PROCESS FOR PRODUCI NG CELLULCSE SHAPED ARTI CLES The present invention
generally relates to processes for preparing cellul ose shaped articles,
such as fwbregy/ooisssol ving the use of a dope conprising eelrlaB20851160Ni C
liquid and a cosol vent having aprotic character. Cellul ose can be extracted
fromnaturally occurring materials and fornmed into shaped articles, such as
fibres. Cellulose fibres known as rayon fibres have been used in the

manuf act ure of pReYEISHSOR IPRESDUORIAPEELNDLOSE WHAPED ARttt ury. One of the
nost comonly used met hods of producing cellul ose fibres involves

di ssolving cellul ose fromwood, cotton, henp, or other natural sources in
al kali and carbon disulfide to nmake a solution called viscose. This liquid
is filtered and refiltered in order to maxim se the purity of the materi al
to inmprove fibre quality. The viscose is then netered through i nnerette
into a bab® RESER U‘t"@”g‘gﬂ fQ?r”PEal’é(cf tﬁﬁa“’sBEﬁCﬁﬁ?%ﬁjl? PRGN e&%ﬁ‘ﬁa e
cellulose fromthe viscose. The solvents used in traditional processes for
manuf act GRIRRY RGeS, PHHY 8% fiBres. BValINRE; ¥s& 92 Q%%Fﬁ'i“pf'é'gg UIoEGy

exanple, their cost is high. Additionally, their ionic strength is high and
st eps nuinidliguicres ataespivenemavingapfosie hafastelof unwant ed byproducts. For
exanpl e, those solvents may need to be stored and handled in inert
environments. Further, the vessels in which those solvents are stored and
used nmust be selected frommaterials having a high degree of chem cal

resi st anceliulodé tampbs dxareetcderomnnatardlly octentndg ynatevals gindefarsedhintch can be
used to dissolve cellulose. One group of materials which have shown prom se
in this ghsfedhfiddy)isichi Mliigfes. EBLABREOSitles khonnsaprapes sibesf bave

di ssolving cel lul ose in dopes conprising ionic liquid and which are
substant pall y,eLf ﬁ?tth%meﬁu Etur@belekfibs sirReRRE babinving dftRE 20t eaHt@iyni ng

bases, water and ot her solvents. Wiile cellulose is soluble in the dopes

di scl osed in EP1458805, those dopes are highly viscous. This high viscosity
limts the utility of those dopes in equi pnent used to dissolve and cast

cel | ul ose_ usi t he vi scose, proc ¢t 1 : i sed in
EP145880915 & reém?ta%crrg}mppy&%ﬁ%{“@?@@f%@ﬁ%@E%Wéﬁj@%%d”’%ﬂﬁé@i ncl ude
a high proportion of costly ionic |iquid. For .this reason, th of

pr epar i nglisseiMing 6@'8"%%3%9@ VP8 ‘E‘H{Q”d géo’cﬁrs%f‘%rs%tuf S@IH_TL%%@O%R?'ES
relatively high. US2009/0084509 di scl oses a. process in w?igq dopes

conpri si ragdicamben Hisyliide tarpake prselutiongaliad viscoge ¢ bug igrid; s \lgreéﬁ%rl’q)yed.
Agai n, cellul ose was soluble in those dopes. However, Iom1viscos$t | evel s
wer e onl yefitemedirn etHeniermaximise Hheorutity of theemateria do wagrayesiave @ n t hose
dopes. Further, high tenperatures, of over 100C, were required to bring
about t herndi wisedset isathenfmeteléditrusegh a spienateite dntexahpth of ditte Heleria. The
majority of the dopes exenplified in US2009/ 0084509 which were reported as
exhi bi ti ngigaedssatessuhter legbnsatatshidsetfram theisodssd i onic |iquid as the
maj or constituent. ldeally, the anount of costly ionic |iquids used in
dopes for cellul ose should be reduced. The present invention seeks to
provi de an industrial-scale process for the preparation of cellul ose shaped
articl es,rsu fi LAiWhLC gonerdrs Aot 2abn rieged ra@s an
acceptabITy'1 ggy?@%u%g%gﬁlﬁg?WE weé%?éy toﬂgdggﬁghﬁﬁgﬂgiggolution of

cel | ul ose ich uti

X ner e'dissolution of
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equi pnent such as, vi scose .manuf.acturin hi ne ' c L ably

di ssol ve tBfifiPHE éHﬁf‘g‘gn‘ﬁﬁﬁgg agfl sg%ﬁ’si muggg,g%\?;ﬁep&Lcygéér%bgn\uesgdgn{agbg%zsol ve

| ess refined or |ess reactive pul ps,., which argsstable githoug Rrg @eed for
storage iynwanded bypreduptserfed e GhihoRe SalYepEs WaYingeadols B9RG 8t he
density and nechani cal properties of cellul ose shaped articles. Fromthe

di scussi drandiett ini isett@nvapneNts; t Fyither, H@cwehsp‘ﬁawg*ﬁt’ thosg selkents Al ent
invention addresses sone or all of the aforenentioned deficiencies while
provi di ngstonsie andisusaddntusbrize setbetast dges materialist haying & dighedsgrre®’ Thus,
according to a first aspect of the present invention, there is provided a
process fehHenmitsidesisagmceel | ul ose shaped articles in which a) cellulose is at
| east partly dissolved at a tenperature of 100C or less in a dope
conprising an ionic liquid and a cosolvent to forma cellul ose sol ution,
wherein said cosol vent conprises a poﬂar aprotic conponent and b) cellul ose
shaped articles are cast fromthe cellul ose sol ution.



The shaped articles which are produced according to the processes of the
present invention are nost preferably fibres. Qther products which nay al so
be fornedwvonoelumesssopes, yarns, cloths or cigarette fil terssB2ithwselsot her
products nmay be fornmed directly fromthe cellul ose solution, or nay be
formed fromfibres spun fromthe cellul ose solution. For the avoi dance of
any doubt, the term'shaped articles' shall not enconpass cellul ose sheets,
films, lam nates or the like. The dissolution of cellulose preferably takes
pl ace in a reaction vessel or chanber. Advantageously, the dope is
relatively inert wwth respect to the materials fromwhich such vessel s and

&Sﬂiidﬁ; ggﬁ@!E“%“ﬁ?@%ﬁ%ﬁa@?é%@“?r%.“é EV%ﬁh Al LR s, ™
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i ncl udi ng heat exchange apparatus or mcrowave radiation. Wile dissolution
t enper at BSlIQHASt00C constitute consi derabl e i nprovenents over the
processes of the prior art, the present invention advantageously enabl es
the dissolution of cellulose at tenperatures of about 90C or |ower, about
80C or | ower, about 75C or |ower or even about 70C or lower. In preferred
enbodi rreEP§4688@51@hqn{wenpquﬁvm fandissolwingi selbllens 8h dopRD CORRIISNG anges
fromthese maxima to minima in the order of about 25C or higher, about 30C
or hi gheioni@bioutd 43@ ovhidhi gher suladbanttallpOfteer ohiogirasr MmaterdiouespeCaly hi gher.
Additionally, the dopes utilised in the processes of the present invention
are not gRRrRAldNtieAgbases Wiithr ahd ottt sbivests. tWeile cetiulose isesetulile ipr ovi de
an inert gas bl anket when those dopes are being stored, handled or used. In

preferr egw ?ﬁé H%Eb%e@fmtmll%%@énfhdséwﬁive'scﬁre Hr@ﬂyGﬁéddubos‘ers sigot al 1y
di ssol ve dope. However, functioning enbodi ments of the invention

w1 be %&nggﬁﬁ}hg? rnmeegﬁngorrrgﬁ%ra éﬁi@lﬁfeq‘iﬁd&ér‘r%dmb%vé AngQdsdl or seni

solid form pen esir properties of the shaped articles

be o Z‘li?.f?@ o B 368 et B i Bteon AR Ry, AN SORE, sor&?d'““"lse g
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can be achieved in the processes of thke pr.esent mvEnt on y i ncreasing the
t enper at tHah Sropasdons of HOSBN  IoNE dfasidp| KR B ERgRAN ?e%osltr REBAENY t han
100C. The processes of the present invention advanta eousl ke use of
dopes whicetiuldee abeets&oss herdapesidivalengs m&ﬁ%%ﬁ&ér%se *éggﬁ. nci pal
constituents in order to exhibit acceptable rates of di ssol ution.
Preferably, the anmount of ionic liquid in the dope is |ess than 50% by

wei ght of the dope. |In US2009/0084509, dopes consisting of ionic liquid
and apr otliS2009/008a500 isciddessa pfoc2es §0whict cﬁmeﬁ@obwrwmgglhnwdfqmmeméiope wer e
reported as being |largely incapable of dissolving cellulose at tenperatures

of 105C. d froha%er Bprilicicodblehhate afployiédsagaimn coltuldseswab sellibéd inttaoper at ur es
of 90C in the dopes used in the processes of the present invention which

i nclude 20 andy @Ak ABICvisdddity fevd¥s WetdIBhlyExhiditeddesh a low amount of
cellulose was dissolved in those dopes. Further, high temperatures, of over
100°C, were required to bring about the dissolution of cellulose in the dopes
exemplified therein. The majority of the dopes exemplified in US2009/0084509
which were reported as exhibiting good rates of cellulose dissolution included

ionic liquid as the major constituent. Ideally, the amount of costly ionic liquids

used in dopes for cellulose should be reduced.



Unexpectedly, it was found that when dopes were used conprising between 20
and 50%ionic liquid by weight of the dope, i.e. nore than 20% or | ess than
50% of t hwodopmosisbe tenperature required to bring aboutrcaicsoimisimn of

cel lul ose was reduced. Thus, according to a preferred aspect of the present
i nvention, the dope conprises between about 20% and about 50%ionic liquid
by weight of the dope. In especially preferred enbodi nents of the present

i nvention, the dope conprises about 25%to about 45%ionic |iquid, about
25% to about 40% ionic liquid, or nore preferably, about 25%to about 35%
ionic liquid by weight of the dope. In the processes of the present

e e DR R S0 om0 e 1

an especi odi nen e cel ose an he pol ar aprotic

conponent of the cpsolvent are prem xed prior. to bei. ont ac ith the
i oni ¢ | i GIRPETALLy 8€rﬁel“fq83%lo%@p8ﬁda%'8ﬁléﬁuIsggié %So}f@ﬁ%oﬂaq“fﬁ'?@ %I O?\%/swt he pol ar
aprotic conPonent, whi ¢ch functions as an intgrstitLaI sw%lli%@ agfnt, to
promot e EMPIGYEH thaliressBra@NGRFasPIabl QW swat of tigimalSpareY Rl Hi%ent may
consi st exclusively or essentially of the polar aprotic conponent, or may
i ncl ude dishelutiomtadr¢edluosen Vﬁh@hh‘ﬂ'gs%ﬁjﬁf fedatiiely 1Q iameit of E’ﬁ@rrﬁ%‘élii ef f ect
on the dope. Any polar aprotic conponent may be included in the dope.

Parti cul auhich pasf er sefficipotharlowpviscosityc depemane sits ritseu dathdicraYifionall f oxi de
(DMSO), dinethyl acetam de (DVAc), Tetrahydrofuran (THF), dinethylfornmam de
(DVF), f egommiehe sudimas hiscoss praviufauturitgomiadiinepy mhitmegn eatieblyriissalNeoxane,

N- et hyl pyrrol i done, piperyline sulfone and hexanet hyl phosphoram de or

m xt ur es gidadicaAf amolnfy bRBERINGHR, Svintecan theeuseas ¢ déssblveoeps irsfsedaddi ti onal
conponent s besi des the polar aprotic conponent, any material/s my be

I ncl uded oy t t Wpich aRe!sesbienwitodththedaped deesstorigeaily eierel y
af f ect t#}%ssge%él}g??i%ésdf cellulose to the extent that a dissolution

Eﬁgpgéff F@g%&heﬁ%&éﬁrﬁ vev}\f&ﬂrba%ogé:n‘} uﬁrécﬂtﬂ &Z-‘Irq[)dlQh@beh%%n@%édh!éniﬂa%ol ve

erred enbodi ase is included in the dope in
addition to the | ar, aproti nent. The base is preferably organic and
may opt i 85%%’&%8%@#[?3%&?‘8%%%@@6%‘| n an especially preferred enbodi nent,
the base is a nitrogen containing base such as ammoni a, piperidine,
nor phol i ne, di et hanol ami ne or triethanol am ne, pyridine, triethylam ne or
urea. The base may be present in amounts ranging from1 tp,10% b i ght of
the dopeFrom tepdigeuasion Hiadfiede dellamibyihdse me:a%qa(gerg%hgf tqﬁ/ﬂ%sye‘?xfbase by
wei ght of the dope is included. The ionic liquid enployed in the processes
of the primsstioni agdnessem seaye ber &Hyof dhe caforeueatiangdalse C'@PC'GéeWﬁH t he
di ssolution of cellulose. In especially preferred enbodi nents, the ionic
li qui d eppbayied nusnetors hgditiSnatedvantages dat bitharte edntenplaéed. 1- et hy1- 3- et hyl
i mdazolium acetate (EM M acetate), 1-butyl-3-nmethyl imdazolium chloride,
1-allyl-3-methyl imdazoliumchloride, zinc chloride/choline chloride,
3-met hyl - N-butyl - pyri di ni um chl ori de, benzyl di nethyl (tetradecyl) anmoni um

chlori de,Tr&rs[Tg&:Bar‘dir{g' g2 z0k8NYgp s Nfohedsreséntinye nticess thérer Boprovidkeeina

cellulose 1's dissolved in the dopes enployed in the processes of the

presert MESK BDorLARiAE SN 0SB MTER SRl iy GMDERE Bl e 0
SO UL 00, BREPLEe S L PIBTDEBIRL! 5, B85 H A% st sanpeed o

ext ensi v& erred e ments o e present  invention, the
cel lul ose, so| uti,ons haye a viscosit f..ab 300 t Lpai nfover,
pLeffrigggg tFWPBat?ﬁzﬁgﬁg§°o§f558u¥e@&ﬁ%b%¥gﬂggbu fﬁ%gog%§n§§%%#§é, or
abou o abou centi poi se. e era ellu e

sol ut i onsCoRR/Eseq Q/P@l%sqptr?/t'%?omg%e'ﬁfﬂw)éb{%ﬁu %66?6/@%@%{%%#%%%& 20000,
| ess than about 15000, |ess than about 10000, |ess than about 8000, |ess

t han abourortiodcelldese stdiPrabout 4000, or even about 2000 centi poi se or
| ower .



The degree of polynerisation (DP) of the cellulose starting materi al

enpl oyed in the processes of the present invention can affect the

t enper at uwe 28t2/00i388h t hat cel lul ose material is at | eastcpasBby/dissol ved
in the dope. Wiile cellulose materials having | ower DP val ues are
generally preferred, cellul ose having high DP values can surprisingly be
processed in the nethods of the present invention. Thus, in preferred
enbodi ments of the present invention, the DP of the cellul ose starting

material s éhggégt Q@Tﬁgég@hicﬁ%e B HuCBA0acARGIng" toTEHeE P6 &fseeabifytrk00. One

maj or advanta f resent invention is that relatively high quantities

o 0ot | e e PRSP b BB iherodlamnion rapastier o

cel | ul osk" pr esent ose solutionis 1 to 20% 5 to 15%
8 to 12%or 9.t 0%all b i.ght of ul td .08, he

avoi danc®rgeddn “%%h%‘t%s’ m’%‘ﬁ\’,\ggg‘gr%ncé%ér?ge ﬁgé & t@%;g ﬁz)%%ddggc?%?tgﬁqao%

cel lul ose present in the cell se sqlution, the fiqur | es to
cel | ul oskepinad digeqtly frgm éﬁ‘%%%l%%ﬁ? %‘ﬁﬂt'%ﬂ’é’&h&aéﬁhtP%Foc;g%d\?\fh%ﬁﬁ?%g%)@

di ssolved or partially dissolved, i.e. the amobunt of cellul ose added into

t he dopefromhidesellvigheseluligferi al enpl oyed in the processes of the present
invention is preferably in the formof pulp. The pulp nay be obtained from
any natural source, e.g. wood, cotton, banboo, straw, etc. The cell ul ose
material may conprise cellulose, hem cellulose, starch, cellul ose acetate
or a m x¥Fudr ¢hd besidafice Ghary dosbl, tihe tarnofsheped @rties’ ishabHohEABHTPES articl e
formng process may be initiated. The tenperature at which the article

f or mat i ORelAKES sieAS EilieylaRenaths os tieglikes t he tenperature of the sol ution,
or a tenperature adjustnent step may be perfornmed to increase or decrease
the tenperature of the cellulose solution to the required level. The

cel lul ose solution, prior to formation of the shaped article, may be

subj ect eqf0 g b kibh at%f' QBIGLED prifeessly [BReS Piakdd O & Srebpticred/esbelongh
filtrati orl? apparatus to renove any inpurities or precipitated or

non- di ssolued et gr gl ISy e desE Rf Sl GRen T RithinesPedoiciline

di ssol ut A possible 1n the processes of the
present inventiaon. Once the cel |yl os ' : it is
Formed i rTdene T AN o B8 ALt RaR o et ! aped
articles are cellulose fibres, those fibres are pr f y

ext r udi n@ppAEatEeIMay be emnieyrd Hiat tW%‘L HV%%%P Hﬂ‘gﬁéﬁg)@ﬁthptr?%dgﬁ%ea@a

fibrous material. However, any fibre-form ng techni ques and apparatus nmay
be enpl oymdluloke kissokdionimetba®ddi ments of the present invention, where

cel l ul ose shaped articles other than fibres are prepared fromthe cell ul ose
solution, the cellul ose solution may be noul ded, forned or shaped into the
desired arrangenent using conventional techni ques known to those skilled in
the art. Psilidrmapéhatgy inecesdanyitorechisvevdisselutien ofitheseeliuigsei iBItB dQP8 f or med
fromfibres prepared fromthe cellul ose solution, the cellulose fibres may
be converfgd depvideRsasiag tary @eansikngwaniy thecami iqoleslingnbeat exchengse

skilled in the art.
apparatus or microwave radiation. While dissolution temperatures of 100°C
constitute considerable improvements over the processes of the prior art, the
present invention advantageously enables the dissolution of cellulose at
temperatures of about 90°C or lower, about 80°C or lower, about 75°C or lower

or even about 70°C or lower. In preferred embodiments of the present invention,

the dissolution temperature ranges from these maxima to minima in the order of



The shaped cellul ose solution is preferably then transferred into a casting
bath including a first casting solution. 1In an alternative enbodi nent, the
first caswongizokissi on is added to the cellul ose sol uti eoT@B2011/050168 hapi ng.
The first casting solution conprises an anount of non-solvent, ideally at

| east about 70% by wei ght of the casting solution. In certain enbodi nents,
the balance is made up of a dope m xture, which preferably has essentially
t he sane conposition as the dope used to dissolve the cellul ose. The

non- sol vend, sk 0Gs AR abbift 3 Cl Gamghdataabb@ 4PTes Mbkét apdutcdo°cedd ul ose
fromthe cellul ose solution, driving the majority of the dope out of the
cel | ul osg i i.ng cellul ose shaped articles, such as fibres.
The dopeﬁgﬁgééatﬁﬂﬁepﬁgo}?ﬁgkgcasting solution may solely be provided by
the cellul ose solution or may be added to the first casting solution. At
this stage, the cellulose material may still have a high tenperature. There

is also an exotherm ¢ effect en, nost _ionic lLiquids ar t wth
non- sol véﬁg@P”%'Bc thedoRRs Bﬁl,'segl}ﬂ%ﬁlﬁ’éo%ﬁﬁ? R t%ﬁhessepg"ﬁé@@%? Pet ﬁgt
tenperature of the casting solution fromi ncreas'{‘ug excessively may be
enpl oyedgenerally epgrivar Witk a5 aphdhesidbpres s Hﬁdﬁeé'}n q 8"YG 8P aBF nt ai ned
at about 60C or lower. Additionally, it has unexpectedly been found that
t he propblanketswién theapsiopas ere beingistprradhanflether ysettesses of the present

i nvention can be controlled by adjusting the tenperature of the casting
solutions. For exanmple, if lowdensity fibres are to be produced, the
tenperature of the casting solution should be nmaintained around 40 to 60C
| f hi gheln desminey Ehibodimente bO the pesehic adentibie, thestdetiglosel ist taallshoul d be
mai ntai ned at a | ower tenperature, around 20 to 30C. The shaped cel |l ul ose

articl esyRyIvBg i et dsee Hvivé ferafmeaondg easiddigestslditheimyentorcwilldent ai ns a
hi gher proportion of non-sol vent than t%e first casting solution, ideally

at | east éﬁ%&)%ﬂ@%er&‘é@réﬂb‘?ﬁé}%ﬁe@msmmﬁin@gnasdﬂ@pﬁ $Brit olid fohat nay or
may not ﬁave e sanme conposition as the dope used to prepare the cellul ose

Sl ut i on PePREY e Rt G PR S e o e i

sol ution, i pi ion o om the dope will continue,

f h dyci f .d . i j : [ ti I
casti ng SeeeBnaIegarRrba S iofTrn RS TREY beldlade AR, 2 KEIRS) ERR (P Vent

may be used until the ce|lulogse articles contai.n a c Y.l

propor t i 68/lYpsgiepEtions A 'Oé‘ﬁﬁbetgeégﬁ? Lﬂrégg“—élp{l? c?FE‘é‘ggﬁ ﬁ%&%ﬁ%lg&ne with the
casting solution/s, dope will be deposited th%eiﬁa,ad{\gi ch will i nér ease the
propor t | semotedidyeiliratiamef dhes spligor Arier iterfae ShaPRYiaTHEPH BeHY IREE: er ni ned
proportions of non-solvent in the casting baths, a countercurrent of

non- sol vevitermaivelye tétaddisacktiomcandre apkieved in He pHaespeh s the present

invention by increasing the temperature of the solution, preferably to

temperatures not higher than 100°C.

The processes of the present invention advantageously make use of dopes
which do not necessarily include ionic liquids as the principal constituents in
order to exhibit acceptable rates of dissolution. Preferably, the amount of ionic

liquid in the dope is less than 50% by weight of the dope.



Any substance which elicits the precipitation of cellulose fromthe dope
may be used as a non-solvent in casting solutions of the present invention.
I n pref erwedosymassgenents, the non-solvent is protic anegce)Gsrpl@sish protic
materials which may be enpl oyed as non-sol vents include water, ethanol,

met hanol , propanol. The dope may be recovered fromthe casting baths using
any techni ques known to those skilled in the art. For exanple, in an

enbodi ment of the present invention where the dope conprises EM M acet ate

as the | SodddibhshoddVaebas cbGsR] of oA IRl aRgapRIRNoIA inedtes as 2

non-sol v acetate may be separated from O and water using thin

filmevapo i.on tdrbenal
distilla éﬁtBOTﬂ'éd %}@%W é<arrp es a}g%l ﬂ{aeéﬁ gg)tﬁ%@fjaléljxl?semg;t ergf grt her
certain enbodlrrets of the inven imting in nature. Those
ski | | ed iNRAR3RIE § ?'SW'V'Inng@QBGﬁ? i earggl S\%ﬁ %dascerta?n usi ng no nore

than routine experinentation, nunerous equivalents to the specific exanples
descri bed herein. Exanple 1: A dope was prepared conprising DMSO and EM M

acetate in a ratio of 80:20 t of the d IIuI g a
degr ee okt haslbaesrfogad thai C@WPS@WB%@ lé%‘géﬂpeip”?‘f)ea{ﬁ “é‘?ﬁ)ﬂﬂ?s (‘lf]ﬁb@%by wei ght
of the cellul ose solution. The m xture was heated to, 90C dgr%he cel | ul ose
was al nodbpeupédireltye grasassesdf dhe aresant inveitos Which inglyget
fibres/gramand no |unps or gels WD 2012/ 004583PCT/ GB2011/ 051160 were
obser vedsoFhbgiciliguRlsyoweighhgf thevampet hat t enperatures of 105C were required
to elicit dissolution of cellulose in simlar dopes in US2009/0084509. (On
cooling, the solution remained fluid, the ball fall viscosity of the
sol ution was measured over a range of tenperatures, the results can be seen
bel ow:  Tepperaluhs, & Gas Bahb thal WhMeliepes wefs)used comprising between 20

and 50% ionic liquid by weight of the dope, i.e. more than 20% or less than 50%

of the dope, the temperature required to bring about dissolution of cellulose was

reduced. Thus, according to a preferred aspect of the present invention, the

dope comprises between about 20% and about 50% ionic liquid by weight of the

dope. In especially preferred embodiments of the present invention, the dope

comprises about 25% to about 45% ionic liquid, about 25% to about 40% ionic

liquid, or more preferably, about 25% to about 35% ionic liquid by weight of the

dope.

In the processes of the present invention, the dope may be prepared and
cellulose added thereto. However in an especially preferred embodiment, the
cellulose and the polar aprotic component of the cosolvent are premixed prior to
being contacted with the ionic liquid to form the dope and cellulose solution. This
allows the polar aprotic component, which functions as an interstitial swelling

agent, to promote the rapid dissolution of cellulose in the dope.
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Viscosity (cps) 20 188 33,905 36 87 15,690 55 36 6,492 74 18 3, 246

WO 2012/004583 PCT/GB2011/051160

The cosolvent may consist exclusively or essentially of the polar aprotic
component, or may include other materials in amounts sufficient to impart a

chemical effect on the dope.

Any polar aprotic component may be included in the dope. Particularly preferred
polar aprotic components include dimethyl sulfoxide (DMSO), dimethylacetamide
(DMACc), Tetrahydrofuran V(THF), dimethylformamide (DMF), formamide, N-
methylmorpholine-N-oxide, pyridine, acetone, dioxane, N-methylpyrrolidone,

piperyline sulfone and hexamethylphosphoramide or mixtures thereof.

In arrangements where the cosolvent comprises additional components besides
the polar aprotic component, any material/s may be included provided that their
inclusion in the dope does not adversely affect the solubility of cellulose to the
extent that a dissolution temperature of greater than 100°C is required to at least

partly dissolve the cellulose.

In a preferred embodiment, a base is included in the dope in addition to the polar
aprotic component. The base is preferably organic and may optionally contain
heteroatoms. In an especially preferred embodiment, the base is a nitrogen
containing base such as ammonia, piperidine, morpholine, diethanolamine or
triethanolamine, pyridine, triethylamine or urea. The base may be present in
amounts ranging from 1 to 10% by weight of the dope. In especially preferred

embodiments, 3% to 8% or 4% to 7% base by weight of the dope is included.



87 11 1,984 Exanmple 2 A dope having the sane conposition as that enpl oyed
in Exanple 1 was prepared. The naexi rrumterrperatu;ne) of dissolution Warrg G%C.
After 15 wonutamsa8 60C, the cellul ose was partially di ssolepdilnstichad a
noderately high fibre count. After 60 m nutes at 60C the solution had not
changed. Exanple 3 A dope having the sane conposition as those enployed in
Exanples 1 and 2 was prepared. The tenperature of dissolution was
incrementally increased and held for approximately 15 m nutes at each
stage. At each stage a sanple was taken and studied for solution quality
and stability. The results are provided bel ow. Tenperature (C

Qoser Vat'i’!w()en;sbn?coli(i[,lr? %ﬁlpllwe%sﬁv‘fﬁg%&é.élegyoqitﬁé%ké’s%‘?nt Rhayh RS be any
ionic liquid capable of use in the dissolution of cellulose. In especially preferred
embodiments, the ionic liquid employed is 1-ethyl-3-methyl imidazolium chloride,
1-ethyl-3-methyl  imidazolium acetate (EMIM acetate), 1-butyl-3-methyl
imidazolium chloride, 1-allyl-3-methyl imidazolium chloride, zinc chloride/choline
chloride, 3-methyl-N-butyl-pyridinium chloride, benzyldimethyl (tetradecyl)

ammonium chloride, 1-methylimidazolehydrochloride or mixtures thereof.

When cellulose is dissolved in the dopes employed in the processes of the
present invention, the resulting cellulose solutions preferably have a viscosity
which is sufficiently comparable to that of traditional viscose solutions to enable
existing machinery to be utilised without the need for extensive retooling. In
preferred embodiments of the present invention, the cellulose solutions have a
viscosity of about 30000 centipoise or lower, preferably within the range of about
30000 to about 4000 centipoise, or about 12000 to about 5000 centipoise. More
preferably, the cellulose solutions have a viscosity of less than about 25000, less
than about 20000, less than about 15000, less than about 10000, less than about
8000, less than about 6000, less than about 4000, or even about 2000 centipoise

or lower.

The degree of polymerisation (DP) of the cellulose starting material employed in
the processes of the present invention can affect the temperature at which that

cellulose material is at least partly dissolved in the dope. While cellulose



noderately high fibre count and was turbid. The solution gelled upon
cooling to roomtenperature. 60 The solution had no turbidity but still had
a rel ati webyotrmhsssi br ecount . Thesol uti ongel | eduponcool i rgraB20NV05Y¥60

2012/ 004583PCT/ GB2011/ 051160  tenperature, but could be nade fluid again
on re-heating 70 As per 60C 75 roomtenperature.

materials having lower DP values are generally preferred, cellulose having high
DP values can surprisingly be processed in the methods of the present invention.
Thus, in preferred embodiments of the present invention, the DP of the cellulose

starting material is less that 700, 600, 550, 500, 450 or more preferably 400.

One major advantage of the present invention is that relatively high quantities of
cellulose may be processed. In preferred embodiments, proportion of cellulose
which is present in the cellulose solution is 1 to 20%, 5 to 15%, 8 to 12% or 9 to
10% all by weight of the cellulose solution. For the avoidance of any doubt, when
reference is made to the proportion of cellulose present in the cellulose solution,
the figure given relates to cellulose which is fully dissolved and also cellulose
which is not dissolved or partially dissolved, i.e. the amount of cellulose added

into the dope.

The cellulose material employed in the processes of the present invention is
preferably in the form of pulp. The pulp may be obtained from any natural
source, e.g. wood, cotton, bamboo, straw, etc. The cellulose material may

comprise cellulose, hemi cellulose, starch, cellulose acetate or a mixture thereof.

Once a solution of cellulose is obtained, the article forming process may be
initiated. The temperature at which the article formation takes place may be the
same as the temperature of the solution, or a temperature adjustment step may
be performed to increase or decrease the temperature of the cellulose solution to

the required level.



The sol ution remai ned hazy due to a relatively high fibre [
previous stages, did not gel upon cooling to éo g\s per 75%oggt A?UtSSgn!t Ihlée
sol uti on we 2onphasel y free from undi ssol ved fi bres andpstraiB2e1@simool i ng
to roomtenperature. At these conditions no filtration would be required
90 As per 85C The results of this test illustrates that a dope corrprisihg

only 20%ionic liquid by weight of the dope can retain signifi
. sign
of cellulose in solution at P gni ficant amounts

The cellulose solution, prior to formation of the shaped article, may be subjected
to a filtration step, where the solution is forced through filtration apparatus to
remove any impurities or precipitated or non-dissolved material. Thus, the use of
solutions in which total dissolution is not achieved is still possible in the

processes of the present invention.

Once the cellulose solution has been prepared, it is formed into the required
shape. In preferred embodiments, where the shaped articles are cellulose fibres,
those fibres are preferably formed by extruding the cellulose solution through a
spinnerette, to produce a fibrous material. However, any fibre-forming

techniques and apparatus may be employed.

Likewise, in embodiments of the present invention, where cellulose shaped
articles other than fibres are prepared from the cellulose solution, the cellulose
solution may be moulded, formed or shaped into the desired arrangement using

conventional techniques known to those skilled in the art.

Additionally, in embodiments where cellulosic articles are formed from fibres
prepared from the cellulose solution, the cellulose fibres may be converted into

those articles using any techniques known to those skilled in the art.

The shaped cellulose solution is preferably then transferred into a casting bath

including a first casting solution.

10



relatively | ow tenperatures. Exanple 4 A dope was prepared conprising DVBSO
and EM M acetate in a ratio of 50:50 by weight of the dope. Cellulose

havi ng a wegoemoedsspol ymeri sation (DP) of 380 was addedrcmGBroamsursh of 9%
by wei ght of the cellulose solution. It was noted that the viscosity of the
solutions fornmed froma dope having a weight ratio of DMSO to EM M acet ate
of 50:50 was higher than that of the solutions recited in the preceding
exanples. It is believed that this increase in viscosity arises as a result
of the increase in the proportion of ionic liquid and/or the reduction in
swelling of the cellulose, as a result of the |ower proportion of DVSO

whi ch . Again. th : . :
er oss. a AhgLebptve oRres e BRp aran solb i 5 allied B GRER (<
Viscosit(c s) 698 125,880 8 1.

solution prior to shaping.

The first casting solution comprises an amount of non-solvent, ideally at least
about 70% by weight of the casting solution. In certain embodiments, the
balance is made up of a dope mixture, which preferably has essentially the same

composition as the dope used to dissolve the cellulose.

The non-solvent brings about the at least partial precipitation of cellulose from the
cellulose solution, driving the majority of the dope out of the cellulose solution,

and forming cellulose shaped articles, such as fibres.

The dope present in the first casting solution may solely be provided by the

cellulose solution or may be added to the first casting solution.

At this stage, the cellulose material may still have a high temperature. There is
also an exothermic effect when most ionic liquids are contacted with non-
solvents, such as water, and thus cooling means to prevent the temperature of
the casting solution from increasing excessively may be employed. The
temperature of the casti solngution is preferably maintained at about 60°C or

lower.

11
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Additionally, it has unexpectedly been found that the properties of shaped articles
formed in the processes of the present invention can be controlled by adjusting
the temperature of the casting solutions. For example, if low density fibres are to
be produced, the temperature of the casting solution should be maintained
around 40 to 60°C. If higher density fibres are to be produced, the casting

solution should be maintained at a lower temperature, around 20 to 30°C.

The shaped cellulose articles may be contacted with a second casting solution,
which contains a higher proportion of non-solvent than the first casting solution,
ideally at least about 90%, with the balance comprising a dope mixture that may
or may not have the same composition as the dope used to prepare the cellulose
solution. As the shaped articles are contacted with this second casting solution,
the precipitation of the cellulose from the dope will continue, further reducing the
amount of dope present in those articles. Additional casting solutions, each
containing an increasing proportion of non-solvent may be used until the

cellulose articles contain an acceptably low proportion of dope.

As the shaped cellulose articles are contacted with the casting solution/s, dope
will be deposited therein, which will increase the proportion of dope in the casting
solutions. To maintain the predetermined proportions of non-solvent in the
casting baths, a countercurrent of non-solvent may be fed back through the

casting solution/s.

12



These results denonstrate that an increase in the proportion of ionic
liquid present results in an increase in viscosity. However, the obtained
vi scosi t ywoabiawsmse still conparable to those obser ved pcm/dB2adidsi mnal

vi scose solutions, neaning that the exenplified solutions should be
suitable for use in viscose processing equi pment. Exanple 5 A dope was
prepared conprising DMSO and EM M acetate in a ratio of 60:40 by weight of
the dope. A quantity of cellul ose having a degree of polynerisation (DP) of

380 was agleddih ANWARAUICiS ind riuipitRiasr ciufobe aeh kid aope smiyibeon. Bal |

fall viscosity neasurenents were taken over a ran
: ge of tenperatures and the
results are provided, helow E Ur.e : . '
P St DL P oS B gy ke i)
arrangements, the non-solvent is protic and examples of protic materials which

may be employed as non-solvents include water, ethanol, methanol, propanol.

The dope may be recovered from the casting baths using any techniques known
to those skilled in the art. For example, in an embodiment of the present
invention where the dope comprises EMIM acetate as the ionic liquid, DMSO as
the polar aprotic component and water as a non-solvent, EMIM acetate may be
separated from DMSO and water using thin film evaporation. DMSO and water

may then be separated by fractional distillation.

The following examples are intended to illustrate further certain embodiments of
the invention and are not limiting in nature. Those skilled in the art will recognise,
or be able to ascertain, using no more than routine experimentation, numerous

equivalents to the specific examples described herein.

Example 1:
A dope was prepared comprising DMSO and EMIM acetate in a ratio of 80:20 by
weight of the dope. Cellulose having a degree of polymerisation (DP) of 380 was

added in an amount of 9% by weight of the cellulose solution.

The mixture was heated to 90°C and the cellulose was almost completely

dissolved after 25 minutes with less than 10 fibres/gram and no lumps or gels

13
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were observed. This is surprising given that temperatures of 105°C were

required to elicit dissolution of cellulose in similar dopes in US2009/0084509.

On cooling, the solution remained fluid, the ball fall viscosity of the solution was

measured over a range of temperatures, the results can be seen below:

Temperature (°C) Ball Fall Velocity (s) Viscosity (cps)
20 188 33,905
36 87 15,690
55 36 6,492
74 18 3,246
87 11 1,984
Example 2

A dope having the same composition as that employed in Example 1 was
prepared. The maximum temperature of dissolution was 60°C. After 15 minutes
at 60°C, the cellulose was partially dissolved but had a moderately high fibre

count. After 60 minutes at 60°C the solution had not changed.

Example 3

A dope having the same composition as those employed in Examples 1 and 2
was prepared. The temperature of dissolution was incrementally increased and
held for approximately 15 minutes at each stage. At each stage a sample was
taken and studied for solution quality and stability. The results are provided

below:

Temperature (°C) Observations

50 The cellulose was partially dissolved, but having a
moderately high fibre count and was turbid. The solution
gelled upon cooling to room temperature.
60 The solution had no turbidity but still had a relatively high
fibre count. The solution gelled upon cooling to room

14




Exanpl e 6 A dope was prepared conprising DVMSO and EM M acetate in a ratio

of 70:3

0 by weight of the cellul ose.

A quantity of cellulose having a

degr ee ofwpabymeasssati on (DP) of 380 was added in an anmpamiGreb11@%aisy wei ght

of the

cellul ose solution. The tenperature of dissolution was

incrementally increased and held for approximately 15 m nutes at each

w snal |
om
uire
ion is
ng to
ed 55

stage. At each stage a sanple was taken and studied for solution I
aarold stability. The results are provided bel ow. Tenperature (C) quattty
ser vat+ons—40 Th |
o s *g'tgﬁ 8RR, PLQTRT be TR g doBr e Rhedtingh T4
DT T-11 WUJCIIL ¢ A modll |d.Ly bU U[IOH On COOllng tO rd
t enper ature—t (Q solut .%(..u. ed— u. d d
filtratjion pr|7(§r toflg‘rh? WHRR | rSWa' zmg M’ggh f r%f
conpl etely free from u?%ff‘%%tl %gefqr%\pggs 3W§e§t Iew on lr“ngz s
room tenperature, at t/H{eQ® ERWEI W Ens no filtrati nn woul-d—be—rea
80 As per 75°C e-requtt
85 At 85°C the solution is completely free from undissolved
fibres and stable on cooling to room temperature. At these
conditions no filtration would be required.
90 As per 85°C

The results of this test illustrates that a dope comprising only 20% ionic liquid by

weight of the dope can retain significant amounts of cellulose in solution at

relatively low temperatures.

Example 4

A dope was prepared comprising DMSO and EMIM acetate in a ratio of 50:50 by
weight of the dope. Cellulose having a degree of polymerisation (DP) of 380 was

added in an amount of 9% by weight of the cellulose solution.

It was noted that the viscosity of the solutions formed from a dope having a
weight ratio of DMSO to EMIM acetate of 50:50 was higher than that of the
solutions recited in the preceding examples. It is believed that this increase in
viscosity arises as a result of the increase in the proportion of ionic liquid and/or
the reduction in swelling of the cellulose, as a result of the lower proportion of

DMSO which was employed. Again, the viscosity of the solution was measured

across a range of temperatures:

Temperature (°C) Ball Fall Velocity (s) Viscosity (cps)
20 698 125,880
38 270 48,693
B 55 128 23,084

15



These results show the surprising reduction in cellul ose dissolution
tenperatures when the process of the present invention is enployed. Total
di ssol ut iwo 20m00@333er ved after 45 m nutes at only 55C. BalriGB2ai051160
measurenents were taken over a range of tenperatures the results of which

are provi ded bel ow. Tenperature (C) Ball Fall Velocit s) Vi :
20 308 55,546 36 115 20, 740 55 y (s) Viscosity (cps)

73 49 8,837
93 27 4,869

These results demonstrate that an increase in the proportion of ionic liquid
present results in an increase in viscosity. However, the obtained viscosity
values are still comparable to those observed in traditional viscose solutions,
meaning that the exemplified solutions should be suitable for use in viscose

processing equipment.

Example 5
A dope was prepared comprising DMSO and EMIM acetate in a ratio of 60:40 by
weight of the dope. A quantity of cellulose having a degree of polymerisation

(DP) of 380 was added in an amount of 9% by weight of the cellulose solution.

Ball fall viscosity measurements were taken over a range of temperatures and

the results are provided below:

Temperature (°C) Ball Fall Velocity (s) Viscosity (cps)
20 485 87,467
33 229 41,299
45 96 17,313
55 65 11,722
74 34 3,132
93 17 3,066
Example 6

A dope was prepared comprising DMSO and EMIM acetate in a ratio of 70:30 by

weight of the cellulose. A quantity of cellulose having a degree of polymerisation

(DP) of 380 was added in an amount of 9% by weight of the cellulose solution.

16




51 9,198 74 24 4,328 93 12 2,164 A chart illustrating the ball fall
vel ocities reported in Exanples 1, 4, 5 and 6 is provided as Figure 1.
Exanpl e AvoAotbmpessaas prepared conprising DMSO and EM Mpecaimbe/dsined ratio
of 75:25 by weight of the dope. A quantity of cellul ose having a degree of

pol ynerisation (DP) of 380 was added in an anount of 9% by wei ght of the
cel l ul ose sol ution.

The temperature of dissolution was incrementally increased and held for
approximately 15 minutes at each stage. At each stage a sample was taken and

studied for solution quality and stability. The results are provided below:

Temperature (°C) Observations

40 The cellulose was almost totally dissolved, with few small
fibres still present and a slightly hazy solution, on cooling to
room temperature the solution remained fluid and stable, but
would require filtration prior to fibre formation.
50 As per 40°C
55 At 55°C the solution is completely free from un-dissolved
fibores and stable/fluid on cooling to room temperature, at
these conditions no filtration would be required

These results show the surprising reduction in cellulose dissolution temperatures
when the process of the present invention is employed. Total dissolution was

observed after 45 minutes at only 55°C.

Ball fall measurements were taken over a range of temperatures the results of

which are provided below:

Temperature (°C) Ball Fall Velocity (s) Viscosity (cps)
20 308 55,546
36 115 20,740
55 51 9,198
74 24 4,328
93 12 2,164

A chart illustrating the ball fall velocities reported in Examples 1, 4, 5and 6 is

provided as Figure 1.

Example 7
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The tenperature of dissolution was increnmentally increased and held for
approxi mately 15 mnutes at each stage. At each stage a sanple was taken
and studiwo 20mroosssButi on quality and stability. The resecrssmoa/@imei ded
bel ow. Tenperature (C) Cbservations 40 The solution had no turbidity but
still had a relatively high fibre count, and gelled upon cooling to room
tenperature 50 As per 40C 60 The solution renained hazy due to a
noderately high fibre count. Unlike previous stages, the solution did not

gel upony &%glvbggg?ﬁ\?gg@fﬁarrhsﬁmﬁg IS © - antOE MM HREtdtE ¢ 50hti bOM5:28 kyonpl et el y

free fromundi sso es and is stable on cooling to roomtenperature.
weight of the dope. A quantity of cellulose having a degree of polymerisation

(DP) of 380 was added in an amount of 9% by weight of the cellulose solution.

The temperature of dissolution was incrementally increased and held for
approximately 15 minutes at each stage. At each stage a sample was taken and

studied for solution quality and stability. The results are provided below:

Temperature (°C) Observations
40 The solution had no turbidity but stili had a reiatively high
fibre count, and gelled upon cooling to room temperature
50 As per 40°C
60 The solution remained hazy due to a moderately high fibre

count. Unlike previous stages, the solution did not gel upon
cooling to room temperature.

70 At 70°C the solution is completely free from undissolved
fibres and is stable on cooling to room temperature.

Example 8

Tests were performed to investigate the stability of cellulose solutions employed
in the processes of the present invention. Those solutions comprised dopes
having a ratio of DMSO to EMIM acetate of 80:20 and 50:50 by weight of the
dope. A quantity of cellulose having a degree of polymerisation (DP) of 380 was

included in the solution in an amount of 9% by weight of the cellulose solution.

Ball fall velocity measurements were then made in these solutions at varying
temperatures in both an ambient atmospheric environment (i.e. in the presence

of air) and in a protected environment. The protected environment was

18



Exanple 8 Tests were perfornmed to investigate the stability of cellul ose
sol utions enployed in the processes of the present invention. Those

sol ut i onswoaomrios®ad dopes having a ratio of DMSO to EM Fcaas2ai1¢50f6080: 20
and 50: 50 by weight of the dope. A quantity of cellul ose having a degree of
pol ynmerisation (DP) of 380 was included in the solution in an anmount of 9%
by weight of the cellulose solution. Ball fall velocity neasurenents were
then made in these solutions at varying tenperatures in both an anbient

at oS phetd, o RLHNANBRMifd 2ColahRet SenOEERTR 8vaBlUlih. alTthé Resuireft ect ed

envi ron € pro nvironment was established by providing a

bl anket of nitrogen a . . ults of these nmeasurenents are
pr ovi dedt?‘?ﬁeﬁ?egquéerﬁgﬂgﬁ??é?q he L‘gﬁﬁ?% " test is used to neasure the

viscosity of a liquid, viscosity also provides a useful indication of the
stability of dopes and cellul ose solutions. As can be seen fromthe chart

in Figure 2, the effect that the protected. environnent.ha . | fall
vel oci t yWhile the il dalblast isaeegst i H%Iawret iesv'§(i?§5%§)t? gﬁ{%é({} Vﬁ’@@g@%gg of the
present invention can be stored, handl ed and used wthout the need to
provi de providesra uaefubinginatien oftaerstabilty Af §8Pes ABA CRAYPRG SPHECBHmAYsi ti on
recited in Exanple 6 above was prepared. The viscosity of that solution at
55C was omabersedndruin theechat in Figure 2elhecefagt had thppededad PVHARMSRY ut i on
was stored in an oven at 55C under anbi ent atnospheric conditions and the
Vi scosi t janes Edalvedca vas nkgligiales AcmbrdiBglyathés suggests that #e/dopeso
reduction in viscosity was observed. After 23 days, the viscosity had

reduced (P8 paReAnifrenfibhiTani e arPedr Bardied anbeussal withoutsthenmeeasytd in t he
processes of Phe present invention exhibit only a m nor degree of thernal

degr adat i,pn, edihbsphsfe conpared to a pure ionic-liquid dope, and are
thereforgpds}’lﬂ?{%gﬁgr?%[r rggeat ed use in the formation of cellul ose shaped
articles.

Example 9
A solution having the composition recited in Example 6 above was prepared.

The viscosity of that solution at 55°C was measured and the ball fall velocity was

50 seconds.

The solution was stored in an oven at 55°C under ambient atmospheric
conditions and the viscosity was measured after 11 days and 23 days. After 11
days, no reduction in viscosity was observed. After 23 days, the viscosity had
reduced to 48 seconds. Thus, it appears that the solutions employed in the
processes of the present invention exhibit only a minor degree of thermal
degradation, especially when compared to a pure ionic-liquid dope, and are

therefore suitable for repeated use in the formation of cellulose shaped articles.

Example 10
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Exanple 10 It had been noted that the rate of oxidation of pure ionic

I i qui d sol utions undergoi ng hi gh shear bl endi ng under anbi ent atnospheric
condi ti onsowar/mmascept ably high. To m ni m se oxi dati onpcCirtGBrat/i3esn
necessary to renove oxygen fromthe environment prior to the initiation of
hi gh-shear m xing. To investigate whether the solutions enployed in the
processes of the present invention were susceptible to oxidation during

hi gh-shear m xing, a solution was prepared having the same conposition as

that outlined, in Examgl 0 WaB6RSHE Yur ibMe Fliditdontionss
measur edtalia(g(?éeﬂnag‘gguﬁ‘ﬁt@ngﬁ%&gg}éon S (baI)6I fall vchﬂocity). The
solution was stirred at 2000r gm f r.eq..haou ggé]g,% acendificraewasl anket ,
to excl u‘d%dqrﬂ@“ﬂré‘ggng}ée%f 8%}8@6‘&%‘?‘%@ at?@grlr%@r g’tﬁnr of Cthe solution was
mai nt ai ned at 60C. As expected, the viscosit 118 NreRve
unchangednacreetabhbighr od@dHENREs °KEg 3?’e§,ha>éx§é%ﬂti hfeﬁg%ét}gé SOl Ut1on was
stirred for three hours under anbient atnpspher.i ondi tj.ons. Surprisingly,
t he vi scosjgep fofm theeea\dranme p\f\lﬁét%W@H%‘h@*é?ffoéﬂgg'éﬁ?grs'{nyl%re repeat ed at
90C and the outcome was the sane, i.e. the solutions enployed in the
processes of the present invention were not susceptible to oxidation when
stirred under high-shear conditions. Exanple 11 Tests vve{ﬁ}?gerfor dto

i nvest i ggbantéigald abkthel thasplutignarenipioxedin B8l PIACEEEE DA PHSERbsi ty of
the solutions enployed in the processes of the present inventjion. Solutions

i ncl udi ng,ealibilese saseribiorReoxatiorpderay bigh-sheer ttyad caselWiPBIVaF DVSO
and EM M acetate in a ratio of 70:30 by weight of the dope. The solution

i ncl uded pfegdéré’(li ﬂ?\%n%g h& QAGBHohRIdsAR dsathgl oglifiecom Bxanple GalgMeby wei ght  of
the cel |l Gl 6se sol utTon.

The viscosity of the solution was measured at 60°C and found to be 43 seconds
(ball fall velocity). The solution was stirred at 2000rpm for three hours under a
nitrogen blanket, to exclude the presence of oxygen. The temperature of the

solution was maintained at 60°C. As expected, the viscosity of the solution was

unchanged.

The same procedure was repeated, except that the solution was stirred for three
hours under ambient atmospheric conditions. Surprisingly, the viscosity of the

solution was unchanged.

These tests were repeated at 90°C and the outcome was the same, i.e. the
solutions employed in the processes of the present invention were not

susceptible to oxidation when stirred under high-shear conditions.

Example 11
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Bal | fall velocity viscosity nmeasurements were made in each of these

sol utions across a range of tenperatures. Those nmeasurenents are provided
in Figurewd.2ofmoead be seen fromthat chart, at |ower teoparBbLNESsIc0t he
proportion of cellulose included in the solution has a notable effect on
viscosity. However, as tenperatures are increased, the effect on viscosity
of cellulose concentration beconmes increasingly negligible in the solutions
enpl oyed in the processes of the present invention. Exanple 12 Tests were

per for g‘;gesgﬁwiteﬁéﬁgf&%%oe{o; iﬁg?ﬁ[g[??&heoéﬁéd?%fd@@fr@eamﬁumldfr&nbls@é oan (DP) of

cel | ul Vi SCOSI e solutions enployed in the

t he present .inventjon. | uti i ncl yfi y .mmprocesses °

prepar eﬁtf‘e'i’]lc‘%toﬁ gét%sosﬁifﬁ' bR o gt Y By S E T B IRRRROELT 20: 30
ig of e dope. The solutio i ncl . i '

E: 2F| ﬁFl I%P‘&E@“%&\Cmﬁ"@?‘?e‘ es%'l“%:?idg?rs% ‘{\;gﬁ% @%ﬁlgrne%t ﬁ%%ék&{cﬁgéﬁ%@ﬂo Itggt °

l'ul ose. For each o t he sol utijons te rature nec achi
a vi scosPMBQ@andEMBL apetatq a3 ratio,eh 7%@&&4' h TS Folutien e
results are provided in Fiecgure 4, IW%}T& : %@ngm negsr an%’ the
included cellulose in concentrations ranging from 9.0 to 9.9% by weight of the

cellulose solution.

Ball fall velocity viscosity measurements were made in each of these solutions

across a range of temperatures. Those measurements are provided in Figure 3.

As can be seen from that chart, at lower temperatures, the proportion of cellulose
included in the solution has a notable effect on viscosity. However, as
temperatures are increased, the effect on viscosity of cellulose concentration
becomes increasingly negligible in the solutions employed in the processes of the

present invention.

Example 12
Tests were performed to investigate the effect of the degree of polymerisation

(DP) of cellulose on the viscosity of the solutions employed in the processes of

the present invention.

Solutions including cellulose and a dope were prepared. The dopes consisted of

DMSO and EMIM acetate in a ratio of 70:30 by weight of the dope. The solutions
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VWil e the use of cellulose having a | ow DP (e.g. 300-400) i

a low viscosity solution can be obtained at(a ?elatively)loa/P;ﬁggigfg}eas
the resulwe 28fwomsssn Figure 4 confirmthat cellul ose havcwgeohighso DP ’
whi ch may have been unsuitable for use in conventional ionic Iiquid dopés
can be dissolved with only a slight increase in dissolution tenperature ’
Exanpl e 13 The effect of casting bath tenperature on cellulose quality énd
structure was investigated by preparing a cellul ose solution including

cel 1 ul osg @H%g,% &P%%iiulé?& 5ipagfaRTha'euete YBRLANT EMdATR! e n 2

ratio of" dope e cellul ose solution included 9. 0%

cellulose b | ose solution. The cell ul ose
sol uti on was
cast, us‘M@y”&S tg {hg E‘gloggcastl ng blade, into baths of pure water

whi ch each had di ffer ent tenperatures ranging from20C to 50C. The
resulting films were anal ysed and the foll owi ng observati ons were nmade: WO

2012/ 004583PCT/ GB2011/ 051160 Casti ng Sol .
Fi | m Conheneachef the @glutions, the temperatgre r?eclég'sgr?/ tgenRFervgtau\r/igcés% of%%ns' ty of

seconds (ball fall velocity) was determined and the results are provided in Figure

4.

While the use of cellulose having a low DP (e.g. 300-400) is preferred, as a low
viscosity solution can be obtained at a relatively low temperature, the results
shown in Figure 4 confirm that cellulose having a higher DP, which may have
been unsuitable for use in conventional ionic liquid dopes, can be dissolved with

only a slight increase in dissolution temperature.

Example 13

The effect of casting bath temperature on cellulose quality and structure was
investigated by preparing a cellulose solution including cellulose and a dope.
The dope consisted of DMSO and EMIM acetate in a ratio of 70:30 by weight of
the dope. The cellulose solution included 9.0% cellulose by weight of the

cellulose solution.

The cellulose solution was cast, using a glass plate and a casting blade, into
baths of pure water which each had different temperatures ranging from 20°C to
50°C. The resulting films were analysed and the following observations were

made:
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A clear wet gel was forned, which upon dryin roduced a fil m whi

crystal clear and glossy. The forned wetygelg \R/as slightly nore l)(p:)gq\llj\gs

al t hough wo 2dryeasssl ear. The resulting filmwas slightlpciresoglessy t han
the filmproduced in the 20C casting solution. 30 1.5 40 As for 30C. 50
1.41 The wet gel was very opaque and hazy and renained so upon drying -
Thus, it has been found that the density of cellulose films can be .
controlled by adjusting the tenperature of the solution. Although the
processes of the present invention result in the preparation of shaped

articles such as fibres and not fil ' i
t enper at ure—-of—the-cas ms, it appears |ikely that the

P=SNE W T B |

Lno—hat-hil AR Ia 44 P
densi tyl. Casting Solution | Density of |~ " T9YE R nmBRts€T T €Ct on Tibre
Temperature (°C) Film

20 1.64 A clear wet gel was formed, which upon drying
produced a film which was crystal clear and
glossy.

30 1.5 The formed wet gel was slightly more opaque
although it dried clear. The resulting film was
slightly less glossy than the film produced in
the 20°C casting solution.

40 / As for 30°C.

50 1.41 The wet gel was very opaque and hazy and
remained so upon drying.

Thus, it has been found that the density of cellulose films can be controlled by
adjusting the temperature of the solution. Although the processes of the present
invention result in the preparation of shaped articles such as fibres and not films,
it appears likely that the temperature of the casting bath/s will have the same

effect on fibre density.

The temperature of the cellulose solution which is passed into the casting
solution/s is likely to have a temperature greater than 50°C. Further, with most
ionic liquids and non-solvents, an exothermic reaction occurs when they are
contacted. Accordingly, steps should be taken to ensure that the temperature of

the casting solution/s is maintained at the predetermined level.
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The tenperature of the cellul ose solution which is passed into the casting
solution/s is likely to have a tenperature greater than 50C. Further, wth
nost i oniwol2opiogs3and non-sol vents, an exot herm ¢ reacProGROTIUSSI60heN
they are contacted. Accordingly, steps should be taken to ensure that the
tenperature of the casting solution/s is maintained at the predeterm ned

|l evel . CLAIMS 1. A process for producing cellulose shaped articles in

whi ch: a) cellulose is at least partly dissolved at a tenperature of
about 10§EFﬂ% | ower in a dope conprising an ionic liquid and a cosolvent to
forma cel ose solution, wherein said cosolvent conprises a polar aprotic
conponent, and b) cellul ose shaped articles are cast fromthe

cellul ose solution. 2. The process of Claim1l, wherein the shaped articles

are fibr es 3. The %?%{%E@S‘%V‘gﬁaegu?s?tﬁggéC?hRLfLé%q”Wd articles are

ropes, yarns, AdIreg e process of Caim 2,

f h f |l ul b
urther comrl =10k GO RSPl HSe T B R e )

arn, cloth or
Y 100°C or lower in a dope comprising an ionic liquid and a cosolvent to

form a cellulose solution, wherein said cosolvent comprises a polar aprotic

component, and

b) cellulose shaped articles are cast from the cellulose solution.
2. The process of Claim 1, wherein the shaped articles are fibres.

3. The process of Claim 1, wherein the shaped articles are ropes, yarns,

cloths or cigarette filters.

4. The process of Claim 2, further comprising:

c) forming the cellulose fibres produced in step b) into an article.

5. The process of Claim 4, wherein the article is a rope, yarn, cloth or

cigarette filter.

6. The process of any one of Claims 1 to 5 wherein the temperature of

dissolution is about 90°C or lower.
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cigarette filter. 6.The process of any one of Clains 1 to 5 wherein the
tenperature of dissolution is about 90C or |ower. 7. The process of any
one of Clwoms12loots336, wherein the tenperature of di ssol etir@B20s/Bbwat 80C
or lower. 8. The process of any one of Clainms 1 to 7, wherein the
tenperature of dissolution is about 70C or lower. 9. The process of any
one of Claims 1 to 8, wherein step a) and/or step b) are performed under
anbi ent atnospheric conditions. 10. The process of any one of Clains 1 to

9, wheregn t h?;’héjr GedsQMHY éﬁf%n@bQPbla'mOs/o Pﬁo'@s\ﬁhél‘éﬂi ¢hé it&m \Aﬁéral&‘t’re\/@ﬂ ght of

E:he dope. e process of any one of C ains to 10, erein the dope
onpri S€3issolution is about 80°C or lower.

8. The process of any one of Claims 1 to 7, wherein the temperature of

dissolution is about 70°C or lower.

9. The process of any one of Claims 1 to 8, wherein step a) and/or step b)

are performed under ambient atmospheric conditions.

10.  The process of any one of Claims 1 to 9, wherein the dope comprises

about 50% or less ionic liquid by weight of the dope.

11.  The process of any one of Claims 1 to 10, wherein the dope comprises

about 20% or more ionic liquid by weight of the dope.

12.  The process of any one of Claims 1 to 11, wherein the dope comprises

between 20% and 50% ionic liquid by weight of the dope.

13.  The process of any one of Claims 1 to 12, wherein the dope comprises

about 25 to about 45% ionic liquid by weight of the dope.

14.  The process of any one of Claims 1 to 13, wherein the dope comprises

about 25 to about 40% ionic liquid by weight of the dope.
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about 20%or more ionic liquid by weight of the dope. 12. The process of
any one of Claims 1 to 11, wherein the dope conprises between 20% and 50%

i oni c |iguocotpwowmsght of the dope. 13. The process of pamGEa/3iee ai s 1
to 12, wherein the dope conprises about 25 to about 45%ionic |iquid by

wei ght of the dope. 14. The process of any one of Clains 1 to 13, wherein
the dope conprises about 25 to about 40%ionic |iquid by weight of the
dope. 15. The process of any one of Clains 1 to 14, wherein the dope

conpr i se§5_abgfﬁe ﬁ%&e%saé?%ﬂé S0k Waifnd 1 AV, yhereinghe ®Wpet bempages  16.

The process any one of ains 1 to 15, wherein the cellul ose and the

pol ar ap %it QYR 2bRich SidB iRt bPfhet ormati on of the dope. 17.
The procéssLI gscany onesoof 6ﬁﬁcalfqmls 1})(\'?%91%? V\/ﬁecibepiteh t he cosol vent coﬁsi sts
16.  The process of any one of Claims 1 to 15, wherein the cellulose and the

polar aprotic component are pre-mixed prior to formation of the dope.

17.  The process of any one of Claims 1 to 16, wherein the cosolvent consists

exclusively or essentially of the polar aprotic component.

18.  The process of any one of Claims 1 to 17, wherein the polar aprotic
component is selected from the group consisting of dimethy! sulfoxide (DMSO),
tetrahydrofuran (THF), dimethylacetamide (DMAC), dimethylformamide (DMF),
formamide, N-methylmorpholineoxide, pyridine, acetone, dioxane, N-
methylpyrrolidone, piperyline sulfone and hexamethylphosphoramide or mixtures

thereof.

19.  The process of any one of Claims 1 to 18, wherein the dope comprises a

base.
20.  The process of Claim 19, wherein the base is a nitrogen containing base.

21.  The process of Claim 19 or 20, wherein the base is selected from the
group consisting of pyridine, ammonia, piperidine, morpholine, diethanolamine or

triethanolamine, pyridine, triethylamine, urea or mixtures thereof.
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exclusively or essentially of the polar aprotic conponent. 18. The process
of any one of Clains 1 to 17, wherein the polar aprotic conponent is

sel ect ed woamadogssgr oup consi sting of di nethyl sul foxi dectoE®)1/051160
tetrahydrofuran (THF), dinmethylacetam de (DMAc), dinnethylformam de (DWVF),
f or mam de, N- met hyl nor phol i neoxi de, pyri di ne, acet one, di oxane, N

nmet hyl pyrrol i done, piperyline sulfone and hexanet hyl phosphoram de or

m xtures thereof. 19. The process of any one of Clains 1 to 18, wherein

t he dope conprises a base. 20. The process of Caim 19, wherein the base
is a nitrogen containing base. 21. The process of Caim19 or 20, wherein

e erraras” SEbERIRsL P ghl et RoNs I8} Whatihife fHs8s pRasEaRire.

pi peri d| €, t'hanolam ne or ftriet am ne, pyridine,
triethylamne I ture re 22. The process of any one of
O ains 18N@5G O\Mié épgﬁn @13’9@&??‘3 CJ%rpesen in an anount of 1 to 10% by
wei ght of the dope. 23. The process of any one of Clains 19 to 22, wherein
the base is present in an amount of 3 to 8% by weight of the dope. 24. The
process of any one of Clainms 1 to 23, wherein the ionic liquid |n§‘sel ected
from the2gr ou%h@@f@qﬁﬁm@nﬁfwﬁ fHims319r1 &1 Whereluths 5as% 18 RIeha
lethyl -3-met hyl im dazoliumacetate (EMIM acetate), 1-butyl-3-nethyl
i m dazol ianrancdundiof ddo 8% hy Weighd-o PE.m dazol i um chl oride, zinc
chl oride/ choline chloride, 3- nethyl-Nbutyl-pyridiniumchloride,
benzyl di net hyl (tetradecyl) anmmoni um chl ori de,
1- met hyl i m dazol ehydrochl oride or m xtures thereof. o
24.  The process of any one of Claims 1 to 23, wherein the ionic liquid is
selected from the group consisting of 1-ethyl-3-methyl imidazolium chloride, 1-
ethyl-3-methyl imidazolium acetate (EMIM acetate), 1-butyl-3-methyl imidazolium
chloride, 1-allyl-3-methyl imidazolium chloride, zinc chloride/choline chloride, 3-
methyl-N-butyl-pyridinium  chloride, benzyldimethyl (tetradecyl) ammonium

chloride, 1-methylimidazolehydrochloride or mixtures thereof.

25.  The process of any one of Claims 1 to 24, wherein the cellulose solution

has a viscosity of about 5000 to about 12000 centipoise.

26. The process of any one of Claims 1 to 25, wherein the degree of

polymerisation of the cellulose is about 500 or lower.

27. The process of any one of Claims 1 to 26, wherein the degree of

polymerisation of the cellulose is about 400 or lower.
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25. The process of any one of Claims 1 to 24, wherein the cellul ose
solution has a viscosity of about 5000 to about 12000 centi poi se. 26. The
process ovoanp/oms3of Cains 1 to 25, wherein the degreecufGRroiyusersnsat i on
of the cellulose is about 500 or |ower. 27. The process of any one of
Clainms 1 to 26, wherein the degree of polynerisation of the cellulose is
about 400 or lower. 28. The process of any one of Clainms 1 to 27, wherein
the cellul ose solution conprises about 1 to about 20% cel |l ul ose by wei ght

of the cobl ul 9g Poldds! Giny2She BNEIAACLES 2Pl wABKIPR SélbS solutor o 26,
wherein the cellul ose sol ution conprises about 5 to 15%cel | ul ose by wei ght

of the C?h@'ﬂlge%ea?@dtwtf-oo%boﬁaﬂ%-rc}thn%ﬁ{s%qgﬁ\g%@wt 8he QRBAuIBEe ShRRti®. 1 to 29,

wherein 0se solution conprise ut 8 to 12% cel |l ul ose by wei ght
of the cellulose solution. 31. The process of any one of Cains 1 to 30,
wherein the cellulose solution is filtered prior to step b). 32. The

process 02f9 Mrne np?oggss%fa ziannfor%e of C‘T’allmsm?cg %n whifis Bd LRGeS 8oHkioPN

comprises about 5 to 15% cellulose by weight of the cellulose solution.

30. The process of any one of Claims 1 to 29, wherein the cellulose solution

comprises about 8 to 12% cellulose by weight of the cellulose solution.

31.  The process of any one of Claims 1 to 30, wherein the cellulose solution is

filtered prior to step b).

32. The process of any one of Claims 1 to 31, wherein the cellulose solution

obtained in step a) is shaped prior to step b).

33. The process of any one of Claims 1 to 32 wherein step b) comprises
contacting the cellulose solution with a first casting solution comprising a non-
solvent to produce regenerated cellulose shaped articles.

34. The process of Claim 33, wherein the non-solvent is water.

35. The process of Claim 33 or 34, wherein the first casting solution is

maintained at a temperature of 60°C or lower.
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obtained in step a) is shaped prior to step b). 33. The process of any one
of daims 1 to 32 wherein step b) conprises contacting thg cel | ul ose Y

sol uti on wbt2b12z0fss8st casting sol uti on conprising a noneewlgB2ni1/dso1epr oduce
regenerated cellul ose shaped articles. 34. The process of Caim 33, wherein
the non-solvent is water. 35. The process of Caim33 or 34, wherein the
first casting solution is naintained at a tenperature of 60C or | ower.

36. The process of any one of Clains 33 to 35, wherein the first casting

soluti onahs MRLOYEHIGH Bf oy |GHIPRE Tk 88 B5S5 CwhbRURTthe et cAlthgpr ocess

of any o s 6, wherein the first casting solution conprise
- 4 S

about 70% or. higher  of non-sol b the first castin solmation

38. The B?IUE%%qu?‘néq{g}e%ﬁgag%qng@uﬁg%éégt%%wev%erei n the fi rstgcasti ng

sol ution conprises a dope m xture conprising ionic liquid and a cosol vent,

t he cosol vent conprising a polar aprotic conponent. 39. The process of

Claim 38, wherein the dope m xtur as essentially the sa o] jti
the dopedin e rPreerssuPbaey] 10T I GG par B Joarbesriae eCeap® of
aim 1.
solution comprises about 70% or higher of non-solvent by weight of the first

casting solution.

38. The process of any one of Claims 33 to 37, wherein the first casting
solution comprises a dope mixture comprising ionic liguid and a cosolvent, the

cosolvent comprising a polar aprotic component.

39. The process of Claim 38, wherein the dope mixture has essentially the
same composition as the dope in which cellulose is at least partly dissolved in

step a) of Claim 1.

40. The process of any one of Claims 33 to 39, wherein the regenerated
cellulose shaped articles are removed from the first casting solution and
contacted with a second casting solution, said second casting solution

comprising a higher proportion of non-solvent than said first casting solution.

41. The process of any one of Claims 33 to 40, wherein the proportion of non-
solvent present in the first and second casting solutions is maintained by the
provision of a countercurrent flow of non-solvent to the first and second casting

solutions.
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40. The process of any one of Clains 33 to 39, wherein the regenerated
cel l ul ose shaped articles are renoved fromthe first casting solution and
cont act edweoi2ote/memecond casting solution, said second casTiGBRRB@ISUL6hON
conprising a higher proportion of non-solvent than said first casting
solution. 41. The process of any one of Clains 33 to 40, wherein the
proportion of non-solvent present in the first and second casting sol utions
is maintained by the provision of a countercurrent flow of non-solvent to
the first and second casting sol utions. 42. The process of any one of
Claims 33 to 41, wherein ionic liquid is recovered fromthe first and/or
second castin 0 LQn V] Okbi QN »40f I Ginf i i second
831 'Phe Sdrgcrr:]%s%p%f By m%% HI@IAROBS! N1 49! VRirginf iond 1R0RY &

casting | uti erfo hin filmevaporation to extract ionic

liquid therefromto | eave a m xtur = SO 059l Wefidn bf om t he

dope. 45“3.C°’f‘ﬁ@dpr?rr%éé§%6§ aepg%rrﬁegaﬁd &%%tﬁg%ﬁ%%ﬁg@so_ ve\ﬁ?&lgg_ r glacnove_r ed from

the mxt lsj,zrai(cai f?rgt Qr?dr}c-)rs gelc\g%gtcaasﬂgg %8Fu?ilo\n/§ %E’ldupselr%gmfnrgatﬂn' ﬁlpr?!:-zvéjﬂosrgﬁérl g 1on.
extract ionic liquid therefrom to leave a mixture of non-solvent and cosolvent from

the dope.

43. The process of Claim 42, wherein the cosolvent is recovered from the

mixture of non-solvent and cosolvent using fractional distillation.
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