus Péchantilion
'estaggbmértmsfomndegmmdeummhcomhﬂésd‘él&mnusoudésmﬁam
(Figure 3). Cettecellubsetansfonnéenapluslespmpﬁéﬁsamdénstquesdela
20 celll.losedel'mvemlon
Parprésewerhspmpnéﬁspmuﬁéfudelacellumedermvenﬁon i faudra
_consewerlasnumveaishllhedelacellulosenahve donc.surmunllseunesolutlonde '
'soudemdermwonalcanne nejamdépasseruneeomnnuondes%
S ahonde '
25 Lapulpesédsée avantd'éh’eréhydratée,aétépasséedansunbroyeurameule
équipéd'megrilledﬂmmpendantdumunutas.UntamlsageswdestamudeGOOet
75 pm, aumwmyecpennetderéaapérerumﬁamndepamlesdem
mfénauni75motuneautreﬁacﬁonﬂsnajorhmemre759taoom Aprés
'calunaﬁmiseﬂ'Cpmdamahem&hmmdemmmpponéeélamasse
30 mmmrmmmmmmmmmdemmmmcm
entraTSetOOOpm.omsoleuneﬂachonqdcompmndS%demaﬁéramméraleeten _
dessousde?5um.uneﬁacﬁonavec12%damaﬁémmnémle '
. Oneonstatemnanueeebmyage suM d'un tamlsagepermetd'obtemr une fracuon
appauvnaenmaﬁéremmu



récept acle is preferably provided with a system of deflecting ribs by means
-of which the liquid is noved—back—25  -towards the bl ades of the screw at
the center of the receptacle. Honpbgenization proper is advantageously '

carrired out

in
subjected to a‘ﬁ?g
- narrow passage ‘and agai nst an inpact ring. The honbgenization conditions:

~are as follows:
‘the suspension is in the range 2%to 10% by wei
-preferably introduced i nEXEME s 8 Ha B
t enperat ure between 40[e I

96/ 24720

15

"GAULI N type honopgeni zer in which the suspension. is
I00|ty and- hi gh pressure shearing 30 E Sa

after m xing.or grinding, the cgﬁcentratlon of dry pul p in
g _

The suspension is
ARl | Ng 35 toa
3L Isstis dbs purificitions G4eiles Aas IS Exsopies 1 7 Ont 6t mixss
dansunWARINGBLENDORiIapIusfoﬁevltessependanttolsmlnutesaptésl'étapede
blanehlmant. pmsﬁllrﬁsswunmsdozspm L'efﬂudﬁd'untaltaltementost
obsewaﬂeaumlaompoopﬁqmwhsalsﬁw:doxdmdeeahumomwpamwlaﬁté

wmmmmmmqmmoumummmpom.mamummm

| obémdemmmmuimmmmmwrhfonddehplaqued'observahonmnsr _

10

que des mstamil‘iméfleurde certaines celiules. Al'lssuedeeelmltement. il "'y a plus de

enslamobumblucnhluealldouurhfonddesplaques. ,
- Cet exemple montre que selon limportance du mbrageatl’abondanca des Iavages - |

B surtamlsdepomailéappmpnée onanlveéélimunercesmslawc. _

20 -

Les suspenssomissuesdestatememsdéaits dans les Exemples 1 & 7 sont des

suspensions de cellules purifides; constituées principalement de caliulose. Une observation
- aummscopenmﬁaqueeesommwhﬂasplmoummmd'mduausées Ces

suspensmnssaﬁpasséadansunhomogénélsateurGAUUNimMPaqwmfoﬁ .
eonséwhves&meeoneembondQZ%apﬁsunpréchauﬁagedeunehemiGO'c La

températire augmente rapidement jusqu'a atteindre 80 & 100°C.
Dansl‘homogénélsaw lasuspension punﬁéeestpouséedansuneondwtparun g

'plslonévitesseélevéepuisdlepassethvemunmﬂeedepeﬁldiaméﬁedans lequet la

mspemmmmimemubdepmimimmwseheﬁmeﬁewnmm |

.ameauded\oc.Lacomgaisondecesdeuxphénoméms dwtodepresslonetlmpaclde

décélaration, produit une action de dsalllement et findividualisation des microfibrilles de

. cellulose En faisant passer plusiours fois la suspenslon par forifice, on obtient une

25

 suspension stable de microfibriles de celluiose individuslisées. Ceci apparait clairement par

~"observation au microscope ophque ou électronique. Sur la photo 4 apparait nettement la

30

slrueh.lm d‘endsevélrement de mluaﬁbnlles de cellulose constituant la paroi primaire des
eellulesdepawnchymdelabetlenv& Surlaphotos onpeutvolrles microfibrilles de
cellulosa plus ou moins séparées les unes des autres. Cet effet d'individualisation est
directement conséquent au traitement d'homogénélsatlon dans rhomogénélsateur Gaulin. -
Les échantilions ainsi uamés sont des suspenslons de microfibrilles mdmduallsées

'etontl'aspectd'mgel.

Laeelluloseoblenueprésemeaumomsso%depampnmms
_ Son pourcentage da cristallinité, observé aux Rayonsx,estdess%.



'85[err] C.and 95[err]C The tenperature- of the honpbgeni zation operation -
|s kept between 95[err]C and 120[err]C, preferably above 100[err]C. .In the

n i s—subjected TO Pressures ar e pet ween 20 -
- MPa and 100 MPa, preferably 5 nmore than 50 MPa. The cel |l ul-ose suspension
i's honog n between 1 and 20, preferably between 2 ses
unti | Sﬂ%%ﬁg spenS|on is obtained. It should be note&éaﬂgémmﬁﬁ
hoanenlzatlon in the 10 context of the present invention has a function
which is different to that in the ITT INDQ§TRIES patents cited above, )
nanely FR-A-2 472 628 and EP—A—O 120 471 In the process of the present

‘pat ent s nmenti®
secondary waltﬁeindtanbMﬂ‘tS-&dwn.ofl bri.l S. The hormgenl zation .
operation . of ' b ardieatis _ :

e Py G oot fsrrses
te de gy t he

5 mammmmmrwammuéudmm
: WARnNGmmRmmummtmm..etmmmmu
pranﬁfoestcormrvéamqueue hsocondeestpassénemprmdans _

' momogénéisatemGAUUNASDMPl.hmmmeOpamgnisOMPa
.Laﬁgume mmbienlesmluoﬁbrilesindividuallséesapﬁswpassagesdamm :

10, homogénsiseur GAULIN. N

Ces suspensions sont étudlées a ram d‘un méométro CARRI-MED csm.so avec
- unegéoméhieeﬁne-plan Lasadldéeuubummspondtlaconmmtemnmdeé
pllquafpowobtemumvalewdevlsmné,vabwdimctememnéeilafomdugel La
: . suspmm“tmmwhvahurdeWmmm&.
15  dsallementde 57,6 s* Leuésuﬂatsobtenuspwrles&mssuspemionséwléesﬁune
- _mmraﬁondﬂ%sontmsemblésdamlehbleaull

IAB.LEALLI!
cmmuquuesmsusmm

20 S B Nombmde o : o (MPa.s)
| Echantlion |  passages | c.,(Pa) | as7es’

T o I SR B T

2 .| 6 T 43 186
3 © | 78 | 328

25 - Wapparaitciairement ue feffet de Fhamogénéisation qui est un effet

d"ndaviduallsahon des microfibrilles de oallulose, provoque une amélioration considérable
des caractéristiques rhéologiques. Les camctéﬁstquas des microfibrilles sont similaires &
celles de 'Example 12, sauf que le pourcentage de parois primaires estde 90 %.
| PLE 14; Stabilté des suspensions
30 : Une caractéristique importante des suspensions obtenues selon [Exemple 12 estia.
~ capacité queelles ont de constiuer des suspensions stables: | |
- De telles suspensions traitées selon lExemple 12 ont été conservées pendant
plusieurs mois & des concentrations aliantde 0,1 % &7 % sansjama;sdonnerunvolume
de décantation inférieur & 95 %. =



- factor. In fact, the 30

ablvant ageously followed by a high nechanical shear 20 oper ation,
for exanple in an ULTRA TURRAX appar at us™ from SYCVERSON. W have
est abli shed that the treatnent is nore effective at higher dry nmatter

' concentrations g suspensi on to be honogeni zed and at hlgh
' hom)geniza_tionv‘;z'gmgiﬂn enper at ures. This neans t hat E?ﬁnmmmno
cel l ul ose concentration increases, the nunber of passes reqU|red decr eases.
However, the viscosity of the. suspension duringagreatnent, which depends

: dlrectly on the concentration-of the treated suspension, is a limting
MLE 15 Stabilité desduspersionscd t 0 operate with

 Suspensi ons which a7, | St habipin t Ales R o ST 2 gt
. be reduced. Furt herparuhe soluiobefacide triflueroacitions 0,1 M 20°C pepdars 2 heures '
- water-soluble dispersi W%WWWWGSM&Mmstmmm
| 5 puucmﬂamndecdk*uudessshLnsuqxxnbno&hnuadbnpmssubb
' Uaddntmuumuanhuol&lcuadbmnhmadepennewarhvmnumepnmmunmme
desMnuﬂhMbn&OnwnMdmcmamcombﬂuéenconﬂamavec
rhydrolysedepemuthénﬁcollubus. -
: : ﬂapmmdndanmmundhmﬂsauemunﬂbqueu:auﬁmédecassUﬂxuwbnsen
10 - duealaprésence de pectines et hémicelluioses qui se frouvalent liées aux microfibriles de
celulose. - - |
EXEMPLE 16 : Remise en suspension . -
Un échantilion tel que préparé selon [Exemple 12 est prélevé et séché a fétwve
dans un récipient de polyéthyiéne & fond plat. On obtient au bout de 12 heures & 100°C un
15 = ﬁlmdeeellulosesédwOnmetceﬁun(o.zg)ilremperdans‘lOmld'eauébmpéramre
* ambiante (25°C) et on le titure légérement avec une baguette de verre. Auboutde
30nmmnbsonohﬁunumapmbépauaoIa1dmnuneemamﬂnawecdereauonobm”nune'
suspension de microfibrilles de ceilulose avec des propriétés identiques 4 la suspension de
| depet - - '
20 | ) B amien am el
Unddunﬂbnﬂiqwauipmisdoanmumﬂe12eutyikwéeﬂs&héif&mma
' dansmréapneMdepolyéﬂwyléneifondplatOnobﬁeMaubaﬂde12heumi100‘C
des films de cefiulose séche. Ces fims sontdécoupésanlambeaguetmlsdamun _
mélangeurWARlNG BLENDOR avec de l'eau déionisée. Aprés 15 minutes d'agitation, ces
25 lambeaux sont désintégrés et une suspension de mlaoﬁbﬂlles est obtenue avec des
ﬁ”pmmnﬂ@sanmomnwéuaﬂwunnmundedﬂunt
. PLE 18 Rmnhee suspensi
- Des échantillons tels que préparés seion Exemple 12 sont prélevésatmlsa
sédmril'éfuveiﬁO'CpendanHZheuns Onobhentdesﬁhnsdeeeﬁulosequeronh'alte
- 30 : éraudemﬂuomacéhqua.cormedansl’mmple15.0nremetlesﬁlmsa|nswa|tésen
suspension dans l'eau.
_ Ces échantillons sontdnfﬁalesadlsperseretonnerah'ouvepas les propnétés | .
initiales de la celiuiose. '
Cet Exemple démontre qu'une celiulose non ehangée sortant dueedmdela
35 présente invention, nepeutp_rah_quementétruremise en suspension apras déshydratation, |
sans perte importante de ses propriétés rhéologiques. | | | '




WO 96/ 24720 - | PCT/ FRO6/ 00205 11 or

thi ckeni ng agents such as carboxynet hyl cel I ul ose, cellul osic ethers,
( guar—earotba, —atgrates, carTageenans, xanthane
and . derlvatlves thereof) are added to the suspension to be hoanenlzed 5

Sugar beet ul contains 4% to 6% of mneral corrpounds g&are

i nsol ubl ¥Q er. Soil residues and fairly large (> 1 of grit
are anong the mneral conpounds present in sugar beet puI p. The :
.applicant = has discovered calcium oxalate 10 - nonohydrate and silica -_

crystals in these insoluble m neral conpdUnds. Cal ci um oxal at e nonohydrate -
i s found inside t ExenlesigVRabuasc oenerally localized in the wood-and

ACUVItE
bast bundl es near

essel s. € cal cj um oxal at szziﬁals are r:ontal ned -
in certain cells d"!‘&ﬁ dedinyention ?ﬁﬂ% é’ﬁ?ﬁ'z

mélangeerzymaﬁqmda‘l’udwdemmsd CL-847. Dansunedemyerdezsnu on
. mnetensuspembndansaomld'uudsﬂﬁo.awmdcealubudermenmm o
5 agctedefagoniobbmmesuspemmhomgémdemanfbﬁﬂesdeceﬂdoaetonmet
' aéquiuwenunpbnmﬁmimu;omnemymaﬁqueutpﬁMoon
dissolvant 31,10 mg denzyme (comespondant & 25 FPU/g de caliuiose) dans 15 mi de
- tampon citrate de sodiuma pH =4,8. usohmonostaputéaaummgurémiomelquon
: | "Mmammuo'cmammmasoummwmm
S10 4h.shet24ndemeuononpwlmamldemmwomdbienhomogm(defagon,
' émpasmduﬁerheonoenﬂhon)queronpommnsuncbmeppendoﬂimﬂw:é100‘0
mmmmmmdémmmmumwméqmmpp«mréam
mzymaﬁqunOneanhiﬂxgapenMﬂmmtesﬂDOﬂOgmonﬁmuwmambnna
: ee&:bsqmmnopaedepomﬁéde()ﬁum LedosageestﬁauséparCLHPenuuusam
15 lesstandardsdegluoouatdeceloblose Oneonsatequelaceumaorinvomonest
‘ mp:dmmhydmlyséeparlomélangeemymatquepourdonnerOﬁmgdesm
rédudem(glucoudcellobme)parmdeceuosededépanaprés4heuu
_ehydmlyse,osamgparmgdecelmsededépanaprésahemscmetossm
parmgdeeewoudedépaﬂaptu%tnmdhydmlyse.

- 20
_ Dohpupodebemdéshydnﬁoestmseensuspmsmdamumsoluhonde
soudedompconcmmestcompnseem153t2%mpadsparmpponauliqwde
.  total. . -
25 ' Laquanﬁﬁéd‘eaunécessaimestteﬂequelerahollquldelsolideenpmdsest

d'envmn15(1kgdcpulpedans15kod'm)
Ceﬂenmuseenmpensions’effech:eenwvaagltée L'ensembleestdmautféé
80'Cpendant2hems. : :
Laﬁaehonsdndedalasuspensionestensuiteséparéedehﬁaeﬁonﬁqtﬁdepar
30 passagedammeessomuseanﬁﬂugecontenavﬂmepodwademﬂemféneumé
' 250un.Aumdelacem|fugaﬁon.legébauestdmé
Legétewrdwpéﬁatmensusponsbndansmemuveﬂesomondesoudeé
15%deeoncamnondammmﬁoﬁquidelsoﬁde(enMS)idenﬂqueauprécédent
' Deméme.rensembleestponésousaguaboniSO’Cpendancheums
35 On effeciue un nouvel essorage avec, cetts fols, une toile plus fine (25-100 ) et
' Iegateauestﬁneéil'eau



15 storage in the plant. . The nature, quantities and o
proportions of these mnerals can vary with the sort—m which the plant is
cultivated, the sugar beet variety, the climte during growth, etc. The '
~ presence of ca al ate crystals causes - a 20 probl em duri

- hoanenlzatlon%ﬁégﬁﬁgé are highly abrasive and it is preferablgcﬁgnmmmmw
elimnate themor at least to reduce their quantities substantially.

Eli mi nation can be carried out by treatment in g8 acidic nedium for
exanpl'e hydrochlorie acid, e’g. -acid extraction as could be carried 25

out i n) stﬁﬁ (ﬁ)t(l f thatwmwamdawmwmﬁm?mmwmm
cour se i C ran 0, 0X

- and cal cium chl ori @W%&kﬂiﬁ%tﬁg%%%%%aﬁ@w

- also be elinnat dmm«mmmmﬁnd screeni ng. The

- applicant has establi slﬁ?&.n& W Wr '
- be reduced by. bI _endl ng and screening. the dehydrate pu p uﬂLﬁ,n&ﬁQ _

Legﬂhaueﬂﬂnctetcenbﬁm‘msqﬂobtmﬁond‘unﬁlﬂtdak
Laoeldoseobtenueestmdtendﬂuéedenﬂeaudefawneremenereunm

" de matiéres sdches compris entre 3 et 4 %, puis la suspension est passée dans un broyeur -

imeuleFRYMACeﬂempodehmyegepemetcredaterbepmoellulelmetde
10 "pré-homogénéiser” le produit.
Laeellubsebmyéeestensullehormgénélséedensunhomogéné:sateurAPv
:GAUUNeunepressloneompﬁseenheAlSOetSSObars Le produit est préchauffé a une
lempémmwpédeurei%‘Cdetelefeconqueleprodulteoueebulﬁhoneumomentde
- passer a fravers f'orifice. Ceuembmeeaéerunphenomenedecevnabon
15 - Lemduﬂn:bﬁenheSethpassesenbnchondudegréd’homogénélsaton
: Lawmhseestenmmimhuxdemaheressédleswpénema%%
papassagedmmmmmtypeuaoxoucmnueuer |

20 Onepreparedelaeelluloeeeommedenerxemplezo
On a préparé des échantilions N* 1 et N°* 2 de la facon suivante. Onapressédela
cellulose jusqu'e 40% de matiére séche puis on l'a sémée jusqu'a 60% (échantilion N® 1) et
jusqu'da 85% (échantilion N° 2).
- Les deux échantillons ont été ensuite séchés dans une enceinte d'mehque a20°C .
25 et & 50% d'humidité relative puis ils ont été broyés pendant 30 secondes dans un mouiin a
- 'café avant d'étre remis en suspension @ 2% de matiére séche perl'ULTRA TURRAX
pendant 2 minutes. :
Le témoin estde la cellulose a 2% de mat:ére séche homogénélsée 4 'ULTRA
T TURRAX pendant 2 minutes. .
30 Onemewtelesviscoeltésdeeéd\entlonsN'1etN'2emS|queduﬁmomaprés |
4 heures de repos (ceradérethuoh‘oplquede la cellulose) par un viscosimétre
HAAKE VT 500, dispositif de mesure MV;, avec un gradlent de uselllement de18s”.
On a obtenu les résultats suivants :
S Viscosité du témoin :25Pas
35 . Viscosité de Féchantion N° 1:25 Pa.s
' Viscosité de I'échantilion N° 2 : 22 Pa.s



before step (a) and retaining only the fracfion' with a granul onetry bet ween
about 20 [err]mand 1 000 [err]m preferably 35 betvveen 75 [err]mand
6/ 24726 : -
PCT/ FRO6/ 00205 12 \Wen the cel | ul osic residue contains a non- negligible
quantity cal cium oxal ate crystals or cal ci um oxal | s which
are insic?gal’;féﬁg%lls after basic extraction or after bIeWﬁ@gerate o
grinding can 5° be carried out wet, for exanple in a WARI NG bl ender type -
m xer or any other grinder, to rupture theggells, followed by filtering or
screeni ng through a SU|tabIe screen. The screen nmesh can readily be
deterni ned by ‘the tiihiuiote felinantorf sichéadr de nwitidmasbcRrsnupdnedonéo100% dd M

€9 275 60yn {cnens ofseBhee i asibs ibbereUEAE 406 ocBbed B6% 6 s8 UscSlus™ X1 N9 T
Laeeldoscdalapﬁsenhhvenﬁonudisﬁnguebmdehceldoudu
brevet ITT INDUSTRIESEP120471 qui sans additif mrécupire au maximum que 2 &
5 ,20%desaviseosmiinmaleetqdnéeusibunljoutd'mmolmm()%enpoids _
'd'addmf parrapponila celulosepwrﬁeupémh quasi totalité de sa viscosité initmle.

10 Lsspulpesdepomnesdehm dontonamitl'amdon ontétéreﬂsesen ' ‘
: . suspenson dansdel‘eaudéimisée. Afin d'obﬁamrmmeillamhydrauﬁon on autllisé
un mixeur du type WARING BLENDOR équipé dune héiice & quatre pales, et on a mixé de
.faqonmennmemependamnts minutes. Lasuspmuonaété ensuite rendue alcaline par :
- addition dune solution de souda de concentration telle que fon obtienne une concentration -
15 finaleen soude de 2 % en poids et un pourcentage de matidre séche de 2,5 % enpoids -
parmpponauhqwdemal Cem:uspensuonaéléonsuuteporﬁoast)‘clnndantz heures
'sousagiuﬁonmécmqmeomme Aprisceﬁaitement.unoﬁhﬁonaétéeffeauéesur
maosmmUMaéﬁhvéirauquammmm@
hﬁememm.étérépéﬁumdmmm LQMsolldeaété lavéél'eau}usw‘é
20 obtenhcnd'mﬁlb‘atnm o
Aprés ce lavage, levésldusolida aété mmisensuspenslon a 2§%dansune

"sammdemme«mmmaaoz)aa4gn.ummnnéeparmmwdema
d'acadeacébquea unpHde4. Cette solution a &té portée&?O'CpendamSheuresscus
' agdaﬁonmécamquaconsmte Parlasuue.lasuspensconaété ﬁltréesuruntamasen
25 . 'mninquablepmsnneéearew jusqu'a obtention d'un filtrat incolore: Un résidu
o celuoslque.deSis%enpondssecestobtenuparﬁlhaﬁonsouspmsstonréduitearalde
~ d'un entonnoir BUCHNER,
Ledosagednmnquedurésad:wﬂu!osiqueobtenulndquounpoumnhgedess%
de giucose. Ledegrédepolymérisabonvuscosumémmes myenostderordrede 1000.
30 Homogénéisation - o
' | . L’homogénéisation a été effectuéedelamémemanem que dansl'Exempte 12.
w@!&m
Lessuspenﬂonsdemiaoﬁbrilles. issuesdepulpadepommedetem obtenues
selon le protocole d-dessus eonshl:uent des suspensions stablu.




grinding, i.e. depending on the size of the cell fragnents obtai ned and

I ndustrial feasibility. A-fuorttrer neans 67 el.imnating the cal ci um oxal ate
problemis to carry out an oxidation treatnment, for exanple 15 W th
ozone .or eroxi de, associated with a bleaching

.step (f). In orggg'fogellnlnate the cal ¢ci um oxal ate crystals, %ﬁﬁﬁﬁﬁ@ﬁ%
step (f) can also be carried out using.ozone or hydrogen peroxide.

Any of the neans of elinmnating or at bgast reducing the quantlty

of calciumoxalate crystals can be combined w th each other or used
separately, as can read L3 msioagl by the skilled person in each

el g the process.of thwmweﬁ%n%@%?e' " OTE e el
characterized in that it corlroekiielda@50 mie: about 80% nore generally at
I east about 85% of primary mmmn'z - T

1Kgdemuasi10%doMS(soit100gdemaﬁémséd|es)omététtpéos
Les rapures de carottes ont été mises en suspension dans une solution de soude afin
d'obtenic un mélange de 100 g de matibres sdches dans 2 litres de solution & 2 % de

10 L’asuspensibn'aitéponéeiso'cmzheuréssoungitaﬁonméeanique. 

Aprés ce traitement, on a effectué une séparation liquide/solide par centrifugation. Le

résidu solide a &t rincé. If a été onwltommsensuspenstondansune solution de soude

i15%avecunmﬁoliqmdolsolidodo15 '
Leuﬁhngaaéurdenownumc:nhhméeﬂeﬁhwusmweaéuvnkupm%emﬁuﬁ.

15 - Aprés homogénéisation, delamémefaqonquadaml'&xemplnz onaobtsnu

une suspensionshblodans leau et ayant Faspect d'un gel. -

' BhnquehmmuididahpﬂnnmbiNUMMnanﬂbdhuueﬁhwm&endmmnnast

lapulpodebeﬂonvo.dopommodotemetdeeamﬂe. dpeutégalamentm:ppuquéau

: h:ﬂumuudeﬁhunnoqmnpmandnmmnpmwmmmdbkmskucﬂus«nmns
20 pamplemousses, ounges), ainsi quelapupartdesﬂmtsetlégunes



waIIs and in that Tt is chari‘ed V\nw carboxylic acids. 30 The term

"car boxyl I C aC| ds" nﬁmm“m a‘.m xylic acids, their polyners and t heir
y

eratt Yol U|.||_C acti CTS SUCIl as

gal act uroni ¢ acid and* gl tcur onic acid. The microfibrillated cellulose of _
t he press%g‘sa,m I nvention is remarkable inthat:it can _be taken up into

WO 96/ 24 " PCT/ FROG/D!
~ suspension after dehydrat ion. The ni crofibrillated cellulose of the
“invention is 15%to 50%crystalline. It is constituted by mcrofibrils W|th
a cross- 5 section between about 2 nm‘nd about 4 nm The .

',mcroflbrlllated cel |l ul ose of them )
1 Cemhammﬂbduée wacténséeonoeqweuemntaumoim«mmnm%

depam:spﬁmmuteneaqu‘deutdwgéoamdumarboxyﬁm
, z.cememmoﬁbﬁlléeubnlamveMom md&héeeneaqdeue
eonhentaumnsanvimn&S%depamlspﬁmms. '
5 3 cmmmmmmmmm1uz
' 'caractéliséeonuquo maadesamoquuesmmwesumiqm

4, Cellulose microfibriliée selon la revendication 3, camséeencoquelesaddes
-mmmmmumemdermmmqmmm
* glucuronique. - ¢

10 SCeIulosamluoﬁbdﬂéeselonqumleonquodamandleahonﬂ ﬁ4 h .
' ' caracténséeencaqdelleauneaistalﬁmtédﬂsam%

8. Cellubsamianﬂbdléeselonrunequelconquedesmvend'mtmsﬁs
cemdéﬁséeenoeq@ellecmnpmnddesmuoﬂbﬁllesayﬂmeseehmeompnseem
environ 2 etenvion4nm. '

15 7. Pmeedédeprépmmndolaeemmmmﬁmuéodmmendmon1 ﬁpanl‘
' depulpadevégétaméparoispnmam.nohwnentde pulpedebettemosuaiéreaprés
_mehondusam contenant de la celiulose, dospecﬁnes des hémicelluloses, des
protémesatdesmm mmérales, compfanantlesétapude ,
(@ hydrolysoaddeoubasuquadehpdpapoureffedueruneexheﬁonpamele
20 des pemsatdeshémcelmmes. _
' (b)réeupétabm du résidu soudedolasuspensonpmvenantderéupe(a).

(c)dwmmwion eﬂméedansdesmmomamm« du résidu de
matériau celiulosique pmvenant de l'étape (b), obllgatmrament si l‘élape () est acide,
fawluuvemenwrétape (a) estbasique; :

25 ) (d)lecaséd\éant, réwpémtondutésndudematéﬂaueeluosiqueparsépamon
de la suspension provenant de I'étape (c); '

() lavage du résidu provenant de fétape (b) ou, le cas échéant, del'étape(d). _

() faculiativement, bianchiment du matériau cellulosique provenant de ré&ape (e);

_ @)mpérabondumaﬁﬂaueﬂhloﬂqmp&sépamﬁondelasuspenmn
.30 provenant de étape (f); '
' (h) dilution dans 'eau du matériau eolluloslquepmvonantde rétapo (g)pourobbnr
entre 2 ot 10% de matidre sdche; '
_ ()homogénélsaﬁondelasuapension de eallulesprovenantde réfape t);
caractérisé en ce que ' :

This Sheet Has Been R
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of the liquid crystal type, constituted
by nematic domains. The m

\
| ONS
T R e

i-nvention has a group of b
properties such that_stable suspenS|ons cdn be produced at pHs
2 to 12 and |n“§)¥%ﬁﬁ@rature range of O[err]C to 100[err]C at ghﬂ?ﬁgﬁ%
concentration of 0.2%and wth the appearance of a gel at 15
concentrations of nore than 1% The cel |l ul ose the present-invention
behaves as a weak gel at 1% DM (dry matter) in“water. Upon studying the

oscillation viscoelasti lﬁ%i lestitteLtibe & U6 tfripsiature Sorhirisd ehd envirbn 88T ot
found that G and G vvef@ st I(Q In the 20- frequency range and that G =
5G', G being the 408 ¢ conponent of the systemand G . being the viscous
conponent. It shoul d be ginasifetine au wivisiune extracion alculinethi matédmeceliciosils; lxite

as a gel.. The vi sc&sHtgmhﬁtﬁWswmw&%ﬁwmlma

20[err] Cis much hi
' - 5 °  environ 9 % en poids ;

amnmmgmmoﬁdoraupo (@ est effectuée par mbxage ou broyage ou toute
.opéraﬁondedwllomemmmquoﬂov‘ sulvi de passage de la suspension de cellules
atravenmoﬁﬁeedepohtdlamm mﬂantlasuspemionimedmtadepressm
d‘aumomsZOMPaotimuaetondoauﬂlumntivﬂemélevéesdviedunmadde

10 - décélération & vitesse élevée.
_ 8. Procédé selon la revendication 7, caractédséenceque I'éupe(a)esteffectuée
éunetampémtum eanpnuenﬁaenvmn?OetSS'c

9. Procédé selon la revendication 8, catactérisé enceque I'étape(a)esteffech.aée _

S & une température égale & environ 90°C. ' : o
15 10. PmcédéselonfunequaloonquedesrevendiahonsTés caradénséenceque_
toute étape dextracion sicaline est effectiée avec une base choisie pammi la souds et la

11. Procédé selon fune quelconque des revendications 7 & 10, caractérisé en ce
quahdohwmaﬁondhhbaseuﬁliséepowwuhétaped'eméﬁonmwneestdans.

20 lintervalie d'environ 1 % & environ 8 % en poids.

12. Pmcédéselonl'umqudconquedesmendmﬂons?etﬂ caractérisé parie |
faitqueronqouteélasuspensméhamgénéiserdansrétapeounaddmfdlousldansle'
groupe composé des agents dlspersants des suspensoldes et des agem,s épalssissants
solubles dans feau.. -

25 13. Procédé selon fune quelconque des revendications 7 et 12, caractérisé par le
gl que létape d'homogénéisation () est effectuée & une température comprise entre 95 et
1zo°c de préférence supérieure & 100°C.
' 14. Pmeédésebnfunequeleomuedesmendicaﬁons?aﬂs caractériséparle
fait que f'on effactue avant l'étape (a)unbmyageetun tamlsagedelapulpe déshydratée _
30  pourconserver!a fraction ayant une granulométrie comprise entre environ 20 pm et environ
1000 pm, depléférenceenlmanwmnTSumetGOOpm -

15. Procédé selon fune quelconque des revandwonﬂa 14, caractérisé par!e
fait que fon effectue un traitament de blanchiment dans l'étape (f) etque fon yassoqe un
tautementoxydantél'ozoneouauperoxyded‘hydmgéne

|nvent|on forns stable susgﬂ

‘\
This Sheet |

unmmmumﬁt



- 25 xant hane at 20[err Ient to that of xanthane at
80-90[err]C. Regardammnil ﬁm g 2%| n water, the cellul ose of the :
ry) 1m a-vrm-ry—ermrvar ent
to high viscosity CMC at’ an |dent|cal ~concentration ([err] 20 0QO

nPa. s) . | lul ose of the present invention has a v which is
much hi ghe?%"%gt hat of xanthane ([err] 7 000 nPa.s).. W’@ 1. 8% of
the cellul ose of the present i nvention and 0.2% of CMC in water has

beneficial rheol ogical properties as the ﬁnlutron 35 reaches viscositres
of nore than 25 000 nPa.s. - WD 96/ 24720

PCT/ FRO6/ 00205 14 ﬁﬂPrﬁMéHkQﬁﬁnO u&&ﬂq@é&&%ﬁeﬂdm&v%d éaridéﬁséparle
rheof | ui di fyrfgg anlgjont tro &nseunlist mmmm rétape () etqueeenrtementest
effecméaumoyend'ozoneoudepemxyded‘hydrogém -
I ¢ 2 Proeédéselonl'unequeloonquedesmendmtom?ﬂe camdénséparle
5 fartquel'onoffecunapmréupodelavam(e)ou.Iecasédlunt.aprisréhpede
Nm&mmm.mmmirémmmdehwmbnanmmdun
ﬁhaqaannunaammﬂuudeﬂmmseuumhochaamﬁnnzoemunmnnTSpm
18. Pmcédéselonrunequobonmedesmendieahom?aﬂ caractérisé parle
lanqueulcdhﬂanunuadehﬂapadhnuwuﬂnﬂunbnaransumnheicwncaMNmon .
10 ~ 19. Procédé selon la revendication 18, caractérisé par le fait que ks concentraion ¢
' _esteffectuéetmtam swéﬁewiemthO%demaﬁémssém . L
- 20. Pmcédéselonlarevendicaﬁon 1soularevendicauon 19, caraeténséparlefaut
quelawncemaﬁmesteﬂeauéeparpressage.ﬁmahmousédwagebasutempémmmet
humidité contrdiée. . .
15 1. Pmcédéselonfmequelconquedesmvendrcahm?ézo mdériséence

que rhomogénérsabondel'éupea) estmduneopéraﬁondedsaﬂlamentéhvé

I ||Si.iii|t |ilii"Been|||€i




- uni que physical and chem cal properties in that the cellulose is mainly
conpsttttet—by—cetrtutose-associ ated—5——wi thraTestdoal ampunt of pectins ~
~or hemicel | ul oses which procure particular physical and cheni cal

properties. el lul ose of the invention is constituted_h jcrofibrils
of the natiVQ’S’rz%& | lulose | type which are separated out tB%&ﬁ r or

| esser degree. 10 . - - very high chemcal reactivity, . very

| arge accessible surface area; - excelle?t,fﬁter retentive capacity; - high
- suspendi ng capacity; - thickening capaci y/ ' Produced by the
above process, the cellulose of the invention can be concentrated,
preferably to about 50% of dry matter precipitation, for exanple from
an al-cohol such as ethanol, |sopropa Ib y other simlar alcohol, by a
freeze-thaMIprocess by a preSS|ng operatlon by 20 passage through a
filter press (VviRiZ R ~




6ther_hydroco||oids such as xanthane, CMC, etc), by filtering, by

denydration, 0)Y] dral ysi s agaimst a Nygroscopic sofution Wt a

mol ecul ar size which is larger than the pore size of the nenbrane used or
by usi Ng anyolieaaraeOt NEr process known to the skilled perso? §8F . -
concentrating such suspensions. The cellul ose, either directl he .
process of the invention or after a concentration .step, can be high or |ow
energy dried by evaporation, dehydrg?&pg; low 30 ~ tenperature

- drying under controlled humdity, spray i 19, drum drying; freeze drying
or critical point drying, or by any other process which can obtain the
product .in its secondary state. Low t.enperature drying conditions under

controlled humdity are particularly geus in this 35 respect as
they are gentle and energy costs are | WE . :? : : _ :




WD 96/ 24720 PCT/ FR96/ 00205 15 I n
contrast to the TTT | NDOSTRTES™ patent EP 120 471, where tne
mcrofibrillated structure, without addition of additives, can only recover
2% 10 a MaXiaEaef020% of its initial viscosity after dryin Fé. 4.5 - -
lines 38-42), 't 23_ cellulose of the present inventiong' @@gé?ogosal most
all of its initial viscosity after drying w thout adding any additives. The
cellul ose of the present invention also Q%;/\genef icial filmformng and '
strengt hening properties. 10 en a suspension of mcrofibrils

of the invention is applied to a surface, for exarple a netal, glass,
ceramc, etc surface, and allowed to dry, the microfibrils forma filmon
the surface. The cellul ose of the pr i neention, spread in a 15 ~ thin
| ayer, fornms a filmon dehydrating. P%ﬁbpr%erties of the filmare

det ermi ned- by nmeasuring the corrected Young's
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nodul us (Ecor), which gives the stiffness of the system For exanple, Ecor
= 2 500 to 3 000 MPa at 25% humi dity. Wet paper sheets can also be
t'reated during 20 manufacture by a suspension of the cellulose
of the invention, thus inproving their phyii cal properties,:in p:art i cul ar
their tensile strength. In the non-alinentary field, there are many

potential applicatigns _ .. i he . .pr. L] |on: -
for paints, it const ts&ﬁ@g&%ﬁa%ﬁ#eﬁ%@ﬁ%ﬁ%& éa@bﬁgé'ﬁﬁ%g% gaﬁ'ggéjggrﬁ%ie,
and can repl acdadtaidtubiaire; syiyvild'uneaiétantompiie & aveexderdrifices de pstités taiies dams ng
and strengtheni ng Rrgperties can . 3Q  be used in latex for paints, paper,
adhesi ve coat YA§LONRRAPIESSIORAMOSRENAY 19 to 15% of microfibrillated

cel [ ul ose into | at exe(fitit IPslEPENdflEt At ElcRerd GUSHrEA frRtticnTREoNN gaitcoRtient

compounds or cellulose acetates after transform ng the surface
consi der bl y iaealyioss detparenshyme,'autre part la fraction soluble (fe filtrat) qui contient les

hémicelluloses; _

- de traiter la fraction cellulosique par blanchiment & I'hypochiorite de sodium et
défibrillation mécanique pour donner une péte de cellulose de parenchyme constituée de
fragments de parois celluiaires.

10 Ainsi que cela a été mentionné plus haut la cellulose obtenue selon le procédé de
I'EP-A-0 102 829 ne peut, une fois déshydratée, étre remise facilement en suspension.

La présente invention foumnit un procédé d'obtention de cellulose microfibrillée a
partir de pulpe de végétaux & parois primaires, notamment de pulpe de betterave sucriére
aprés extraction du saccharose, comprenant les étapes de :

15 (a) hydrolyse acide ou basiqﬁe de Ia_pulpé, pour effectuer une extraction partielle
des pectines et des hémicelluloses;

(b) récupération du résidu solide de la suspension provenant de I'étape (a);

(c) deuxiéme extraction, effectuée dans des conditions alcalines, du résidu de
matériau cellulosique provenant de I'étape (b), obligatoirement si I'étape (a) est acide,

20 facultativement si I'étape (a) est basique; _ _

(d) le cas échéant, récupération du résidu de matériau cellulosique par séparation
de la suspension provenant de l'étape (c);

(e) lavage du résidu provenant de I'étape (b) ou, le cas échéant, de l'étape (d);

(f) facultativement, blanchiment du matériau cellulosique provenant de I'étape (e);

25 (g).récupération du matériau cellulosique par séparation de la suspension
provenant de I'étape (f);

(h) dilution dans I'eau du matériau cellulosique provenant de I'étape (g) pour
obtenir entre 2 et 10% de matiére séche;

(i) homogénéisation de la'suépension de cellules provenant de I'étape (h);

30 caractérisé en ce que |

(i) I'étape (a) est effectuée 4 une température comprise entre environ 60°C et
100°C, de préférence, comprise entre environ 70°C ét 95°C, mieux encore, égale a
environ 90°C; |



35 of elasticity and tensile strength. WO 96/ 24720

PCT/ FR96/ 00205 16 - as a thickening agent which can be wused in
drilling muds. In the cosnetics and paranedical fields, the.
mcrofibrillated cellulose of the present invention 5:.... constitutes a
thi ckening agent conpetitive with Carbopol 494 g0t her t hi ckeni’ng agents used -
in these fields. This product has_the advantage of beln?eless sticky than

the others, consi de(ﬂéBP? e6tue By MeinstuRe exiraction eicsling a) & &) dw matkeiay ceiiiiesiaueand

giving it a NMyeaiatipl é?cdchﬁ@'etaégﬁectuéeh avec und BaskéhdiiP8é PRIrEcd piiFial V-

st rengt heni ng properties

. the followi ng can be cited: - using
- of soude et
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m crofibrillated cellul ose by int rfo.du"c_i ng it into the paper pulp; 15
- conbi ned use of the thickening, strengthening and filmformng properties

of mcrofibrillated cellulose to coat certain special papers. ., The
cellulose also . has beneficial barrier properties.. The cel:llulose:of the
I nvention can al so be 20 deposited on thé surféace of paper to'i nprove

its opacity and uniformty. The cellul ose of the invention can be applied
al one or wi t h résidis minersespoyvaitetrdininuée grerrcedanidayant I'etape ()i &un broyage et :
normal |y used j | ' ' t heni ng
properties o %Fﬁ\%@g@é?% oé%a%owpg,&&tf%%gég%ﬁegergge éan%%ég?'éé’s'%@%g
i nt roduci ng i tgramdamétrie comprse entteanviron 20\ pmadti1 000 oy, de prédérence entre 75 um et
m'crofibrillatsgi 6gll |l ose ~ can ~stabilize 30 emul si ons, act as
an arom suppoe ,rorb 8 M ‘'ng agent and

5 Dans le cas ot le résidu cellulosique contiendrait, aprés extraction basique ou

aprés blanchiment, une quantité non négligeable de cristaux d'oxalate caicium libres ou a
lintérieur des cellules, on peut procéder & un broyage humide modéré, par exemple dans
un mixeur de type WARING BLENDOR ou tout autre broyeur, ce qui permét de faire
éclater les cellules, suivi d'une filtration ou d'un tamfsage sur tamis approprié. L'ouverture
10 - dutamis seraaisément déterminée par 'homme de l'art, par exemple entre 20 et 75 um,
| telle une ouverture de 75, 60, 40 ou 26 um, selon limportance du mixage ou broyage,
c'est-a-dire selon la taille des fragmehts de cellules obtenus, et la faisabilité industrielle.

Un autre moyen pour éliminer I'oxalate de calcium génant est de procéder a un

traitement d'oxydation, par exemple avec de 'ozone ou du peroxyde d'hydrogéne, associé |
15 aun traitement de blanchiment dans I'étape (). _

Afin d'éliminer les cristaux d'oxalate de calcium, on peut également effectuer un
blanchiment dans I'étape (f) avéc de 'ozone ou du peroxyde d'hydrogéne.

Tous ces moyens d'élimination des cristaux d'oxalate de calcium, ou tout du moins
de réduction de la teneur en de tels cristaux, peuvent étre bombinés entre eux ou utilisés

20 isolément, comme cela sera aisément déterminé par 'homme de I'art dans chaque cas
particulier. | _

La cellulose microfibrillée obtenue par le procédé de la présente invention est
constituée de cellulose |. . .

La cellulose de la présente invention contient au moins environ 80 % de parois

25 primaires et est chargée avec des acides carboxyliques.

Elle (_est caractérisée en ce qu'elle est microfibrillée et en ce qu'elle est chargée
avec de l'acide galacturonique. Par "acide galacturonique”, il faut entendre ['acide
galacturoniqué simple, ses polyméres et ses sels.

La cellulose de la présente invention contient plus généralement au moins environ

30 85 % de parois primaires. E

L'EP-A-0 102 829 de Weibel précité décrit (Echantillon E du Tableau 2, page 20)
une celiulose contenant environ 80 % de parois primaires et chargée avec des acides
carboxyliques. Il faut noter que cette cellulose, qui n'a subi qu'une homogénéisation par
cisaillement mécanique, par exemple au moyen d'un méiangeur de Waring, n'est pas

FEUILLE MODIFIEE



especially as a thickening agent; - it can replace or act in synergy with
ot her thickening agents already used in this field, such as xanthane, CMCs,
6r mcrocrystalline cellul oses. 35 Synergistic use is " -
particularly inportant fromthe WD 96/ 24720 RN

PCT/ FR96/ 00205 17 econom ¢ poi nt of view. 9£blsreans that far | ess product
can be used to achieve the same effect. npl es lications for

mi crofi bri | | atf@igrofniiés; laeeliuiose dacrie fimeawumeet @[esérp@s]c Aroee B¥es dafaside 5
stabilization a&fcturéﬁé{&i‘@éﬁ@ con a WHeSRSik §9§pensi6ﬂgtablenc&ﬁ Atent

d
- emul si ons, |ce creans, (f%gcreams t hi'ckeni ng agent or ?'
types of bevem@d@se%bmﬁmt@anS batters or |eavened dough, mlk

desserts, meat La cellulose microfibrillée de la présente invention est remarquable en ce qu'elle

5 st capable, aprés déshydratation, d'étre remise en suspension. |
La cellulose microfibrillée de l'invention posséde une cristallinité de 15a 50 %.
Elle est constituée de microfibrilles ayant une section comprise entre environ 2 et
environ 4 nm. '
La cellulose microfibrillée de ia présente invention forme des suspensions stables,
10 de type cristaux liquides, constituée de domaines nématiques.

l l
\
":'n
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pr oduct s;—ete—310 For the same rheol ogical effect, the cellul ose
of the pr vention i s nmuch cheaper t han xant hane and bacterl al

¢el l ul ose Eﬁwmm[m ent ion will be illustrated in nore detail by the
fol | owi ng rrpl es which refer -15 to the acconmpanying
figures in V\:hl ch - F| gure I's an optical rﬂh5croscope phot ogr aph of
separate parenchyma cells; - Figure | ssion el ectron m croscope
phot ograph of native cell ul ose: (cel l@@gﬂp&@g‘ - Figure 3 is a
transm ssion el ect HOGeNlisseARPENTHONEES 3D!Y, 66 paris pHrﬁﬁ»%s'e‘tchargEé SHcded 1S

a transm ssion el ectron m croscope é}eqtogra ph of a cell wall before
horrogeni zat i oACIAPS sarReXHiiAyES) GHBEEMIRAN coaelle est microfibriléqplpag ce aallg egt

transm ssi on @,l,gggé aledUSTRReYRRCRIGQH, aph of separate microfibrils after
honogeni zati on |

2, Cellulose microfibrillée selon la revendication 1, caracténsee en ce qu'elle
5 contlent au moins env:ron 85 % de parois primaires.

3. Cellulose microfibrillée selon I'une des revendications 1 et 2, caractérisée en ce
qu'elle a une cristallinité de 15 a 50 %.

4. Cellulose microfibrillée selon I'une quelconque des revendications 1 & 3,
caractérisée en ce qu'elle comprend des microfibrilles ayant une section comprise entre

10 environ 2 et environ 4 nm.

5. Procédé de préparation de la cellulose microfibrillée de la revendication 1, a
partir de pulpe de végétaux a parois primaires, notamment de pulpe de betterave sucriére
aprés extraction du saccharose, contenant de Ié cellulose, des pectines, des
hémicelluloses, des protéines et des maliéres minérales, comprenant les étapes de :

15 (a) hydrolyse acide ou basique de la pulpe pour effectuer une extraction partielle
des pectines et des hémicelluloses;

(b) récupération du résidu solide de la suspension provenant de I'étape (a),

(c) deuxiéme extraction, effectuée dans des conditions alcalines, du résidu de
matériau cellulosique provenant de 'étape (b), obligatoirement si I'étape (a) est acide,

- 20 facultativement si I'étape (a) est basique; _ '

(d) le cas échéant, récupération du résidu de matériau cellulosique par separatlon
de la suspension provenant de I'étape (c); :

- (e) lavage du résidu provenant de I'étape (b) ou, le cas échéant, de I'étape (d);

(f) facultativement, blanchimént du matériau cellulosique provenant de I'étape (e);

25 (9) récupération du matériau cellulosique par séparation de la suspension
provenant de I'étape (f);
(h) dilution dans I'eau du matériau cellulosique provenant de I'étape (g) pour
obtenir entre 2 et 10% de matiére séche;.
(i) homogénéisation de la suspension de cellules provenant de I'étape (h);
30 caractérisé en oe que |
(i) l'étape (a) est effectuée & une température comprise entre environ 60°C et
100°C;



4 . . . .
a Gauli +—henbgenizer (6 passes); - Figure 6 is a transm ssion electron

m crosco hoto raph of separate microfibrils after honpgenization in 30
a Gaulin um"ﬂﬁ passes). EXAMPLE 1: Purification of sugar beet
pul p Deh ugar beet harvested _fromthe Nassandres region of

France was taken up Fntd suspension in dei oAPzed wat er. For better

hydrati on, a WARI NG bI ender 35 type m xer provided with a four bl ade
screw was used, and(ll) on ¢ifedies aumeins une extraction alcaline a) et ¢) du matériau cellulosique,

PCT/ FR96/ 0020%@% g‘a‘i&ﬁﬁﬁ emn%bﬁ&t%&sawuﬁee&sagonﬁarco fnipansﬁé's% The

suspensi on was aci a pH of adding a solution o
Herr]sqerr] mfeneunegenunme&%empm kept at roomtenperature (25[err]C)

for 15 mnutes thenunealfohdnRisBdidd detade®li) st dRbtted bdr nixage ou broyage ou

5 toute opération de cisaillement mécanique élevé, suivi de passage de la suspension de
cellules a travers un orifice de petit diamétre, soumettant la suspension & une chute de
pression d'au moins 20 MPa et a une action de cisaillement a vitesse élevée suivie d'un

~ impact de décélération A vitesse élevée.
6. Procédé selon la revendication 5, caractérisé en ce que I'étape (a) est
10 effectuée & une température comprise entre environ 70 et 95°C.

7. Procédé selon la revendication 8, caractérisé en ce que ['étape (a) est |
effectuée & une température égale & environ 90°C.

8. Procédé selon l'une qdelconque des revendications 5 & 7, caractérisé en ce que
toute étape d'extraction alcaline est effectuée avec une base choisie parmi la soude et la

15 potasse.

9. Procédé selon f'une quelconque des revendications 5 a 8, caractérisé en ce que
la concentration de la base utilisée pour toute étape d'extraction alcaline est dans
lintervalle d'environ 1 % & environ 6 % en poids.

" 10. Procédé selon l'une quelconque des revendications 5 et 9, caractérisé par le
20 fait que I'on ajoute a Ié suspension a homogénéiser dans I'étape (i) un additif choisi dans
le groupe composé des agents disperéa_nts, des suspensoides et des agents
épaississants solubles dans ['eau.

11. Procédé selon.l'une quelconque des revendications 5 et 10, caractérisé par le
fait que I'étape d’homogénéisation (i) est effectuée a une température comprise entre 85

25  et120°C, de préférence supérieure a 100°C.

12. Procédé selon I'une quelconque des revendications 5 et 11, cara_ctérisé.par le
| fait que fon éffectue avant I’é_tape (é) un broyage et un tamisage de la puipe déshydratée |

pour conserver la fraction ayant une granulométrie comprise entre environ 20 um et
environ 1000 um, de préférence entre environ 75 pm et 600 um. |

30 13. Procédé selon I'une queiconque des revendications 5 & 12, caractérisé par le
fait que I'on effectue un traitement de blanchiment dans I'étape (f) et que l'ony associe
un traitement oxydant a 'ozone ou au peroxyde d‘hydrogéne.

~
.~‘l]|—
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é constammFrTng. The suspension was filtered through a
met al screen_r‘mﬂm ' opi ous quantities of water. The solid -
¥esidue afterls !mmy;’"ract ed with an al kaline solution. It was taken
up into suspensién Fn %, taustic soda solutjon with a concentration adapted
to 10 produce a final caustic soda conceéntration of 2% by wei ght and a

dry matter percentage.of, 2 5% by weight, both with. respect .o the,taqtal
liquid.  About 0.%86%_ ch gpien es"b‘g‘&B‘?ﬂ% |fPY%@'°€ﬁﬂf%§?]1§qaé?<§?§S%\M¥ e
respect to theitqiiedonleffastué unafaittfi@Atde bIARchimeRtURAS | BRpYdsH dtembed tlafement
80[err]C for 2 hours 15 wi th constant nechanical stirring. After this

treatment, it eskaffeciusabmaeyanferogn o4 dg perawde day@rogans: solid residue was
Sol1d resi dus was {Saorsd i g duelebiye ST ARG o Ak ordEelan it [
chl ori t €5 sol ufditmue('sn Effeftue apies I'élape de inyage (&) opyHesks £civdant,tdprés létapeudee of
caustic soda gpd acehi @, 81 bbyagd Mo PRAR HaMidPde ASALGShsloR cERkiSLi§de suivi

d'un filtrage avec une ouverture de tamis comprise entre environ 20 et environ 75 um.

16. Procédé selon l'une quelconque des revendications 5 & 15, caractérisé par le
fait que la cellulose issue de I'étape .d'homogénéisation (i) est soumise & oonceniration.

10 17. Procédé selon Ia revendication 16, caractérisé par le fait que la concentration
est effectuée a un taux supérieur a environ 50 % de matiéres séches.

18. Procédé selon la revendication 16 ou la revendication 17, caractérisé par le fait
que la concentration est effectuée par pressage, filtration ou séchage basse température
et humidité contrdlée.

15 19. Procédé selon I'une quelconque des revendications 5§ a 18, caractérisé en ce

que I'homogénéisation de l'étape (i) est suivie d'une opération de cisaillement élevé.



for 3 hours wth constant mechanical stirring. It was then filtered through

?.Ftalnless steel screen and then rinsed 25 wth water until a colorl ess.
iltrate was obtained. A pale gray cellulosic residue wit o

wet ght =dr y WEX%684738s obt ai ned by filterjng under reduced F&é@%&é&@gng a

B[err]chner funnel. The neutral sugar co%p05|t|on of the solid residue 30

was determned by chemical analysis based. on gas chromatographic

characterization of the aldltol acetates obt ai ned after acid hydroly5|s of
t he pol ysacchari perafddrctlilateshdeddethdss jand @ e ss I geoY e ner s

Tne o110 SG51 450,15t or T Ll D0 CEECelte, SUgpt it arsyoer o

PCT/ FR96/ 00205 19 w
5 The present invention concerns a novel parenchymal
cellulose - and a process for its production. More

particularly, the present invention concerns a novel
microfibrillated cellulose and a process for its production
from primary wall plant pulp, particularly from sugar beet
10 pulp after extraction of saccharose.
Cellulose 1is a substance of great industrial
importance which has numerous applications, including:
- alimentary applications as a thickener to
stabilize dispersions, emulsions and suspensions, for low
15 calorie food products, low fat or low cholesterol food
products, etc;
- industrial applications, in paints, paper,
textiles, agriculture, cosmetics, etc;
- pharmaceutical applications, such as an excipient
20 for medication, a precipitation control agent, ointment or
cream support, intestinal transport agent, etc.
Until now, all known celluloses have had
disadvantages. -
WO 93/11182 from Weyerhaeuser describes a bacterial
25 cellulose with a retiéulated structure. Apart from being
very expensive, such a bacterial cellulose can cause
contamination problems in alimentary appliqations.
FR-A-2 472 628 from ITT INDUSTRIES describes a
microfibrillated cellulose essentially constituted by
30 secondary walls obtained from wood pulp. Such a. cellulose
cannot easily be taken up into suspénsion once dehydrated.
This causes considerable storage and transport problems due
to the fact that the suspensions have a maximum cellulose
content of about 4%.

35 In attempting to overcome that disadvantage,



allowing for the specific response factors of each of the alditols. The
chr omat ogr aph was a HEWLETT- PACKARD 5890 with a flanme ionization detector

connected t TT- PACKARD 3395 integrator. An SP 2 . X
25rm % g%(sa s used with U nitrogen as the carrier 3@&"4%8@?@7} ol
acetates were eluted with retention tines which were characteristic of the
col umm. Studies were carried out to determne the response factor for

each alditol acetate. Knowi ng the area and the quantity of 10 starting
i nositol, tlﬁ:é’ﬁAu@l A0t H@lsurfﬁremar edl ™k t hGNDUSIRIES ecadlsgribesl a

acetate, \Ag@x@éb‘if qri&d p%’é@oﬁ@aﬁ%&ﬂ" %Eﬁc@di‘@e‘:"isa%éi'fned

per cent ages by i ght _of each neutra sugar nononer obt ai ned with.respect
to the totafreiss WrodeuPdP) sugdrarafihmid latad e eelilwlesecambiiich edls 15

The gl ucosec%awa\é;t@qumuofrﬂué egiﬂésférwa hid‘.draﬁi Yerd i tfvd Ren Tt | pb@s&nts the
perceniate, S BoHeeRson 14E Hiseootl | RSB0 lable R U P 10
xyl ose, fibrils. . The quantity of additive is -considerable (at
least 50% by weight with respect to the cellulose, and
preferably at least the same quantity thereof). The
additive is, for example, a polyhydroxylated compound such
10 as a sugar containing 5 to 6 carbon atoms or a glycol, a
borate or an alkaline phosphate, an aprotic solvent, an
amine or a quaternary ammoﬁium compound. Apart from the
fact that the designation "cellulose" 1is improperly
assigned to a product which is at most half cellulose, this
15 . "cellulose"” is costly and is not suitable for all
applications. Further, without the addition of additives
this cellulose can only recover from 2% to a maximum of 20%
of its initial wviscosity after drying. Maintaining the
viscosity requires the presence of an additive in an amount
20 by weight which is substantially the same as that of the
cellulose.

EP-A-0 102 829 from Weibel describes a process for
simultaneously isolating the cellulosic and hemicellulosic
constituents of sugar beet pulp. However, as with

25 FR-A-2 472 628 cited above, once dehydrated, the
parenchymal cellulose obtained cannot readily be taken up
again into suspension, causing the same storage and
transport problems. |

Further, the economic exploitation of plant

30 residues, in particular sugar beet pulp, is . of great
industrial importance.

One aim of the present invention is to provide a
microfibrillated cellulose which can be taken up into
suspension after dehydration without adding an additive.

35 Another aim of the invention is to provide a



gal act ose, mannose, arabinose and rhamose and provi ded an 20 estimation
of the quantities residual pectins and hem cell ul oses. Chem cal

analysis of the esultlng cel l ul ose residue i ndicated %

EXAMPL E 2:‘$%R?@?@@6|on of sugar beet pugp 25 Tﬁgﬁ%ﬁ#gégﬁ@gries
of treatnments of Exanple 1 was repeated, “adding a second treatment with
sodiumchlorite identical to the first treatnent after the sodiumchlorite

treatnent and corresponding rinse steps. This produced a whitish
cel | ul osi ¢ mesrdfitbwilhabedegeldloggawhdlcbrinegaize almesipoalli 6f vifkisch

varied litt /19?5.1 n91EQ8ﬁ§t€ Oa@télceaf:giﬂg fv@EhoutCEa@lﬁal alél;%@b.‘i%'l%e

I ndi cat ed 86% gl ucose | e resul t cel [ ul ose, resi due
Purification of sugir fyxithesul pimersf g bed Hayenwdent didentap E’Fﬁ"blde a

frgfﬁggs' on hhodass $BkONitERd \Wiouctithd hedf ackdliyUosbyzbg uUsictontie:
5 exploitation of primary wall plant residues, in particular

sugar beet pulp.

The present invention achieves all these three
aims. .

Further aims and advantages of the invention will

10 become apparent from the description below.

In general, native cellulose is always in a
microfibrillate form, these microfibrils being associated
to a greater or lesser degree to form fibers, walls and
membranes. Each cellulosic microfibril is constituted by a

15 rigorous assembly of parallel cellulose chains resulting
from the method by which the cellulose is biosynthesized.
Cellulose microfibrils are generally considered to contain
only a few faults along their axis. Their mechanical
properties are ©close to the theoretical mechanical

20 properties of cellulose: a tenacity in the order of
130 GPa and a fracture toughness in the order of 13 GPa.
Cellulosic microfibrils are thus of interest if they can be
dissociated and reformed.

Cellulose microfibrils are usually associated to a

25 high degree in walls or fibers. The microfibrils in
secondary walls are organized into highly oriented layers
which form a fiber which cannot be dissociated; the
microfibrils in primary walls are deposited in a
disorganized fashion. The parenchyma is a typical example

30 of primary wall tissue. While it is difficult, if not
impossible, to separate secondary wall cellulose
microfibrils without damaging them, it 1is easy ¢to
dissociate primary wall microfibrils, not only because of
their looser organization but also because interstitial

35 polysaccharides, which are wusually charged, constitute a



WO 96/ 24720 PCT/ FR96/ 00205 20 descri bed
in Exanple 1. It was filtered and washed with water to elimnate t he
di ssol ved pecti ns and hem cel l ul oses. The solid residue was then

ext ractied WWODGR4720 kal i ne sol ution usi ng the method descr PGEAFREp/AH205
Exanpl e 1. Thi s al kaline treatnent was®carried out a second tine. The
solid residue was washed with water until a neutral filtrate was obtained
before carrying out two successive bl eaching steps using sodiumchlorite

and the netﬂg%;QQ§§feéﬁaagé &xangpkselwalhenwi cal anal ysis indicated 10
89% gl ucose

extraction steps, Wb‘éﬂ%? ? epégﬁl%\évp%g‘gt |a:¥hefhge 9%5’# m E‘i&rus

Purifi cati ofreftsuddiemoeat, potanges, grapefruit) and the majority of
fruits and veggtables. An example of secondary wall plant
5 matter is wood.

The microfibrils of primary walls can be unravelled
using a mechanical shear operation which would break the
fibers of secondary walls to produée microfibrils. In

- other words, microfibrils can only be obtained from
10 secondary walls by breaking the original fibers.

Primary wall cellulose is thus a material with
great potential. '

The present invention will be illustrated with

_ reference to sugar beet pulp.
15 Sugar beet pulp 1is principally constituted by
parenchyma and thus by primary wall cells.

The composition by weight of solid sugar beet pulp
can vary depending on the origin of the pulp and the
cultivation conditions. In general, the pulp contains:

20 - 15% to 30% cellulose;

- 12% to 30% pectins;

- 12% to 30% hemicelluloses;

- 2% to 6% proteins;

- 2% to 6% mineral materials;

25 - 2% to 6% lignin, tannins, polyphenols and ferulic
ester. | _

The treatment of sugar beet pulp to isolate
cellulose from parenchymatic cells has already been
proposed. EP-A-0 102 829 cited above concerns such a

30 process and describes:

- suspending the sugar beet pulp in an acidic
(pH < 4.5) or basic (pH > 10.0) aqueous medium;

- heating the suspension to a témperature of more

- than 125°C (0.5 MPa);
35 - keeping the suspension at a temperature of

This Sheet Has Been R,
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15 The entire series of treatnents of Exanple 1 was repeated,
substituting the sulfuric acid solution with a hydrochloric acid solution

to bring the pH of the suspension to 2. The cellul osic resi i ped
90% gl ncoseW (ggﬁllﬂ 2 nilar to that obtaiped in Exanmpl e 3. m@ﬁnﬁ
Purification of sugar beet pul p Dehydrat gd pul p was taken up into
suspensi on in deionized water. For better hydration, a WARI NG bl ender
type m xer provided with a four blade screw was used, and 25

i ntermi ttermOnéxim@.nNa&EaCriﬁnr oat dayriod pifnketween TRS ssepemds omngas
rendered al ggb ?Mggddition of a caustic soda solution with a

concentration fo obtain a final concentration of 2% by wei ght _of
caustic soda and a wyulmw@mger%t hgated osuspepshengHic Bchapgiael

respect 30 ghehpihfe tehal ki quithbe Abpéact%ll% byowebghl of byodi Wapid

bisulfite Na2SO3) w th, respect t he total ui d was adde The ,

suspengi on éﬁ@rﬁ§§P€HZ?518E[§EFP§ S8 -houf¥t &ﬂgﬁs into “a"Zohe which
is at atmospheric pressure;

- filtering the suspension and recovering the
insoluble fraction which contains the parenchyma cellulose
and the soluble fraction (filtrate) which contains the

10 hemicelluloses;

- treating the cellulose fraction by bleaching with
sodium hypochlorite and mechanical defibrillation to
produce a parenchyma cellulose paste constituted by'cell
wall fragments.

15 As mentioned above, 6nce dehydrated, the cellulose
obtained using the process of EP-A-0 102 829 cannot easily
be taken up into suspension.

The present invention provides a process for the
production of microfibrillated cellulose from primary wall

20 plant pulp, in particular sugar beet pulp after saccharose
extraction, comprising the following steps:

(a) acid or basic hydrolysis of the pulp partially
to extract the pectins and hemicelluloses;

(b) recovering a solid residue from the suspension

25 from step (a);

(c) carrying out, under alkaline conditions, a
second extraction of the residue of cellulosic material
from step (b), this step being obligatory if step (a) is
acidic and optional if step (a) is basic; _

30 (d) if necessary, recovering the cellulosic
material residue by separating the suspension from
step (¢); _

(e) washing the residue from step (b) or step (4);

(f) optionally, bleaching the cellulosic material

35 from step (e);



constant nechanical stirring. After this treatnent, it was filtered through
a 0.6 mm-*screen. The solid resi due was 35 washed with water until a
neutral filtrate was obtai ned. WO 96/ 24720

PGT/ FR86/ 00Y&E59924728i s al kal i ne treat ment was carried out &TERIM0G205

The solid residue was washed with water fntil a neutral filtrate was

obt ai ned before carrying out two successive bleaching steps wusing sodium
chlorite and the nmethod 5 described in Exanple 1. Chenical analysis

i ndi cated 87% gl uco$g) EelddMeFifg PurtHe cat ceblolosiiaar esteyidl Thby

entire SEI’IS$%2{__ Lig tgﬁgtﬁéugée%gggl \%r?ﬁ"‘@ﬁe @)ed out, using three

successive a I'ne rea n cau tlc &oda with a concentration
adapted to produce &h) diluting the cellulosic material from step (g)

in water to obtain between 2% and 10% of dry matter;

5 (1) homogenizing the cell suspension from step (h);
characterized in that

(j) step (a) is carried out at a temperature
between about 60°C and 100°C, preferably between about 70°C

_ and 95°C, more preferably at about 90°C;

10 ~ (jj) at least one alkaline extraction step is
carried out on the cellulosic material, said alkaline
extraction being carried out with a base, preferably
selected from caustic soda and potash, the concentration
thereof being less than about 9% by weight, preferably

15 between about 1% and 6% by weight;

(jjj) homogenizing step (i) is carried out by
mixing or grinding or any high mechanical shear operation
followed by passing the cell suspension through a émall

. diameter orifice and subjecting the suspension to a

20 pressure drop of at least 20 MPa and to a high velocity
shearing action followed by a high wvelocity decelerating
impact.

Conditions (j), (jj) and (jjj) are novel. It will.
be shown below that they can produce a novel primary wall

25 cellulose with unigue structural, morphological, chemical
and rheological properties. '

In step {(a). the term "pulp" means moist,
dehydrated, silo stored or partially depectinized pulp.

Extraction step (a) can be carried out in an acidic

30 medium or in a basic medium.

For acidic extraction, the pulp is suspended in
water for several minutes to homogenize the acidified
suspension at a pH which is between 1 and 3, preferably
between 1.5 and 2.5, with a concentrated solution of an

35 acid such as hydrochloric acid or sulfuric acid.



final caustic soda concentration of 2% by weight in place of the two
treatnents of Exanple 5. The solid residue was washed with water until a

neutral filfra obt ai ned before carrying out two succ ' hi ng
steps Wi th %’352%3. umchlorite using the nethod descri beW@&h@g 1.
Chem cal analysis indicated 92% gl ucose. "EXAVMPLE 7: Purification of sugar
beet pulp The entire series of treatnents of Exanple 5 was repeated,

replacing the two al kaline treatnments with 20 caustic soda with two
successi ve treat menFerwibasic paxistacuian, orths t budbcohsenddedortadam ed

to produce glfggﬂiléepmml%qpcgﬁt Lat Uy of f&( Q&aﬁ@'ﬂhtcaust?ﬂ? 88khd or

resi due was water until a neutr filtrate was obtal ned before
carrying ouPOE@Bhsudtiddsi ge anmapahnRfianepefwilepsysthansad uhy cesahte

using the nsiéeéréﬁig“ hedsi NthsanPe 1bylsivedghet ashoree! lgdrasicurashdues
wer e obtai ned wh aprléé simlar to_that _qQbtai ned vm%h caustlc
u E‘&Jrﬁ

soda. EXAVPPEE ‘SeePnfll%é’}ﬂ,‘% wsghtyga o r ANBPRE a water-

soluble anti-oxidizing agent such as sodium sulfite Na,;SO3
can be added to limit cellulose oxidization reactions.

In accordance with the invention, step (a) is
carried out at a "moderate" temperature, between about 60°C

10 and 100°C, preferably between about 70°C and 95°C, more
preferably at about 90°C. This is in contrast to the very
high temperatures (> 125°C) used in the prior art. The
duration of step (a) is between about 1 hour and about
4 hours. During step (a) " of the invention, partial

15 hydrolysis occurs with liberation and solubilization of the
pectins and hemicelluloses while conserving the molecular
weight of the cellulose.

In step (b), the solid residue is recovered from
the suspension from step (a). |

20 When the first extraction (a) is acid hydrolysis,
the second extraction step (c) is obligatory and is carried
out under basic conditions. When the first extraction step
(a) is basic hydrolysis, the second extraction step (c) is
optional.

25 Thus, if necessary, the cellulosic material residue
from step (b) undergoes a second extraction step in step
(c). This latter step is an alkaline extraction step.

Thus the process of the present invention always
includes at least one alkaline extraction step.

30 In accordance with the present invention, each
alkaline extraction step - namely the alkaline extraction
step of optional step (¢) and/or the extraction of step
(a), if it is basié - must be carried out with a base, said
base preferably being selected from caustic soda and

35 potash, the concentration thereof being less than about 9%



Dehydrated pul p was taken up into suspension in 30 dei oni zed water by

m xing in identical fashion to that described in Exanple 1. The suspension

obt ai ned was heated under reflux for 20 mnutes then flltered t hr a 0.6

mm screen. WO9${247280| i d residue was then taken up irf %ﬁ%ﬁon in

a caustic soda solution with a concentrafion 35 adapt ed to produce a

final caustic soda concentration of 2% WO 96/ 24720

PCT/ FR96/ 00205 22 or 8% by weight and a dry matter content of 2.5% by

wei ght , bot bywivwédi gletspe pireifferabdyt dbatweenuiaboulthi 4 %susp@nsibomtnaé% by

. magneti cal | st'b%red for three hours at 20[err]C. After this treatnent, it
was filtere tgh a 0.6 nm screen and 5 washed with water until a

neutral filtrate waShebtappbiicantt dras exhonst i shat ¢asrypedgceeombigeachyf

gl ucose alkaline extraction step employing the conditions of the

5 process of the invention avoids the irreversible
transformation: '

cellulose I -> cellulose II

This transformation would destroy the
microfibrillar structure necessary for the specific

10 properties of the product of the invention.

The duration of each alkaline extraction step is
between about 1 hour and about 4 hours, preferably about
2 hours. '

In si:ep (d), the solid residué is recovered from

15 optional step (c).

In step (e), the residue from step (b) or step (d)
is washed with copious quantities of water to recover the
cellulosic material residue. '

In accordance with the invention, a certain

20 percentage of the non cellulosic acidic polysaccharides
(pectins, hemicelluloses) is retained at the surface of the
cellulose microfibrils, having the effect of preventing
them from associating with each other. This percentage of
acidic polysaccharides is in general less than about 30% by

25 weight, preferably less than 5% by weight. Too high a
quantity of acidic polysaccharides would necessitate
homogenization periods which were too 1long, but in
accordance with the invention, this percentage must be
greater than 0%. .

30 The cellulosic material of step (e)- is then
optionally bleached in step (f), for example with sodium
chlorite, sodium hypochlorite, 5-20% dry matter hydrogen
peroxide, etc, in a manner that is known in -itself.
Different concentrations can be used at temperatures

35 between about 18°C and 80°C, preferably between about 50°C



o~

obtained for treatnent with 2% or 8% caustic soda were as shown in Table |

10 - . TABLE | Effect of caustic soda

concentration on cellul ose residue purity Caustic soda con '
VAR5 |,

%:gl ucese bYWRYHZ0 nol ar by wei ght 2%
48 8% 2 M 58 95 It can

t hus be seen

that during the first al kaline extraction step, the use of nore

concentrated caustic soda results in higher purity cellul ose.

EXAMPLE 9:

| nfl uence o&ndall§PCc sGte dometdpnabifostBehy(dn)atied bedweemaakboudatledraayr i n
Bxampl e 6. o8 Ay BUROLES,  gdidads fogegggﬁ aosiveed anodo Ragd e

after fllterlng thde ced pressure using

err] ner funnel which was

si mul t aneousboutr é’atb@urﬁ si A | gelindppda mptagial s@ﬁ&‘r’—ﬁﬂ-@l§9p@qq‘f@ﬁ%
50 m of a gig AXm 9%m ByOWeight of cellulose is obtained in this way.

5

10

15

20

25

30

35

In step (h), the suspension from step (e),
optionally bleached in step (f), is diluted again in water
to 2% to 10% dry matter, then sent to step (i) which, in
accordance with the invention, is carried out by mixing or
grinding wusing any high mechanical shear operation,
followed by passing the cell suspension through a small
diameter orifice, subjecting the suspension to a
pressure drop of at least 20 MPa and to a high velocity
shearing action followed by a high wvelocity decelerating
impact.

Mixing or grinding is, for example, carried out by
passage through a mixer or grinder for a period of several
minutes to about one hour, in an apparatus such as a WARING
blender provided with a four blade screw, or a mixing mill
or any other type of grinder such as a colloidal mill,
under the following conditions: the concentration of dry
cellulose material is in the range 2% to 10% by weight.
During mixing or grinding, the suspension heats up. The
receptacle is preferably provided with a system of
deflecting ribs by means of which the liquid is moved back
towards the blades of the screw at the center of the
receptacle. |

Homogenization proper is advantageously carrled out
in a MANTON GAULIN type homogenlzer in which the suspension
is subjected to a high velocity and high pressure shearing
action in a narrow passage and against an impact ring. The
homogenization conditions are as follows: after mixing or
grinding, the concentration of dry pulp in the suspension
is in the range 2% to 10% by weight. The suspension is
preferably introduced into the homogenizer after preheating
to a temperature between 40°C and 120°C, preferably between

heet Has Been Re laced
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10% 12% 14% and 17% by wei ght caustic soda sol ution was 25 added to
0.6 grans: of this sanple. Treatnment was carried out at a tenperature T =

20[err]C with constant magnetic stirring for 2 hours. After 1.Zi.ng
with hydr ocNQP98420i d and dialysis of these suspensions ad’%ﬁ%ﬁ@ﬁl | ed

water, the residue was oven dried at 50[err]Cin small 30 receptacles to
obtain thin filnms of cellulosic residues for WD 96/ 24720
PCT/ FR96/ 00205 23 each experinent. In other experinents, a drop of

suspensi on atPer andl y35%Cwas deeostempevataneel eft ridre nhomegsnieapian and
1) BERRRESBICT YA ieen s, e BooE kST And it
soda 100°C. 1In the homogenizer, the suspension 1is subjected to
pressures which are between 20 MPa and 100 MPa, preferably
5 more than 50 MPa.

The cellulose suspension is homogenized in between
1 and 20, preferably between 2 and 5, passes until a stable
suspension is obtained.

It should be noted that homogenization in the

10 context of the present invention has a function which is
different to that in the ITT INDUSTRIES patents cited
above, namely FR-A-2 472 628 and EP-A-0 120 471. In the
process of the present invention, the function of the
homogenization step is to unravel the microfibrils without

15 breaking them, while in the ITT INDUSTRIES patents
mentioned above, the function of the same step is to break
the secondary wall fibers to obtain microfib:ils.

The homogenization operation of step (i) is
advantageously followed by a high mechanical shear

20 operation, for example in an ULTRA TURRAX apparatus from
SYLVERSON. '

We have established that the treatment is more
effective at higher dry matter concentrations in the
suspension to be homogenized and at higher homogenization

25 temperatures. This means that as the cellulose
concentration increases, the number of passes required
decreases. However, the viscosity of the suspension during
treatment, which depends directly on the concentration of
the treated suspension, is a.limiting factor. In fact, the

30 apparatus is not designed to operate with suspensions which
are too viscous.

The applicant has established that special valves
exist for cell grinding with which the number of passes can
be reduced. Further, the number of passes will be reduced

35 if water-soluble dispersing agents, suspending agents



diffracted in identical fashion to that of the starting cellul ose.
These were identified as <cellulose | (interferences at 0.54 nm 0.4 nm

and 0. 258 %%é{;, 10 degree of crystallinity in the (%%Rﬁf! o In
contrast, for “ce Fﬁlose films treat Wi th caustic 22 a atmﬁﬁg

concentrations of 9.5% and above, a spectrum was obtai ned which was
characteristic of cellulose 1II. It was characterized in particul ar

by interferences_at 0.7 nm 15 0.44 nm 0.4 nmand 0.258 nm__El ectron '
m croscopi cOBxafbiskeningst AYERERd MR t RS safFrEeXethvISs 1H¥d RS eat ed

with 2%to 980 tauskie sederws’ @dlN iy polyeatcledt idaed (gumet h cagloullagse

mcrofibrils, ,which could slide against eac ot her . 20 Fiagure 2).

In contrast?l%}?%Fe?reSﬁﬁﬁﬁgeﬁqﬁ?%ﬂmﬁéﬂ%ﬁ%ﬂﬁkﬁ%ﬁ 99€¢§SEaVSBO$§Fr%ﬁ$S

sanpl e had apgl ad@edt ed theosuspengébngtai be bomsgenized.by el enents which

rag begore vel ded { QQELDCTLEL 046D ik udd 08 0'dFT Gl o Oafcihoner
compounds which are insoluble in water.

Soil residues and fairly large (> 1 mm) pieces of
grit are among the mineral compounds present in sugar beet
pulp. The applicant has discovered calcium oxalate

10 monohydrate and silica crystals in these insoluble mineral
compounds. Calcium oxalate monohydrate is found inside the
cells which are generally localized in the wood-and bast
bundles near the vessels. The calcium oxalate crystals are
contained in certain cells and constitute a form of calcium

15 = storage in the .plant. The nature, guantities and
proportions of these minerals can vary with the soil in
which the plant is cultivated, the sugar beet variety, the
climate during growth, etc.

The presence of calcium oxalate crystals causes a

20 problem during homogenization as they are highly abrasive
and it is preferable to eliminate them or at least to
reduce their quantities substantially. Elimination can be
carried out by treatment in an acidic medium, for example
hydrochloric acid, e.g. acid extraction as could be carried

25 out in step (a) (if that step is carried out under acidic
conditions, of course), which transforms the calcium
oxalate monchydrate into oxalic acid and calcium chloride,
which are soluble in water.

Calcium oxalate can also be eliminated by

30 mechanical blending and screening. The applicant has
established that the coﬁcentration of residual minerals can
be reduced by blending and screening the dehydrated pulp
before step (a) and retaining only the fraction with a
granulometry between about 20 pm and 1 000 um, preferably

35 between 75 um and about 600 pum.



25 of the invention. In order to conserve the particular properties of
the cellul ose of the invention, the crystalline structure of the native

cellul ose W%eserveq; thus if a caustic soda sol uti gp/FRIGEER0IUT | NO
the al kalin extraction step, ajgoncentration of 9% nust not

be exceeded. EXAVMPLE 10: Elimnation of mneral material Before
rehydration, the dried pulp was ground for ten mnutes in a mxing mill

provided with a 1 nmscreen. 35 Screeni ng through 600 [err] mand 75
[err] msieves at t Héhen | | the wseklwleskre %es:.d.ueg cont 1ns] a non-

lF’CT / FthfS/ O%Qflgéisyél RuArBCOMEr o Offe@alddldliam r aghllatew ¢hyatalse oof
ess en ca gzt.r mo?cg. azti:evecr s!taat]g;e Jrﬁfg}tll gr]}ebeitnvsveie e 7t“§h£e£:re]lTsa%q‘ter
basic extraction or after bleaching, moderate grinding can

5 ‘be carried out wet, for example in a WARING blender type
nmixer or any other grinder, to rupture the cells, followed

by filtering or screening through a suitable screen. The

screen mesh can readily be determined by the skilled

_ person, for example between 20 um and 75 um, e.g. a 75, 60,

10 40 or 20 um mesh, depending on the extent of mixing or
grinding, i.e. depending on the size of the cell fragments
obtained and industrial feasibility.

A further means of eliminating the calcium oxalate
‘problem is to carry out an oxidation treatment, for example

15 with ozone or hydrogen peroxide, associated with a
bleaching treatment in step (f).

In order to eliminate the calcium oxalate crystals,
bleaching step (f) can also be carried out using ozone or
hydrogen peroxide.

20 ' Any of the means of eliminating or at least
reducing the qﬁantity of calcium oxalate crystals can be
combined with each other or used separately, as can readily
be determined by the skilled person in each particular
case.

25 . The microfibrillated cellulose obtained using the
process of the present invention is cellulose I.

It is characterized in that it contains at least
about 80%, more generally at least about 85%, of primary
walls, and in that it is charged with carboxylic acids.

30 The term "carboxylic acids® means simple carboxylic acids,
their polymers and their salts. These carboxylic acids are
generally uronic acids, such as galacturonic acid and
glucuronic acid.

The microfibrillated cellulose of the present

35 invention is remarkable in that it can be taken up into



. can be obse

600 pm After calcining for 8 hours at 560[err]C,'the ash mass was conpared
wth-the initial mass of the sanple. This 5 produced t he anmount of ash

for each fr ha ket ween 75 pm and 600 pm a fraction co bERI610G2G50f
ninerabinatg$$g ﬂg@ i solated while beloyg 75 [err]ma frac??%ﬁﬁggﬁ%rlsing

12% of mneral material was isolated. Thus grinding followed by screening
produced a 10 fraction which was depleted in mneral material. EXAMPLE

11: Elimnation of mneral material The residues fromthe purification
st eps descr FBEREPFipRaAbtey febydyrakdPB-ni xed in a WARI NG bl ender at very

][1! lgth Spgeghfor L hr egnai ﬁﬁb&%f&ﬁﬁﬂl&&%ﬁbkﬁﬁqmmgsét@ﬁ ghd inventliben is
iltere rough a err ,eve. e effectiveness of such a treatnent
FggdtPhﬁﬁgg%rXﬁkggﬁﬁeﬁr m croscope as cal cium oxal ate crystals

have the property ofitbeisgdonstfitiutgent byhemi atrsiivweil sinweithp ok ardoss -
l'ight. Beforg gngﬁtgggbeﬁgp BBE?ZCEMFEE%Fa&Eﬁﬁ:QP%@[VEd bet ween 20 t he
bot the O p [T "as

“cells 8n t h& om o Servation ate as we
The microfibrillated cellulose of the present

invention forms stable suspensions, of the liquid crystal
type, constituted by nematic domains. |

The microfibrillated cellulose of the present

10 invention has a group of beneficial properties:

- unique rheological properties such that stable
suspensions can be produced at pHs in the range 2 to 12 and
in a temperature range of 0°C to 100°C at a minimum
concentration of 0.2% and with the appearance of a gel at

15 concentrations of more than 1%.

The cellulose of the present invention behaves as a
weak gel at 1% DM (dry matter) in water. Upon studying the
oscillation +wviscoelastic behavior of the product in
oscillation, it was found that G' and G" were stable in the

20 frequency range and that G' = 5G", G' being the elastic
component of the system and G" being the viscous component.
It should be noted that xanthane, for example, does not

behave as a gel. The viscosity of the cellulose of the
present invention at 20°C is much higher than that of

25 xanthane at 20°C and equivalent to that of xanthane at
80-90°cC.

Regarding viscosity, at 2% in water, the cellulose

of the present invention has a shear rate of 1.8 sl at a
viscosity equivalent to high viscosity CMC at an identical

30 concentration (= 20 000 mPa.s). The cellulose of the
present invention has a viscosity which is much higher than

that of xanthane (= 7 000 mPa.s). A mixture of 1.8% of the
cellulose of the present invention and 0.2% of CMC in water

has beneficial rheological properties as the solution

35 reaches viscosities of more than 25 000 mPa.s.



crystals inside certain cells. After treatment, no nore crystals could be
seen between the cells on the bottomof the plates. This exanple shows that
t he CryStalﬁ’Wﬁ 25 el i mi nated, dependi ng on the anmpgir/Pko¢oLosg and
washi ng through a screen of suitable porggity. EXAMPLE 12: Effect of
honogeni zati on The suspensions fromthe treatnents described in Exanples 1

tolr rere suspensions of purified cells 30 principally constituted by
cel | ul ose. M croscopi c_observ tlon showed that cells were separated
to a greater or |esSe? dS@EéB O%fies@ su§ﬁ5hsﬁ5ﬁ§%&a ﬁﬁgg%ﬁl?ﬂro gh &

GAULLN hO”Dﬂ@@éﬁEﬁi@if#ﬂananﬂlthﬁgotrop$ecsubseancees at a concentration
of 2%after preheatin f(g‘rrl?] B%P(% % a c?[ &hbhfcad® prop-gletfeeémfﬁatt‘l'fa%

increased rapidly to
the cellulose is mainly constltuted by cellulose associated

5 with a residual amount of pectins or hemicelluloses which
procure particular physical and chemical properties. The
cellulose of the invention is constituted by microfibrils
of the native or cellulose I type which are separated out
to a greater or lesser degree.

10 - very high chemical reactivity, very large
accessible surface area;

- excellent water retentive capacity;
- high suspending capacity;
- thickening capaéity.

15 Produced by the above process, the cellulose of the
invention can be concentrated, preferably to about 50% of
dry matter, by precipitation, for example from an alcohol
such as ethanol, isopropanol or any other similar alcohol,
by a freeze-thaw process, by a pressing operation by

20 passage through a filter press (which cannot be used with
other hydrocolloids such as xanthane, CMC, etc), by
filtering, by dehydration, by dialysis against a
hygroscopic solution with a molecular size which is larger
than the pore size of the membrane used or by using any

25 other process known to the skilled person for concentrating
such suspensions.

The cellulose, either directly from the process of
the invention or after a concentration step, can be high or

_ low energy dried by evaporation, dehydration, low

30 temperature drying under controlled huﬁidity, spray drying,
drum drying, freeze drying or critical point drying, or by
any other process which can obtain the product in its
secondary state. Low temperature drying conditions under
controlled humidity are particularly advantageous in this

35 respect as they are gentle and energy costs are lower.
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‘honogeni zer, the purified suspension was pushed into a pipe by a piston at

hi gh vel oci assed through a small dianeter orificeg Mﬁb!@ﬁh@e
suspensi on W&;@gﬁz@ct ed to a large pr espiire drop and then I:(El;omg
agai nst an inpact ring. Combi ni ng these two phenonena (pressure drop and

decel erating inpact) produced a shearing action and separation of the

cellulose microfibrils. By passing the suspension through the orifice
several tines, a st&Ble geBpEASFon B9 sepkfat el kel |JRN%%§HH%$ of IRFHIE was

10  obtaigpdizg 47hi,S whse €heamidrcFibdldd struetaed) owitlwutscope
observations. _, Photo aggpﬁFglear y shows_.the entw ne structure of

|
the cell up8SdtioR Gof VESnsiGHUt PRYY H‘ée(iﬂ"f%rg%mq? Br Tefemum
parenchyma g€l | 309f dfheisggainbetal visceditygefiterS, deglihgl ofpage 4,

R e R gy e
recovers almost all of its initial wviscosity after drying
without adding any additives. '

The cellulose of the present invention also has
beneficial film-forming and strengthening properties.

10 When a suspension of microfibrils of the invention
is applied to a surface, for example a metal, glass,
ceramic, etc surface, and allowed to dry, the microfibrils
form a £film on the surface.

The cellulose of the present invention, spread in a

15 thin layer, forms a film on dehydrating. The'properties of
the film are determined by measuring the corrected Young's
modulus (Ecor), which gives the stiffness of the system.
For example, Ecor = 2 500 to 3 000 MPa at 25% humidity.

Wet paper sheets can also be treated during

20 manufacture by a suspension of the cellulose of the
invention, thus improving their physical properties, in
particular their tenéile strength.

In the non-alimentary field, there are many
potential applications of the cellulose of "the present

25 invention:

- for paints, it constituted a good thickening
agent in the aqueous phase, and can replace hydroxy-propyl-
celluloses, for example;

- its film-forming and strengthening proper;ies can

30 be used in latex for paints, paper, adhesive coatings, etc.

Incorporating 1% to 15% of microfibrillated
cellulose into latex (and other hydrosoluble products) or
thermoplastic compounds or «cellulose acetates after
transforming the surface considerably improves the modulus

35 of elasticity and tensile strength.



consequence of the honobgenization treatnent in the Gaulin honogeni zer. The
treated sanpl es were suspensions of separate 20 mcrofibrils and had the

appear ance The cellul ose obtained had at |east 9@ mIReGS Ils.
lts cry-stalﬁli)nfﬁl%?&%bserved by X-rays, wgs 33% Electron mcroscopeomgva

observation indicated that 25 the average cross-section of the
mcrofibrils was 2 to 4 nm they were nore than 7 pmlong and coul d be
15-20 pm |l ong. EXAMPLE 13: Effect of honbgeni zat,i

! ) on (tine) _ Sugar eet
pulp was treated —a@s dsdhigeening B@QentExéNﬁﬂcg‘ 3,°"’F’ner1?emg>'<‘§(?qbn151
WARI NG bl englef1fphgtihgs. m nutes at high velocity, and then separated into

three portions. The_firsi portion was kept.as it wa t he wa assed
6 tines through a éﬁ%LlR#ﬁonﬁ&@W@f&Fsat hﬁ%ﬁréﬁﬁﬁ%ﬁ%fthiggeagé subj ect ed

to 10 passesietobibdPhlatedur el bilvme of the present invention
5 constitutes a thickening agent competitive with Carbopol or
other thickening agents used in these fields. This product
has the advantage of being less sticky than the others,
considerably improving the rinse properties of the products

and giving it a more agreeable feel.

10 In the papermaking industry, the following can be
cited: '

- using the strengthening properties of
microfibrillated cellulose by introducing it into the paper
pulp;

15 - combined use of the thickening, strengthening and
film-forming propert_ies of microfibrillated cellulose to
coat certain special papers. The cellulose also has
beneficial barrier properties.

The cellulose of the invention can also be

20 deposited on the surface of paper to improve its opacity
and uniformity.

The cellulose of the invention can be applied alone
or with other compounds such as pigments and fillers which
are normally used in the papermaking industry.

25 The strengthening properties of the cellulose
would, for example, be employed by introducing it into the
paper pulp. ' '

In the alimentary field:

- microfibrillated cellulose can stabilize

30 emulsions, act as an aroma support, a gelling -agent and
especially as a thickening agent;

- it can replace or act in synergy with other
thickening agents already used in this field, such as
xanthane, CMCs, or microcrystalline celluloses.

35 Synergistic use is particularly important from the
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honogeni zer__ T uspensi ons were studied with a CARRI -

r heonet-er M&Qﬁsz’?ght cone geonetry. e yield point c%@%"ﬁo t he
m ni mum stress applied to obtain 5 aviscosity value directly related to
the gel strength. The suspensi on obtai ned was al so characterized by the
viscosity at a shear rate of 57.6 sf[err]. The results obtained

for the etoremicspepphspnviewst udkeneans thatofieanilessi proguctycame

~shown in Tapbeyklyg 48 d8BLEvL! cRBeaLfgl eakegharacteristics of suspensions

10

15

20

25

30

35

Examples of applications for microfibrillated
cellulose in the alimentary field are fat substitutes,
stabilization of mayonnaise, salad dressings, and in
general all emulsions, ice creams, whipped creams,
thickening agents for all types of beverages, spreadable
pastes, batters or leavened. dough, milk desserts, meat
products, etc.

For the same rheological effect, the cellulose of
the present invention is much cheaper than xanthane and
bacterial cellulose.

The present invention will be illustrated in more
detail by the following non-limiting examples which refer
to the accompanying figures in which:

- Figure 1 is an optical microscope photograph of
separate parenchyina cells;

- Figure 2 is a transmission electron microscope
photograph of native cellulose (cellulose I);

- FPigure 3 is a transmission electron microscope
photograph of cellulose II;

- Figure 4 1is a transmission electron microscope
photograph of a cell wall before homogenization in a Gaulin
homogenizer; | _ '

- Pigure 5 is a transmission electron microscope
photograph of separate microfibrils after homogenization in
a Gaulin homogenizer (6 passes);

- Figure 6 is a transmission electron microscope
photograph of separate microfibrils after homogenization in
a Gaulin homogenizer (10 passes). -

EXAMPLE 1: Purification of sugar beet pulp

Dehydrated pulp of sugar beet harvested from the
Nassandres region of France was taken up into suspension in
deionized water. For better hydration, a WARING blender
type mixer provided with a four blade screw was used, and



at yield Sanple Nunber of [err] (Pa) n (MPa.s) passes
1.4

at 57.6 s[err] 1 0 16 2

6 186 3 10

328 15«1t ig’%ﬁﬁég‘pzphat the effect of h geni zati on, due P(E'I(Y)mﬁ%slg%zgrsation
of the cellul ose mcrofibrils, caused consi der abl e | mpr ovenent

of t he r heol ogi cal characteristics. The characteristics of the
mcrofibrils 20 were simlar to those of Exanple 12, apart from

t he per cent dgtevhiptentr yiing Wes ngagydedexppL Fox 4 45siminutes. of The

suspensi onsgABLEARP6hARNRsC RAGIRIEES W LipH NSF SPSBENaEARRGOR! HJIRiLiich
Exanple 12 was their ability to formstable 25 suspensi ons. Such
suspensi onsCfr &S0 -i n FBLST SHIRE}F PR EWRSpl kept at room temperature

(25°C) for 15 minutes then heated to 80°C for 2 hours with
5 constant mechanical stirring. The suspension was filtered
through a metal screen and washed with copious quantities
of water. The solid residue after washing was extracted
with an alkaline solution. It was taken up into suspension
in a caustic soda solution with a concentration adapted to
10 produce a final caustic soda concentration of 2% by weight
and a dry matter percentage of 2.5% by weight, both with
respect to the total 1liquid. About 0.1% by weight of
sodium bisulfite (Na,SO3;) with respect to the total liquid
was added. The suspension was heated to 80°C for 2 hours
15 with constant mechanical stirring. After this treatment,
it was filtered through a 0.6 mm sieve. The solid residue
was washed with water until a neutral filtrate was
obtained.
After washing, the solid residue was taken up into
20 ‘a 2.5% suspension in a 3.4 g/l sodium chlorite solution
(NaCl0,), buffered to a pH of 4.9 with a mixture of caustic
soda and acetic acid. The suspension was heated to 70°C
for 3 hours with constant mechanical stirring. It was then
filtered through .a stainless steel screen and then rinsed
25 with water until a colorless filtrate was obtained. A pale
gray cellulosic residue with 3% to 5% by weight dry matter
was obtained by filtering under reduced pressure using a
Blichner funnel.
The neutral sugar composition of the solid residue
30 was determined by chemical analysis pased. on gas
chromatographic characterization of the alditol acetates
obtained after acid hydrolysis of the polysaccharides,
reduction and acetylation of the sugar monomers. The
alditol acetates were identified using GC and the sugars

35 were measured using myoinositol as an internal reference,



12 were sto_red for several nonths at concentrations of 0.1%to 7% w t hout
ever: producing a settling volune |ess than 95% WO 96/ 24720
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cel l ul ese 3&_&9(9?443 |s treated in accorg_%nce wi th Exanpl e wWas %ezg% ed
with a solution of 0.1 Mtrifluoroacetic~acid for 2 hours at 20[err]C. 5
Anal ysi s of t he neut r al sugars usi ng the correspondi ng al ditol

acetates gave a cel lul ose percentage of 95% The suspension obtained was
not stabl e.alliowWinwrbarethe smarifiusacespense cfierPriy@folsashy 8f 5betins

and heni cel |34 Arh@S ol @Ridgy Was 14 mEvirer.cheaaesl 5890

correlation wt ydrol ysis of the pectins
with £

lame ionization detector connected to a HEWLETT-
PACKARD 3395 integrator. An SP 2380 (0.53 mm x 25 m)
5 column was used with U nitrogen as the carrier gas.

The alditol acetates were eluted with retention
times which were characteristic of the column. Studies
were carried out to determine the response factor for each
alditol acetate. Knowing the area and the quantity of

10 starting inositol, then using the surface area of the peaks

- for each alditol acetate, the quantity of corresponding
oses could be deduced and the percentages by weight of each
neutral sugar monomer obtained with respect to the total
mass of neutral sugars in the sample could be calculated.

15 The glucose derived almost entirely from hydroleis of the
cellulose; the percentage of glucose thus gave an
indication of the purity of the cellulose in the sample.
The other neutral sugars were principally xylose,
galactose, mannose, arabinose and rhamnose and provided an

20 estimation of the quantities of residual pectins and
hemicelluloses.

Chemical analysis " of the resulting cellulose
residue indicated 85% glucose.

EXAMPLE 2: Purification of sugar beet pulp

25 The entire series of treatments of Example 1 was
repeated, adding a second treatment with sodium chlorite
identical to the first treatment after the sodium chlorite
treatment and corresponding rinse steps. This produced a
whitish cellulosic residue with a neutral sugar chemical

30 composition which varied little during the second.bleaching
step. Chemical analysis indicated 86% glucose in the’
resulting cellulose residue.

EXAMPLE 3: Purification of sugar beet pulp

Dehydrated pulp was taken up into suspension in

35 deionized water and then acid hydrolyzed using the method



and hem cel l ul oses. This exanple clearly shows that the stability of these

sEspenS|ons Is due to the presence of pectins and hem cel | ul oses bonded to

the cellulose mcrofibrils. 15 EXAMPLE 16: Take

suspensi on WQ¥FA70prepared in accordance with Exanple 12 Pﬁ@*ﬂ@@ﬂ“@?. ed

in a flat bottonmed pol yet hyl ene receptaéﬁ% After 12 hours at 100[err]C, a

filmof dry cellul ose was obtained. This film (0.2 g) was soaked in 10 mi

of water 20 at roomtenperature (25 err]C) and gently rubbed with a

gl ass rod. desé\f:ibed it rExampke la tHi ckapadiid tered cndi wedhedi Mitting

this paste pro uspensl on ose bril th
pw%ésrt al g Prodygfdndes Qi seB1AOSE PLEEAE DT Inh

| denti cal ose o the s artlng suspensi on.

EXAMPLE 17: hémkeemp;ulqsesSusg&mmiw seepiduerepar Ehenn extracsesc @ih h

Exanpl e 12 wg ‘fc%]lq.'ﬂeEd é&l@t{é@t et hgmedHo! rdtwdenegeseepbaal e inAfter
12 hours at 100 err dry_ cellul ose were
5 Example . ThlS alkallne treatment was carried out a

second time. The so0lid residue was washed with water until
a neutral filtrate was obtained before carrying out two
successive bleaching steps using sodium chlorite and the
method described in Example 1. Chemical analysis indicated

10 89% glucose.

Examples 1, 2 and 3 show that the larger the number
of extraction steps, the purer the cellulose in the
residue.

EXAMPLE 4: Purification of sugar beet pulp _

15 The entire series of treatments of Example 1 was
repeated, substituting the sulfuric acid solution with a
hydrochloric acid solution to bring the pH of the
suspension to 2.

The cellulosic residue contained 90% glucose,

20 similar to that obtained in Example 3.

EXAMPLE 5: Purification of sugar beet pulp

Dehydrated pulp was taken up into suspension in
deionized water. For better hydration, a WARING blender
type mixer provided with a four blade screw was used, and

25 intermittent mixing was carried out for 45 minutes. The
suspension was rendered alkaline by addition of a caustic
soda solution with a concentration adapted to obtain a
final concentration of 2% by weight of caustic soda and a

~ dry matter percentage of 2.5% by weight, both with respect

30 to the total 1liquid. About 0.1% by weight ©of sodium
bisulfite (Na,SO;) with respect to the total liquid was
added. The suspension was heated to 80°C for 2 hours with
constant mechanical stirring. After this treatment, it was
filtered through a 0.6 mm screen. The solid residue was

35 washed with water until a neutral filtrate was obtained.



obt ai ned. These filns were cut into strips and placed in a 30 VARl NG

bl ender with deionized water. After 15 mnutes' agitation, these strips
had di sintegrated to produce a suspension of cellulose ] i bril

wisth anal 08’&126’%4739erties to those of the starting suspengﬂcﬁﬁﬁ. @MEE 18
(conparative): Take up into suspension P Sanpl es prepared in

accordance with Exanple 12 were WO 96/ 24720
PCT/ FR96/ 00205 28 oven dried at 60[err]C for 12 hours. Filns of cellul ose
wer e obt ai nEHishatkaldne treatmenti whst cafrfriedoandt iac seciondasime .Exdhe e

15.  The oLigatede thlie Mgl ey Ll [AKE" ok SUSRYAST an iLaLar. 5

These sanpl €s™Wwere o di sperse and di'd not recover the initial
properties 6ilthateelwas ogbtained before carrying out two successive

bleaching steps using sodium chlorite and the method
5 described in Example 1.
Chemical analysis indicated 87% glucose.
EXAMPLE 6: Purification of sugar beet pulp
The entire series of treatments of Example 5 was
carried out, using three successive alkaline treatments
10 with caustic soda with a concentration adapted to produce a
final caustic soda concentration of 2% by weight in place
of the two treatments of Example 5. The solid residue was
washed with water until a neutral filtrate was obtained
before carrying out two successive bleaching steps with
15 sodium chlorite using the method described in Example 1.
Chemical analysis indicated 92% glucose.
EXAMPLE 7: Purification of sugar beet pulp
The entire series of treatments of Example 5 was
repeated, replacing the two alkaline treatments with
20 caustic soda with two successive treatments with a potash
solution with a concentration adapted to produce a final
potash concentration of 2% by weight. The solid residue
was washed with water until a neutral filtrate was obtained
before carrying out two successive bleaching steps with
25 sodium chlorite using the method described in Example 1.
Using potash,- cellulosic residues were obtained which had a
purity similar to that obtained with caustic soda.
EXAMPLE 8: Influence of caustic soda concentration
Dehydrated pulp was taken up into suspension in
30 deionized water by mixing in identical fashiom to that
described in Example 1. The suspension obtained was heated
under reflux for 20 minutes then filtered through a 0.6 mm
screen. The solid residue was then taken up into
suspension in a caustic soda solution with a concentration

35 adapted to produce a final caustic soda concentration of 2%



This exanple denpnstrates that an uncharged cellulose (which is
out si de the scope of the present invention) cannot in practice be taken up

i nto suspensi on 10 after dehydration w thout significan ' i on
ofc its.rhedVOR6M2Qr operties. EXAVPLE 19: Reactivity The i’&qﬁﬁﬂ@z@# t he
invention, prepared in accordance with I%?arrpl e 12, was incubated with an
enzymatic 15 m xture of Trichoderma reesei CL-847. 810 ng of the

cellul ose of the invention was taken up into suspension in 30 m of
distilled V@_]E 8% :hjwanémht‘:admcﬂl aséiry m&tteri agnpentuoéd2aSkohygwedabs .
suspensi on .of _.ce ose mcrofib S h equ r 0 r]C
for 15 m rRRER.Y éh SQ%C£ é%néﬁ%a |céi }%@ﬁ%ﬁ magh%? éggggﬁ%l°ilggglhlng
31.10 ny ofmm’rxqmacz@bbyrss;wnedngfqm tisreplhguss adl 1240 %se) Aﬁtﬁs 1§f

sodi um ci tr‘%é opdier wid hwésp"‘fﬁté&@d thhe ugi qn, e/vaﬁmaog%éxp 120G
reaction rum whi ch was 1 ncubated at 50[err[C.with horlzogtt altatlon
at 50 5SC||w4§h@@gwp§h wakereuntil a neutral filtrate was o aine

After extraction, the percentages of glucose
obtained for treatment with 2% or 8% caustic soda were
as shown in Table I:

10 TABLE T
Effect of caustic soda concentration on cellulose
residue purity

Caustic soda concentration % glucose
by weight molar by weight
2% 0.5 M 48
8% 2 M 58
15 It can thus be seen that during the first alkaline

extraction step, the use of more concentrated caustic soda
results in higher purity cellulose.
EXAMPLE 9: Influence of caustic soda concentration
Dehydrated pulp was treated as in Example 6. The
20 purified cellulosic residue produced a 4% paste after
filtering under reduced pressure using a Biichner funnel
which was simultaneously treated in similar fashion in
eight separate experiments. 50 ml of a 2%, 7%, 9%, 9.5%,
10%, 12%, 14% and 17% by weight caustic soda solution was
25 added to 0.6 grams of this sample. Treatment was carried
out at a temperature T = 20°C with constant. magnetic
stirring for 2 hours. After neutralizing with hydrochloric
acid and dialysis of these suspensions against distilled
water, the residue was oven dried at 50°C in small

30 receptacles to obtain thin films of cellulosic residues for



25 After 4 hours, 8 hours and 24 hours of reaction, 3 m of the
honogenedus reacti on nedi umwas renoved (so as not to alter the
concentratioB and heated under reflux at 100[err]C for 20 _mnutes in
coni cal * f1- ¥R 6242 at ure the enzynes and thus stop the enfwoozos
reactions. It was centrifuged 30 for 2% minutes at 10 000 g and then
filtered through a m croporous cellulosic nmenbrane with a 0.45 pm pore
size. Analysis was carried out wusing HPLC and glucose and

cel | obi ose sdcindexplsrimeht.was seen that the cellul ose of the invention was
rapi dly hydrol yzed n L G ' | 4

reduci ng sugars (g ucgggegn?%%@%%iﬁ7?o)ﬁ%§ of gél}(é‘p&qsf‘oﬂga%;er
PCT/ FR96/ 002051291 2 eWashiden®s ig@d ren ofnsedectagncaricreseorgt orid aodr s of

hydrol ysi s, t a8 Be@Che F8raf exbihbBPon! | Ul OSE after

5 X-ray studies showed that films resulting from

a

cellulose treated with 2% to 9% by weight caustic soda
diffracted in identical fashion to that of the starting
cellulose. These were identified as <cellulose I
(interferences at 0.54 nm, 0.4 nm and 0.258 nm) with a
10 degree of crystallinity in the order of 35%. In contrast,
for cellulose films treated with caustic soda at
concentrations of 9.5% and above, a spectrum was obtained
which was characteristic of cellulose II. It was
characterized in particular by interferences at 0.7 nm,
15 0.44 nm, 0.4 nm and 0.258 nm.

Electron microscopic examination established that
the samples which had been treated with 2% to 9% caustic
soda were in the form oJf entwined smooth cellulose
microfibrils which could slide against each other

20 (Figure 2). In contrast, after treatment with caustic soda
at 9.5% and above, the sample had agglomerated into
microgel grains constituted by elements which had become
welded together (Figure 3). This transformed cellulose no
longer had the characteristic properties of the cellulose

25 of the invention.

In order to conserve the particular properties of
the cellulose of the invention, the crystalline structure
of the native cellulose must be preserved; thus if a
caustic soda solution is wused during the alkaline

30 extraction step, a concentration of 9% must not be
exceeded. '

EXAMPLE 10: Elimination of mineral material

Before rehydration, the dried pulp was ground for
ten minutes in a mixing mill provided with a 1 mm screen.

35 Screening through 600 pm and 75 pum sieves at the mill



8 hours of hydrolysis and 0.85 ng per ng of starting cellulose after 24
hours of-hydrolysis. 5 EXAMPLE 20: Optim zation of process for
production of mcrofibrillated cellul ose fromsugar beet pulp on industrial

pi.l ot pl antWOeMy730ed sugar beet pul was taken i ACO/ERMYMEPon in
a caustic soda solution with a concentra4 on 10 bet ween 1. 5% and 2% by
weight with respect to the total liquid. The quantity of water required was
such that the liquid/solid weight ratio was about 15 (1 kg-of pulp in 15 kg
of water). d8tlet recoverédkong ipairtislepeiraayiomswith raedirgat oifn lassank

hours. The. EBFRa 76! a0 BR001% 1 Rerduchires ot taer 1R, pbabieblll 25/ | fm e
liquid frac60onuby pagssegecahcdnihgafee 8 houwmsr RtuB80°Ery&heniash Fanssh
size of lesﬁaéh%%mﬁg}éanwith-the initial mass of the sample. This
5 produced the amount of ash for each fraction: between 75 um
and 600 um, a fraction comprising 5% of mineral material
was isolated while below 75 pm a fraction éomprisihg 12% of
mineral material was isolated.
Thus grinding followed by screening produced a
10 fraction which was depleted in mineral material.

EXAMPLE 11: Elimination of mineral material

The residues from the purification steps described
in Examples 1 to 7 were mixed in a WARING blender at very
high speed for three minutes after the bleaching step and

15 then filtered through a 25 uym sieve. The effectiveness of
such a treatment can be observed through an optical
microscope as calcium oxalate crystals have the property of
being birefringent when observed under polarized 1light.
Before treatment, numerous crystals were observed between

20 the cells on the bottom of the observation plate as well as
crystals inside certain cells. After treatment, no more
crystals could be seen between the cells on the bottom of
the plates.

This example shows that the crystals can be

25 eliminated, depending on the amount of mixing and washing
through a screen of suitable porosity.

EXAMPLE 12: Effect of homogenization

The suspensions from the treatments described in
Examples 1 to 7 were suspensions of purified cells

30 principally <constituted by cellulose. Microscopic
observation showed that cells were separated to a greater
or lesser degree. These suspensions were passed through a
GAULIN homogenizer at 40 MPa fifteen consecutive times at a
concentration of 2% after preheating for one hour at 60°C.

35 The temperature increased rapidly to 80°C to 100°C.



The cake was rinsed during centrifuging. The recovered cake was taken up

I nto suspension in a new 1.5% caustic soda solution in a liquid/solid (DV
rati o which was identical to the above. 25 Again, the resulting
suspensi on WEXIG28d to 80[err]C for 2 hours, with agitat PGT/FRIGHES \as
carried out again, this time using a fi @& mesh (25-100 pm), and the cake
was rinsed with water. The cell ul ose cake was then taken up into 30
suspension in a 3.5 g/l sodiumchlorite solution with the pH adjusted to
4-5 using 33% HCO . InThehd i hbhﬁbﬁﬁ]iizér(,Dl\/théatpmi)fiécﬂli susalmmn'sjmnwms
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until a cl edhrough a small dlameter orifice in which the suspension
was subjected to a large pressure drop and then thrown
5 against an impact ring. Combining these two phenomena
(pressure drop and decelerating impact) produced a shearing
action and separation of the cellulose microfibrils. By
passing the suspension through the orifice several times, a
stable suspension of separated cellulose microfibrils was
10 obtained. This was clear from optical or electron
microscope observations. Photograph 4 clearly shows. the
entwined structure of the cellulose microfibrils
constituting the primary wall of the parenchyma cells of
the sugar beet. In photograph 5, cellulose microfibrils
15 which are separated from each other to a greater or lesser
degree can be seen. This separating effect was a direct .
consequence of the homogenization treatment in the Gaulin

homogenizer. ' '
The treated samples were suspensions of separate

20 microfibrils and had the appearance of a gel.

The cellulose obtained had at least 90% primary

walls.
Its crystallinity, observed by X-rays, was 33%.
Electron microscope observation indicated that
25 the average cross-section of the microfibrils was 2 to

4 nm; they were more than 7 pum long and could be 15-20 um
long.
EXAMPLE 13: Effect of homogenization (time)
Sugar beet pulp was treated as described in
30 Example 3, then mixed in a WARING blender for three minutes
at high velocity, and then separated into three portions.
The first portion was kept as it was, the second was passed
6 times through a GAULIN homogenizer at 50 MPa, and the
third was subjected to 10 passes at 50 MPa. Figure 6 shows
35 the separate microfibrils after 10 passes through a GAULIN



WO 96/ 24720 PCT/ FR96/ 00205 30 filtrate
was ‘obt akned. The cel |l ul ose obtained was then diluted again in water to

produce a content between 3% and 4% The suspen tﬁ%ﬂ@ﬁﬁ n
passed i nt g‘_"i’%m xing mll to 5 pture the cell vv?l S and062h§
"prehonogeni ze" the product. The ground Cel | ul ose was then honpgenized in
an APV GAULI N honogeni zer at a pressure between 450 bars and 550 bars.

| The product was preheated to a tenperature of nore than 95[err]C so that
t he producthomegemleéng as it passed 10 through the orifice. The

aim of this was fRes&aUifsgeidicid Ofrerthesphiadeal wiler wenCARRIC MiD
passes dependln& on the desired degree of honobgeni zation. The_cel |l ul was
then concer€$E2@d Hheomehsyr nHithr As5Tight, ¢eREé FEMFHEH han A)B’Q‘eg'isage

through a LAGROY: OtoHERLENEEG! Yee thid treinimassstress applied to obtain
5 a viscosity value directly related to the gel strength.

The suspension obtained was also characterized by the

viscosity at a shear rate of 57.6 s-1, The results

obtained for the three

concentration of 1% are shown in Table IT.

suspensions studied at a

10
TABLE TT
Rheological characteristics of suspensions
at yield

Sample

Number of
passes

oo (Pa)

n (MPa.s)
at 57.6 s-1

0

16

6

186

10

328

15
It is clear that the effect of homogenization,
due to cellulose

separation of the microfibrils,

caused considerable improvement of the rheological

characteristics. The characteristics of the microfibrils
20 ‘were similar to those of Example 12, apart from the
percentage of primary walls being 90%.
EXAMPLE 14: Stability of suspensions
An important characteristic of the suspensions
obtained in Example 12 was their ability to form stable
25 suspensions. .
Such suspensions treated in accordance with Example
12 were stored for several months at concentrations of 0.1%
to 7% without ever producing a settling volume less
than 95%.



EXAMPLE 21: Conparative viscosity of suspensions before and after drying
CN:FI I’ui ose was prepared as in Exanple 20. 20 - Sanples Nerr] 1 and
err 2vvere repared as follows. The cellul ose was press 400 y
mat t er .t herW& %Q 60% (sanpl e N err] and to 85%(sa_n%?:glmﬁ?{ngé).
The two sanples were then dried in a corfditioning chanber at 20[err] C and

50%relative humdity and were then 25 ground for 30 seconds in a coffee

gri nder before being taken up |nto suspen5| on (2% dry matter) using the
ULTRA TURRAX for 2 EXAMP aRser cel |l ul ose

honogeni zed using t | » t |
viscosities of sanp es k%err}[gﬁ and ]ﬂierr?bEH gﬁ'crﬁgbggrﬁsr otl:n\e/\%ggarré’nsured
after standiegordandehwith Exaaple thd Wasxsreased nuth & ofolnEies| of ose)

using a HAA(KElV:I éPQfYﬁéfQébEEi@racﬁa agpapahyarkoatmeasari ng Mferr], with
a shear rate of 1.8 s[err].
5 Analysis of the neutral sugars using the .

corresponding alditol acetates gave a cellulose percentage
of 95%. The suspension obtained was not stable.

Trifluoroacetic acid causes preferential hydrolysis
of pectins and hemicelluloses. A loss of stability was

10 thus observed in correlation with hydrolysis of the pectins
and hemicelluloses.

This example clearly shows that the stablllty of
these suspensions is due to the presence of pectins and
hemicelluloses bonded to the cellulose microfibrils.

15 EXAMPLE 16;: Take up into suspension

A sample prepared in accordance with Example 12 was
oven dried in a flat bottomed polyethylene receptacle.
After 12 hours at 100°C, a film of dry cellulose was
obtained. This film (0.2 g) was soaked in 10 ml of water

20 at room temperature (25°C) and gently rubbed with a glass
rod. After 30 minutes, a thick paste was obtained.
Diluting this paste with water produced a suspension of
cellulose microfibrils with identical properties to those
of the starting suspension.

25 EXAMPLE 17: Take up into suspension

A sample prepared in accordance with Example 12 was
oven dried in a flat bottomed polyethylene receptacle.
After 12 hours at 100°C, films of dry cellulose were
obtained. These films were cut into strips and placed in a

30 WARING blender with deionized water. After 15 minutes'
agitation, these strips had disintegrated to produce a
suspension of cellulose microfibrils with analogous
properties to those of the starting suspension.

EXAMPLE 18 (comparative): Take up into suspension
35 Samples prepared in accordance with Example 12 were



35 The follow ng results were obtained: WO 96/ 24720
PCTFFRO6/ 00205 31 Viscosity of control . 25 Pa.s Viscosity of sanple

Nerr] 1: \iscosity of sanple Nerr] 2 : 22 Pa.s ﬁiﬁho
cellulese o a@‘émention when dried t 85 60% dry matter recoverzgsd 100%
of its viscosity and when dried to 85% %ry matter recovered 90% of its
viscosity. The cellul ose of the present invention is thus distinguished
fromthe cellulose of ITT | NDUSTRIES patent EP 120 471 which only recovers
a maxi num ofvess dviedvasf 60°C £ax s12 nhewss . vi Fédas yof eadLELI8R| WP¥Es and

requires t *l?oégﬁﬁé%%féh%ekéaéfe&%&@ WYeMetghE1ubiBatespecheia hbein
cellulose of an additive to recover alnost, . all of its .
Example 15. The treated films were then taken into

suspension in water.
5 These samples were difficult to disperse and did
not recover the initial properties of the cellulose.

This example demonstrates that an uncharged
cellulose (which is outside the scope of the present
invention) cannot in practice be taken up into suspension

10 after dehydration without significant deterioration of its
rheological properties.

EXAMPLE 19: Reactivity

The cellulose of the invention, prepared in
accordance with Example 12, was incubated with an enzymatic

15 mixture of Trichoderma reesei CL-847. 810 mg of the
cellulose of the invention was taken up into suspension in
30 ml of distilled water in a conical flask. Stirring
produced a homogeneous suspension of cellulose microfibrils
which was equilibrated at 50°C for 15 minutes. The
20 enzymatic solution was prepared by dissolving 31.10 mg of
enzyme (corresponding to 25 FPU/g of cellulose) in 15 ml of
sodium citrate buffer with a pH of 4.8. The solution was
added to the reaction medium which was incubated at 50°C
with horizontal agitation at 50 oscillations per minute.
25 After 4 hours, 8 hours and 24 hours of reaction, 3 ml of
the homogeneous reaction medium was removed (so as not to
alter the concentration) and heated under reflux at 100°C
for 20 minutes in a conical flask to denature the enzymes
and thus stop the enzymatic reactions. It was centrifuged
30  for 10 minutes at 10 000 g and then filtered .through a
microporous cellulosic membrane with a 0.45 um pore size.
Analysis was carried out using HPLC and glucose and
cellobiose standards. It was seen that the cellulose of
the invention was rapidly hydrolyzed by the enzymatic
35 mixture to give 0.45 mg of reducing sugars (glucose and



initial viscosity. EXAVPLE 22: Extraction of potato pulp cellul ose 15
(after extraction of starch) Purification of potato pulp Potato pulp, from
whi ch starch %&f‘p en extracted, was taken up into suspensi,eq. beyi zed
wat er . .For YH€t fﬂ/dr ation, a WARI NG b% nder type m xer provi c}&gﬂﬁ ﬁ
four 20  blade screw was used, and in grmttent m xi ng was carried out
for 45 mnutes. The suspension was rendered al kaline by addition of a

caustic soda sol u't ion with a concent rat.i on adapted to obtain a final
concent r at iael lofbizssely perghy cfusttarting eadilplesedaftest terborserint

both wth dRrdrolifect of 3¢l & t%éf igQUbE- J&hﬁ:@ﬂ@e@issmm\m haeted to

80[err]C fo Wi th cons ant mechani cal stirring. %I’

treatment, 8t heagsti perbudratveih 2756 nﬁssc?‘gerpeﬁ'hé“gsop d FEQFBﬁEgV\/as
washed wi t o elogtdft & NPAtRGhr i bf rRy@roBgs 08t ai ned. This al kal i ne

treatnent was carried 30 [ '
meheb i thovat ar | EXaMPLE 20 Ut 3 3esond Limee Jhe SOl fofegldlic¥isn

of microfibrillated cellulose from sugar beet pulp on

industrial pilot plant

Dehydrated sugar beet pulp was taken into
suspension in a caustic soda solution with a concentration

10 between 1.5% and 2% by weight with respect to the total
liguid.

The quantity of water required was such that the
liquid/solid weight ratio was about 15 (1 kg of pulp in
15 kg of water).

15 Taking into suspension was carried out in a tank
with agitation. ' The resulting suspension was heated to
80°C for 2 hours.

The solid fraction of the suspension was then
separated from the 1liquid fraction by passage through a

20 centrifugal dryer with a mesh size of less than 250 um.
The cake was rinsed during centrifuging.

The recovered cake was taken up into suspension in
a new 1.5% caustic soda solution in a liquid/solid (DM)
ratio which was identical to the above.

25 Again, the resulting suspension was heated to 80°C
for 2 hours, with agitation.

Drying was carried out again, this time uéing a
finer mesh (25-100 um), and the cake was rinsed with water.
The cellulose cake was then taken up into

30 suspension in a 3.5 g/l sodium chiorite solution with the
pH adjusted to 4-5 using 33% HCI. The liquid/solid (DM)
ratio of this suspension was again about 15.

The bleached cellulose was then recovered by
centrifuging with a 10-30 pm mesh.

35 The cake was rinsed and centrifuged until a clear



until a neutral filtrate was obtained. After washing, the solid residue was
taken up into a 2.5% suspension in a 3.4 g/I sodiumchlorite (Nad err])

sol ut i on, _ tWUﬁr(]ﬂ%éo a pH of 4.9 by a m xture of caustic PoT/FRSG6205SNd
acetic-acid. I's solution was heated t3¢ 70[err] C for WO 96/ 24720

PCT/ FR96/ 00205 32 3 hours with ‘constant nechanical stirring. The suspension
was then filtered through a stainless steel screen and then rinsed with

water to produce a colorless, filtrate. A cellulosic residue with 3%to
5% by wei gtﬁ}%‘?%’/a%t‘{’%? %Ea?sneé' obtained by filtering under reduced
pressure using a TjerckCHMEBsbumistiaimxdnivesl theml gdlutedf again in

g:;lrjletel 2]9 v(v:aetl'.éfj | 3 %]:ro%sdc(jeueal ag&c?nta‘?:q:e%:?’(y&&fxt&llt'cgﬁﬁweenﬂﬁ aYhEa4e .
The suspension was then passed into a FRYMA mixing mill to
5 rupture the cell walls and "prehomogenize" the product.
The ground cellulose was then homogenized in an
APV GAULIN homogenizer at a pressure between 450 bars and
550 bars. The product was preheate_d to a temperature of
more than 95°C so that the product was boiling as it passed
10 through the orifice. The aim of this was to cause
cavitation.
The product underwent 3 to 10 passes depending on
the desired degree of homogenization.
The cellulose was then concentrated to a dry matter
15 content of more than 35% by passage through a LAROX or
CHOQUENET type filter press.
EXAMPLE 21: Comparative wviscosity of suspensions
before and after drving
Cellulose was prepared as in Example 20.

20 Samples N° 1 and N° 2 were prepared as follows.
The cellulose was preSsed to 40% dry matter then dried to
60% (sample N° 1) and to 85% (sample N° 2).

The two samples were then dried in a conditioning
chamber at 20°C and 50% relative humidity and were then

25 ground for 30 seconds in a coffee grinder before being
taken up into suspension (2% dry matter) using the ULTRA
TURRAX for 2 minutes.

The control was 2% dry matter cellulose homogenized
using the ULTRA TURRAX for 2 minutes.

30 The viscosities of samples N° 1 and N° 2 and the
control were measured after standing for 4 hours (due to
the thixotropic nature of the cellulose) using a HAAKE
VT 500 viscosimeter, an apparatus for measuring MVir, with
a shear rate of 1.8 s™1.

35 The following results were obtained:



viscosinmetric polynerization was in the order of 1 000. 10
Honogeni zati on Honobgeni zati on was carried out as described in Exanple 12.

Stability S i ons Suspensions of mcrofibrils from

obtai ned ugﬁmﬁﬂiﬁggibove protocol were Hgble. Vi scosity oﬁgé@ég%ﬁ@#@ﬁs For
a 0.3%dry matter suspension: Brookfield:™ 250 MPa 30 rpm needle nO 2 20
EXAMPLE 23: Extraction of carrot cellulose 1 kg of 10% DM carrots (i.

100 g of dry matter) was grated. The grated carrot was taken up into
suspension in a cad%x$©0%bdﬁ ebleenorol o obt ai ASaPaigture of 100 g of dry
matter in 2 liters w{gd% 56fcs§fﬂﬁfesl@d’ui'9n252§a. The

. suspensi on was heate to 90 err] C t'or 2 hours wth nechanical stirring.

- After this treatneﬁYlsc?$hUYd?§o$¢@919 N® 2 : 22 Pa.s

Thus the cellulose of the invention when dried to

5 60% dry matter recovered 100% of its viscosity and when
dried to 85% dry matter recovered 90% of its viscosity.
The cellulose of the present invention is thus
distinguished from the cellulose of ITT INDUSTRIES patent
EP 120 471 which only recovers a maximum of 2% to 20% of
10 its initial viscosity without additives and requires the
addition of at least 100% by weight with respect to the
cellulose of an additive to recover almost all of its
iﬁitial viscosity. |
EXAMPLE 22: FExtraction of potato pulp cellulose
15 {after extraction of starch)

Purification of potato pulp
Potato pulp, from which starch had been extracted,

was taken up into suspension in deionized water. For better
hydration, a WARING blender type mixer provided with a four
20 blade screw was used, and intermittent mixing was carried
out for 45 minutes. The suspension was rendered alkaline
by addition of a caustic soda soiution with a concentration
adapted to obtain a final concentration of 2% by weight
caustic soda and 2.5% dry matter by weight, both with
25 respect to the total liquid. The suspension was heated to
80°C for 2 hours with constant mechanical stirring. After .
this treatment, it was filtered through a 0.6 mm screen.
The solid residue was washed with water until a neutral
filtrate was obtained. This alkaline treatment was carried
30 out a second time. The solid residue was washed with water
until a neutral filtrate was obtained.
After washing, the solid residue was taken up into
a 2.5% suspension in a 3.4 g/l sodium chlorite (NaClO,)
solution, buffered to a pH of 4.9 by a mixture of caustic
35 soda and acetic acid. This solution was heated to 70°C for



separation was carried out by centrifuging. The solid residue was rinsed.
It was then taken up into suspension in a 1.5% caustic soda solution with a

liquid/solid ratio 30 of 15. The m xture was centrifuged ' t he
solid wesidﬁ@’@%?"?écovered and rinsed. After honngenizatiaﬁﬁggkﬁﬁﬁgﬁﬁbed
i n Exanpl e 12, a suspension was obt ai neP4wi ch was stable in water and had
35 t he appearance of a gel. WO 96/ 24720

PCT/ FR96/ 00205 33 Wil e the process of the present invention has been
descri bed ahdholkesimidhedonstante merchweical ssighrrimet , Fbheasospedsdianr ot

pulp, it cap,al Eﬂeﬂefi‘ﬁ%iréﬁ tArbl§nt 5e8LTSAE 85 30%RALRPEAUMENG' Then

exanple any crtrus frui )
rinsed with water to produce a colorless filtrate. A

cellulosic residue with 3% to 5% by weight dry matter was
5 obtained by filtering under reduced pressure using a
BUCHNER funnel. '
Chemical analysis "of the resulting cellulosic
residue indicated 93% of glucose. The average degree of
viscosimetric polymerization was in the order of 1 000.
10 Homogenization
Homogenization was carried out as described in
Example 12.
Stability of suspensions
Suspensions of microfibrils from potato pulp
15 obtained using the above protocol were stable.
Viscosity of sﬁspegsions
For a 0.3% dry matter suspension:
Brookfield: 250 MPa
30 rpm, needle n° 2
20 EXAMPLE 23: Extraction of carrot cellulose
1 kg of 10% DM carrots (i.e. 100 g of dry matter)
was grated. The grated carrot was taken up into suspension
in a caustic soda solution to obtain a mixture of 100 g of
dry matter in 2 liters of 2% caustic soda solution.

25 The suspension was heated to 90°C for 2 hours with
mechanical stirring. After this treatment, liquid/solid
separation was carried out by centrifuging. The solid

residue was rinsed. It was then taken up into suspension
in a 1.5% caustic soda solution with a liquid/solid ratio
30  of 15. ' :
The mixture was centrifuged again and the solid
residue was recovered and rinsed.
After.homogenization as described in Example 12, a
suspension was obtained which was stable in water and had

35 the appearance of a gel.



5 (I enons, grapefruit, oranges) and nost other fruits and vegetabl es.
WD 96124720 ' PCT/ FR96/ 00205 34 1.
Mcrofibrillated cellul ose, characterized in that it contains at |east
about 80% oWOP242Y walls and in that it is charged with P&HERINR03q o5,
5 2. Mecrofibrillated cell uldkse accor di ng to claim1,
characterized in that it contains at |east about 85% of primary walls. 3.
Mcrofibrillated cellul ose according to claim1l or claim2, characterized
in that the carboxwhilactis precdfs ofir thecpaesdat 4dnvishtiohi haisl bakead

cel lulose agCorfifgdat A 2 T1dstPHREACIGILA T dbldi¥e 1RE WlF Bells are

sel ected from
potato and carrot pulp, it can also be applied to the

treatment of any parenchyma, for example any citrus fruits
5 (lemons, grapefruit, oranges) and most other fruits and
vegetables.



the group formed by gal acturonic acid anf ghLuc '
Mcrofibrillated cellul ose according to Emﬁ—"g%“' ﬁAsagFg"

characteri ' hat it has a crys
M,crofibri %%&5&3@% ul ose according to

y one of clains

characterized in that it conprises mcrojfai]brlls wWith a cross- sectlon

pﬂlmmllmwnllﬂmlr arcurjofz?brl I ?g?gé Lclelnlmul (7)se Qccorglrﬁgetsz cl aT (r)nr 1, fﬁg(ran

prirmafy Wwal¥ gl aft pulp, in particul aClABE beet pul p after saccharose

extraction,
and n1nera|

Ontalning MELLYE OS5 R1 1 PRELANSce2PuloseN eBbldbeseszedr otigi NS

materials, the rocess i nc] udi n he foll.ow n S: aci d
or basic hyﬁhéFyéFscﬁﬁt?hﬁspﬁFp BaPti & LPVttgoéxPFaPF i pggﬁﬁ% Eﬁg)
heni cel | ul oggst {b)iseenyegedowathotagbogylldoeatidm.t he suspension 30

from sgep (a);

10

2. Microfibrillated cellulose according to claim
1, characterized in that it contains at least about 85% of
primary walls.

3. Microfibrillated cellulose according to claim 1
or claim 2, characterized in that the carboxylic acids are
uronic acids.

4. Microfibrillated cellulose according to claim

.3, characterized in that the uronic acids are selected from

15

20

25

30

35

the group formed by galacturonic acid and glucuronic acid.

5. Microfibrillated cellulose according to any one
of claims 1 to 4, characterized in that it has a
crystallinity of 15% to 50%.

6. Microfibrillated cellulose according to any one
of claims 1 to 5, characterized in that it comprises
microfibrils with a cross-section between about 2 nm and
about 4 nm.

7. A = process for the preparation of
microfibrillated cellulose according to claim 1, from
primary wall plant pulp, in particular sugar beet pulp
after saccharose extraction, containing cellulose, pectins,
hemicelluloses, proteins and mineral materials, the process
including the following steps:

(a) acid or basic hydrolysis of the pulp partially

to extract the pectins and hemicelluloses;

(b) recovering a solid residue from the suspension
from step (a);

(c) carrying out, under alkaline conditions, a
second extraction of the residue of cellulosic material
from step (b), this step being obligatory if step (a) is
acidic and optional if step (a) is basic;

(d) if hecessary, recovering the cellulosic

This Sheet Has B
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(c) car rHl"ﬂL Ilu HH%U!HI kal i ne conditiong Fexiy. on of the
resi due | I erial fromstep (-|THﬁh$§ e F%%ﬁ%_obligatory | f
step (a) is aC|d|c and optional if step (a)lis bd 35 2&9) i f
necessary, WO¥4780ing the cellulosic 6/ 24720 CT/FR96/00

PCT/ FR96/ 00205 material residue by sérarating the suspension from
step (O); (e) washing the residue fromstep (b) or step (d); (f)
optionally, bleaching the cellulosic material 5 fromstep (e); (9)
recovering mat&fialceldddidhiec bynt asdpmlratimg sepheat i suspéres bors pefgioon

fromstep (f (h),diluting the cellulosic material fromste I n water
to obtain b%%?@eﬁ%b% and 10% dry matter; P (9)

(e) washing the res:.due from step (b) or step (d):;
(f) optionally, bleaching the cellulosic material
5 from step (e);
(g) recovering the cellulosic material by
separating the suspension from step (f);
(nh) diluting the cellulosic material from step (g)
in water to obtain between 2% and 10% dry matter;
10 (i) homogenizing the cell suspension from step (h);
characterized in that
(j) step (a) is carried out at a temperature
- between about 60°C and 100°C;
(jj) at least one alkaline extraction step is
15 carried out on the cellulosic material, said alkaline
extraction being carried out with a base at a concentration
less than about 9% by weight;
(§33) the homogenizing step (i) is carried out by
mixing or grinding or any high mechanical shear operation
20 followed by passing the cell suspension through a small
diameter orifice, subjecting the suspension to a pressure
drop of at least 20 MPa and to a high velocity shearing
action followed by a high velocity decelerating impact.
8. A process according to claim 7, characterized
25 in that step (a) is carried out at a temperature between
about 70°C and 95°C. .
9. A process according to claim 8, characterized
in that step (a) is carried out at a temperature of about
- 90°cC. | |
30 10. A process according to any one of claims 7 to
9, characterized in that each alkaline extraction step is
carried out using a base selected from caustic soda and

potash.

11. A process according to any one of claims 7 to

35 10, characterized in that the concentration of the base
This Sheet Has Been Re;
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ggar acterized fh)tﬂggoﬁm“ |nﬂllluﬂ|nﬂluar ji i %W&Phre bet ween

about 60[e|w¢])@6m§|20100[err C (jj) at lea ARIGA0263 €P 1S
16 «carried out on the cellulosic naggrial, said alkaline extraction

being carried out with a base at a concentration |ess than about 9% by
wei ght; (jjj) the honobgenizing step (i) is carried out by nixing or
grinding or ch she eration 20, wed b assing
Phe Col | o st £ Safh e PARSREN S SheR te, 18 0bhe Fang¥, PESE
suspensi on abouec ;iﬁeslso.lraéocmbpﬁ%)fbsatwénﬂsu 20 MPa and to a high velocity
shearing. action fglyd owgd g celer:at i4g 8¢ A
qlgl owg( n?#oée%é DR lngyy gé? %1% A okt ep‘aEm} 11

process according to cl al ar acterl Z€ hat
carried outcmraa:ttmchtmetbétm addikive| éelpetadd foopme rglje, ggoun

process acqyydd¥ tByCl aifRSer&iay achgeht@d suspending agents and

thickening agents which are soluble in water is added to

the suspension to be homogenized in step (i).

13. A process according to claim 7 or claim 12,
characterized in that the homogenization step (i) is

10 carried out at a temperature between 95°C and 120°C,
preferably over 100°cC.

1l4. A process accordlng to claim 7 or claim 13,
characterized in that before step (a), the dehydrated pulp
is ground and screened to retain the fraction with

15 a granulometry between about 20 wum and about 1 000 um,
preferably between about 75 pum and 600 um.

15. . A process according to any one of claims 7 to
14, characterized in that bleaching is carried out in step
(f) and in that it is associated with oxidizing treatment

20 with ozone or hydrogen peroxide.

16. A process according to any one of claims 7 to
14, characterized in that bleaching is carried out in step
(£) and in that this treatment is carried out using ozone
or hydrogen peroxide.

25 17. A process according to any one of claims 7 to
16, characterized in that after washing step (e) or after
bleaching step (f) the cellulosic suspension is moderately
ground wet followed by filtering with a screen mesh between
about 20 um and about 75 um.

30 18. A process according to.any one claimg 7 fo 17,
characterized in that the cellulose resulting from
homogenization step (i) 1is concentrated.

19. A process according to claim 18, characterized
in that concentration is carried out to more than about 50%

35 dry matter.

i



in that step (a) is CHMI MIBNIIHEH“e rlgm LQfHQQCBE‘.ENgV[erI']C .30
10. A process accord ljai s ‘A ERA EDC har agteri zed in that
each aIkaI“nygggrﬂmctlon step is carried P mm@admﬁsom

caustix soda and potash. 11. A process 31-¢crd| ng to any one of clainms 7 to

35 - 10, characterized in that the concentration of the base WO

96/ 24720 : PCT/ FRO6/ 00205 36 used for each al kal i ne
extraction step is e ran e from about 19 ot ut. 6% by ighty g 12. A
process accordi ng claa(f?ﬁ]ﬁ ﬁ% Pac %‘rq'?“zel |%n’9t ﬁ%lg(ﬂ ad’dltlve

sel ected fchecrb.htegnaeﬁ 51n thatredcobqendrapeoal nys aganried owepddi ng
agents anBressing, filtering or low temperature and controlled
humidity drying.
5 21. A process according to any one of claims 7 to
20, characterized in that the homogenization of step (i) is
followed by a high shear operation.

//_
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t hi ckeni ng agents which are soluble in water is added to the suspension to

beé honogeni zed in step (i). 13. A process according to claim7 or claim12,
characterized in that the honogeni zation step (i) is 10 carried out at

a tenperature between 95[err]C and 120[err]C, preferably over

100[err] C. 14. A process according to cla#dm 7 or claim 13, characterized in
that before step (a), the dehydrated pulp is ground and screened to retain

the fraction with 15 a granul ometry between about 20 [err]m and about 1

000 pm preferably b-Etél‘@S;fE_ thePnhalde80Gdddrddion StoA REERRAScal
according to ang{one of ,clains to 14, characterlégl K{\éﬁi hat, bl eachi ng S

carried out PREQFERI(f)iBnd Pn t gt FEALSK at oxi XN zi n§2PL
treat ment 20depieébupigacion khndoaghn speildxieheifides Aiptoceszaneowdioay t o
any one of clai characterized in that bleaching is carried out

7.1 4
in step (f) hﬁdgﬁnaF$éﬁg§$ﬁ%?tgﬁﬁﬁﬁﬁﬁﬁ’is carried out using ozone
5

- filtering the suspension and recovering the
insoluble fraction which contains the parenchyma cellulose
and the soluble fraction (filtrate) which contains the
hemicelluloses;

- treating the cellulose fraction by bleaching with

10 sodium hypochlorite and mechanical defibrillation to
produce a parenchyma cellulose paste constituted by cell
wall fragments.

As mentioned above, once dehydrated, the cellulose
obtained using the process of EP-A-0 102 829 cannot easily

15 be taken up into suspension.

The present invention provides a process for the
production of microfibrillated cellulose from primary wall
plant pulp, in particular sugar beet pulp after saccharose
extraction, comprising the following steps:

20 (a) acid or basic hydrolysis of the pulp partially
to extract the pectins and hemicelluloses;

(b) recovering a solid residue from the suspension
from step (a);

(c) carrying out, under alkaline conditions, a

25 second extraction of the residue of cellulosic material
from step (b), this step being obligatory if step (a) is
acidic and optional if step (a) is basic;

(d) if necessary, recovering the cellulosic material
residue by separating the suspension from step (c);

- 30 (e) washing the residue from step (b) or step (d);

(f) optionally, bleaching the cellulosic material
from step (e);

(g) recovering the cellulosic material by
separating the suspension from step (f);

35 (h) diluting the cellulosic material from step (g)

MODIFIED PAGE



or hydr ogen, peroxi de. 25 ' 17. A process according to any one of
clfains 7 to 16, characterized in that after washing step (e) or after

bl eaching step (f) the cellul osic suspension is noderately ground wet
followed by filtering with a screen nesh between about 20 [err]m and about
75 [err]m 30 18. A process4ddsording to any one clains 7 to
17, characterized in that the cellulose resulting from honogenization
step (i) is concentrated. 19. A process according to claim 18,

character i zeﬁn'@aw@ttsoasgam%é%éﬁ S 4h&t ¥l of AP Ratb@p, about 50%
35 dry matter. PCT/ FR96/.00205 37

20. A process accord‘%b @QWQS%H%%HHQ(ﬁhQﬂ9ﬁ¥% gyspension from step (h);

characterized in that
(j) step (a) 1is carried out at a temperature
5 between about 60°C and 100°C, preferably between about 70°C
and 95°C, more preferably at about 90°C;
(jj) at least one alkaline extraction step (a) and
(c) is carried out on the cellulosic material, said
alkaline extraction being carried out with a base,

10 preferably selected from caustic soda and
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characterized in that concentration .is carried out by pressing, filtering
or low tenperature and controlled humdity drying. 5 21. A
process according to any one of claims 7 to 20, characterized in that the
honogeni zation of step (i) is followed by a high shear operation.

residual minerals can be reduced by blending and screening
the dehydrated pulp before step (a) and retaining only the
fraction with a granulometry which is between about 20 pm
and 1 000 um, preferably between 75 nm and about 600 pum.

5 When the cellulosic residue contains a non-
negligible quantity of free calcium oxalate crystals or
calcium oxalate crystals which are inside the cells after
basic extraction or after bleaching, moderate grinding can
be carried out wet, for example in a WARING blender type

10 mixer or any other grinder, to rupture the cells, followed
by filtering or screening through a suitable screen. The
screen mesh can readily be determined by the skilled
person, for example between 20 pym and 75 pm, e.g. a 75, 60,
40 or 20 pm mesh, depending on the extent of mixing or

15 grinding, i.e. depending on the size of the cell fragments
obtained and industrial feasibility.

A further means of eliminating the calcium oxalate
problem is to carry out an oxidation treatment, for example
with ozone or hydrogen peroxide, associated with a

20 bleaching treatment in step (f).

In order to eliminate the calcium oxalate crystals,
bleaching step (f) can also be carried out using ozone or
hydrogen peroxide.

Any of the means of eliminating or at least

25 reducing the guantity of calcium oxalate crystals can be
combined with each other or used separately, as can readily
be determined by the skilled person in each particular
case.

The microfibrillated cellulose obtained using the

30 process df the present invention is cellulose I.

The cellulose of the present invention contains at
least about 80% of primary walls and 1is charged with
carboxylic acids.

It is characterized in that it is microfibrillated

35 and in that it is charged with galaéturonic acid. The term
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"galacturonic acid" means simple galacturonic acid, its
polymers and its salts.

More generally, the cellulose of the present
invention contains at least about 85% of primary walls.

EP-A-0 102 829 from Weibel, cited above, describes
(see Example E of Table 2, page 20) a cellulose containing
about 80% of primary walls charged with carboxylic acids.
It should be noted that this cellulose, which has only
undergone homogenization by mechanical shearing, for
example using a Waring mixer, is not microfibrillated. The
cellulose described in that document is not charged with
galacturonic acid. It does not produce a true stable
suspension, in contrast to the cellulose of the present
invention.

The microfibrillated cellulose of the present
invention is remarkable in that it can be taken up into
suspension after dehydration.

The microfibrillated cellulose of the invention is
15% to 50% crystalline.

It is constituted by microfibrils with a cross-
section between about 2 nm and about 4 nm.

The microfibrillated cellulose of the present
invention forms stable suspensions, of the liquid crystal
type, constituted by nematic domains.
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CLAIMS

1. A cellulose containing at least 80% of primary
walls and charged with carboxylic acids, characterized in
that it is microfibrillated and in that it is charged with
galacturonic acid.

2. Microfibrillated cellulose according to claim
1, characterized in that it contains at least about 85% of
primary walls.

3. Microfibrillated cellulose according to claim 1
or claim 2, characterized in that it has a crystallinity of
15% to 50%.

4. Microfibrillated cellulose according to any one
of claims 1 to 3, characterized in that it comprises
microfibrils with a cross-section between about 2 nm and
about 4 nm.

5. A process for the preparation of
microfibrillated cellulose according to claim 1, from
primary wall plant pulp, in particular sugar beet pulp
after saccharose extraction, containing cellulose, pectins,
hemicelluloses, proteins and mineral materials, the process
including the following steps:

(a) acid or basic hydrolysis of the pulp partially
to extract the pectins and hemicelluloses;

- (b) recovering the solid residue from the
suspension from step (a);

(c) carrying out, under alkaline conditions, a
second extraction of the residue of cellulosic material
from step (b), this step being obligatory if step (a) is
acidic and optional if step (a) is basic;

(d) if necessary, recovering the cellulosic material
residue by separating the suspension from step (c);

(e) washing the residue from step (b) or step (d4);

(£) optionally, bleaching the cellulosic material
from step (e);

(g) recovering the cellulosic material by
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separating the suspension from step (f);

(h) diluting the cellulosic material from step (g)
in water to obtain between 2% and 10% dry matter;

(1) homogenizing the cell suspension from step (h);
characterized in that

(j) step (a) 1is carried out at a temperature
between about 60°C and 100°C;

(jj) at least one alkaline extraction step (a) and
(c¢) 1is carried out on the cellulosic material, said
alkaline extraction being carried out with a base at a
concentration less than about 9% by weight;

(jjj) the homogenizing step (i) is carried out by
mixing or grinding or any high mechanical shear operation
followed by passing the cell suspension through a small
diameter orifice, subjecting the suspension to a pressure
drop of at least 20 MPa and to a high velocity shearing
action followed by a high velocity decelerating impact.

6. A process according to claim 5, characterized
in that step (a) 1is carried out at a temperature between
about 70°C and 95°C.

' 7. A process according to claim 6, characterized in
that step (a) is carried out at a temperature of about 90°C.

8. A process according to any one of claims 5 to
7, characterized in that each alkaline extraction step is
carried out using a base selected from caustic soda and
potash.

9. A process according to any one of claims 5 to
8, characterized in that the concentration of the base used
for each alkaline extraction step is in the range from
about 1% to about 6% by weight.

10. A process according to claim 5 or claim 9,
characterized in that an additive selected from the group
formed by dispersing agents, suspending agents and
thickening agents which are soluble in water is added to
the suspension to be homogenized in step (i).
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11. A process according to claim 5 or claim 10,
characterized in that the homogenization step (i) is
carried out at a temperature between 95°C and 120°C,
preferably over 100°C.

5 12. A process according to claim 5 or claim 11,
characterized in that before step (a), the dehydrafed pulp
is ground and screened to retain the fraction with
a granulometry between about 20 um and about 1 000 um,
preferably between about 75 pum and 600 um.

10 13. A process according to any one of claims 5 to
12, characterized in that bleaching is carried out in step
(f) and in that it is associated with oxidizing treatment
with ozone or hydrogen peroxide.

14. A process according to any one of claims 5 to

15 12, characterized in that bleaching is carried out in step
(f) and in that this treatment is carried out using ozone
or hydrogen peroxide.

15. A process according to any one of claims 5 to
14, characterized in that after washing step (e) or after

20 bleaching step (f) the cellulosic suspension is moderately
ground wet followed by filtering with a screen mesh between
about 20 pm and about 75 pm.

16. A process according to any one claims 5 to 15,
characterized in that the «cellulose resulting from

25 homogenization step (i) is concentrated.

17. A process according to claim 16, characterized
in that concentration is carried out to more than about 50%
dry matter.

18. A process according to claim 16 or claim 17,

30 characterized in that concentration 1is carried out by
pressing, filtering or low temperature and controlled
humidity drying.

19. A process according to any one qf claims 5 to
18, characterized in that the¥homogenizatidn of step (i) is

35 followed by a high shear operation.
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