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esters such as acetate/ propionate or acetate/butxrate are_ used in -1
used in all cultures from the most primitive
highly developed modern technological society. Apart
from the use of unmodified cellulose-containing
materials (for example wood, cotton), modern
cellulose technology requires extraction and
processing of cellulose from primary sources using
techniques that have changed very little gince the
inception of the modern chemical industry.

Cellulose and its derivatives can be
substituted as a source for a number of chemicals.
For example, petroleum feed stocks can be substituted
with cellulose to prepare polymers for applications
in paints, plastics and other formulation materials.
Cellophane is prepared through the intermediacy of
viscose tha% ig dissolved, and then regenerated,
whereas chemical dissolution typically incorporating
derivatization such as ester or ether formation
yields a wide range of modern materials.

The primary chemistry for transformation of
cellulose is esterification; cellulose esters have
important large-scale applications in the paper
industry, for the preparation of fibers and textiles,
as well as polymers and films. Mixed esters such as

acetate/propionate or acetate/butyrate are used in
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of Chem cal _.T @gy" F Ed{tion 1993, volunme 5, p. 476- 563.] Such
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to be
which cellulose is readily soluble. Traditional

cellulose dissolution processes, including the
cuprammonium and xanthate processes, are often
cumbersome or expensive and require the use of
unusual solvents, typically with a high ionic
strength and are used under relatively harsh
conditions. [Kirk-Othmer "Encyclopedia of Chemical
Technology", Fourth Edition 1993, volume 5, p. 476-
563.] Such solvents include carbon disulfide, N-
methylmorpholine-N-oxide (NMMO), mixtures of N,N-
dimethylacetamide and lithium chloride (DMAC/LicC1),
dimethylimidazolone/LiCl, concentrated aqueous
inorganic salt solutions [ZnCl/Hz0, Ca (SCN) »/H,01],
concentrated mineral acids (H;80,/H3PO,) or molten salt
hydrates (LiClO4.3H:0, NaSCN/KSCN/LiSCN/H.0) .
Physical and chemical processing methods
for treating cellulosic resources are numerous.
Chemical, enzymic, microbiological and
macrobiological catalysts can be used to accelerate
the process under conditions selected to be
thermodynamically favorable to product formation.
Chemical processes include oxidation, reduction,

pyrolysis, hydrolysis, isomerization, esterification,
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ig becoming increasingly prominent. The efficiency
of existing methods for dissolving and derivatizing
cellulose can be significantly improved by the
availability of suitable solvents for refined and
natural cellulose; an example is N-methylmorpholine-
N-oxide (NMMO), used as a solvent for non-
derivatizing dissolution of cellulose for the
production of lyocell fibers. [http://
www.lenzing.com. ]

The use of ionic liquids as replacements
for conventional organic solvents in chemical,
biochemical and separation processes has been
demonstrated. Graenacher first suggested a process
for the preparation of cellulose solutions by heating
cellulose in a liquid N-alkylpyridinium or N-
arylpyridinium chloride salt, U.S. Patent No.
1,943,176, especially in the presence of a nitrogen-
containing base such as pyridine. However, that
finding seems to have been treated as a novelty of
little practical value because the molten salt system
was, at the time, somewhat esoteric. This original
work was undertaken at a time when ionic liquids were

essentially unknown and the application and value of



1,943,176, especially in the presence of a nitrogen- containing base such
as pyridine. However, that finding seens to have been treated as a novelty
of littlwgu3aeeizeal val ue because the nolten salt syst emPONassS02a1408 he
time, sonewhat esoteric. This original work was undertaken at a tine when

ionic IiquiS%ngi%éggﬁg%zé%a%]ﬁlgg@ngwns%ngehm% 2Rkl et ierand val ue of -3

WO 03/ 02932 ionic liquids as a class of solvents had not
been reali zedlilziedhas now been found that cellul ose can be dissolved in

solvents that are now ?‘?ei“%%lt %%%ﬁ %%eigp%io%nd! ijf%:‘)éi[tg%etﬂaqtlo@ee Sypsiantial ly

free of water, nitrog& ases an er solvents. It has also

been found fhatea e nare1vamited thangeref rneenidesddidedsedorde used to
provide a greater control and flexibility in the overall processing
met hodol ogy 1ilquildss thatt Ree 5eeF Pt Waf 168 190 38 %Tontaining material s

can be obtained IJaman .anii6d hd a0l iteSuRiimid houte uslang vol atil e
organi c or er’ undesirabl e solvents in the process. These findings are
di scussed i mitdie WHesclfesmde tHhat a fwoldeowsnd BRIZERGUNVIERY F TME S NVENTI ON A

met hod for dissolving cellulose . is contenplated., Th npri ses
adm xi ng  celiidicke SRt ﬁJea "‘rﬁ?df%iﬁﬁoé’%‘%%iac ERRGid ?oonr%ﬁgggcdia&gf cati ons
and ani ons ify 4:hg, SRSt ant itde aRranCEl Prod@Sind meHbdsgen- cont ai ni ng

base to forman adm Xture. The adm xture is agitated unti] , dissolutionis
conpl ete. THe duhd xfuwntders been dpund that cellulose-contalning

materials can be obtained from an ionic liguid
solvent system without using volatile organic or
other undesirable solvents in the process. These
findings are discussed in the disclosure that

follows.

BRIEF SUMMARY OF THE INVENTION

A method for dissolving cellulose is
contemplated. That method comprises admixing
cellulose with a hydrophilic ionic liquid comprised
of cations and anions in the substantial absence of
water or a nitrogen-containing base to form an
admixture. The admixture is agitated until
digsolution is complete. The admixture is heated in
some embodiments, and that heating is preferably
carried out by microwave irradiation. The ionic
ligquid is molten at a temperature less than about
150°C.

The cations of an ionic liquid are
preferably cyclic and correspond in structure to a

formula selected from the group consisting of
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al kyl group or a Cl-C6 al koxyal kyl group, and R3, R4, R5, R6, R7, R8 and
RO (R3-R9), when present, are independently a hydr|d0R4a.C§}CB aIkyI a
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R groups not required for
contains a single five-,
structures is nore pre*erreo.

contenpl ated using an ionicyliquld conprised of t hosertati ®hs. That nethod
conpri ses adm xing cellulose with a hydrophilic ionic [liquid conprised of
those five-nenbered ring Galj.QRsw and anions in the sopsrantized absence of
water to forman adm xture. The admixture is agitated until dissolution
is conplete. Exenplary cations are illustrated bel ow wherein R1l, R2, and
R3-R5, when present, are as defined before.

wherein Rl and R2 are independently a C3-Cg
alkyl group or a Cj-Cg alkoxyalkyl group, and R3, R%,

R5, R6, R7, R8® and R? (R3-R?), when present, are
independently a hydrido, a C3-Cg alkyl, a C3-Cg
alkoxyalkyl group or a C3-Cg alkoxy group. The

anions of the ionic liguid are halogen, -

pseudohalogen, or Cp-Cg carboxylate. It ig to be

noted that there are two iosmeric 1,2,3-triazoles.
It is preferred that all R groups not required for
cation formation be hydrido.

A cation that contains a single five-
membered ring that is free of fusion to other ring
structures is more preferred. A cellulose
dissolution method is also contemplated using an
ionic liquid comprised of those cations. That method
comprises admixing cellulose with a hydrophilic ionic
liquid comprised of those five-membered ring cations

-and anions in the substantial absence of water to
form an admixture. The admixture is agitated until

dissolution is complete. Exemplary cations are

illustrated below wherein RL, R2, and R3-R®, when

present, are as defined before.
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4 R5 N-- R2 A R3 A '-(Cl Syl ) -, subsit ed- i mdazolium
ion is a nome partiul @kl R'preferfed REat |b@,, i & Ran imydazol i um cation
wherein R3-R5 of ornmula A are |each hydrido, and Rl and |R2 are
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ADe AP

IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM

Of the more preferred cations that contain
a single five-membered ring free of fusion to other
ring structures, an imidazolium cation that

corresponds in structure to Formula A is particularly

preferred, wherein R, R2, and R3-R5, are as defined

before.

A 1,3-di-(Cq-Cg alkyl)-substituted-
imidazolium ion is a more particularly preferred
cation; i.e., an imidazolium cation wherein R3-R® of
Formula A are each hydrido, and Rl and R2 are |
independently each a Cq-Cg-alkyl group or a C;-Cg
alkoxyalkyl group. A 1~(C1-C6—alky1)—3—(methy1)—
imidazolium [Cp-mim, where n = 1-6] cation is most

preferred, and a halogen is a preferred anion. A
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above. A‘nDF@h?WQ#QHR tﬁgé%qu@Emui% B o | St oY et i s§dlved in a
hydr ophi lic s fontaj I egpBiBered ring free
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cont enpl at ed solutlon can be used as is to carry out further reactions on
the cellul ose such as acylation to form cellul ose acetate or butyrate, or

for regeneration. A nethod for rege1§§§§gﬂg ceIIquse is al so

contenpl ated. That nethod conpris oBution of cellulose in a

nol ten hydrophilic ionic |IQUIdRSO|V thgﬁ3|s substantially free of

water or nitrogen-containing base, or in a hydrophilic ionic |[|iquid whose
cations contain a single five-nenbered ring free of fusion to other ring
structures with a Iiqyidomﬁﬁisnluemprieedtbé cellullose tthat is mscible

with the ionic_liquid, The adm xin se
molteg hydrophilic 1on9c Equ%d solvent that is

substantially free of water or a nitrogen-containing
base is also contemplated. As above, the ionic
liguid is comprised of cations and anions that are
preferably those discussed above. A more preferred
solution is comprised of cellulose dissolved in a
hydrophilic liguid whose cations contain a single
five-membered ring free of fusion to other ring
structures, as discussed previously. A contemplated
solution can be used as is to carry out further
reactions on the cellulose such as acylation to form
cellulose acetate or butyrate, or for regeneration.

A method for regenerating cellulose is also
contemplated. That method comprises admixing a
solution of cellulose in a molten hydrophilic ionic
ligquid solvent that is substantially free of water or
nitrogen-containing base, or in a hydrophilic ionic
liquid whose cations contain a single five-membered
ring free of fusion to other ring structures with a
liquid non-solvent for the cellulose that is miscible
with the ionic liquid. The admixing causes the
cellulose and ionic liquid to form solid and liquid
phases, respectively. The golid phase is the
regenerated cellulose that is preferably collected,

as compared to being further reacted in situ. The

-8-



cellulose and ionic liquid to formsolid and |liquid phases, respectively.
The solid phase is the regenerated cellulose that is preferably collected,
as conpared am2imedng further reacted in situ. The -8 WO 0FA283231404

PCT/ US02/ 31404 ionic liquids used in this method are those di scussed
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of this disclosure,“Fig. 1 ows two photographs of original fibrous
cel lul ose (la&bdvye and regenerated cellulose (right) prepared by extrusion
froma w de-bore syringe into water, illustrating that nonolithic forns
can be readily prepared; Fig. 2 is a graph that shows a conparison of

t hernogravi netric anal yairsr(DESLRIPaces of THEgERAWANES cel | ul ose sanpl es
(blue, black) with original fibrous cellulose (red); Fig. 3,.in two panels
as Fig. 3A and 3B, rebpeete @rgwisapwiXCPRYI o f PPRELPBN Fxﬁﬁﬁspatterns of

original fibrous cellulose (Fg j el Lul gseqkggener at ed
from[CAm rr]éjcf&(cﬁ?%r.e.’ g%g.; %n%hé?% éﬂg g)jﬁg‘;g%?a%aﬁel s as f—{i gs. 4A, 4B, 4C
and 4D, are s{enpidr<Elbaloon (iefoprapiisrefeniebabad cedlhbbsse (4A, 4B)

and cellul ose Sanple A (a wpod ul p used %n cel lul gse, acetate
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present inve elates to the formation of cellulose solutions in
hydrophi | i ¢ fonig can be readily prepared;

Fig. 2 is a graph that shows a comparison
of thermogravimetric analysis (TGA) traces of
regenerated cellulose samples (blue, black) with
original fibrous cellulose (red);

Fig. 3, in two panels as Fig. 3A and 3B,
respectively, show X-ray diffraction (XRD) patterns
of original fibrous cellulose (Fig. 3A) and fibrous

cellulose regenerated from [Cgmim]Cl (Fig. 3B); and

Fig. 4, in four panels as Figs. 4A, 4B, 4C
and 4D, are scanning electron micrographs of fibrous
cellulose (47, 4B) and cellulose Sample A (a wood
pulp used in cellulose acetate applications; 4C, 4D)
before (4A, 4C) and after regeneration from [Csmim]Cl

into water (4B, 4D).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the
formation of cellulose solutions in hydrophilic ionic
liquids. The solvent is a hydrophilic ionic liquid,
comprising an organic cation and an inorganic or
organic anion.

A method for dissolving cellulose is
contemplated as one embodiment of the invention. In

one aspect, that method comprises admixing cellulose
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cation and an inorganic or organic anion. A nethod for dissolving
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temperature of less than about 150°C.
An exemplary cyclic ionic liquid cation

corresponds in structure to a formula shown below,
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QUINOLINIUM
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R

al koxyal kyl
when prgﬁent, re

N R’
N
1+ R?

PYRROLIDINIUM

and

group, and R3,

ISOQUINOLINIUM

wherein Rl and R2 are independently a C1-Ce

alkyl group or a C1-Cs alkoxyalkyl group,

and R3, R%,

R5, R, R7, R® and R9 (R3-R?), when present, are

independently a hydrido, a Ccq1-Cg alkyl, a C1-Cg

alkoxyalkyl group or a Cq-Cg alkoxy group.

preferably,

with 6ne being methyl,
preferably hydrido.

More
both RL and R2 groups are C1-Cgq alkyl,

and R3—R9, when present, are

Exemplary C1-Cg alkyl groups and

C1-C4 alkyl groups include methyl, ethyl, propyl,

iso-propyl, butyl, sec-butyl, iso-butyl, pentyl,

iso-

pentyl, hexyl, 2-ethylbutyl, 2-methylpentyl and the

like.

Corresponding C1-Cg alkoxy

groups contain the

above Cq-Cg alkyl group bonded to an oxygen atom that

is also bonded to the cation ring.

An alkoxyalkyl

group contains an ether group bonded to an alkyl

group, and here contains a total of up to gsix carbon

atoms.

-11-
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i ndependently a hydrido, a Cl1-C6 al kyl, a Cl1-C6 al koxyal kyl group or a

Cl- C6 al koxy group. Mre preferably, both Rl and R2 groups are Cl-CA

al kyl',  wwawosmes2bei ng nethyl, and R3-R9, when present, arreT/ysoesenably

hydrido. Exenplary Cl-C6 alkyl groups and Cl-C4 alkyl groups include

methyl, ethyl, propyl gnd $8rRRPYhhelipteseror b Wftdrsadadt yl, pentyl,

i so- pentyl, hexyl, 2-ethylbutyl, 2-methylpentyl and the |ike.

goraezp;)ndl h@r@ﬂzmralﬂﬂgqrr:brm@b(ﬁ@ﬁ{taie@tt e I%MB LIRS A%yl group

onde 0 an.axygen atomthat_- i I ti ridgg. An

al koxyal kyl alaT TOH AN B et fgrt%%r %up onédi;dé%gl%s% alq{(lyll c'ﬂgr oup, and

here cont ai ke dRitRdmgIfa iyl tantsionsc ardmra imtamnsleadid fAOOF 029329

PCT/ US02/ 31404 The phrase "when present” is often used herein in regard to

;lerStl tuilnlt gi;cgmt hp ablezckacu@tl A nesld nsdt ishorRsRAtalin Gilt he nunber ed
oups. of . the contenplated cations contain at |east four R groups,

al t hough R2 GePIdt be present-in all <cations. The phrases "subs?ant Pal

absence” and "subst aninalpyrddase Anestgad Sy nayenust yand nean  that |ess
t han about 5 wei ght percent water is present, for exanple. Mre

preferably, "sdstanniakbiouireme 3¢ W EIRTYEORT eert 157 he
conposi tion. Thce S i i.S d J i .
. halt. T ORani ng. 1S 4 niended fogasdt ngardneipresence of a

ni trogen- corFt ai ni ng base. An anion for~ a c%nt enplated ionic liquid cation
i s preferablprésdrad pgeor | @xarfehe or iMmre wreoftdeblyr legs dé)anperchlorate, a
pseudohal ogen ion . .

about one percent water is present 1n the

composition. The same meaning is intended regarding

the presence of a nitrogen-containing base.

An anion for a contemplated ionic ligquid
cation is preferably a halogen ion (chloride,
bromide, or iodide), perchlorate, a pseudohalogen ion

such as thiocyanate and cyanate or C3-Cg carboxylate.
Pseudohalides are monovalent and have properties

gimilar to those of halides [Schriver et al.,

Inorganic Chemistry, W.H. Freeman & Co., New York

(1990) 406-407]. Pseudohalides include the cyanide
(cN“Y), thiocyanate (SCN'!), cyanate (OCN™), fulminate

(CNO™?) and azide (N3™') anions. Carboxylate anions
that contain 1-6 carbon atoms (Cl—CG carboxylate) and

are illustrated by formate, acetate, propionate,
butyrate, hexanoate, maleate, fumarate, oxalate,
lactate, pyruvate and the like. A contemplated ionic
liquid is hydrophilic and therefore differs from the
hydrophobic ionic liquids described in Koch et al.
U.S. Patent No. 5,827,602 or those of Bonhbte et al.
U.S. Patent N. 5,683,832 that contain one or more

fluorine atoms covalently bonded to a carbon atom as

-12-



such as thiocyanate and cyanate or Cl-C6 carboxylate. Pseudohalides are
nonoval ent and have properties simlar to those of halides [Schriver et
al ., | nongensioeoxZwem stry, WH. Freenman & Co., New York (PLQaNo24004407] .
Pseudohal i des include the cyanide (CN-1) , thiocyanate (SCN-1) , cyanate
(OCN-1), ful minagte; s{(DbdérBRH341 Hend 8- d) enidhsorCackbayeate anions
that contain 1-6 carbon atons (Cl-C6 carboxylate) and are illustrated by
format e, acatab®e, propionate, butyrate, hexanoate, naleate, funarate,

oxal ate, lactate, pyruvate_an | i opt l18kednkenkee liquid is
hydrophilic and there r%SdP??g?ég gogﬁgﬁeéiﬁygrggﬁogic ionic |liquids
descri bed i foKogbggirall. fol. SatPahefbrieti6n821,.602 6ROER0SENEF Bonhote et
al. US. Patent N. 5,683,832 that contain one or nore fluorine atons
coval ently bpaserltand RAr om aboprusdsitiAero8hepro3ds pCT/ US02/ 31404 in a
trifluoronethanesul fonate or tri.flugQrqacet L0 Lt eherred that
all R groupém%ﬂ%FoiFEm'nBVrP58aﬁPgdg greggg%§%§ 3%2???%#?5595., t hose ot her
than Rl and 2. £0r ,e0RpPALAES .0t hewst hahet ket ibmisdahoiwinumboyer azol i um and
triazoliumcations shown above, be hydrido. Thus, th c%&j%ns shown above
preferably basbenabilyubeyce & FECUCEHEshORTs CCFTESPH Tt Tr & shown bel ow,

wherein Rl gggu?iz:u%rees%sownd%se(irolwtzegvh%%feg%eRlNan(a A NNAMANIL LT T1

described before.

O © ©

_@

| | |
| .
R* RY R
PYRIDINIUM PYRIDAZINIUM PYRIMIDINLIUM PYRAZINIUM
©) ©) 1O
1,//N(:::>]ﬂ\\_ 2 2,,/N£;::> Rll/’
R X R R N X
L,
IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM

2

y
N
1~ @N\R2 R N/@\N Rl/@ Rl/@\s

R ~ T
R2
1,2,3-TRIAZOLIUM 1,2,4~TRIAZOLIUM THIAZOLIUM
N N
VRN /N

+ 2

rR* t r2 rR* R

PIPERIDINIUM PYRROLIDINIUM
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NI UM PYRI DAZI Nl UM PYRIM DI Nl UM PYRAZINIUM O 1/rTN~Rz RKo RI/N R N
FIRl P:\/I DAZOLI UM PYRAZOLI UM OXAZOLIULM R2. ~N O 1% O N~ 2 1/NO N 1/ NO- IISI\EZN
R R ~N R WO d3829329 2, 3- TRI AZOLI UM 1, 2, 4- TRI AZOLI UM THI AZOL IR/ @500/3NORi |
Rl/ +\R2 Pl PERI DI Nl UM PYRROLI DI Nl UM - 13 WO 03/ 029329 PCT/ US02/31404 O an
ODI N -R Il QU NOLINIUM I SOQUI NOLI NIUM A cation that contains a single
five- nenbered ring that s free of fusion to other ring structures is

more preferred. Exenpl gr
and R3-R5, when prese
RR RRiNo5'" o NRR

QUINOLINIUM ISOQUINOLINIUM

A cation that contains a single five-
membered ring that is free of fusion to other ring

structures is more preferred. Exemplary cations are

illustrated below wherein R1, R2, and R3-R5, when

bPresent, are as defined before.

R4 RS R3 R4 P5>_—<R3
R2/ N. \@ @

N@ N . o)
Rl/ Y \R2 RS Rl/ Y
|
R? R R*
IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM
R? R3 w>_{ R2
Rl/ \N/ Rl/N\N/N Rl/N R Rl/NYS
R? R*
1,2,3-TRIAZOLIUM 1,2,4-TRIAZOLIUM THIAZOLIUM

Another aspect of the invention
contemplates a method for dissolving cellulosge that
comprises the steps of admixing cellulose with a
molten ionic liquid in the substantial absence of
water, to form an admixture. Here the ionic liquid
is comprised of cations that contain a single five-
membered ring that is free of fusion to other ring

structures and anions. The resulting admixture is

-14-



RAMARB4RRRRRRR/\ ONRLI~O\R2 1I/NO N1 -N. 41/No SNRRN""~
RR4R R 1,2, 3-TRIAZOLI UM 1, 2, 4- TRI AZOLI UM THI AZOLI UM Anot her aspect of
t he i nvenwiooos/o2ennt enpl ates a net hod for di ssol ving cel | ulreg@UusoRa1404
conprises the steps of adm xing cellulose with a nolten ionic liquid in

t he subst ant iddlitesswhomiofl dvadssluttiorf ardn EdnsTeE &t Urene Here the ionic
liquid is conpli %%drof cat.i contain a single five- nenbered ring

ons th ,
that is free“of fusion T &%g‘?e qe% a5 G hRIERD iR hemeein esul ti ng

adm xture is tolédadd0 83203 IISH2/ 31404 agitated until dissolution is
conpl ete. The adm xture can be heated as di scussed el sewhere herein to
assi st the dissol ution.Ofthehanans enefemraddaatémns idatcaantiain - a

single five-pgemerad rdng f sion to other. ring structures, an
i m dazol i um cat i or?qt hath%ornlr;eg@gpe%fneé{s ilrrllgst%& t?rrﬁ ft‘bSJIfU?rﬁﬂ LR
particul ar| y ripoefsemed,undeer eim iRidRzAremedefdhad, hef ore, and the

anion of the ionic liquid is a halogen or pseudohal ogen. 4 R5 + A RNY

N--R R3 Acff§?ﬁp9 _é@wﬁanCQEIecgpcgormula A is particularly
al koxyal kyl )p§lé?%&]rtelcﬂt,eq\fﬂe@edl%z?{lll—%@ L RS %er%%rneed before, and
the anion of the ionic liquid is a halogen or

pseudohalogen.

RS

Rl/N@ N— B2 A
3 \

R

A 1,3-di-(C1-Cg alkyl or Ci-Cg

alkoxyalkyl) -substituted-imidazolium ion is a more
particularly preferred cation; i.e., an imidazolium
cation wherein R3-R5 of Formula A are each hydrido,
and Rl and R2? are independently each a C1-Cg alkyl or
a group or Cj-Cg alkoxyalkyl. More preferably still,
one of the 1,3-di-C1-Cg alkyl groups (Rl or R2) isg
methyl. An anion of the ionic liquid whose cation

corresponds in structure to a cation of Formula A is

a halogen or pseudohalogen.
A 1-(C1-Cg-alkyl) -3- (methyl) -imidazolium
[Ch-mim, where n = 1-6] cation is most preferred, and

a halogen is a most preferred anion. A most
preferred cation is illustrated by a compound that

corresponds in structure to Formula B, below, wherein

R3-R> of Formula A are each hydrido and Rl is a Cq-

_15_



particularly preferred cation; i.e., an imdazolium cation wherein R3-R5
of Formula A are each hydrido, and Rl and R2 are independently each a
Cl- C6 al kyio @ro29:29gr oup or Cl-C6 al koxyal kyl . More prefer adtyuvweisido4 one

of the 1,3-di-Cl1-C6 al kyl groups (RL or R2) is nethyl.

An ani on of the

ionic |iquid Sdrosleslatdmrup cork espandsrd ferstedi CAnt 6n t Os 8a Cathi oM @f  For nul a
A is a hal ogen or pseudohal ogen. A 1-(Cl-C6-al kyl)-3-(nethyl)-imdazolium

[Ch-mm wher®™ = 1-6] cation is nost preferred, and

a hal ogen is a nost

preferred anion. A nost preferred cation is illustrated by a conpound t hat

corresponds in structure to Formula B, bel ow, wherein
are each hydrido and RL is a C1 -15 W
group. A nost preferred anion is a cly
contenplated ionic liquid is |iqut'd a

R3-R5 of Fornmula A

83/ 029329 PCT/ US02/ 31404 C6- al kyl
de ion. BB RI~-N\o/ NNCH 3 A
“hed,ow a tenperature of about

200C, and preferably below a tenperature of about 150C and above a

tenperature of about -100C. For exanple, N-alkylisoqu

nol i ni um and

N—alkquuinoIiniun1halmg%oﬁ%gﬂﬁigggpjgggg|#1 id“f%f¥i4é§?*$Pan about

150C. The nelting point of N methylisoquinolinium<c

|"or

s °f83C, and

N- et hyl qui noPedPHNRI deMmpersdsine mdfl wibogt a@iomc,ofan}sﬁ&eﬂ‘&ra@llt@r ef er a:)I ?/é gf
contenplatedbgﬂngg lelofidled- S, G %P%%%la%%kcgguﬁg JﬁgégNa? ehpera

about 120C and above a tenperature
temperature of about -100°C. For example,

N-alkylisoquinolinium and N-alkylguinolinium halide

salts have melting points of less than about 150°C.

The melting point of N-methylisoquinolinium chloride

is 183°C, and N-ethylquinolinium iodide has a melting

point of 158°C. More preferably, a contemplated

ionic liquid is liguid (molten) at or below a

temperature of about 120°C and above a temperature of

minus 44°C (-44°C). Most preferably, a contemplated

ionic liquid is liquid (molten)at a temperature of

about -10° to about 100°C.

Cellulose can be dissolved without

derivitization in high concentration in ionic liquids

by heating to about 100°C, by heating to about 80°C

in an ultrasonic bath, and most effectively by using

microwave heating of the samples using a domestic

microwave oven. Using a microwave heater,

it is

preferred to heat the admixture of hydrophilic ionic

liquid and cellulose to a temperature of about 100°

to about 150 °(C.

A contemplated ionic liquid has an

extremely low vapor pressure and typically

prior to boiling. Exemplary liquification

decomposes

temperatures [i.e., melting points (MP) and glass

transition temperatures (Tg)] and decomposition

-16-



m nus 44C (-44C). Mst preferably, a contenplated ionic liquidis liquid
(nolten)at a tenperature of about -10 to about 100C. Cellul ose can be

di ssol vedwa d3raes29 derivitization in high concentration i rrdTowsoe/3i40qui ds

by heating to about 100C, by heating to about 80C in an ultrasonic bath,

and nost ef f ecdipestat dpedisidyg i1 esoMayeydeats ng; of, 1he_saRpl es using a
donestic mcrowave oven. Using a mcrowave heater, it is Tppreferred to
heat the admtidazaifivy drephidhicalohhg idhimitibsekhatose é8ea
tenperature of about 10Q to about 150 C. A contenplated ionic |iquid has
an extrenel i &W vasbR9pries suetthrhdate piluaid yi meduaposisse pelow. to
boiling. Exenplary liquification. tenperatures [i.e., nelting points (M)
and glass transition tenperatures (Tg)) and deconposition -16 WO 03/ 029329

PCT/ US02/ 31404 trmiyer atgues Tdr Libusti-atl VR cbmBodicidn Ceiadhkybn+
i m dazol iumign-containing ionijc |i qgi ds wherein one of R1 and R2 is nethyl
are shown in the table below. |l onfF&19ui d EEFEFFREYERconpositi on
Citation* catjion Tenperature Temperatutee (C) (Co)[C2m'm A 285 a
[C3min O 282 a [CAmin] O 41 254(pc) [Cominm C -69 258 [CBmim O -73
243 [C2minm | |303 a
[Comim] C1 285 a
[Camim]Cl 282 a
[C4mim] C1 41 254 b
[Cemim] C1 -69 253
[Cgmim]Cl -73 243
[Comim] T 303 a
[Cqmim] I -72 265 b
[Camim] [PFg] 10 349 b
[Comim] [PFg] 58-60 375 c, a
[Camim] [PFg] 40 335 a
[iCamim] [PFg] 102 a
[Cgmim] [PFg] -61 417 d
[Camim] [BF4] -81 403, 360 d, e
[Comim] [BF4] 412 a
[Comim] [CoH305] 45 c
[Comim] [CoF305] 14 About 150 £

a) Ngo et al., Thermochim. Acta, 2000,357,97.

b) Fannin et al., J. Phys. Chem., 1984, 88,2614.

c) Wilkes et al., Chem. Commun., 1992, 965.

d) Suarez et al., J. Chim. Phys., 1998, 95, 1626.

e) Holbrey et al., J. Chem. Soc., Dalton Trans.,
1999, 2133.

f) Bonhéte et al., Inorg. Chem., 1996, 35, 1168.
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| -72 265 b [CAmini [PF6] 10 349 b [C2minj [PF6] 58-60 375 c, a
nrr]1 [ PF6] 40 335<[3. [iGmin] [PFE] 102 a [C6min [PF6] -61 4172d 45 o
m [ 84302829403, 360 d, e [C2min] [BF4] 412 a [CZdeTAIE;@%iBﬂ) ]
[C2m n] [C2F302] 14 About 150 f a) Ngo et al., Thernochim Acta, Wikes et
2000, 357,97. b) Fannin et al., J. Phys. Chem, 1984, 88,62614. c) o0 eS
al 1Che;n Commun., 1992, 965. d) Suarez et al., J. Chim Phys.,133 ]2) ,
1626. e) Holbrey et al., J. Chem Soc., Dalton Trans., 1399,292 .
Bonhote et al., Inorg. IdNemtrakde B3114H68 bl QG 034 02¢ & i ds
PCT/ US02/ 31404 Il lystrative 1-al kyl-3-methyl -1 mdazoll umTo a q as.
[On-nin] X [ARYF addugdsx LCa-mingX | [n SO andPRe) % = (BF4) B, have

has ' [ i med. The dissol ution of
ared, as [ 8= yu ose use is not claine _
Ereﬂoul ose (fibr oUs((:g%?)l ul O(gg,ﬂ"ﬁ olﬁn‘ﬁ%bf% mﬁd_ ti]g?i, af\}g-%m?fﬂ[ﬁggfﬁng .
il lustrativeqg;eal bauid nder anbi ent, condi ' _
I100%,S Wi th gdéﬁliqlggt %ﬁ%gngs\% g% Rk 5&75\}@ SReat MG I@&s?srﬁéﬁlqlékﬁﬁoggd.
Di ssol uti on icslédmbaseedfhprbhe @%Q-l@Efs@'ﬁE“}%ﬁV%&%ﬁ?ﬁﬁ%hgﬁﬁ%aﬁem and

[ cap,_be .prepared, very quickly, whi Is gy ¢ Clel
;?lo\ljut :jggsassgc?i it ég E§8ﬁ8nﬂ&15§ﬁ€ﬁtﬂé’e Acsdet dApiudtied unoiize | quid and a

sol ution ambient conditions and with heating to 100°C, with

288
3.3.3

sonication and with microwave heating has been
examined. Dissolution is enhanced by the use of
microwave heating. Cellulose solutions can be
Prepared very quickly, which is energy efficient and
provides associated economic benefits.

A contemplated ionic liquid and a solution
prepared from such a liquid is substantially free of
water or a nitrogen-containing base to form an
admixture. As such, such a liquid or solution
contains about one percent or less water or a
nitrogen—containing base. Thus, when a solution is
prepared, it is prepared by admixing the ionic ligquid
and cellulose in the absence of water or a nitrogen-
containing base to form an admixture.

' The cellulose to be dissolved can be in
substantially any form that is amenable to being wet
by a liguid. Exemplary cellulose forms useful herein
include cellulose as fibrous cellulose, wood pulp,
linters, cotton balls and paper. For example,
fibrous cellulose was dissolved at 25 weight percent
in [Cmim]Cl by microwave heating to provide an
optically clear, viscous solution.

Cellulose can be dissolved in a range of

ionic liquids. Cellulose can be dissolved for

-18-



iquidi [ f water or a

repared fromsuch a liquid is substantially free o o
Eit?ogen-containing base to forman adm xture. As such, such a liquid or
sol uti on weoistiadzs about one percent or less water or a  PCT/US02/31404
ni trogen-containing base. Thus, when a solution is prepared, it is f
prepared by admivartg zale omoring Iﬂngﬁala_zfg:hf i celddp d%m ﬂ%lrir&rﬁ%s%%ffuloose o

r a nitrqgen-_containing base to forman a ) . (
ﬂgtg{sgolvedeggﬁ & Ofn SRS OFSERRLeRNYs any formthat is amenabl e to being

i . in . include
t by aliquid Exempkanyiiegll W-05¢ Ul useiuls Nerel I nc
2§IIulgse asqtibnous cel | ul ose, mébd Shlp, J?ﬁﬁters, cé??dﬁlﬁéFP§jand t
paper. For exXifgies upiibgoas domkeisitlios aivaowdives aheed aat Rneiigly percen

i i i i i tically clear, viscous
sol ut on coPPrsEs . BBKEvESE. badsiooh SlGnd T 8ane 1 sameriiem s
Cel | ul ose cadibeodiissohved telluldBe\On03LA29339,BEH-US02/ 31404

i i ign_and for analysis, for exanple by size ggc!usiqn . .
gﬁigx::Bé?gkﬁg?rE@PVEFBQQUGéﬁ géspedutipndiogsoblédliosei dm donliicqui ds usi ng

tic m e;gv a [ rce. rowave heating
Siggrffcantrlﬂgﬁﬁgﬁcég fﬂgé§§ig§§?%tggﬁc%%gng!Ek%geaﬁﬁaypﬁﬁchﬁqU|ds.
M crowave-in ﬁﬁéﬁed©§sp®hymeniaat¢ehlmboseduaedonlgeihgqalds IS a very

[ [ duced.
i ck proces decay of the degree of polymerizationis re
gg:ﬁg g reIa??%%?%ggggtE%?%cggg?eﬁ?ssggﬁﬁPéHthneh§rgyergvf|C|ent.

Cel | ul ose dispfayseht gh solubility in the

Cellulose displays high solubility in the
ionic liquids. Viscous, birefringent liquid
crystalline solutions are obtained at high
concentration, e.g. about 10 to about 25 weight
bercent.

A contemplated solution of cellulose in an
ionic liquid can contain cellulose in an amount of
about 5 to about 35 weight percent of the solution.
More preferably, the cellulose is bPresent at about 5
to about 25 weight percent of the solution. More
preferably still, the cellulose is present at about
10 to about 25 weight percent of the solution.

Ionic liquids containing chloride anions
appear to be most effective. The chloride anion is
not required; reasonable solubility was also observed
when the ionic liquid contained thiocyanate,
perchlorate and bromide anions. No solubility was
observed for ionic liquids containing
tetrafluoroborate or hexafluorophosphate anions.

A range of different cations can be
employed. Of those screened from the common setsg
used to prepare ionic liquids; imidazolium salts

appeared to be most effective, with the smallest
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ionic liquids. Viscous, birefringent liquid crystalline solutions are

obt ai ned at high concentration, e.g. about 10 to about 25 weight percent.
A cont enphat@d2gxbut i on of cellulose in an ionic |iquid car/coaBaion
cellulose in an anount of about 5 to about 35 weight percent of the

sol uti on. '\{Q{i%ﬂog;ﬁ{[rﬁb@/tjlérh?eﬂﬂﬂiﬂﬂﬁ 15 K LS at about 5 to about

25 wei ght pércent e solution. More “preferably still, the cellulose is
present at ahicsoldflidmw. abolity 25pwmeidiniwersahts of red oS PEHIBH | oni c

| i qui ds contai ni ng chloride i gns __appear to. be. ffective. The
chloride anit§Fs s e%tl?%ﬁﬁf’geac?tjr‘é%s%g%bﬁl% %l ﬁbﬁ%@@v\as al so observed
when the i onig i au e Geald abmesk-Fd oDy atied elongeckdlor at e and broni de
anions. No solubility was observed for jonic |iquids con% i ni ng

t et raf | uor obokl kol Shexat W ¥ bpo s ot @l BnPHARITR r angB2 bW f f er ent
cations can @?Qs‘ eklljn?l gﬁrﬁ?erx# a W&ﬁcﬁﬁé@gﬁnﬁﬁ%éi}@s CObRPRisetg used to

prepare ioni azolrumsalts appeared to be nost effective,
with the smadh@ster -di9a WD HBLLP AS29= POTUEISO2/ 84 0¥nowmi dawdl iaivie cat i on

exhi biting the easiest dissoluyution. Al kyl- i dini salts f . of organic
base were | 3:TRe¥ gBel GENI P HIE S YA T %ng}‘[{:‘%}&l ﬂBi%lerliiL u\l/v(gsw%%glefr?ved ign t he

| ong-chain @l kyl phosphgnt upsshd orbdegsal hiexani agdioSal 1 equi@hosphoni um
and anmmoni um quat ernary sal ts cont ai ni n(g shorter_ chain al kyl substituents
are known, but have hTlghenseedfiag PBiARECAAUNAFRBIBFLER HBEIFiquid within

liguid as solvent for cellulose provides a
significant improvement over the previously-reported
solubility of cellulose in the organic salt/base N-
benzylpyridinium chloride/pyridine as discussed in
U.S. Patent No. 1,943,176, and in which the maximum
solubility was 5 weight percent. Indeed, additional
nitrogen-containing bases as were used in that patent
are not required to obtain good solubility of
cellulose in the ionic liquids.

Cellulose can be regenerated by admixing
(contacting) the ionic liquid solution with a liquid
non-solvent for the cellulose that is miscible with
the ionic liquid. The liquid non-solvent is
preferably miscible with water. Exemplary liquid
non-solvents include water, an alcohol such as
methanol, or ethanol, acetonitrile, an ether such as
furan or dioxane and a ketone such as acetone. The
advantage of water is that the process avoids the use
of a volatile organic compound (VOC). Regeneration
does not require the use of volatile organic
solvents. The ionic liquid can be dried and reused
after regeneratioﬁ.

Cellulose can be regenerated from the ionic

liquids in a variety of structural forms. These can
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the acceptable range for definition as ionic |iquids.

si gni f i camo 63rpsx2venent over the previously-reported

bases as Wereuarsgding) t Hatbegmt efitberng eantbteXagifaeris t Robt

The use of an

i mdazoliumchloride ionic liquid as solvent for cellul ose provides a

sol T/ wsoyg/30f04
cellulose in the organic salt/base N- benzyl pyridi nium chl ori de/ pyridi ne as
di scussed in 44, xe Rat &t MO pdwdéhds 1iSrepitbd oyhbelk t he maxi mum

solubility was wei ght percent. |ndeed, additional nitrogen-containing

solubility of _cellulose in the ioni I QUi 0S£,C
by adnmi xi ngOD‘t]%]tﬂﬂ ARG e ?oerli%éfll%iuﬂ?% S%?Trﬁ%iny%m ?ﬁnag?i
non- sol vent {1iflmeatesd | th oseephiad dsffeseiblfomish The ionic liquid. The

| i quid non-solvent is preferably mscible with matfr
non- sol vent seFRIMGHRE SRt @21 Lo BF cOMRPAERICH e TR

Yor

H'%ood

be regenerated
qui d

%%Hg%fnplary liquid

et hanol ,

acetonitril %O%ﬁlﬁ% eﬁ%&a 8Sanh PhANe DEc0- O AREcABGrapk el gme) such as

acetone. The

wat er 1s"that the process avoids the use of a

vol ati |l e or gaidtourespouln PG TiRegeweeat | Hhberdeandopthefuire the use of

vol atile organic .solvents. The.ionic |
regener at i orfXEei{aFele E@% %%m?

rom e1l0

i nclude flocs or powders (prepared by bul k quenching),

BgBeTurRaLF SRR, ShEco?

nd reused after

nfc “liquids in a
variety of sixuetadal £10&n8elTheSEe Cadlut 26n \VEND31§R98281 8CTAAIS02/ 31404

t ubes,

fi bers and

ext rudat es, HmeP fihesnonpEPivigiext rusi on, the cellul ose conposite can be

mani pul ated to prepare different forns. The

Example 1: Cellulose Dissolution

It was found that the best ionic liquid for

dissolution of an illustrative test material,

regenerated fibrous cellulose, was [Cymim] C1.

generic procedure, fibrous cellulose (0.2 g) was

In

a

placed in molten [Cmmim]Cl (2 g) in a glass vial and

heated in a domestic microwave oven with 3

x 5

seconds heating pulses. After each heating pulse,

the vial was removed and vortexed to mix the

contents, then replaced in the microwave.

A viscous,

optically clear solution of cellulose in the ionic

liguid was obtained.

Solutions could be prepared in this manner

with varying concentrations of cellulose dissolved in

the ionic liguid. The solutions were increasingly

viscous with cellulose concentration. At 25 weight

percent of cellulose, the clear solution is still

workable. At higher cellulose concentrations, an

opaque viscous gel was formed. The effective

solubility limit for cellulose in [Csmim]Cl was not

clearly identified, but depends on the degree of

mechanical processing of the highly viscous paste
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regenerated cellul ose appears to be relatively honogenous from scanni ng
el ectron mcrograph (SEM pictures. In preparing tubes, fibers and other
ext r udat ew0 @3heomanm xi ng step is carried out by extrudi ngpeaimesoesidoul ose
solution through a die and into the non-solvent. Exanple 1: Cellul ose

Dissol ution df- s JM%H@@eﬂlﬁﬂé&gtcd jei iU itk f@Fer dissol ution of an

illustrative test materi al regenerated fibrous cellulose, was [CAmimM .
In a generme@mceﬁmce%n’dl brous cellulose (0.2 g) was placed in nolten

[CGAminm] O (2 g) ina Iassolvll1 aLlIll ryjﬁ{ecaetﬂql lq&)rr%Alt[ﬂlqn]@lcrl%wave oven

with 3 x 5 seconds h ses er eac eat| ng pul se, the vial was
renoved and é&@ﬂlﬁeﬁaﬁiﬂyﬂmgm et endrs,be hest aieptdcesting dteemi cr onave.

A viscous, optically clear solution of Cellm’ér)ra fhe ionic |iquid was
obt ai ned. SelQiveIHE oY BEPRPAFI YN IH L ?ﬁ#eiu WTh varying

concentrati ons, SIO 105 4l %%&ﬁxﬁ&w&@' g Nye 1416 1190 Eeht O dnoTihen sol ut i ons
cel

were increasingly Viscous Wt | ul ose concentration. At 25 wei ght
percent of cieldrdaosie; ddiec dhﬁatratseeﬁ; utadon b%erstcﬁqiﬂicrl/m@abl e. At higher

cel l ul ose concentrati ons, ue VI S d. The effective
sol ubi lity | iHR¥PHYy %"elﬁ”m os%a ‘9’[’ ?ﬁ@ lg@’not dézgr’rely i dentified,
but depends ggn tdwadepree of mechani cal processing of the highly viscous

paste -21 WO 03/ 029329 PCT/ US02/ 31404 forned when_the cellul osg
conposition is over 25U$km@he0@%@@ﬁ%@nal heating, dissolutilon oFf

cellulose wag slow, taking up to several hours
heating at 70-100°C to obtain a clear solution. By
periodically placing the samples in an ultrasonic

bath, the rate of dissolution was enhanced.

Example 2: Cellulose Dissolution in 1,3-
dialkylimidazolium Salts as

a Function of Anions and Cations

Cellulose was readily dissolved in the
ionic liquids in high concentrations compared to
usual solvents. Ionic liquids with different cations
were screened as their chloride salts. These
included [Cemim]Cl and [Cgmim]Cl. The solubility of
cellulose in the imidazolium-based ionic liquids was
found to decrease with increasing alkyl-chain length
on the cation.

A range of anions, varying from small,
hydrogen-bond acceptors (C1”) to large, non-
coordinating anions (tetrafluoroborate and
hexafluorophosphate) were screened as [Cymim]* salts.
The anions included Cl, Br, thiocyanate, perchlorate,
hexafluorophosphate and tetrafluoroborate. These

regults are shown in Table 1, hereinafter.
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The solubility of cellulose in [CAmM N Cl is significantly higher than can
be obtained using other solvents. For exanple solutions of cellulose

di ssol vedwoon3azemsi num of 5 wei ght percent in nolten i norrgamisn2sados
hydr at es have been descri bed. [Leipner et al., Macronol. Chem Phys.,

(2000) 201:2041.] Usimg \conventh@nahatheadning, 1 dinssad utdbnbadiingel | ul ose
was slow, taking up to several hours heating at 70-100C to obtain a clear

sol uti on.  ByanfseId GUiRtala e [AEcewy IRESHplEd ASERF TFasoni ¢ bath,  the
i ss i on was ; _ ~ bat _
Gl d.on, as: Suhanesdl Rxanpl &% Labduhesgobhesohution in 1,3

di al kyl i m da _ sTas a Anions and Cations Cellul ose was
readi |y di ssedsextd n tAkl tlosde dnfpmsisare Inagim concleat hudirodenconpared to
usual solvents. lonic liquids with different cationsﬁ¥§r screened as their

chl ori de sal®end HRERPEIHR| ebd-P BBHF Nt Bhd F CBifF . The solubility
of cellul 0%&%:?%#%15&@%%@%@@%@ i pPigad i gUidspses found to decrease

with increas kyl-chain"length on the cation. A range of anions,
varyi ng frondetretthinedyidhayere bbutose cepibd sneto) by @b8$9€§§? #Bn-

coordi nating, anjons, (tetrafl| uorob t d h
screened as T?ﬂ%?2f¥$§b ?s?ogwﬁqng% oﬁ%gﬁn%?ﬁﬁégﬁ%y?ﬁgf,Q?EPg%génQ?;?

perchl orate, . X osphats: and beheaf Lhdaroberatieatihgse results are
shown in Tab}%g%%gé#g‘?%@ter. _153:} WO g%/ %%935% PCT/ Uénga/tg?%é4

anions include the trifluoromethylsulfonyl-containing
anions such as trifluoromethylsulfonate, bis-
trifluoromethylsulfonylamide (NTf;") and the like.

Thus, requirements for dissolution appear
to include the presence of the strongly coordinating
anion. The aromatic cation, which can participate in
hydrogen-bond donation, may also be necessary, though
these cations are weak H-bond donors.

The importance of hydrogen-bond properties
of solvents for the dissolution of cellulose has been
recognized. For example, NMMO can form two hydrogen
bonds with water or polysaccharides. [Maia et al.,
Acta. Cryst. B, (1981) 37:1858.]1 Both anhydrous NMMO
and the monohydrate are good solvents for cellulose.
However, when hydrated with two or more waters, NMMO
is no longer a solvent for cellulose, and is
preferentially solvated by water.

Heating of the samples is usually required
to enable dissolution. The effect of that heating
may be to permit the ionic liquid solvent to
penetrate into the fiber wall, which enables breaking
of the fiber and microfibril structure and
competitive hydrogen-bonding with encapsulated water.

Ionic liquids are very efficiently heated

under microwave conditions. Thus, highly localized
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It was found that ionic |iquids containing anions that are strong hydrogen
bond acceptors (hal ogen and pseudohal ogen) gave good di ssolution results.
Al'l t hesewanidang32are known to be hydrogen- bond accept ors POTdUS00/31404
participate in extended hydrogen-bonding networks. It has al so been

det er m ned Eg%ﬁegﬁkbgkgsgaﬁp%kdo%%%i%%d?%%%&'ﬁ&@mbﬁe|d$§5bﬂuaﬂmnds
contai ni ng "non coordinating’ anions, including BF4-, and PF6-. O her

non- coor di naffi kel laiioses byndisdepthiag ke sememst hyed@s diRAiadsst ai ni ng

ani ons such_as trifluoranethylsulfonate i S- j.f hyl sul f onyl am de
( NTf 2-) andh¥ﬁ§9ﬁeﬁé%°?ﬁ&§9 ¥g§3#$é§§ﬁfga§bixﬁéégg{Eg%ggﬁgppear to include
the presence of the strongly coordinating anion. The aromatic cation,

whi ch can participate in hydrogen-bond donation, nay al so be necessary,
though these cations are weak H boh¥°Htdnbrs. The inportance of

hydr ogen- bon I r.t i . o 5@t iafs cel | ul ose has
been recogn?%gﬂﬂﬁéﬁ%yg%gdﬁ%§¥Q$ﬁa§€E%#%%ﬁ%E?ﬂn hvdroggﬂf bonds with water
or pol ysaccharitdasc LMghadet al., Meétdhed Cryst. B,S¢l@gi}iBy: 1858.] Both
anhydrous NMMO and the nonohydrate are good solvents, f | ose.
However, when hydrated with two or nore maters,(Wﬁkﬁﬁtigéﬁgg %gger a

sol vent for ceii?é4-%ﬂcﬁnd S LEEET gRent kal)l Y sol vatgdroynvat er. Heating of
the sanples is usually required to enable dissolution. The effect of that
heating may be to pernmit the ioni(@0 i°§di d sol vent % PSH5&E Etrate into the

fiber wall, which_ enables breaki $ i ber a ' dbril structure
and conpetiti ve?ﬂ‘s}?ﬁ"@g@h- bong‘?%%@w(g% e@ga{)sul at egd\kg%lgé}{

sonication

[Cymim] C1 microwave 25 percent,

heating (3 x 5 clear viscous
second pulses) solution

[Cimim] Br microwave 5-7 percent

[Cymim] SCN microwave 5-7 percent

[Camim] [BF.] microwave insoluble

[Cimim] [PFs] microwave insoluble

PR,C1* microwave insoluble

NR,CLl* microwave decomposed

[Cemim] C1 heat (100 °C) 5 percent
[Cemim] C1 heat (100 ©°C) sparingly sol

* PR,C1 = tetradecyl-trihexylphosphonium
chloride; NR,Cl = tetrabutylammonium chloride.

Example 3: Cellulose Regeneration

It was found that cellulose was
precipitated from the ionic liquid gsolution by the
addition of water. This incompatibility is the basis
for the regeneration procedure described below.

The concentration of water that could be

present in [Csmim]Cl, while maintaining the solvent
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lonic liquids are very efficiently heated under m crowave conditions.
Thus, highly localized -23 WO 03/029329 PCT/US02/31404 tenperatures can
be obt ai new d3hae32pr onot e di ssol ution of cellulose by di srugl/vsy28i4st r ong
wat er nedi ated hydrogen-bonding of the natural polymer chains. Table 1 ’

Sol ubi ity Iorq | Ll O 2, hQnry I LH ls@e@ byqui d Met hod
Solubility 8([5\?563% lé%e%e#tﬁ)e ?%ilﬁ%n]ﬂgﬁ%ﬁi‘(é;gbeag? 5aperygglnt.- (700C) 3

percent [ CadidiingCkriveat af@On®sClof+ watger dentthes dieindat ildiSamny C

m crowave 25_percent heat i X l. ' : d

sol ution [ CAREH P@rrﬁﬂré‘P&ﬁa\Fg‘%Sgsﬁéb élgtﬁteoa}lr [pgf?%peqrﬁl?§é§%fnpgr 03/;1/2622 7
percent [ CARidA B4 JHLGHRMAY eHeS AlHb hveat rCArtnden|tPled] tiiecr owave

i nsol ubl e PRACL* mi crowave insol uble NR4CL* microwave deconposed [C6minj
O heat (10600} ljardshtvas eamaiercthfgnteorso JC)W%?S}H rHﬁR? * PRACL =

R e e R Jo s AT
was  preci pigraiges tfieumide iscnjrci it s clnga iorechyanchef ikiRtiE i on of water.
Thi's InCOWp@gf%Jfgggiﬁ%éig%&ﬁgné% be no longer soluble.
When high concentrations of cellulose

(greater than 10 weight percent) were dissolved in

the [C,mim]Cl, solutions were obtained that were

optically anisotropic between crossed polarizing

filters and displayed birefringence. The formation

of liquid crystalline solutions of cellulose can have

useful applications for the generation of new,

advanced materials. The conservation of anisotropy

in the solid phase is especially desirable, leading

to enhanced mechanical properties and high strength

materials. In addition, in other areas such as

optics, specific qualities due to the anisotropy can

also be exploited.

Example 4: Cellulose Solubility Studies

The solubility of cellulose in ionic
liquids can be controlled by changes in the anion and
cation. The requirement for a small, polar anion is
indicated by the high solubility of cellulose in the
chloride-containing ionic liquids, with reduced
solubility in the bromide systems and no solubility
in tetrafluoroborate and hexafluorophosphate systems.

The solubility also appears to decrease
with increasing the size of the cation such as by
increasing the length of the alkyl group, and also by

substituting a methyl-function on the C-2 position
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for the regeneration procedure described bel ow The concentration of water
that could be present in [CAmmMd, while maintaining the solvent -24 WO
03/ 029329wedB/i522/ 31404 properties of the ionic |iquid warusweaswsed by

addi ng known amounts of water to the ionic liquid and then performng the

di ssol ution pro gss W|t rowave heati o\ t ontent of the
ionic liqui cfg\ﬂa gﬁ&é’tué)r t‘ﬁa%hgb&fﬁl Z\(/\D/éLllggfk 'r\{\Ly}g(}en!t’ﬁl gppro% mately 0.5

nol e fracti gRzHEY adRe Solatnthydpieper oesl wmrmtmrg;nafhldamyl yn npai red and
fibrous cellulose was found to be no | onger soI ubl e. é\Th

concentrat i 6he chtdeinl Wagsde (FResitentt R IR2 were
di ssol ved i n lebj%l[v%gl.:pos Og.cil_ %%i Wi QRS- {WRIi& P bRl i :[[cﬁ?itc fild)p'“ cally

anlsotroplc et'ween ari“zing filters and displaye
bi r ef ri ngengaunctierarimmt | orSucm‘ rddguiicadriyst atdimies S imElens of cel | ul ose

can have useful applicati for the generati.aqn advanced
materials. TRETESHs&N %} Jé'“}ﬁys@f’rogpﬂf MHqPY leoréocfr?\c,}é phase i s especially

desirable, leadingndo mﬁ{hhf’ff'cﬁéj dechanical myopamdesiand hi gh strength
materials. I'n addition, in other areas such as optics, 1%eqlflc qualities

due to the mnicsstersipyy cah the sbarolags siqlektl %ﬁplr@"‘% P& Ose
Solubility g’%é"f?aﬁg-erga rs]%%biéﬂlté/ 1of L&e& W osendi@pic |iquids can be

controlled € anion a cation. The requirenent for a
smal |, pol ars1@ﬁlmdaqt1ylcﬂmabdowhm&edﬁtg¢umSab@f|¢§/lbilqﬁﬁhl ulose in the

chtort de- Corgraelsr{lm?agbll.; n’ék(l:r(lblllg u‘cggmpg%ﬂ:ltthm;ee %}gggogen bonding to
the cellulose microfibrils that inhibits
golubilization.

Primary studies were conducted with
regenerated fibrous cellulose. Additional studies
were also carried out on other cellulose samples.
Three dried-dissolving pulp samples from production
lines were investigated. Sample A, a wood pulp used
in cellulose acetate applications, has a 98.7 percent
R-18; Sample B, a wood pulp used in lyocell
applications, has a 97.5 percent R-18; Sample C, a
wood pulp used in rayon applications, [has a 96.8
percent R-18. [The R-18 test is a TAPPI (Technical
Association of Pulp and Paper Industry) standardized
test that measures the fraction of cellulose
resistant to dissolving in 18 percent caustic soda
solution.] The degree of polymerization (DP; measure
of -chain length) for the three pulps are: Sample A;
1056, Sample B; 470, Sample C; 487. All three
samples were found to be more readily soluble in
[Camim] Cl than fibrous cellulose.

Fibrous cellulose could be dissolved at

greater than 5 percent in [Cgmim]Br and [Cqgmim] SCN

ionic liquids, but those dissolutions were more
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solubility in the brom de systens and no solubility in tetrafluoroborate
and hexaf | uorophosphate systens. The solubility also appears to decrease
wi t h i ncreasisngdzhe size of the cation such as by increasiagusokaidoengt h of
the al kyl group, and also by substituting a nethyl-function on the C2

posi tion '%ﬁ@i‘&%’l@%@%éﬁ%d@%ﬁ%@én (RARB O Eymingfcit he im dazol i um
ring. Thus, both charge density and hydrogen bond donating ability in the

\(;2';! g{l_ can Ig,9tsiﬁ@9(grtm1td_ leggnd;_rge’m}et&ie@sidthnd' orsel ectively nodified by
ariation in“the ionic liqui unctionality. Such nodification permts
sinple contrdletly lemmaries) ﬁﬁ%%&%&%r@ﬁ’%ﬂtaﬂ%ﬂo@ﬁ“ﬁti ons, which is
of benefit f rlo?:lit&%e% potgeqf_essi ng of the dissolved cellulose. The
presence of "Wat'er i n the i onic liquid was shown to significantly decrease

Lgﬁdisgl u{oiol i ';Keof flel :]111_ cmreq_thqu' @u{dazbl )aahir&ﬁ&gﬁﬂmmfm i E3Neehydr ogen
Pr 3 e u@aﬁqi%a@:sﬁiﬁeﬁﬂv%é’vér{’ e gt Y Bt B e
Three dri ed-scfﬂes Vg epsucla‘ilo:%;%#rp i;ds%agﬁ #@b uc%l%{)ncﬁjll!%l%g@i\%elfgnpl =
LT oat one e BT e oot R 18: Sl o B o veed pul ptised
fggcel | applaceds dﬁ”sanﬁﬂdgc%iﬁgga“ﬁ ﬁ'\éﬁ'%é?ﬁéi Jiegi I%‘é%\ﬁ%%\ée)ﬁg, géjalip?/\%{t(s)%dplulnp used
in rayon applifald oRss dheSc8e@bifko RAIC ML RA8. ddheuRkHértest is a TAPPI
(Techni cal &scgglm ation of Pulp and Paper Industry) standardized

heating and agitation, the filter papér dissolved

completely at 5 percent by weight loading to provide

a colorless, clear solution. When the ionic liquid

was loaded to 10 weight percent with filter paper,

complete dissolution became much more difficult and a

vigscous solution that contained residual ionic liquid

impregnated filter paper was obtained.

All three wood pulp samples were more

readily dissolved than the fibrous cellulose sample.

We performed tests to prepare a 5 percent solution in

[C4mim]Cl (0.5g in 10 g ionic liguid) using microwave

héating in 3 second pulses. On increased loading,

very viscous mixtures are produced, the best

description would be a paste. Up to about 25 weight

percent loading of the fibrous cellulose, the paste

could be worked with a spatula and with extended

heating and manipulation yielded a clear material.

An inhomogeneous, partially opaque mixture was

obtained at higher loading.

Example 6: Processing Cellulose Solutions

Solutions of cellulose in ionic liquids can
be processed simply. Cellulose can be regenerated

from the ionic liquid solution by admixing the
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test that neasures the fraction of cellulose resistant to dissolving in 18
percent caustic soda solution.] The degree of polynerization (DP; measure
of chai n Wwengptd32por the three pul ps are: Sanple A, 1056,pC3ampbksids 470,
Sample C, 487. Al three sanples were found to be nore readily soluble in

[CAmi M Ot han filsous-Sotd Lh 086 i b be ousqeed | Wl esewsostd beciéssol ved at
greater than 5 percent in [CAmniBr and [CAm m SCN _ionic |iquids, but

thﬁse disﬁmpmﬁQﬁEﬁWwﬁiﬁgmﬁQﬂuQGOWE)@%m029%99b$fﬁ$@@02/31404 difficult to
achi eve tha en using a ] d heat.i ondi ti ons,
tr|ethylam&#ﬁ%ﬁéﬁ%ﬁ%ﬁ?%eoéggﬂ%gi%%%%%@%%%%%%?uﬁ#h%ﬂ?%fi%gégggghposed. In
anot her studyatashl €58 Aatcns &rlheat spabersedstilossol ved in [ C4minjCl

ionic liquid using the above-described m crowave g£%§ess. M. Lnitial

contacting and mi crowa¥@e heat i REOSEhe i Pe et SPanEr caRe?t VARSI ucent and
was Observedré#%§vﬁ%lmé@er@bﬁiclfgﬂﬁgl&@ﬁeﬁ&§ﬁéb©ﬁ hetvothbBe matrix. On

further heatl anq agitation, the filter paper dissolved conmpletely at 5
percent by weomthctibagiof tbepionideligusdl splessonchadr t86l uti on. When the

ionic liquid was |oaded to 10 .weigh rcent w LLter , conplete
di ssol uti on E%%%ﬂ%rﬁﬁﬁﬂnn%?%uagf%?cﬁ%?ggﬁ%ga @%gg%gghéélgg?gﬁéthat w
cont ai ned reghdugl 1hOMhEvEi HEEH prepaeghatedililiberapapehewasopbt ai ned. Al
t hree wood pul p sanples were nore_ readily dissoLveg.tha he fi brous
cel | ul ose safpf eprogespengophedet it eseolpPrBpaPrBLy 1889@e ¥ solution in

forming into an aqueous phase. Rapid mixing of the
ionic liquid solution with an aqueous stream results
in precipitation of cellulose as a powdery floc.
Alternatively, extruding of the ionic
liquid/cellulose solution into a non-solvent (for
example) water enables thin fibers and rods to be
prepared, as is seen in Fig. 1. The initial
extrudate is malleable, and hardens in contact with
water as the ionic liquid diffuses from the extrudate
into solution.

A cellulose film can be obtained by coating
an appropriate surface such as a glass microscope
slide with an even layer of the cellulose solution
(approximately 1-2 mm thick). The slide was then
immersed in a water bath. Initial, regenerated
cellulose samples were flexible and apparently very
porous. On drying, significant shrinkage occurred to
form a hard, resilient film.

A cellulose from an ionic liquid solution
can also be molded into various forms. The solution
is poured into a mold ana a non-solvent added to
cause the cellulose to precipitate.

Because the viscosity of the solution and

the cellulose concentration can be controlled
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[CAm n]Cl (0.5g in 10 g ionic liquid) using mcrowave heating in 3 second
pul ses. On increased | oading, very viscous mxtures are produced, the best
descri pti w0 ssadxt9be a paste. Up to about 25 wei ght percear/isvadiaog of the
fibrous cellulose, the paste could be worked with a spatula and with

ext ended h%%dé&%}rﬁ%{@pggyalaﬁé Oyl &l dsd 2 &l eesramt etbale An

i nhonbgeneous, que m xture was obtained at higher |oading.
Exanpl e 6: PriopessifiprCel [hibnskogahet $eirisesol @it d onECH &) H%se in ionic

i quids can _be  pr ssed.sinply. .Cellul o eg romthe
i onic |iqui Jl B O &y &ami aryﬁﬁ“t“f?e t%ﬁ%\%l%ge%ﬁg@g{fzg %ﬁ/gﬁﬁ%mm
cel I ul ose- coul 1t ibhd e hé quibElivd 2dd wedera hhetcupaecpbpodatt ng
solutions can also be used. Illustrative of such seolutions_are ethanol,

acetone, WwR®EDaTAH GRuectBUDr FRRAFTLI?L sHPRt FOREC The9eef ul ose can be
regenerat ed %&t%\::ﬁ’grgeancﬁ anges Pf - ORCL OSLRR fefREAB1 88 EPELRYL N how t he
0

contacting e 1tonic liquid solution and the regeneration liquidis

achi eved. Mywlithsse fibdrs nadefietasethalieohesnlpt bpareiithoai Vidstrate the

scope for processing_of Cel%fl ose fromionic li%%?i?ﬁ ofL-OE Lng into an
sol'u

aqueous phas@T R i WHPSHOFheS PHnf ™t Gul d on Wth an aqueous

stream resultsocdds PESCEPhY Bt L OAsOhngei bl oseigaia. powdery floc.
Al ternatively, extruding of the ionic |liquid/cellulose, solutioninto a
non-sol vent (for exanBihe)usatef ARBredstRiA FPBERSTER4™Pods to be

prepared, asséfuéﬁgg EQSE&gteﬁtigfee£9i£gﬁﬁental benefits and

cost advantages over current processing methodologies
which make use of volatile organic solvents. The
ionic liquid can be recovered from agueous solution
and reused by removing the water. This water removal
method has been demonstrated on a laboratory scale by
evaporating the aqueous/ionic liquid solution to
dryness. However, on an industrial scale, other
methods for removal of water may prove to be more
practical. Illustrative alternatives include reverse
osmosis, pervaporation, and salting out of the ionic

liquid.

Example 6: Physical Properties

of Regenerated Cellulose

The regenerated cellulose was characterized
by differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), and powder X-ray
diffraction (XRD) to determine whether regeneration
from the ionic liquid had caused any changes in the
molecular morphology of the cellulose. Scanning
electron microscopy (SEM) was used to observe the
bulk structure of the cellulose materials prepared by

regeneration from the ionic liquid (see Fig. 5).
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extrudate is nalleable, and hardens in contact wwth water as the ionic
liquid diffuses fromthe extrudate into solution. A cellulose filmcan be
obt ai ned W @eavizag an appropriate surface such as a gl asCmisIROSLOPE
slide with an even |layer of the cellul ose solution (approximately 1-2 nm

thick). The slide WaSDtsfchf%n | 3Rt rldd Rk daidll ddtidd @or regener at ed

cel l ul ose sanples were exible and apparently very porous. On drying,
si gni fi cant caliniulkage prectipicdttesl frommtdehdiia dsidyicht film A cel lul ose

froman ionic |liquid solution can alsp .be nol ValiQus, dor me. The
solution i¢ d A5 djoér?’?darae&r)lc;cr? stc%%vg)%dalglf&gd Ctaéol causfée t he
cel lul ose t @ UABGII .t atmBeEAURES d hE adesT sl ty wifatitewsadatplen and  the

cel lul ose concentration can be controlled -28 WQ 03/029329 PCT/ US02/ 31404
i ndependent Iholisen kac hsiatedbfta T FFerEites ittt $iWFH from a honol ogous

series (e.g. . [CAm 1 Lom.ad-2l ) or by changing the tenperature,
processi ng act‘[é%odc’ﬁl}rgg%s a%nl(%gs(%ltqunfzed for a particul ar product

preparation. Thus, cormirpl Ddfshdwes itdhe (TEA quinvsdlind dihand wat er

contacti ng net hodol ogy permts _cellul ose . to be regener from sol ution
with a wide O%%r&lyg%fbwspﬁiﬁjdjdﬂe%seof%q rﬁ)‘?%er\l/%]ﬁ&a C?O%BO ‘the processing

condi L1 on's b LR $ 6 thnllag cuse Ghirenlcell a8 ddhe regenercatich sol uti on
has potenti nvironmental benefits and cost advantages over_current
processi ng niddodudsigiien whix NaEkew USRMRATYER | FRRYT ghRPR 3dfvents. The

360°C. Regeneration from the ionic liquid lowers the
onset temperature for decomposition, but results in
higher char yields (non-volatile carbonaceous
material) on pyrolysis.

For fibrous cellulose reformed from
[C,mim] Cl, powder XRD shows only small changes in the
morphology. The degree of crystallinity of fibrous
cellulose appears to be slightly decreased after
dissolution and regeneration from [Camim] Cl as
indicated by the relative intensity and shape of the
sharp peak at about 10° (d = 4 A) and the broad
underlying diffraction band, shown in Fig. 3.

The crystallinity index of cellulose, I,
can be calculated using the following equation:

Ic = 1 — (Imin/ Imax)

where Impn 18 the intensity minimum between 2 =

18-19°, and the Ip., is the intensity of the
crystalline peak at the maximum between 20 = 22-23°.

Thig was taken from:

Marson et al., Journal of Applied Polymer Science,
1999, 1355-1360.
In a sample that was stored in the ionic

liquid for several weeks, then regenerated, the XRD
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ionic liquid can be recovered from aqueous solution and reused by renoving
the water. This water removal nethod has been denobnstrated on a |aboratory
scal e by wevamesabi ng the aqueous/ionic liquid solution t®CTURESHS
However, on an industrial scale, other nethods for renoval of water may

prove to be, 1 d0G@ e rRLAGL] Céiad 1LLust eaki wBadhteepasivespeagkuderr ever se
osnosi s, pervaporatlon salting out of the ionic _liguid. Exanple 6:

Phy5|cal Pr eper te2dudbsBegepetal édneekkaless - Thé ﬁé@éﬁ@r&?@&dcellulose was
characterized b§ di fferenti.al canning Egr geggy

theranraV|P€Pﬂ| 2§n8PFEF ¥ TR L85G P lmg ray g‘ gh ction (XRD) to

determ ne Wﬁska%ﬁanege@ﬁigtmag 1h6@@atbea|@nbw birgakdowad ofatided any

changes in the nolecul ar hol ogy of the cell ul Scan el ectron

s
m croscopy PSEVewashaied Wét hsdFFe EBFelspQ §e§WF§c95F§ OF%Fhe cel | ul ose

t I
U 03] 020308 BEHD80DF 301 BRE nd Ta Ere maerats were colleted fo

fgl{ﬁlose pt@@:@eu?Fe?sérmﬁﬂtﬁernonlc liquid solution, and were conpared
e original cellulose teri e r tinum
sanpl e _hol der and heﬁté&mpga 6& 5§ngcﬁ§€¥§g§ﬁpmg%ﬁggb é?@ﬁg? 100C
mn-'. Fig. %L%ngﬁnﬁ@ﬁ TEAL WY @S HatoddiRousy isgiwedlgtft hreoteeerdel | ul ose and
regenerated for prepared from[CAm m Cl. Pure ceIIqu%? shows rapid
deconp05|t|@@Lutn@nnarﬁbw taiepERFRkas Matfe HesmSsRrate

regenerated as (i) a floc into water, and (ii) as a
rod by extruding into water from a syringe. Both
regenerated forms were washed with water, then air
dried for 1 week to ensure equilibration of the
moisture content with the ambient atmosphere.

The powder XRD traces and crystallinity
indices determined for the original fibrous
cellulose, and the two regenerated forms are shown
the figures below. In these particular studies, the
powdery regenerated floc showed an amorphous
diffraction pattern with no crystallinity, whereas
the extruded-rod form had a crystallinity index that
was indistinguishable from the original fibrous
material. These results indicate that the degree of
crystallinity (and hence, microstructure) of the
celluloge can be manipulated during the regeneration
process to manufacture materials with
microcrystallinity varying from crystalline to
amorphous.

The modifications to the bulk structure of
regenerated cellulose are shown from gcanning
electron micrographs, in Fig. 5, of the initial
untreated samples and cellulose regenerated from the

[C,mim]Cl. 1Initial samples of fibrous cellulose and
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360C. Regeneration fromthe ionic liquid |lowers the onset tenperature for
deconposition, but results in higher char yields (non-volatile

car bonacewowso3/me®2eri al ) on pyrolysis. For fibrous cell ul osewesoosmed from
[CAmim O, powder XRD shows only small changes in the norphol ogy. The
degree of c ?éééhb&ﬂg %Su% Libyowsbesel Lul apexapaeansitathenstinght |y
decreased after dissolution and regeneration fron1[C4ninL§G as indicated
by the rel atheeSENtendiftyprandgehgpetaopnyhdn SrikpCpesR att"&bout 10 (d = 4
A) and the broad. underl.ying diffr ' : [ [ 3. The
crystalliniF?gﬁH&Q Cof*? eFIuPHgg?tgg?]%@S%%%g'g%?@ﬁP%FggFﬁgﬁhg t he

fol | owi ng egyapiafed & Fohgh, (buinkohmiomentatre tlemitnries irhehilehensi ty

m ni nrum between 2 = 18-19, and the Inaé.is L@gfin%en%hkﬁ Qf the

cryst al | i netpeakiderehiaaxtifbet Reh 9BF 3= 13511550 e was taken from
Varson et al., 1 Jauaale ;0 AaPLed R0lUTRID; S0 8nd L8%RnekdBRal360. 10 a
sanple that "was stored 1n the ionic Iliquid for several weeks, then

r egener at edwithe aXRR1at36eN) BBNORSIPNPCHUSEL/ITAFFE - s different, and

| acks the characteristic peaks for the cellulose crystalline regions. A
single broad band was observed, characteristic of an anorphous material.
This may i ngheald & Al owdhiorakdem @hilhaiqddmer chains with time, as is

observed after the swelling of cellulose in quyid anmonia to generate
the cellulose Il form from Regenerated Cellulose

A series of studies was conducted to
determine whether ionic liquids were trapped or
encapsulated within the cellulose matrix during the
regeneration process. Using a carbon-14 labeled
sample of [Cimim]Cl as the dissolving solvent, a
sample of fibrous cellulose was dissolved (1 g of a
2% (wt/wt) solution containing 40 pL of carbon-14
labeled [C,mim]lBr), then regenerated as an extruded
rod. The radiocactivity of the sample was determined,
and monitored as the sample was sequentially washed
by contacting with known volumes of water.

The cellulose/ionic liquid solution was
then diluted with 5 mL of deionized water, and the
initial activity of the cellulose/ionic liquid/water
solution was measured. After sampling, the aqueous
phase was decanted, and an additional 5 mL of
deionized water were added. This solution was then
well mixed, and the activity again measured. This
procedure was repeated 10 times.

The change in activity of the aqueous
washing solutions with each wash indicates that
effectively all ionic liquid was extracted from the
cellulose within 4-5 washings, each with 5-times the

initial ionic liquid volume. But measuring the
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A sanple of fibrous cellulose was dissolved in [CAmmd to give a
honogeneous 5 wei ght percent solution. The two sanples were then

separ at el wo i3agenerated as (i) a floc into water, and (ii)pcasusn2/3t4d by
extruding into water froma syringe. Both regenerated forns were washed
with water,  Lhem @l acdnhadyf akrdesle t@rensweeiagy, ir atdson of the

moi sture content with the anbient atnosphere. The powder XRD traces and
crystal | i ni tpterndiness tdwette eppredifGtedie & ing fl I9codsd | ul ose, and
the two regenerated faorns-ar 0 fi l.OWi, 5l se particul ar
studi es, thESTp&REE} flj%; 55&%@?&%&@&%&%0% %?égﬁm@\gﬁl&tfg ttﬂgf fraction
pattern w t kegenemetledl Idalilifloseher eas the extruded-rod form had a
crystallinity index that was indistinguishable fromthe original fibrous
material. These results indicate that the degree of crystallinity (and
hence, m Cr%&l}ﬂ@eurse:) He1ha oetidHRs &, 1t e mani pul ated during the
regeneration  process to nanufacture materitals with mcrocrystallinity
varying from crystallinedlot izmsr Braperthes nodi fications to the bul k
structure of regenerated cel.l.ul,ose are sl C I el.gctron

ni crographs, in Fig. S\fhe&} SEIERESES ZjTS éun grg;lé{éecgrgslzrrp @éﬂgrﬁ ggl | ul ose

r egener at ed ﬂi?médlﬁ;el{ﬁ‘aﬂirdr@ (d nid ivd % )sanplgsl pfvisdrwus cel | ul ose and
-31 WO 03/029329 PCT/US02/ 31404 dissolving pulp shaw fibers at 300x

magni f i cat i sliutions SEve ARtEine Ay ‘?Eﬁtjo%‘i‘ Xases, the cellulose

had a CO”D'%H%Qbé%EHEEKLéEWégH”éEB%égﬁipolaéizing filters and

displayed birefringence. Solutions of varying

concentration of cellulose in [Cymim]Cl in which
birefringence was observed under crossed-polarizers
are indicated in the Table below. Birefringence is
indicative of a liquid crystalline phase, either
nematic or smectic, in which the polymer chains are
partially ordered with a bulk orientational director.
The formation of liguid crystalline polymer solutions
is desirable and can be used to prepare high strength
materials that conserve the solution anisotropy in
the solid phase yielding enhanced mechanical

properties.
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di spl ayed a rough, but conglonerate texture in which the fibers have
fused. SEM data indicate that the cellulose fibrils can be solubilized and
regener at i o3wied9a rel ati vel y honbgenous nmacrostruct ure. HETADRB1404
Renmoval of lonic Liquid from Regenerated Cellul ose A series of studies was
conducted to det@éﬁ&fog@eé%'ﬁﬁti&@ Gyd 419Ul fgu VBT eryseppethor  encapsul ated
within the cellulose matrix during the regeneration process. Using a
carbon-14 | abel ed sanple of [CAnPrppertasst he di ssol ving solvent, a

sanpl e of fibrous cellulose was dissolved (1 g of a 2% (w/wt) solution
containing 40 L of carbon-14 labeled [CAm n{Br), then regenerated as an
extruded rod. ThEadteaeisyidey cel LiTwsessanplmoweesdeienei ned, and
nonitored as the sanple was sequentially was by .cor ting with known
vol unes of water. The cel F‘&W/gﬁtg*llsli onic |iqui dp%egefru]’[z?égne\?\g@‘c t hen dil ut ed
with 5 nL of deionized watersgs and the initial actieity of the
cellulose/ionic liquid/ water _solution was neasure After sanpling, the
aqueous phase was decant ed*%ind an additional 5 of deionized water
were added. This solution wassthen well m xed, ariEsthe activity again
nmeasured. This procedure was repeated 10 tines. The change in activity of
t he aqueous washi ng sol uti &9 with each wash indicates that effectively
all ionic liquid was extractosd fromthe cellulosé&BMthin 4-5 washings,
each with 5-ti nes—-the |nitial—tentetHeguad—volure—But——measuring the -32
WO 03/ 029329 PCT/ US02/ 31404

Each of the patents, applications and articles
cited herein is incorporated by reference. The use

of the article "a" or "an" is intended to include one

oY more.

From the foregoing it will be observed that
numerous modifications and variations can be
effectuated without departing from the true spirit
and scope of the novel concepts of the invention. It
igs to be understood that no limitation with respect
to the specific embodiment illustrated is intended or
should be inferred. The disclosure is intended to
cover by the appended claims all such modifications

as fall within the scope of the claims.
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residual activity after the tenth washing, it was determ ned that
approximately 76 g of ionic liquid per gramof cellulose (76 ppm renained
wi t hi n t heo a3agexner at ed cel | ul ose. Exanple 8: Cel | ul ose/ | adreudoegquiod

Sol utions Properties Wen cellulose is dissolved in [CAmm O at high

concentrati%ﬁiT(fslgﬁﬂ&%hD q%ghly vi scous sol utions were obtained that
were optically™ anisotropic between crossed polarizing filters and

di spl ayed birefringende. %olmetbihoms fofr damgory ingomeddtrlasorbét cel | ul ose
in [CAmimd in which irefrin ce was_abseryv r. cr.ossed-pol ari zers
are indi cat PR ERE ?ﬁ'ﬁ‘llé{lﬁ@ o‘%ﬁqﬁipéﬁ‘er iwr%g—‘en@e%?)sl%?ﬁ |(%gltqzlsve of aliquid
crystalline phage il thel sutitG0r apBeeidec of wattdchost e pol ymer chains

are partially ordered with a bulk orientational director. The formation
of |1iquid cmistraidemegrdiairsimns farg dts Fq @i HYft can be used to

prepare high.strength. yaterial-s. that . | A bh APt ropy in
the solid pr‘segeﬁnglsﬁlr%Bieon lacﬁcjzl Jr}g%:#%ﬁ%ﬁﬁp%ﬁeﬁi es. -33 WO 03/029329
PCT/ US02/ 31404 orfsg! ladd ey 190 it nsheniadmilkitguied w@ryisk o1 9l Wrisperti es
Concentration of Cellulose Rotates Plane (w/w% Polarized Light 5% NO
10% NO  15%VESOMRI%ROAES

2. The method according to claim 1 wherein
said ionic liquid is molten at a temperature of less

than about 150°C.

3. The method according to claim 1 wherein
said admixture is irradiated with microwave radiation

to assgist in dissolution.

4. The method according to claim 1 wherein
the cations of said ionic liguid are selected from

the group consisting of

R4
R R, N R*
R’ R® RS RS II\T R®
&1 rR*
R4 RS R3 R4 RS 3
o © Q)
Rl/ N\@( N\R2 Rz/ N\N RS Rl/ Y
rR? £1 R*
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25% YES Each of the patents, applications and articles cited hereinis

i ncorporated by reference. The use of the article "a" or "an" is intended
to includwoomse29xp nore. Fromthe foregoing it will be observesh2thas

nunmer ous nodifications and variations can be effectuated w thout departing
fromthe true gspirit _szand scgpe of tshe novel cgnceptsgof thesinvention. It
is to be under&tood tfhat no Finitation wh regspect tw the' specific

enbodi nent illus
is intended to !
fall w thingfie S !
IS CLAIMED I'S: 1. A nethod for dissolving cellulose that | conprises

admi xing cellulose with a moltem2ionic liquid in the suldtantial absence
of water or a nitrogen-containing base to forman adm xture, wherein said
ionic liquid is conprised of cations and anions, and agitating the

adm xture until dissolution ks conplete. 2. The nethod according to claim
1 wherein saidionic liquid|is nolten at a tenperature of less than about
1500C. 3. The net hod agcor di to gtaim1l whenein gaid adm xture is
irradiated with m crowav fon to assist ) i ssolution. 4. The

nmet hod according to claim|l wheqein the catiofns of\ said ionic liquid are
selected from

R R
7 6
R N R N
gl +\R2 1/ +\R2
R_S R_4 R4 R3
5 9
RS R R R
6 Ng\Rl
R N R? R

wherein Rl and R2 are independently a Ci-Cg
alkyl group or a Cp-Cg alkoxyalkyl group, and R3, R4,
r5, rR6, R7, R8 and R® (R3-R?), when present, are
independently a hydrido, a C1-Cg alkyl, a C1-Cg
alkoxyalkyl group or a C1-Cg alkoxy group, and the

anions of the ionic liquid are halogen,

pseudohalogen, or Cj-Cg carboxylate.

5. The method according to claim 1 wherein
the anions of said ionic liquid are halogen or

pseudohalogen.

6. A method for dissolving cellulose that

comprises the steps of

-36-



he group consisting of A RA RA RBRSRBRE RBREINRA NOOOG6 N/ NR6
, B RIONRI NRERRS 11111111 RA RS RBRRA RS R31/NON-2 2/NN R5
1/N 10O OWMR 08/v39N 1 R3 R R4 -35 WO 03/029329 PCT/ USO2/rEimsh2/3R4 R3 R4
RBREBRR RS R3~NS 1/N1I/NON-- z I/NA\NONRNNR\IN RRRAR/NOT
12 R& RA RS R4 :ci:(3)6 R3nRcREyRReRIutbBRR WocR4aR4iBAicx:: and R6 R R8
1 R7 RB wherein R1L and R2 are independently a C1-C6 alkyl group or a

Cl- C6 al koxyatkyl fnoupe emdskantial aRsenps, oR7WaR8TafRd RO (R3-R9), when

present, arrelitrogen—containing base to form an admixture,

t
N
R

wherein said ionic liquid is molten at a temperature
of less than about 150°C and is comprised of cations
and anions, wherein the cations correspond in

structure to a formula selected from the group

consisting of

R4
R® R*
R3 R®
6 3
R R
R’ /N\ R /N\
Rl -+ R2 Rl + R2
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i ndependently a hydrido, a Cl-C6 al kyl, a C1-C6 al kox

, _ , yal kyl group or a
Cl-C6 al koxy group, and the anions of the ionic liquid arg hgl oggn,
pseudohal w@ers/02e829 C1- C6 car boxyl ate. 5. The nethod accor dirgg/use2ciaim 1
wherein the anions of said ionic liquid are hal ogen or pseudohal ogen. 6.

A nethod for dissolving cel|ulose,that conprises th sof : -
03/ 029329 PCT/ US02/ 31404 (B} adi n erdtepg’of . -36 VO

the substantial absenge
adm xture, wherein said
t han about 150C and is cd

cations correspond in _stRy e—toa. f,ornmul a sefs wthe o]
consisting of RA R4 RER3 Rb Rsﬁii RSRRSNR4 Eﬂ(OC]\I 6 RGI\II?J(REDONN
R REi RI'5 RRI1 11 Rl 4R5R3R45R31/NN~R2R§/NR§R1/NO RN 3

114 RBRR R4A R34R3 3 R2 R5 N
wherein R1 and R2 are independently a Cj1-Cg
alkyl group or a Ci1-Cg alkoxyalkyl group, and R3, R%,
R5, R6, R7, R® and R® (R3-R?), when present, are
independently a hydrido, a C3-Cg alkyl, a C1-Cg
alkoxyalkyl group or a C1-Cg alkoxy group, and the

anions of the ionic liquid are halogen,
pseudohalogen, or C3-Cg carboxylate;
(b) irradiating said admixture with
microwave radiation to assist in dissolution; and
(¢) agitating the admixture until

dissolution is complete.

7. The method according to claim 6 wherein
said cellulose is fibrous cellulose, wood pulp,

linters, cotton balls or paper.

8. The method according to claim 6 wherein
said cation contains a single five-membered ring that

ig free of fusion to other ring structures.

9. The method according to claim 6 wherein

R3-R? are hydrido.

10. A method for dissolving cellulose that
comprises the steps of
(a) admixing cellulose with an ionic

ligquid comprised of cations and anions in the
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I/NNN-R RI/NRNRI1I/NR4R/NOS N \NN12RA AR R4 ::: RRR3
NRL #\R2 RI° +\R2 -37 WD 03/029329 PCT/US02/31404 R5 R4 R4 RR3 R5 RO 6
Oand O WDw3/BB2R 5 RL R8 RL R7 R8 wherein Rl and R2 ar edmidk®pengent |y a
Cl-C6 al kyl group or a Cl-C6 al koxyal kyl group, and R3, R4, R5, R6, R7,

R8 and R9 (%g%éfuﬁ%ﬁnlag?%ﬁ@@t ofdhf tdrngepergdanthy aanhydiirdg, a Cl- C6

al kyl, a Cl oxya group or a Cl1-C6 al koxy group, and the anions
of tg_e E[_oni @hkirguind sarid. handged iquiseddomallégen atoR ENEBLE&MESXyl at e;  (b)
irradiating said adm xtyre wth i V. j.atl t ist in

di ssol ut i on?faﬁg’o c) ﬁﬁ‘g{:tié\?i ﬁBOPﬁegégﬁ?xﬁ%%ﬁt%%}i d(%s%g%%i onis

conpl ete. 7.okhe imetshed ndaeordiveg remieiraidn:G nshearteitn issdimbecalf ul ose is

fibrous cellul ose, wood pulp, linters, cotton. b
met hod accoifdisigmn @Qzloéih%%pr\ﬁ}ﬁéfr sitfuctures A B E i fP e 8 The

halogen, pseudohalogen, or C1-Cg carboxylate;
(b) irradiating said admixture with
microwave radiation to assist in dissolution; and

(¢) agitating the admixture until

dissolution is complete.

11. The method according to claim 10
wherein said cellulose is fibrous cellulose, wood

pulp, linters, cotton balls or paper.

12. The method according to claim 10

wherein said cations have a structure that

corresponds to a formula selected from the group

consisting of

R: R? R? R3 B3 2 RS R3

oo o S of

N. N
II\T N
R2 4

R

4 R5 3 R4 RS R3
O, AT, = D
\( e

3 4

R 1L1 R

R

wherein Rl and R2 are independently a C31-Cg
alkyl group or a C1-Cg alkoxyalkyl group, and R3, R%,

R5 (R3-R5) are independently a hydrido, a C1-Cg alkyl
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said cation contains a single five-nmenbered ring that is free of fusion to
other ring structures. 9. The nethod according to claim6 wherein R3-R9
are hydrid@ 03029324 net hod for dissolving cellulose that camwsisLs408he
steps of : (a) admi xing cellulose with an ionic liquid conprised of
cations and aRius d nofhg 213@:¥R103/10203A% RG4S0/ Gl lkozsubst ant i al
absence of water to forn1an adm xture, wherein said ionic liquid is nolten
at a tenper ajneugp of about -44C to about 120C wherein said cations contain
a single five-nenbered ring that is free of fusion to other ring
structures and said anions are hal ogen, pseudohal ogen, or Cl-C6

carboxyl ate; (b) irradiftinghes s s addbedhd heo RET40MeyvE radi ation to

assist in dissolution; and (c) agitating the adm xture until dissolution
i's COWD'etevﬂ%ireﬂﬁERhER%QﬂmaQmeﬂMﬁg to claim 10 wherein said cellul ose
is fibrous cellulose, wood pulp, linters, cotton balls or paper. 12. The

nmet hod according to claim 10 wherein said cations have a structure that

corresponds to a for Sohee R AEOERE 1 AP0 COnsiting of RE RS R4 R
R3RR R5 R3 N RI. nUﬂ@ Ff#N SRI1I/NONR/ | NON-R2

wherein sald cation is a 1,3-di-Cq-Cg- alkyl

imidazolium ion.

15. The method according to claim 14
wherein one of said 1,3-di-Cq-Cg-alkyl groups is

methyl.

16. A method for dissolving cellulose that
comprises the steps of

(a) admixing cellulose with an ionic
liquid comprised of cations and anions in the
substantial absence of water to form an admixture,
wherein said ionic liquid is molten at a temperature
of about -44°C to about 120°C, wherein the cations are

1,3-di-Cq-Cg-alkyl imidazolium ions corresponding in

structure to Formula A

wherein Rl and R2 are independently a C;1-Cg
alkyl group or a Cj-Cg alkoxyalkyl group, and R3, R4,

R5 (R3-R5) are independently a hydrido, a C31-Cg alkyl
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NNI2ZRA 4R 3RAR REBand O R/N NR2 R2Z/NOR5 R1,

R R wherein RL and R2 are independently a Cl1-C6 al kyl group or

al koxyal ko @proaeg29 and R3, R4,
Cl- C6 al kyl

wherein R3-R5 are hydrido.

_-NTO N3 1R3

a Cl-Co

R5 (R3-R5) are independentHgr/esodgdwido, a

-39 WD 03/029329 PCT/ US02/ 31404 group, a Cl-C6 al koxyal kyl
group or a Gr&eppl Koxry-cgr alRoxidlkFhegpetihodraacay dCggalkoryai m 12

14. The method according to claim12 wherein

sai d cation gsoap lagddth€latbons kgf thei dardti bagied. ax8§. aThe net hod
%ﬁg aimi14 mhergég?gne of said 1, 3-di -Cl-C6-al kyl groups is

according t
16.

met hyl .

YROd°F oP =8 PRG"tel  ul ose that conprises the

st eps of

(a) admixing cellul ogg)w thragihenthg shiquadmégapresedthf cations and
anions in the substantial absence of water to forman adm xture,
sai d ionic ImigrevpdenspeentapnateeapiatuiB déFsghBhioraqeto about 120C,

wherein the cations ar )
in structure to Formul'a" A

dissolution is complete.

17. The method according to claim 16
wherein said cellulose is fibrous cellulose, wood

pulp, linters, cotton balls or paper.

18. The method according to claim 16

wherein R3-R5 are hydrido, and Rl and R? are each a

Cq1-Cg alkyl group.

19. The method according to claim 16
wherein one of said Cj-Cg-alkyl groups is methyl.

20. The method according to claim 16

wherein said anion is a chloride ion.

21. A method for dissolving cellulose that
comprises the steps of

(a) admixing cellulose with an ionic
ligquid comprised of cations and anions in the
substantial absence of water to form an admixture,
wherein said ionic liquid is molten at a temperature
of about -44°C to about 120°C, and wherein the cations

are 1,3-di-Cq-Cg-alkyl imidazolium ions corresponding

in structure to Formula B

~41-
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RA RS A RNON R2Y R3 wherein RL and R2 are independently a d-C6 alkyl
group or a Cl-C6 al koxyal kyl group, and R3, R4, R5 (R3-R5) are

i ndependewd o3/0a92ydri do, a Cl1-C6 al kyl -40 WO 03/ 029329 RCW/ 8031481404
group, a Cl-C6 al koxyal kyl group or a Cl1-C6 al koxy group and the anions of
the ionic liquid are a hal ogen or psgmQhal ogen; (b) irradiating said

adm xture with mcrowave radiation Cﬂb- ist inBissolution; and (c)
agitating the adnmixture until dir5S0 on icg, conpl ete. 17. The net hod
according to claim16 wherein said cellulose is fibrous cellul ose, wood
pul p, linters, cotton whekeiorRpapera C8-CFhelhkpihgdoapcendi Bgeto clai m 16
wherein R3-R5 are hydrido, and Rl and R2 are each a Cl-C6 al kyl group. 19.
The net hod azebedsngft bhel apmie6lidhed ephicofen8fog8RdOL1- C6- al kyl groups is
methyl. 20._Th ccording to claim 16 wherein said anion is a
chloridei(nﬁsiﬁﬁgﬁégggﬁgd for dissolving cellulose that conprises the
steps of : (a) adm xi ngbel inradeéawihd aaidoadoixktugei gicbnpri sed of

cations and anions in the, substantial,absencg.of %ager to fgrn1an
admi xt ur e microwave radiation to asgist 1n dissolution; an

(¢) agitating the admixture until

dissolution is complete.

22. The method according to claim 21
wherein said cellulose is fibrous cellulose, wood

pulp, linters, cottom balls or paper.

23. The method according to claim 21
wherein said Rl C;1-Cg alkyl group is a C;p-Cg alkyl

group.

24. The method according to claim 21

wherein said anions are chloride ions.

25. A solution comprised of cellulose in a
molten ionic liquid solvent that is substantially
free of water or a nitrogen-containing base, wherein

said ionic liquid is comprised of cations and anions.
26. The solution according to claim 25
wherein said cellulose is present in an amount of

about 5 to about 35 weight percent of the solution.

27. The solution according to claim 25

wherein said cations of said ionic liquid correspond
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wherein said ionic liquid is nolten at a tenperature
about 120C, and wherein the cations
i ONS Ccor r exposrdog

m cr owave

agi tating t reoredidbdng &inti |
according to claim?21 wherein said cellulose is fibrous cellul ose, wood

pul p, linters,

cotton balls or

of about -44C to
are 1, 3-di-Cl-C6-al kyl imdazolium

in structure to Fornmula B -41 WO 03/ 02%329502/31404
PCT/ USO02/ 31404 B RI~-NNO'N CH v 3 wherein RL is a Cl1-C6 al kyl

ani ons of the, icanhecdiei€b ad ef erhal Dgesl @rtedsepomheheggnour b)
said adm xture with

group and the
irradiating
in dissolution; and (c)
22. The net hod

radi ati on to assi st
di ssolution is conplete.

paper. 23. The method according to claim 21

wherein said RL Clz*C6 al kyl

gropp is a Cl-CAral kyl

group. 24. The net hod

according to cl ai
sol ution congx{s
substantial ly
ionic liquid is
to claim25 ¢

ide ions. 25. A
ni ¢ | o ént that is
tiningb erein said
GEEQE\?6. T ‘g!
in

tion according
i6se i s presen r&n rAnount” of "R*about 5 to

'pns afe chl or

ni troge
s and

W e
about 35 wei ght pehpent of the $9Iution. 27.|Ihe solution]bccording to
R R

cl ai m 25 R

N
RN g g NN R
’ |
R? R*
R4
. R® R*
rR? R
6 3
R R
7 6
R N R N
l/+\ 2 1/ +\ 2
R R R R
r? R3
RY R’
and <::>N
RS gt
R’ RS
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wherein said cations of said ionic liquid correspond -42 WD 03/029329
PCT/ US02/ 31404 in structure to a fornmula selected fromthe group

consi sti nyoof3/B24 R4 R3 RS R3 RS R3 R3 N R4 O ON ON 6 6 TAUS@X1464 R N R
RNRNRRNRIi 111111 RARR RBRARS RBINONR RI ;OR5S RI/NOO

R3INT R RLRE REBefelld 8 2273 e Nfidpegadhe: F@d{RG@%gN
RI/NO-R4A RI/NOS NRI NNR R RMA RSRA R3 R§) :ﬁ N Rl +R2

Rle~ +\R2 RS ¥4 R &8 SR g bt Ny Rgrohb Bgaﬁ@ &l R4,
R®, R®, R7, R8 and R? (R3-R%9), when present, are
independently a hydrido, a C;-Cg alkyl, a Cq-Cg
alkoxyalkyl group or a Cj-Cg alkoxy group, and the

anions of the ionic liquid are halogen,

pseudohalogen, or Cj1-Cg carboxylate.

28. The solution according to claim 25
wherein the anions of said ionic liquid are halogen

or pseudohalogen.

29. The solution according to claim 25
wherein said ionic liquid is molten at a temperature

of about -44° to about 120°C.

30. A solution comprised of about 5 to
about 35 weight percent cellulose in an ionic liguid
solvent that is molten at a temperature of about -44°
to about 120°C and is substantially free of water or
nitrogen-containing base, wherein said ionic liquid
is comprised of cations and anions in which the
cations correspond in structure to a formula selected

from the group consisting of
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Ra 11 R7 R8 -43 WO 03/029329 PCT/ US02/ 31404 wherein R1 and R2 are

i ndependently a Cl1-C6 al kyl group or a Cl-C6 al koxyal kyl group, and R3, R4,
R5, R6, RWOo®d2emd RO (R3-R9), when present, are i ndependernvisp2aidoydri do,
a Cl-C6 alkyl, a Cl-C6 al koxyal kyl group or a Cl-C6 al koxy group, and the
anions of the ionic |liquia?are hat ogen, r? pseudghal og or &1-C6

carboxyl ate. 28. The sol utiQn cordi ng do_cl)aim 25 erern the ani ons of
said ionic liquid are hal og r pseudo en. 29. T | ution according
to claim25 wherein sai,dA Nkl qui d i nsat, a rature of about
-44 to about 120C. 30. A sol 0tion ?:or?‘priiéd of &bodt 5 about 35 wei ght
percent cellulose in an ioniclliquid sol vépt that is nojten at a
tenperature of about -44 to Bbout 120C anéis subst ant i & | y free of water
or nitrogen-containing base, wherein said ionic liquid is conprised of
cations and anions in which the cations correspond in structure to a

formul a sel ecte® fromgthe grafip consisti of M R4 R&S R3OS R3 R5 R3 R3
N R4 O ON NRRM NRSgé?_N_lgi i 1JN/11-44 03//029329
PCT/ US02/ 31404 @ @ @ @

N\ )\R‘l R:I./l\T

N N
T N
R? R?
R4
5 4
R R
R R®
6 3
R’ /N\ R® R /N\ R
Rl + R2 Rl + Rz
RS R4 R4 R3
RG R3 R5 R9
N.
R’ N R® R® g
R® 1'21 R R®

wherein Rl and R2 are independently a C1-Cg
alkyl group or a C;-Cg alkoxyalkyl group, and R3, R%,
RS, R®, R7, R8 and RP (R3-R9), when present, are
independently a hydrido, a C1-Cg alkyl, a Cq1-Cg
alkoxyalkyl group or a C1-Cg alkoxy group, and the

anions of the ionic liquid are halogen,

pseudohalogen, or Cq-Cg carboxylate.
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R4 RS R3 R4
R5 R3 NR1

(R3-R9), wh
al koxyal kyl
liquid are
PCT/ US02/ 31
liquid solv
The solutio
five-menber

5 R3RI/NO N-RR R2RZINNN RS RI/NO | RBRRRA RA R34 R3 3R
--~\ON-- R RI/NN7N1I/NN4 1/NC-S Ni RNRRR RM O R4
i~ R6 WORB/R1329 R2 RL +\R2 5 RA R4 R3 R6 RB R5 RO O PcanSo@3RB4Rl  R7
\ NRO Re 11 R7T RB wherein RL and R2 are independently a Cl-C6 al kyl

group or a Cl-C6 al koxyal Kyhgrdimst i Rboding Ry RpidR730 R8 and RO

en present, are independently a hydrido, a d-C6 al kyl,
r%ﬁﬁ%eQ%uiﬁrﬁplQﬁﬁcﬁE df the ionic

vreone. rors ad A0 a6 | ey @

a d-Co

Q%L{‘? en,. Rseudol angcge_nloooq:é)C%bggthrolg@éyl ate. -45 WD 03/029329

e solution accor

ing to claim30 wherein said ionic

ent is nolten at a tenperature of about -10 to about 100C 32.

The solution according to claim

ed
wherein said cations contain a single five-membered

ring that is free of fusion to other ring structures.

33. The solution according to claim 32
wherein said cations have a structure that
corresponds to a formula selected from the group
consisting of

R3 RS r®

2
R
/
N

| 4

!
/
\z
/
wm

4 RS R3 r? RS R3
bo S o G o
N N O
Rl/N\( —~g? Rz/N\ RS rRY
3

R

wherein Rl and R2 are independently a C1-Cg

alkyl group or a Cq-Cg alkoxyalkyl group, and R3, R%,

R5 (R3-R5) are independently a hydrido, a C1-Cg alkyl
group, a C1-Cg alkoxyalkyl group or a C1-Cg alkoxy

group.

34. The solution according to claim 33
wherein said cation is a 1,3-di-C1-Cg alkyl
imidazolium ion that corresponds in structure to

Formula A
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ring that is free of fusion to other ring structures. 33. The solution
according to claim32 wherein said cations have a structure that
correspond® a3m2g32p or mul a sel ected fromthe group consi stipr@/@2BUOR3 R4 R3
RBRR R R3 ~N 1/NCON-R2 1/NCONRL/NJ~ RINSRNRiI NI R R4 4R5
R3 R4 R5 R3and o 1/No ~R2 2/NO5 RI/NOTRR~NR 314 R3RLR
wherein RL and R2 are independently Cl-C6 al kyl group or a Cl-C6

al koxyal kyl group, and R3, R4, R5 RR3-R5 R°ar e i ndependently a hydrido, a
Cl-C6 al kyl group, a Cl-C6 al koxyal kroup or a Cl1-C6 al koxy group. 34.
The sol ution according to claim33 @ n said dation is a 1,3-di-Cl-C6
al kyl imdazoliumion that correRapfrH ¥~steructure to Formula A -46 WO
03/ 029329 PCT/ US02/ 31404 4 Rs + A R

35. The solution according to claim 34

wherein one of said 1,3-di-Cq-Cg alkyl groups is

methyl.

36. The solution according to claim 34

wherein said R3-R® groups are each hydrido.

37. The solution according to claim 34
wherein said cellulose is present in an amount of

about 10 to about 25 weight percent.

38. A solution comprised of about 10 to
about 25 weight percent cellulose in an ionic liquid
solvent that is molten a temperature of about -10° to
about 100°C and is substantially free of water,
wherein said ionic liquid is comprised of cations and

anions in which the cations are 1,3-di-C;-Cg alkyl

imidazolium ions corresponding in structure to

Formula A
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35. The solution according to claim34 wherein one of said 1, 3-di-Cl-C6
al kyl groups is nethyl. 36. The solution according to claim34 wherein
sai d R3- Rvogaapr9 are each hydrido. 37. The sol uti on accorrimgsozo14kai m 34
wherein said cellulose is present in an anmount of about 10 to about 25

wei ght percent. 38. A s@lditdiop gomgud seal ofe ail}mgpe’lr_&)dé&lfgﬁ%l-?é wei ght

percent cellulose in anionic liquid solvent that 1s nol a tenperature

o 5o, Ity an e, S Giags e et

said ionic liqui nprise in"which the cations
are 1, 3-di - ClsC6,.4 | im |ium i corresponding Ln structure to
Formul a A R4]3?s (/5@] %%Ng%—%@eﬂe@é&ﬁy Vo 04109830 B Cs0R S04
wherein Rl a are d.ngependentl v 1a,Cls | Ky Ol 0L - C6

al koxyal kyl ggﬁﬁ%f and]FBfPFm, ﬁé 8%@-%E%ﬁg?éh¥ﬁ%eh%nd%nt%%bé?ﬁydrido, a
Cl-C6 al kyl o ardl ClreCiraldeaxXyst ke I Oriquiel-436 ab koxy group and
the anions of the ionic liquid are a hal ogen or pseudohal ogen. 39. The

sol uti on accddiqgen ercPaHBHal@Es™®i n one of said 1,3-di-Cl-C6 al ky
groups is nmethyl.

39. The solution accoxrding to claim 38
wherein one of said 1,3-di-Cq-Cg alkyl groups is

methyl.

40. The solution according to claim 38

wherein said R3-R5 groups are each hydrido.

41. The solution according to claim 40

wherein the other of said Rl is Cq-Cg-alkyl.

42. The solution according to claim 41
wherein said cations correspond in structure to
Formula B

O

N. N
Rl/ \/ \CH3

43. The solution according to claim 42

wherein said anions are chloride ions.

44. A method for regenerating cellulose
that comprises admixing a solution of cellulose in a
molten ionic liquid solvent that is substantially
free of water or nitrogen-containing base, wherein
said ionic liquid is comprised of cations and anions,

with a liquid non-golvent for said cellulose that is
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40. The solution according to claim38 wherein said R3-R5 groups are each
hydri do. 41. The solution according to claim40 wherein the other of said
Rl is Cl-®w0@lokyd29 42. The sol ution according to clai m4lpaesoeismosai d
cations correspond in structure to Formula B R~NONB CH v 3 43. The
sol ution accendicigpliowtlai madd iwhdreildgdidd awiidnsdariecicty ori de ions. 44.

A nethod for regeneratin | Lul ose that conprises _adm xin solution of
cel | ul ose i nCAYSHHGt RS %mﬁwlpéﬁ GRG0 I HPEHEC Hﬁ&&uH%s t?u??ﬂ@h%oiﬁcﬁ free of
wat er or ni traglgeq;iﬁgqga@pwa@gspalsr%sﬁg&rﬁ}ély_sai dionic liquid is conprised

of cations and anions, "with a liquid non-solvent for said cellul ose that
is -48 WO 03/029329 PCT/ US02/ 31404 mscible with said ionic liquid, said

adm xi ng causing the cel.l ul gse and.i oni_c, | i gui far glid and liquid
phases, respectively. %g’ T#%en&%gﬁ%’;ggéroﬁ né%t tg%clcala%nif‘l wherein said
ionic |iquidwher@ht eaidt ianienpdiaiid & s aolltess dthan tahedrakhfe 46. The
met hod according to claim44 wherein the cations of said ionic liquid
correspond OF deEFctdir® PEOAL dPfufa sel ected fromthe group consisting
of RA RARARZIRE RBRSE R3R3INRA

46. The method according to claim 44
wherein the cations of said ionic liguid correspond
in structure to a formula selected from the group

consisting of

R4
R3 R5 R3
R7 N RS

L,

r: R® R3 r* RS R?
1/N® N— 2 2/N® 5 1/N® 0
R \\r/ R? R ‘\N R° R \\r/
R3 r* r?
R4 R3 R4 R3 R3 R2 5 R3
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OONONOR7NR RBRN6 RS RENRS RNI1I I | RARSRIRAR R3RL/N
N2 R/NORR RINOTC3 1 RBRIR4A RARBRRA RBRERR R5S R3 ~NRL/NO
N~R2 R1/ WOMN/BINRNO-RA RL/NOS NNNNI 12 R4 -49 WO 0FA29%3281404
PCT/US02/ 31404 R4 ::x:: RRRENR3 / 10 R + R Rl ++\R2 RS R4 RA R3 R6

R3 RS RO and O ORG R R- xg*NR3 RB' 11 R7 Ra wherein Rl and R2 are

i ndependently a C1-C6 alkyl droup or a Cl-C6 al koxyalkyl group, and R3,
R4, R5, R6, R7, R8 andr® R9) ., RWhen present, ar i ndependently a
hydrido, a Cl1-C6 al kyl, a Qi-C6 Yal koxyal kyl gr r a Cl-C6 al koxy group,
and the

6 3
R’ /N\ R® R /N\ R
R1 + R2 Rl -+ Rz

R4 R3

RS R9

N.
~

R® rY

R’ RS

wherein Rl and R2 are independently a C1-Cg
alkyl group or a C1-Cg alkoxyalkyl group, and R3, R%,

R®, R®, R7, R8 and R (R3-RY), when present, are
independently a hydrido, a C1-Cg alkyl, a C;-Cg
alkoxyalkyl group or a Cq-Cg alkoxy group, and the

anions of the ionic liguid are halogen,

pseudohalogen, or Cj-Cg carboxylate.

47. The method according to claim 44
wherein the anions of said ionic liquid are halogen

or pseudohalogen.

48. The method according to claim 44
including the further step of collecting the formed

cellulose phase.

49. A method for regenerating cellulose
that comprises the steps of:

(a) admixing a solution of cellulose in a
molten ionic liquid solvent that is molten at a

temperature of less than about 150°C and is
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anions of the ionic liquid are hal ogen, pseudohal ogen, or Cl-C6

carboxyl ate. 47. The nmethod according to claim44 wherein the anions of
sai d i oni wdd3gasxtsare hal ogen or pseudohal ogen. 48. The metihsb2acoor di ng
to claim44 including the further step of collecting the forned cellulose
phase. 49. A swbdioshtionl negenss abf ngatcet | ok osenithagenoaopntaeaihfe steps
of : (a) adnié%qg a solution of cellulose in.a, nolten ionic_|liquid solvent
that is noltdP3T AFeHperiAtt e PP esSIthdniapeorPiteedanl is -50 WO

03/ 029329 PCT/ASRASIARS arstthisd antieh! ¥ {161 @ ndRL 851 06n8 For
nitrogen-containing base, wherein said ionic liquid is conprised of
cations and afRbhscelhulrse |tkpit dipnonisolibbatwith said tehidal ose that is

mscible wt Ldsionic { qui sal d adm xi ng. causing the.cellul ose and
i oni ¢ qum!}fﬁﬁﬁ%Tﬁggbi%ﬁéﬁ%ﬁ#ﬁcﬁ%@sh% sé%? ?%@%%%?%%e??? *{HeFein the
cations correbppuil i1o stonictaseid candf Digqui@ Siedess pdréspart heeBypup

consisting of R4 RARARSRER3IRSE RRRENRIOONT.(KOR7 NR6 R6 N
RN R5 R 6 N REBSTeyn |thg cafylong ¢orrgspon®simsiquaire R2/N, 0 R5 R1/ N0 0

3 1 R3 Rl R4 formula selected from the group consisting of
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RARBRRA RBRRRR RRI NRWNI11 R RNNN NRL/NNNR4 RI/NTDSONNIZ2
RS R4 R6 RB3 R+tR2 Rl +\R2 -51 WD 03/029329 PCT/ US02/ 31404 R5
RA R4 R3 ROMBRIMIRY and Oo NR6 R R7\ NRO RB I R REBPCMIseeRi404R1 and
R2 are independently a Cl-C6 al kyl group or a Cl-C6 al koxyal kyl group, and
R6, R7, R8 and (R3;89), when present, age inpedependently a

R4 R4 ::c::

R3, R4, R5,
hydri do, a Cl-C6 al kyl, a C1- al koxyal kyl -group or ajCl-
and the anions of the z%ni c A quj
car boxyl ate and t he ani ons
pseudohal ogen; and (b) col
nmet hod according to cl 1

t enperature
49

G

ar erhal ogen, Rpseugohal o
onic liquid are [hal og
f or med®®@! | ul ode pha

bd ionic kLiquithis

6 al koxy group,

Cl- Co

of about ?%4 to about|1200. 51. The net hod acco ging to claim
RB

R* R R

wherein Rl and R? are independently a Cq-Cg
alkyl group or a C7-Cg alkoxyalkyl group, and R3, R%,

R5, R®, R7, R8 and R® (R3-RY%), when present, are
independently a hydrido, a C;-Cg alkyl, a C1-Cg
alkoxyalkyl group or a Cj1-Cg alkoxy group, and the

anions of the ionic liguid are halogen,

pseudohalogen, or C1-Cg carboxylate and the anions of

said ionic liquid are halogen or pseudohalogen; and

(b) collecting the formed cellulose phase.

50. The method according to claim 49
wherein said ionic liquid is molten at a temperature

of about -44° to about 120°C.

51. The method according to claim 49
wherein said liguid non-solvent for said cellulose
that is miscible with said ionic liquid is also

miscible with water.

52. A method for regenerating cellulose
that comprises the steps of:

(a) admixing a solution of cellulose in a
molten ionic liquid solvent that is molten at a
temperature of about -44° to about 120°C and is
substantially free of water, wherein said ionic
liquid is comprised of cations and anions, with a

liquid non-solvent for said cellulose that is
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wherein said |iquid non-solvent for said cellulose that is mscible with
said ionic liquid is also mscible with water. 52. A nethod for
regener at wogdmedd2gl ose that conprises the steps of: (a) admusongi4ad
solution of cellulose in a nolten ionic liquid solvent that is nolten at a
t enper at ur e ofisabidelte -witt cabbutord20Q baati d Sand Uhstalndd ahiscfvese of water,

wherein said iqgnic liquid is conprjised of cations and anions, with a

l'i quid non- smj&ghtwaf%‘?r'sa?adl%é}cﬁﬂﬂw&?dfs%%g -5 \§5 a1 b and

PCT/ US02/ 314Q4nird scidal 81 Wid hesah dd 100 Gadd m&&f@gpﬂasﬁ@é,so mscible wth
wat er, said adm xing causing the cellulose and” ionic liquid to formsolid
and |iquid pieseectiessiibetwhansin il edat tdres cenriwrspaet rigspond i n

structure to el e rom t-he .grou cansisting of R4 R3 R4 R3 3
RRRS R3 N %E"g{%%f%al TR S Prof ey T N R R
3 R4 RS R3 antbnRANIRARHYNO RS RI/NOY N3 |1 RR R4 wherein RL and R2

are independently a Cl1-C6 al kyl group or a Cl-C6 al koxyal kyl group, and R3,

R4,

4 3
R R R4 Rr? 3 R? RS R3
/
N
o © O O
Rl/ \N/ \R2 Rl/N\N/N Rl/N\N R4 Rl/NYS
R? R*
4 5
R R 3 R? RS R®

; ; and
1.—N. N 2 N N 0
R R R2/ AN R5 Rl/
o Y
3 4

: L :
wherein Rl and R2 are independently a Cq1-Cg
alkyl group or a C1-Cg alkoxyalkyl group, and R3, R#%,
R> (R3-R5) are independently a hydrido, a Cq1-Cg alkyl
group, a C1-Cg alkoxyalkyl group or a C;-Cg alkoxy
group and the anions of the ionic liquid are a

halogen or pseudohalogen; and

(b) collecting the formed cellulose phase

53. The method according to claim 52

wherein said cation is a 1,3-di-Cq-Cg alkyl

imidazolium ion that corresponds in structure to

Formula A
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R5 (R3-R5) are independently a hydrido, a Cl1-C6 al kyl group, a Cl-C6

al koxyal kyl group or a Cl-C6 al koxy group and the anions of the ionic

l'i qui d arwaoen3/obgd2eogen or pseudohal ogen; and (b) col |l ecti npdimesotor4med

cel lul ose phase 53. The nethod according to claimb52 wherein said cation
is al 3-di-Cl-C6 al kyl imdazolium4 on that corresponds in structure to
Formula A -53 WO 03/029329 PCT/ US02/ 3404/ 4 Rs + A :L /TNT N~-R2 R3 54.
The net hod according to claim53 wheyery one of sgid 1, 3-di-Cl-C6 al kyl
groups is nethyl. 55. The sol uti : fing,to cl'aim54 wherein Rl is
Cl-C4-al kyl . 56. The nmet hod accordi ng cl a M55 wherein said R3-R5
groups are each hydrido. 57. The soluti n according to claim55 wherein
said cations correspond in structure toR’ Fornula B B R1~N\o/ CH3 3 58. The
solution according to claim56 wherein said anions are chloride ions. 59.
The met hod according to claim57 wherein said cellulose is initially
present in said 54. The method according to claim 53

wherein one of said 1,3-di-C3-Cg alkyl groups is

methyl.

55. The solution according to claim 54

wherein Rl is Cq1-C4z-alkyl.

56. The method according to claim 55

wherein said R3-R5 groups are each hydrido.

57. The solution according to claim 55
wherein said cations correspond in structure to
Formula B

O =

N. N-
R A\ \CH3

58. The solution according to claim 56

wherein said anions are chloride ions.

59. The method according to claim 57
wherein said cellulose is initially present in said
solution in an amount of about 10 to about 25 weight

percent.

60. The method according to claim 58
wherein said ligquid non-solvent for said cellulose
that is miscible with said ionic liquid and is also

miscible with water is water, an alcohol or ketone.
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solution in an anmobunt of about 10 to about 25 weight percent. 60. The

nmet hod according to claim58 wherein said |liquid non-solvent for said

cel I ul osewa 329328 m scible with said ionic liquid and is miBES2B10¢] bl €
with water is water, an al cohol or ketone. -54 WD 03/029329 PCT/ US02/ 31404
61. The nmethod according to claim59 wherein said |liquid non-solvent is

wat er. 62. The nethod according to claim®60_, wherein said gdn‘i Xing step is
carried out by extrudihg S et RECIHIIRT ofP tHIHHCA die and into

sai d non-solMenl.; ;5914 liquid non-solvent is water.

62. The method according to claim 60
wherein said admixing step is carried out by
extruding said cellulose solution through a die and

into said non-solvent.
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