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Cellulose is the most abundant biorenewable

material and cellulose-derived products have been

~used in all cultures from the most primitive to
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 since 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% is dissolved, and then regenerated,
whereas chemical dissolution typically incorporating
derivatizatibn such as ester or éther 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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partially due to the historical shift towards
petroleum-based polymers from the 1940's onwards, and
also by the limited number of common solvents in
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. I[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/LiC1),
dimethylimidazolone/LiCl, concentrated aqueous
inorganic salt solutions [ZnCl/H,0, Ca(SCN)./H0],
concentrated mineral acids (HzS0./H;PO,) or molten salt
hydrates (LiClO4.3H30, NaSCN/KSCN/LiSCN/H20) .

Physical and chemical processing methods
for treating cellulosic resources are numeroﬁs.
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, igomerization, esterification,
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consequent governmental regulations, the need to
implement ‘green’ processes to prevent pollution and
waste production and to utilize renewable resources
is 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 ofvionic 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
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flexibility in the overall processing methodology.
Tt has further been found that cellulose-containing
materials can be obtained from an ionic ligquid
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
coﬁtemplated. 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
dissolution 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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wherein Rl and R? are independently a C3-Cg
alkyl group or a C3-Cg alkoxyalkyl group, and R3, R4,

R5, RS, R7, R® and R® (R3-R?), when present, are
independently a hydrido, a C1-Cg alkyl, a C1-Cg
alkoxyalkyl group or a Cj-Cg alkoxy group. The

anions of the ionic liquid are halogen, -

pseudohalogen, or C;-Cg carboxylate. It is 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 R1, R2, and R3-R5, when

present, are as defined before.
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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-(C1-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 R! and R? are
independently each a Cj-Cg-alkyl group or a C1-Cg
alkoxyalkyl group. A 1-(C1-Cg-alkyl)-3-(methyl)-
imidazolium [Cp-mim, where n = 1-6] cation is most

preferred, and a halogenvis a preferred anion. A
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A solution comprised of cellulose in a
molten hydrophilic ionic liquid solvent that is
substantially freé of water or a nitrogen-containing
base is also contemplated. As above, the ionic
liquid is comprised of cations and anions that are
preferably those discussed above. A more preferred
solution is comprised of cellulose dissolved in a
hydrophilic liquid 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
liquid 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 solid phase is the
regenerated cellulose that is preferably collected,

as compared to being further reacted in situ. The
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(right) prepared by extrusion from a wide-bore
syringe into water, illustrating that monolithic
forms can be readily prepared;

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

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 (4A, 4B) and cellulose Sample A (a wood
pulp used in cellulose acetate applications; 4C, 4D)
before (4A, 4C) and after regeneration from [Cymim]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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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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wherein R} and R? are independently a C1-Cg
4

alkyl group or a C1-Cs alkoxyalkyl group, and R3, R%,
g5 ®r6, R7, R® and R? (R3-R%), when present, are
independently a hydrido, a Cc1-Cg alkyl, a C1-Cg
alkoxyalkyl group or a C1-Cg alkoxy group. More
preferably, both Rl and R2 groups are C1-C4 alkyl,
with one being methyl, and R3-R%, when present, are
preferably hydrido. Exemplary Ci1-Cg alkyl groups and
C1-C4 alkyl groups include methyl, e;hyl, propyl,
iso-propyl, butyl, sec-butyl, iso-butyl, pentyl, iso-
pentyl, hexyl, 2-ethylbutyl, 2-methylpentyl and the
like. Corresponding cl’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 six carbon

atoms.
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herein in regard to substituent R group because not

all cations have all of the numbered groups. All of

the contemplated cations contain at least four R

‘groups, although R? need not be present in all
cations.

The phrases "substantial absence" and
ngubstantially free" are used synonymously to mean
that less than about 5 weight percent water is
preseﬁt, for example. More preferably, less than
about one percent water is present in the
composition. Thé same meaning is intended regarding
the presence of a nitrogen-containing base.

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

such as thiocyanate and cyanate or C;-Cg carboxylate.

Paseudohalides are monovalent and have properties
similar to those of halides [Schriver et al.,

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

(1990) 406-407]. Pseudohalides include the cyanide
(CNY), thiocyanate (SCN''), cyanate (0CN™), fulminate
(CNO™Y) and azide (N3™') anions. Carboxylate anions

that contain 1-6 carbon atoms (Cl-dG 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 Bonhdte et al.
U.S. Patent N. 5,683,832 that contain one Or more

fluorine atoms covalently bonded to a carbon atom as

~-12~




QUI NOLI NI UM PYRROLI DI NI UM and | SOQUI NOLI Nl UM wherein R and R2 gr# app 6
i ndependently a C-C6 alkyl group or a Cl-C6 al koxyal kyl group, and Fgu
R4, R5, R6, R7, R$ and RO (R3-R9), when present, are independently a :
hydri do, ay&dsid9s28! Kyl, a Cl-C6 al koxyal kyl group or a L& &&2381469Xy 9roup.

More preferably, both RL and R2 groups are Cl1-C4 alkyl, wth one being

met hyl , and, R3- %gﬁm BleBnaPt eberabl 1 hwbddeatbxenpl ary d -C6
al kyl groupéL a?ic?tgrjcﬁﬂédlf&fl gersoupsnlancl ude methyl, ethyl, propyl,

i so-propyl, ahtibyl, sec- butyI i so-butyl, pentyl, iso- pentyl hexyl
2-ethyl butyl, 2-net hy%gené r%&]{ek thgtkgll@réwqﬂm §£EC6 al koxy

groups contain the group bonded to an oxygen atomt hat
is al so bongded teqtubesdafonncat ign fAmmatk@Xyaik?lr hsif oEBR/Eai ns an et her

group bonded to an al kyl oup, and here. contains total of up to six
car bon atorttlan_-R 1 sndRR g‘B’OGCOWL@§F0?§§?§ 5%‘7‘@6%/31404 The phrase
" when preserl‘iﬂifi%%O?ﬁ.ﬁﬁn %fgzofﬁir@'aﬁ‘ld' Brhggal duhocstbais tabemwts R gr oup

a

because not cations have all of the nunbered groups. AII of
above, be hydrido. Thus, the cations sh

preferably have a structure that corresponds to a

structure shown below, wherein Rl and R2 are as

described before.

| | i
1lz1 R Rr*
PYRIDINIUM PYRIDAZINIUM PYRIMIDINIUM PYRAZINIUM
©) ©) O
1~ N@ N2 L2 N\@ R:L/
R X R°R I!q X
Rl
IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM

Rl/N\@/N\Rz Rl/N /I\T Rl/N@) R1/N©S

' i
R2
1,2,3~-TRIAZOLIUM 1,2, 4-TRIAZOLIUM THIAZOLIUM
Q .
7.\ VAN
+ 2

r* *t 'gr? R* R

PIPERIDINIUM PYRROLIDINIUM
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the contenpl ated cations contain at |east four R groups, althoubh AR2 nged
not be present in all cations. The phrases "substantial absence" and
"substantially free" are used synonynously to mean that |ess than about 5
wei ght perggpdodsmber is present, for exanple. Mre prefgigioysigsh£ss than
about one percent water is present in the conposition. The same neaning is
i ntended regarding the presence of a nitrogen-containing base. An anion
for a contenplated ionic |iquid cation is preferably a hal ogen ion
(chloride, bromde, or ,f" Perchlorate, a g ghatogen ion such as
t hi ocyanate and cyanat ¢ car boxyhat e.
and have properties sid¥ hose of hal i desY
I norganic Chem stry, WH. Fre n & Co., New York (1990) 4@6-407]
Pseudohal i des include the cyagade (CN-1), thiocyanate (SCN''), cyanate
(CCN 1), fulmnate (CNO 1) and azide (N3-1) anions. Carboxyl ate ani ons
that contain 1-6 carbonuméumss ( CL- C6 car boxyl at e) rsagathot@ui | | ust rat ed by
formate, acetate, propionate, butyrate, hexanoate, naleate, funarate,
oxal ate, lactate, pyruvate and the like. A contenplated ionic liquid is
hydrophilic and ther efbrceatﬁcirf atmtf coftkhfs AydL: bt Grd-onic |iquids

descri bed in Pat_ent . 5,827,602 or those of Bonhote et
al. US. Pat Iég,ggﬁgg TES ‘g?? tli‘?‘atfr{?Snf[;gi Rughen oo rﬁﬁfl”ter ring

structures is more preferred. Exemplary cations are

illustrated below wherein R1, R2, and R3-R5, when
Present, are as defined before.

R4 RS R4 F5>_<R3
o ©

Rl/ Y \R2 Rz/ N\N Rs Rl/ NYO

R3 | R*

IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM

Y Y TTY
‘2

1,2,3-TRIAZOLIUM 1,2,4-TRIAZOLIUM THIAZOLIUM

Another aspect of the invention ,
contemplates a method for dissolving cellulose 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 -




fluorine atonms coval ently bonded to a carbon atomas -12 03 APR 2906R w
03/ 029329 PCT/ US02/ 31404 in a trifluoromethanesul fonate or trifluoroacetate
anion. It is preferred that all R groups that are not required for cation

[ ' han t he
formation; hose other than Rl and R2 for conpoungisy @Bt har
I m dazol i Svn?mgﬂf?gggol lumand triazoliumcations shown above, be hydrido.

Thus, the catdaitsatshDWhtahowve ssplef e6:a0] eeStrypbure that corresponds

to a structur wn bel ow, wherein Rl and are as described before.
P$RI DI NI UM P\?ﬁf‘ﬁﬁ%ﬁ%ﬂ%ﬁﬁ%ﬁ&?@hﬁb\%@waﬁ e1sewheDAZ@ndiM PYRAZOLI UM

OXAZOLI UM 1, 2,3-aERAZ0HMal s 2o fa T RAZOLSUA THIAZOLIUM N n ~ R \R2 R/ N

PYRRCLIDINIUM
*\ Rz Pl PERIDINIUM f 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 R1-R5 are as defined before, and
the anion of the ionic liquid is a halogen or

pseudohalogen.

A 1,3-di-(C1-Cg alkyl or Cy-Cg
alkoxyalkyl) -substituted-imidazolium ion is a more
particularly preferred cation; i.e., an imidazolium
cation wherein R3-R5 of Formuia A are each hydrido,
and Rl and R2 are independently each a C;1-Cg alkyl or
a group or Cq-Cg alkoxyalkyl. More preferably still,
one of the 1,3-di-C1-Cg alkyl groups (Rl or R2) is
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-(Cq1-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-R3 of Formula A are each hydrido and Rl is a ¢q-

_15_




-13 WD 03/029329 PCT/ US02/ 31404 and QUI NOLI NI UM 1 SOQUI NOLI NI UM (A3 Q¥R 85
that contains a single five- menmbered ring that is free of fusion to other
ring structures is nore preferred. Exenplary cations are illustrated

bel ow whergd is/29320R2, and R3-R5, when present, are as dedfip68314e] ore.
IMDAZOLIUM R4 RL R2 ti It .*T LV YIY 1,2,3-TRI AZOLI UM PYRAZOLI UM

i | tion
1, 2, 4- TRI AZOLTM IBAZ Qrictuld . RAATHbAZ Qb d M ARG hieri ASREC efi1bRgyd nven
contenpl ates a method for dissolving cellulose that conprises the steps of
adm xi ng cel Itf®se with a nolten ionic |i quid in the substantial absence

of

O

1—N. N
RN T,

A contemplated ionic liquid is liquid at or
below a temperature of about 200°C, and preferably
below a temperature of about 150°C and above a
temperature of about -100°C. For example,
N-alkylisoquinolinium and N-alkylquinolinium halide
salts have melting points of less than about 150°C,
The wmelting 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 liquid (molten) at or below a
temperature of about 120°C and above a temperature of
minus 44°C (-44°C). Most preferably, a dontemplated
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 decomposes
prior to boiling. Exemplary liquification
temperatures [i.e., melting points (MP)Iand glass

transition temperatures (Tg)] and decomposition

-16-
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ring

to forman adm xture.
that contain a single five-
structures and ani ons.

Here the ionic liquid
menbered ring that

i s conprised pfapRasggPns
Is free of fusion to other
The resulting adm xture is -14 03 APR 2006 WO

03/ 029329 R hlosh39#/ 31404 agitated until dissolution is GARIESueslNE
adm xture can be heated as di scussed el sewhere herein '

di ssol uti on. QA Jhe noLe

five-menbered ring free o

?B?f e 8d: £2L4

usion to ot

hat. ' I ngl
L3Pl o1 0

ring
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to assist the
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i m dazol i um

cation that coficesp0ids [BnS&bHEShEnd O drdldTuliauidl SwRaréik Wil |y

preferred, wherein RL-RS are as defined before,
liquidis a Il
al koxyal kyl ) -substituted-im dazoliumion is a nore

and

the anion of the ionic

Fenndr R2pieudebhybgere shotnl 18- dhe(€ibT8 ldlom. or Cl- C6

particularly preferred

a group or
C6 al kyl

cation; i.e., an imdazolium cation wherein R3-R5 of Fornmula A are each
hydrido, and |Rl Tandic R2icwid i ndepéadsiit-l y eacdsmmsﬁ:ﬂ.iﬁﬁ’ alikytiar
aroups (RL or |R2) i methyl . P Sovon of |t PARBshP) 174 Whosel cati on
corresponds in structure to a |cERMESHaBRrFormul °R is
(°c) -
[Comim] Cl 285 a
[Camim]Cl 282 a
[Camim] C1 41 254 b
[Cgmim] C1 -69 253
[Cgmim]Cl -73 243
[Comim] I 303 a
[Camim] T -72 265 b
[Cgmim] [PFgl 10 349 b
[szim][PFg] 58-60 375 c, a
[Camim] [PFgl 40 335 a
[iC3mim] [PFg] 102
[Cgmim] [PFgl -61 417 d
[Cqmim] [BF4] -81 403, 360 d, e
[Comim] [BF4] 412 a
[Comim] [CoH305] 45 c
[Comim] [CoF305] 14 About 150 £

a)
b)
c)
d)

e)

£)

Ngo et al., Thermochim. Acta, 2000,357,97.
Fannin et al., J. Phys. Chem., 1984, 88,2614.

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

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

Holbrey et al.,

J. Chem. Soc., Dalton Trans.,
1999, 2133. .
BonhSte et al., Inorg. Chem., 1996, 35, 1168.
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. dohal ogen. A 1-(Cl-C6-al kyl)-3-(nmethyl)-im dazdl3 uweR 2005
?CE?L?gfnmﬁ;rgsﬁu: 1-6]gcation ig nost preferred, and a halogen is adm)ﬁtt
preferred anion. A nost preferred cation is illustrated by a conpounI tA?
correspongsy bpashsucture to Fornula B, below, wherein Rifxe@b145pr Mul a
are each hydrido and R1 is a C1 -15 03 APR 2006, WD 03/029329

' ' hloride ion. A
PCT/ US02/ 31404 C6-al kyl group. A nost preferred anionis a c
contenplated ionic liquid is liquid at or below a tenperature of about
200C, and preferably below a tenperature of about 150C and above a

. . el q
rature of about - 100GstFetiexaim ey -R-akkylh spquinol{nium an
kngEquuinoljnLunhhalLge salts have ngitlng po#nts o? ?essl?han about

S

neSof [KanBimY | Boquidnehfinfunk chl ot1,d@exr i s 183C, and
N ot hyl o néVFFﬁb pet, W@ﬁ CIwupoint of 158C. More preferably, a

N- et hyl qui nO'édﬂi'P”’(ﬁ%ﬁ;g%Q@ —ﬁli g%‘:’t I%%Eﬂ BHPa%Eder 25eh8® &Cstenperature of

contenplated  ionic _
about 120C amdrdloQvehdstedper ak W& 7 5iMAUS éﬁé:é%ééé?$t%%fé> ;efegggiyilg
contenplated ignic liquidis liquid (nolten)at a tenperat a

to about 100681%8hP§?0 Eleprpecalidoiseed fnpnhbldrich Chemical

Co.) in those illustrative ionic liquids under
ambient conditions and with heating to 100°C, with
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 bercent or less water or a
nitrogen—containing base. Thus, when a solution is
prepared, it is prepared by admixing the ionic liquid
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 liquid. . 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]lCl 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-




ation in high concentration in ionic liquids by _ ]
gSBEVIL;Zheating to gbout 80C in an ultrasonic bath, and nost effectively
by uéing m crowave heating of the sanples using a donmestic microwave f
oven. Usi Rgo gs/idbszbovnave heater, it is preferred to heatpdigsoagifhxture o

tenperature of about 100 to
hydrophilic ionic Iliquid and cellulose to a

about 150 C dhnxm&keﬁatﬁéﬁdaﬁ&wwgfIéﬁgyygfgas gg egéaﬁggp%%llom/vapor
pressure and gy i cal |y deconposes prior to | 1 ng I

| i quification ‘ﬁéﬁ%@?a?ﬁ?%@aTQQEﬁphmelt|ng p0|nts (NP) and gl ass

APR 2006 WO
transition tenperaturegelifghdsnsh H8e0NRASIL 1,08 24 lved T

03/ 029329 chi u502/31404 ter%m; S oF for H/us% rve flh;?,a:ﬁ ;gElRZ%I gl Kyl
i m dazoliumi gfit UF R QﬁﬂMQmmu¢§owheeeomemn&s{ﬁernné%in\ At o

met hyl are shucen tﬁfcf&ﬁ\?e %ﬁ%ﬁy%gﬁgﬁan%hen}ﬁqwlg he ¢) Wil kes

7. ‘b)) Fannin et a
ggogl357cgen1Jéﬁﬁﬁﬂﬁ10n1992£k¥uiose:um)oSmarBiq@idﬁJ J. Chim Phys.,

1998, 95, 1626 crowave-induced dissolution of cellulose in ionic
liquids is a very quick process so that decay of the
degree of polymerization is reduced. Being a
relatively fast process, dissolution is energy
efficient. :

Celluloée 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 Present 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 ionié 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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e) Hol brey et al., J. Chem Soc Dal ton Trans 1999, 2133. f)0 BarrSighs

, Y < , . et
al., Inorg. Chem, 1996, 35, 1168. Liquifi- Decomnposition Ionié - '
Li qui dcation Tenperature Citation* Tenperature (C) (C [C2m n] C 285a

C3m M O 3828026451 M CL141254b [ O6ni nj CL- 69253 [ C8ni nj O - -

Cari | B Bre) 203400 [ Com ] [ RG] 56. 60 75erC cowsfigm M1 5058
4

2

m

m nj [ PF6] 40335a .[.i C3m_ni.[ PF6] 10 ] PEGL-61417d

i n] [ BF4] 3:'%’1‘131%?1%&’?% Fcﬁ%ﬁﬁﬁgf%%]mf%[fa[s%ﬁ?m [ C2H302] 45¢
m m [ C2F3§23 dhAlilein . 15@fl kyl-pyridinium salts free of organic

base were less effective and no significant

[
[
[
[
[

solubility was observed in the long-chain
alkylphosphonium chloride salt examined. Smaller
phosphonium and ammonium quaternary salts containing
shorter chain alkyl substituents are known, but have
higher melting points and are often not liquid within
the acceptable range for definition as ionic liquids.

The use of an imidazolium chloride ionic
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 liguid. 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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-17 03 APR P006. WD 03/029329 PCT/ US02/ 31404 Illustrative 03 APR 2006
1-al kyl -3-met hyl -i nmidazolium ionic liquids, [Cn-minix [n = 4 and 6, X =
a-, Br-, SCN-, (PF6) -, (BF4)-] have been prepared, as has [C8- ninjCl
whose usew(somg;,zgl ai rred The di ssol ution of cellul ose gd¥tNoenfose!l | ul ose,

f:TgmAl dri cg Chem cal in those illustrative ionic |iquids under
anbi ent- -condi tlfné aﬂ \g Q SaLLPY Qé?ﬂ%d By1gonication and with
i cronave heatine v g xam n ed ssol u}tﬂlyf)nul s enhanced by the use of

m cr owave hfe@hemgnr@l thﬂtm@s,s@hber@@ctmmdaﬁﬁépaﬁéé §&k9e qui ckly, which
is energy efficjent provigdes egefits. A

cont enpl at ed”¥oHie ‘?}fatﬁjusd' ahdkggsoﬁlﬁmé]saé pr eg%%ggg} %8%1 1gﬁch aliquidis
sgbst anti al |rya1ﬁi1€lﬁla(ﬁed it @trepara dif fagert: dortsi-ni Bhebase to form an

adm xture. suc uid_or sol about one percent
or |ess wat e‘fe%‘?n%raq‘ﬁ$ %&Higﬁ’ﬁt FRTHY ;gase < 'F%Cigtﬁv\,% a sol uti OIEI) i s
prepared, ithbfodéRpad ety s@dﬁnxnggelém:rmmmdnoguragh dﬁEMl:eI | ul ose in the

absence of water or a nitro contai nin ase to for n adm xture. The
cel | ul ose t oPhECWeS0l VEl %ﬁ’aﬁéngntu st A AV 3?%% mthat is

amenabl e t 0 betRGaNEds, Bhea adnqittifg Eu@gsrmﬁrqax&ajeldjbusebﬁrorrrs useful herein
extruding the cellulose solution through a die and

into the non-solvent.

Example 1: Cellulose Dissolution

It was found that the best ionic liquid for
dissolution of an illustrative test material,
regenerated fibrous cellulose, was [Cimim]Cl. In a
generic procedure, fibrous cellulose (0.2 g) was
placed in molten [Cumim]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
ligquid was obtained.

Solutions could be prepared in this manner
’with varying concentrations of cellulose dissolved in
the ionic liquid. 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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i nclude cellulose as fibrous cellulose, wood pulp, Ilinters, cotCt&‘)rAPlRaQobaé
and paper. For exanple, fibrous cellulose was dissolved at 25 wei ght |
percent in [CAmim ClL by m crowave heating to provide an optically clear,

Vi scous s@glési@éko Cel | ul ose can be dissolved in a range 0984464 | 1 qui ds.
(CjJeI | ul ose can be dissolved for -18 WO 03/029329 PCT/ usozﬁﬂggg%&‘ |
erivatization a | ¥sipurd sy €iBY $LZgve£Xsd usion
chronatograd%V‘ %eWFePogggcén e reaéllg gﬁség vgg ?%eléﬁéc | i qui ds usi ng
a do_mfajstlc :‘we:rgthﬁlapercean as a heating source. Mcrowave heating
significantly enhanceg,the | S t f uk s I ¢gl 1 Qui ds.

M crowave- i nduced dis?gFuFl%H [0 lé%C#ﬁqﬁgéuﬁﬁgkokﬁc?cr?%ﬂ?ﬁsgfs g very

qui ck pr ocesgslg&ﬁftllaaaxhtdgcayghértﬂ:ﬂmnd:@grém obtpohgdensing ighes reduced.

Being a relative fas rocess on. d efficient.
Cel | ul ose di%pl éVéShlg oFﬁBF?}?ys$fﬁﬁH§hs:%gnﬁgfﬁﬁiggﬁs Vi scous,
bi refringentgiddgpinvgdd &oyat abkinensef & Mm.gm:r eerbeat néd weliwsmgh

concentration, e.g., about 10 to ab ut 2 ent. A contenpl ated
sol ution of MAIIANSe Sortta YdFBFF% eggﬁgglg% cel lul ose i gpan
amount  of [Leipner et al., Macromol Chem Phys., (2000)

201:2041.]

Using conventional heating, dissolution of
cellulose was 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 liguids in high concentrations compared to
usual solvents. Ionic liquids with different cations
were screened as their chloride salts. These
included [Cemim]Cl and [Cemim]Cl. The solubility of
cellulose in the imidazolium-based ionic liquids was
found to decrease with increasing alkyl-chain length
on the catidn.

A range of anions, varying from small,
hydrogen-bond acceptors (Cl7) to large, non-
coordinating anions (tetrafluoroborate and
hexafluorophosphate) were screened as [Camim]* salts.
The anions included Cl, Br, thiocyanate, perchlorate,
hexafluorophosphate and tetrafluoroborate. These

regsults are shown in Table 1, hereinafter.
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about 5 to about 35 wei ght percent of the solution. More prefer@pl 300
cellulose is present at about 5 to about 25 weight percent of themj,R '
solution. More preferably still, the cellulose is present at about 10 to

about 25 wed ghfeRercent of the solution. lonic liquids c W] chl ori de
anions appear to be nost effective. The chloride anion llqglt/@ér?g)tsp@‘équi red;

reasonabl e solubility was al S L oen ; i.on| k gikd cont ai ned
thi ocyanate, perchl orIa_ ga%ngggggmg%%@gjfﬁ onsT]L ggl E:tk))lﬁlt%%eﬁmgs observed
for ionic |ighiciss adnttaiarengtrbepr b duogebdratde asicepseat| uor ophosphat e

anions. A range of different catiagn an__be I 1,8k L hose screened
fromthe conﬁﬂ"ﬁl%%etns ar’dféacfetu c%?%%ﬁ%%ﬂ%%\?% qoﬁgﬁldgé%gilr% <zi;zlol i um sal ts
appeared to beswaDsd. effidctinese antibng hersiaidwstto @ 0FdAPRR006, WO

03/ 029329 PCT/ US02/ 31404 i m dazolium cation exhibi.ti t he easi est
di ssol uti on. PAPRYACHRRTHihi E( Pg‘gh(éjep% © olrngaeﬁcltcen%%éise were |ess
effective angyfgogé@idridiarf nesaboukisl i t ¥t iess atiser weeni n t he | ong-chain

al kyl phosphoni um chl ori de salt _exam ned.. smaller hosphoni um and amoni um
quat er nary séapEereifdithaly Ce&ﬁﬂiﬁf’@? E‘Pl‘é]r‘i récftkfhe s‘ﬁﬁ tdﬁtvﬁ ntsS are known,

but ‘have hi gBgic Ml hi#is REIHHS ARG ahén Obderditeitingiuistiivhthi n
including BF4'; and PFs~. Other non-coordinating
anions include the trifluoromethylsulfonyl-containing
anions such as trifluoromethylsulfonate, bis-
trifluoromethylsulfonylamide (NT£;") 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.] 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 liguid 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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the acceptable range for definition as ionic liquids. The use of0 PR 2006
i mdazoliumchloride ionic liquid as solvent for cellul ose provides a
significant inprovenment over the previously-reported solubility of

cel l ul ose rgani c salt/base N- benzyl pyridinium c ridine as
di scussed W(@o}/(% 4 Patent No. 1,943,176, and in which th@ﬂn%%?%rgﬁy

solubility was 5 vvel er cent Inde +.add Rpcont ai ni ng
bases as vver‘%e“ﬁ%eé?&tuﬁef‘h np%‘f“e?ﬁ 24 Cpt A E%éﬁ?e% ?gé%) ?‘gﬁnngood

solubility off Lalihubasenyndiseupoing ﬂhaqmtctsngOewawznsT@&i:me@e regener at ed

by adm xing (contacting) the_ionic i |ds a liquid
non- sol vent Wmtrqaea-benfingset Hat I?ast‘% vm tﬁh%{ﬁ% ionic liquid. The

| i qui d non-solvent is preferably m scible vvith wat er. Exenplary liquid
non-sol vents i nclude water, an al cohol such as nethanol, or ethanol,
acetonitrile, an ether such as f uFahR1i8rldi oxane and a ketone such as

acetone. The ¢adyantage,ef F%S:Sﬁs'éeiiliiﬁoédﬂ&anOQﬁ&SLaq@icﬂis the use of a
vol atil e organic conpound (VOC). Regeneration doesnot—+eqgui+e the use of

vol atile organilonisoLvewid. The | ¥aERo®i quid can BEURREEYand reused after

regeneration. Cellulose can be regenerated fromditthd @eireent)quids in a
variety of structural fornms. These can -20 03 APR 2006

[Camim] CL heat (100 °C) 5 percent-
(70 °C) 3 percent
[Cumim] CL ~heat (80 °C) + 5 percent
sonication
[Cimim] C1 microwave 25 percent,
heating (3 x 5 clear wviscous
second pulses) solution
[Cimim] Br microwave 5-7 percent
[Camim] SCN microwave 5-7 percent
[Camim] [BF4] microwave insoluble
.[Cdﬂﬂﬂ[PFd microwave insoluble
PR,CL* microwave insocluble
NR,CL* microwave decomposed
[Cemim] C1 heat (100 °C) 5 percent
[Cemim] C1 heatv(loo °C) sparingly sol

% PR,Cl = tetradecyl-trihexylphosphonium
chloride; NRsCl = tetrabutylammonium chloride.

Example 3: Cellulose Regeneration

Tt was found that cellulose was
precipitated from the ionic liquid solution 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 [Cymim]Cl, while maintaining the solvent
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WD 03/ 029329 PCT/ US02/ 31404 include flocs or powders (prepared 3 @Rk
quenching), tubes, fibers and extrudates, and films. During ex'??/usi onz,wqt he
cel lul ose conposite can be manipulated to prepare different forns. The

regener at gfly gHbishose appears to be relatively honmogenoysy annin
el ectron mcrograph (SEM pictures. In preparing tubes, flfﬂl})gg?/?gﬁd ot hgr

extrudates, the adm xin ste |scrr|e t he cel |l ul ose
sol ution t hAFBPEL 1§Pe® gn |Jn?rbl‘f e o(r%i g’%%veﬁ?a%é&d% g1 Cel | ul ose
Di ssol uti on ddqiwas khewadahbaht$ hef bester awoi chei fonie fbxquldi &3¢l uti on of an

illustrative test materi al enerated fib I
In a generit®Sk W&GF@lnglﬁ%ucg %%(?]11{]-1& o?ebﬂ%gggg;:ﬁ%\%}g O;Fac\ggsl LC4mr)n| {ﬂeﬁl

[CAM N Cl (2 @Brdwave Bkassnyi alwaad tieatedri noatenmest |1rhem crowave oven

with 3 x 5 seconds heating pul ses. After _each_heatin the vial wa
removed and WHBXEAUE WRR FREATTHATRAR P9 E“ﬁeﬁ Yep? %‘g r%tne ni crowave. >

A viscous, fa&& f&}iﬂrdét%wab §0hot & Ot e tngldDD,Sethen deMm ¢ liquid was
obt ai ned. Sol utions coui d be prepared jn this nne th varyl ng
concent r at i A@ECRATEES M’Eé@eswgé LSRRET R l“lﬂ‘?ér nfe IT‘#E’JT!W The sol utions

were '”Creasééﬂi&’loé@ $2QUSoMhE Nesebd WhOSRRRACEBLIBLEON. At 25 wei ght
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 celluloge 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
gsolubility 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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percent of cellulose, the clear solution is still workable. At hjgpe s
cel lul ose concentrations, an opaque viscous gel was formed. The effective
solubility limt for cellulose in [CAm n{ Cl was not «clearly identified,
but depenqu%%%}g degree of mechani cal processing of the, o9y, Vi scous
past e _-t2_1 03 OOSSV\D 03/ 029329 PCT/ US02/ 31404 forme en the cellul ose
conposi tion is over wei ght percent. The solubilit f cellulose in
[C|4m n d |Fs(arsiRg}ngfcp@ahtP§ m@w@l%le%rﬁegobt%?%ﬁqq?& g ot her

sol vents. Fop, 6XAMLE oS04 ULL NSy Boded! IHonas 8otk saG vash 1ixya imaxi mum of 5
wei ght percerl?ta I~n r.rf)e?lten{/ i nopéfani cgqflalt hydr at es have begf\1 descri bed.

[ Lei pner et tide caMdenoweh. behbmomapd: andogen) beogasdmand Using
convent i-onal___heati.ng,.di | cel:ilul ase S 1ilkiang up to
sever al hours %eé&i%% g“? 8%5_5'%130%5(}70‘%{58: K t%gﬁngg E}'ﬁga%%%vultli on. %y P
gerl O}?I ;:al I wummdﬁ:@ltihg.saﬁpd:lesnddi’fd;caﬂltoﬂa§éﬁfﬂéts baiPp1q he rate of
i ssol ution was enha . : | pLssel ywtdon in 1, 3-
di al kyl i ni def?d'ﬁﬁ? §g‘°$§eagﬁ§5@lﬁﬁnﬁgﬁ %ligrllghaﬁg EC%%I ons
solutions, which is of benefit for subsequent

processing of the dissolved cellulose. The presence
of water in the ionic liquid was shown to
significantly decrease the solubility of cellulose,
presumably through"competitive hydrogen bonding to
the cellulose microfibrils that inhibits
solubilization.

Primary studies were conductéd 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
[Cumim] Cl than fibrous cellulose.

Fibrous cellulose could be dissolved at

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

ionic liquids, but those dissolutions were more
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Cel l ul ose was readily dissolved in the ionic liquids in high 03 APR 2006
concentrations conpared to wusual solvents. lonic liquids with different '
cations were screened as their chloride salts. These included [Com njC

and [ Cem 43029836 sol ubility of cellulose in the im dazgly ed ionic
| i qui ds was ound to decrease with increasing al kyl -chai n/q]%?\%}ta on the

cation. ‘A range .of _anions i f ) h b
(Cl-) to Ia%dg,%lﬁb‘ﬁ% %80?8]?%%% Intg e{lnirwor%lsgggg%l?a?l ﬁ%#tg%@gtgngngcceptors

hexaf | uor ophosphat e) yWBLe £K& e8RS ddeifibhssal ts.  The anions incl uded
C, Br, thioCyanate, perchlorate, hexafl uoroghosghate and '

t et r af | uor olseristdylameonivmesilenideg @neh SRS TARVFEHRFEIA I YWhr ei nafter. -22 03

APR P006 WD 03/ 02932 egg}géygggl31404 It was found that ionic |iquids
containing anions that are strong hydrogen bond acceptors (hal ogen and
pseudohal ogen) gave gdodadptber ustiusly, raég{]rleﬁ§. WaptmakeSel %84 ons are known

hydr ogen- boniRg. NBCwaEeo P p o L AR Lo e A B B el ul ose
coul d not beyli $3RK¥edeisbribesl ididisvis prerieaisni ngn' twitiedor di nat i ng'
ant ons, Iruﬂéﬁ%él i%;4%hd?ggc55£50e é§¥1d53”£%%°%9i92%i£‘ er

became translucent and was observed to swell as ionic

liquid was absorbed into the matrix. On further

heating and agitation, the filter paper 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

vigcous solution that contained residual ionic liquid

impregnated filter paper was obtained.

_ All three wood pulp samples were more
readily dissolved than the fibrous cellulose gample.
We performed tests to prepare a 5 percent solution in

[Cqgmim]Cl (0.5g in 10 g ionic liquid) 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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anions include the trifluoronethylsulfonyl-containing anions such APR 2006
trifluoromethylsul fonate, bis- trifluoromethylsulfonylamde (NTf2-) and the
| i ke. Thus, requirenments for dissolution appear to include the presence of

t he strong{,(y 39(99%@ nating anion. The aromatic cation, Wﬁifso‘i@ﬂm

participate In ydr ogen- bond donatlon may al so be necessary, though

these cations_pre veak Hihand dongrs. JThe,Jamarkansecel. hydrggen- bond

properples_ I'ssolutton of cellul ose has been
recogni zed. {oscixangling NMVDtdansf cam aleo adrsgeh  bonds with water or

pol ysacchari des. la e S 1 8.1 Both
anhydr ous Nl\/ﬁﬁu%t[n‘lc\]/aq'tlhvee rﬁﬁ(ﬁlﬂ?&r {(Lauiéjr‘%%o%c? sglh\(?él%?é) §Zt&§?1 ul ose.
However, whepatwgl) adedl aidousvoroneavrsalimtarlsitidd is no |onger a

solvent for cellul ose, and i referentially solvat y Heat i ng of
the sanples i's usual | yYHRFRrEHOSEo AT & %ﬁﬁﬁéﬁé%QI% n@ig fect of ?hat

heating nayrhegd GoPaidbtoddipiicofoemti dpbehdinig/ent How thenetrate into the

fiber wall, which enabl es breakln of t fiber and rofibril structure
and conpetlF?%%WWVH¥5g§%‘Hﬁh&@ﬁ@ WA d%ﬁg qé;F lonic |iquids

ﬁre very eff k&%&@éfé{ﬂlﬁ@t {Nder aghesouaye mmﬂunmsfiisaus, hi ghl'y
ocal i zed -23 03 APR 2006 03/ 029329
and films have been prepared to illustrate the scope

for processing of cellulose from ionic liguid by
forming into an aqueous phase. Rapid mixing of the
ionic liquid solution with an agqueous stream results
in precipitation of cellulose as a powdery floc.
Alternatively, extruding of the ionic
ligquid/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 £ilm.

A cellulose from an ionic liquid solution
can also be molded into various forms. The solution
ig 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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PCT/ US02/ 31404 tenperatures can be obtained that pronote dissol ut3 PR zbs
cel lulose by disrupting the strong, water nmediated hydrogen- bondi ng of the
natural polymer chains. Table 1 Solubility of Fibrous Cellulose in lonic

Li qui ds | G{g 63425391 dMet hodsol ubility (weight percent) [ G at (100
C)5 percent- (70 C)3 percent [CAmi njC heat (80 C) +5 percerllitjgoélgirfib‘gation

[Amin CAmcr vvave nrﬁa?'B%%ntthehgﬁg%g% 48 X d‘a@feeqren\g se@us second

pul ses) sol ut IR0 crowave percent [CAm m SCNm cr onaveb-7
percent . [ C4n1n¢ui[d3E4:]dm er bwenpdiogeuk ubbel§<CAME 19 - [[PEG}IM €* sWavei nsol ubl e

E?f?éEP‘ frcgmﬁq “ﬁggbjbffog'%%pa %@Vggl%‘&%g%gg% [ CBrisdsstheat (100 5

| E:ﬁ][ (r)??jggyl -t &bﬂ@i@dq&fmoeﬁmlmm?mpgdhhaeddmr NRA];@ErthtUétarrabupﬁl@meom um

pr eci pi t at edPf B3 HES oni &""llss’e’ql'tff%gE {atél gcnr}l 1‘%4%% 194idqt hat celfulose was
solution and water contacting methodology permits
cellulose to be regenerated from solution with a wide
variety of morphologies by simple variation of the
processing conditions and ionic liquid.

The use of water as the regenerating

solution has potential environmental benefits and
cost advantages over current processing methodologies
which make use of volatile organic solvents. The
ionic liquid can be recovered from aqueous solution
and reused by removing the water. This water removal
method has been demonstrated on a laboratory scale by
evaporating the aqueous/ionic liguid 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).

-29~




addition of water. This inconpatibility is the basis for the rdbgdnRa2

_ n
procedure described bel ow. The concentration of water that coul gbbe ®
present in [CAm n]C, while maintaining the solvent -24 WO 03/029329

PCT/ US02/ 3}494olseperties of the ionic liquid were neasugegy din
known anounts of water to the ionic liquid and then pelrjl:ormgﬁ/ém?ﬂe )

di ssol ution process w m. C ve heat.i e

ionic liquid was gr eaP%E ?ﬁgn&'gb u?rqo%dgéﬁgve%\gr gg%%]gc%\g%gﬂ;ooﬁxfﬂgfgf yOI). E:)he

?FL?OL;aCE::EFCFlewl OQ)Q_set ;be;a&mbﬁeate%pfnqsxelrﬁhees;owécelMthf icantly inpaired and
se was found to be no.l.onger . '

concent rat i ofRLH Ukl PRCo¥ETS (GPERRETS t Oa% Og%ggghglpé%%% Ega?Nere

di ssol ved i npatdver J1CAMsEhEl esSRbuei phscekria abpdanédunhaemmkr e  optical ly

ani sotropi ¢ between crossed pol ari zjn C{:i | ters,and gi spl ayed

bi r ef r i ngenceoldgie Gk ReAtsH t8f GPPq'ﬁin‘J“ &y & ArFFRE®80l uti ons of cel | ul ose

can have USﬁ{:H&SMé Gat horg wen t.he generation of new, advanced
materials. The conservation of anisotro d phase is especially

: ( | in the soli
desirable, |eading td&iehhangbaviethant Icuﬁ?"(‘?ﬁ‘e%f’?:eghSnd hi gh strength
materials. i 8r§t%1;|ﬁ§1| M pddh=0tB8h n@h8asSadl Gl ganhedpitieds fospeci fic qualities

due to the anisotropy can also be expl oited,
prepared from [Cqmim]Cl. ure cellulose shows rapid

decomposition in a narrow temperature range from 350-
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
digsolution and regeneration from [C,mim]lCl 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:

Ie = 1 - (Imin/Imax)

where Ipn is the intensity minimum between 2 =

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

This was taken f£rom:

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

-30-




Exanmple 4: Cellulose Solubility Studies The solubilit |
Exar 4: y of cell ulb3aPriR
ionic liquids can be controlled by changes in the anion and cation.nqﬂz
requirenent for a small, polar anion is indicated by the high solubility

of cellul gapodifdefde chloride-containing ionic liquids, pg ed
solubility 1n the brom de systens and no solubility I n %%ﬁ@%%?ﬂgfoborate

and hexat | ugronhasphate el SMucsTHCSBhUDILI Ly Aio0 sappaags:t o dect case

wth i ncrea&rgn the catl on suc I NCreasi n
the I ength of
t he al kyl gh@x@pceamdl@éém@staﬂuhﬁbl n:agngsa r?etﬂwi r’mqaéngon t he 092

position -25 03/ 0 9329 802/ qg&bﬂg t he im dazolium
ring. Thus, Wagh Cﬁf F%gen boncfl onatﬁﬁg ability in the

32:' g{‘ can %ttlﬁmigllt antlrllﬁdna;ariﬂaﬁcaael hysaod bissdletowny elfy thedi fi ed by
fation in eionic li functionalit ation permts
sinple confdY™sE £R %l?%gﬁﬁgbf¥§ﬁﬂ E8npBsfP ?%ﬁ¥e4]%ﬁ :Jso utlong which is
of benefit fQre1aubsegsesntl 1 pIaeessi ngqofidt ket s ol exbrostatel ose. The
presence of water in the |on|c | iquid was shown to significantly decrease

t he sol ubi | ithe seldulpss osel £ %sumably through conpetitive hydrogen
bonding to the cellul gsg b e Bridroulshakllohbde tweas sbiaduliviedat i on.

in [C4mim]Cl to give a homogeneous 5 weight percent
solution. The two samples were then separately
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
cellulose can be manipulated during the regeneraﬁion
process to manufacture materials with
microcrystallinity varying from crystalline to
amoxrphous.

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

[C,mim]Cl. Initial samples of fibrous cellulose and
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Primary studies were conducted with regenerated fibrous cel | ul ds& APR

Addi tional studies were also carried out on other cellulose sanples. 208

Three dried-dissolving pul p sanples from production |lines were

i nvesti gatfglosnzedp! € A a wood pulp used in cellulose ag@tgdoss31404

?ppllfﬁtlons has a 98.7 percent R-18; Sanple B, a wood pulp used in

| yocel | " appl.ications, Cert 3Kol8n tGond inwood pul p used

in rayon ap ISERLVSRY, p?ﬁ%§§§%%é§§% pergeﬁt %i % ?ﬁﬁ%LR-TSlFést |E apTAPP

(nlggfdpggalt hbﬁf?sse::aat i nfitaf :T%xgqmeeaadtllé@pellnl hatlst¢agesst 4tfar di zed test that
e fraction of cel t SR} in 18 percent

caustic sod&SldEtGEFoR? ‘“%%ﬁ%%%ﬁggﬁbg%%ﬁb?% %%%M1 (%gﬁgneasurep of

chai n | engt Ia)lsfpgrayteheat hdsm_r;h puiups cmrgloS@mpl:e Pextupgsein Sste B 470,

Sampl e C, 487. t hr S n il i
[CAmin] O t &% ﬁﬂ@@Gﬁsgeg?lﬁ¥%§£ Eﬁ%fgﬁ%% g ?9fose céﬁigﬁggldysgg:sggea{n
greater tfﬁﬂbéiﬂaab%gntlbﬁliéyaaﬂnﬁ¥ snohHiCAmed] &8N regenardtiegui ds, but

t hose di ssol uti.ons were 26- 03 APR 26. VWD 03/ 029329 PCT/ USO
) 2/ 31404
di fficult tGﬂé&hﬁeﬁ@lﬁﬁéﬁe¥WkﬁPTﬁﬁ§ﬂfo A ﬁfEFCt§ésten1 Under the heating

conditions, triethylammoniumchloride and tetrabutyl amoni um

Example 7: Removal of Ionic Liquid

from Regenerated Cellulose

A series of studies was conducted to
determine whether ionic liguids were trapped or
encapsulated within the cellulose matrix during the
regeneration process. Using a carbon-14 labeled
sample of [Cymim]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.mimlBr), 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 celluloge/ionic liquid solution was
then diluted with 5 ml of deionized water, and the
initial activity of the cellulose/ionic ligquid/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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chl ori de deconposed. In another study, ashless Whatnman filter [@adarRvEgs.
dissolved in [CAmMmMd ionic liquid using the above-described m crowave
process. On initial contacting and m crowave heating, the filter paper

became transussns and was observed to swell as ionic Ijcqhisdy¥as absor bed
into the matrix. On further heating and agitation, the filter paper

di ssol ved conpl.etel t 5 per Leht wLoadidg o WRiovi de  a
coIorIess,,Eﬁggguggl%??%%?tﬁﬁ%%%%%§%¥oﬁ§%g iguid <';\§/1va.sllo_ade.d to 10 wei ght
percent. W t detiktenefaprat amomplietéedysg6l ugi of betdmd Yavde nore difficult

and a viscous solutian that. contaj K esl E QLG il G i npr egnat ed
filter papepeﬁagraﬁta'ngarfy&?sﬁ:ﬁ?gg%g%%d§gﬂgghggnptgglag#%gnnre readily
di ssol ved t hegehbeatibr osslekddeul ose sanple. W perforned tests to prepare
a 5 percent solutionin [CGAmnC (0.5g in 10 g ionic liquid) using

m crowave ‘-heating in 3 second pulses. On increased | oading, very viscous
m xtures ar ggapeduced, thelhbsde/Meser diudd woul d be a paste. Up to about

25 wei ght . percent Ioadin? of the fibrous cellulose, the paste could be
worked with a spatul a aﬁ8_Eiﬂﬁﬁéifﬁﬁﬁﬁgﬁfﬁba%Fﬂg—and mani pul ation yiel ded a
clear material. An i gheADIENROUSse (8 dididolvepatue[CamitCé wls  obt ai ned

at hi gher |oading. Exanple 6: Processiqq C%Llﬁaose.Solutions Sol uti ons of
cel | ul ose i miigicencegtrasiess (> 10 wte), highly visScous

solutions were obtained that were optically
anisotropic between crossed polarizing filters and
displayed birefringence. Solutions of varying
concentration of cellulose in [Cmim]lCl 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 liquid 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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be processed sinply. Cellul ose can be regenerated fromthe ioni&3I|ARRupods
solution by adm xing the -27 03 APR 2006. WD 031029329 PCT/ US02/ 31404
cellul ose-containing ionic liquid with water. Qther precipitating
sol uti ons w@psRbpe be used. Illustrative of such sol utigisybsiaet hanol ,
acetone, water, and aqueous or neat salt solutions The cellul ose can be
regenerated in a w.de. range . r ol r@:}g hilg on how t he
cont acti ng- of thealg?lg‘ﬁ‘\lc?ﬁel (%l?llgt:%o ut‘?%%g)g"nlgnilﬁie reggﬁggg%]i on liquidis
achi eved. Mnoliths, fibers andHropegthage been prepared to illustrate the
scope for processing of cellulose fromionic liquid by formng into an
aqueous phase. Rapid mxing of the ionic liquid solution with an aqueous
streamresults T0anpéRetftioat oD Tediuiald ul ofetates Fendery fl oc.
Al ternatively, extruding “;‘t/%@) ionic liquygdicellylggarsolution into a
non-sol vent  (for__exanple) Water enables thin fibers and rods to be
prepared, as is seen in Fig5%l. The initial ext™date is nalleable, and
hardens in contact with wajgr as the ionic |iquind diffuses fromthe
extrudate into solution. A cellulose filmcan b% gbt ained by coating an
appropriate surface such asl%f gl ass m croscope - B

20% YES

25% YES

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

or 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
shouldvbe 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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slide with an even layer of the cellul ose solution (approxinatellyd 4P2 0%
thick). The slide was then immersed in a water bath. Initial, regenerated
cel lul ose sanples were flexible and apparently very porous. On drying,
significant shrinkage occurred to forma hard, resilient film A cellulose
froman ionic liquid solution can also be nolded into various forns. The
solution is poured into a nold and a non-sol vent added to cause the
cellulose to precipitate. Because the viscosity of the solution and the
cel lul ose concentration can be controlled -28 03 APR 2006 WD 03/ 029329

PCT/ US02/ 31404 independently by the choice of a different ionic liquid
froma honol ogoys series (e.g. [CGAmnjd or [Csmnj O) or by changing the
tenperature, processing conditions can be optimzed for a particular
product preparation. Thus, control of the ionic liquid solution and water
contacti ng net hodol ogy pernits cellul ose to be regenerated from sol ution
with a wide ivariety of nnrphologies by sitmple¢ hedr fati onseblyhes processi ng
conditions_and ionic liquid. The use o as the ﬁegeneigtlng sol ution

has pot ERLIHFOBRVHBhnBrERAT - Hehet Tt %ﬁﬁﬂﬁicﬁgigﬁogavaﬁgages ovVer current
processi.ng. me EQ899&09ﬁ§§ is molten at a temperature of about ~10°

to about 100°C and in the substantial absence of water or a
nitrogen-containing base to form an admixture, wherein said
ionic liquid is comprised of cations and anions, and

agitating the a mixture until dissolution is complete.

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

assist in dissolution.

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

group consisting of

RA Rt R
4
3 5 nd R N R
2 R R R ; ai]::j:[:
@ : N : )\ 5
5" x Opé B N RO T ¥ B T R
l N Li o R
R
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whi ch make use of volatile organic solvents. The ionic liquid c&d BER 2005
recovered from aqueous solution and reused by renoving the water. This
wat er renoval nethod has been denonstrated on a | aboratory scal e by
evaporating the aqueoug/ionig Iiqukd soLution, o dgyness. However, on an
industrial scale, othéx netthods f/r renoval ol waier may prove to be nore
practical. IllustrativeygAernativeg=hcl ude r epERSe osnosi s,
pervaporation, and salt out of t onic |iquil, Exanple 6: Physical
Properties of Regengratied-AX IRuIR@s“é’\ e‘be’nﬁr}I #0 cel | ul ose was
characterized by differgntial scanni”hg cal orinetlfry (DSC),

t hermogravi metric anal ysils (TGA), andipowder X-ray diffraction (XRD) to
det er mi ne whet her regener%ti on fromthe ionic liquid had caused any
changes in the nolecular norphol ogy of the cellul ose. Scanning electron
m croscopy (SEM was used to observe,the , bulk ,structsure o the' cellul ose

mat eri al s prepared by 3egener {tion®ro he j,‘bni c I™Nguidr(see Fig. 5). -29
03 APR 2006, WO 03/ 29 PCT/%?O2-<31404 yand TG t hrgx®ogr ans wer e
collected for cell e precip'edfro i oni c i,d solution, and
wer e conpared tg li~giRnali o6 Fosgav’“\N Bt p}/N

Y

N
1122 g
R‘ln
, ) R gl
® j2d
-1 13_3
n’ N o R N
/ Y
Rl + Rz R]' hi3

wherein R! and R? are independently a C;-Cs alkyl

group or a C1-Cg alkoxyalkyl group, and R, RY, R°, Rr®?, R’, R®
and R® (R*-R%), when present, are independently a hydride, a
Ci1—Cs alkyl, a Ci1-Cs alkoxyalkyl group or a Ci—Cs alkoxy group,

and
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material . Sanples were placed in a platinumsanple holder and hBat &R 205
600C under a nitrogen atnosphere-at 10C mn 1. Fig. 2 shows the TGA curves
for the original fibrous cellulose and regenerated form prepared from
[CAmim O . Pure cellul ose shows rapid deconposition in a narrow
tenperature range from 350- 360C. Regeneration fromthe ionic liquid | owers
the onset tenperature for deconposition, but results in higher char
yi el ds (non-vol atil e carbonaceous material) on pyrolysis. For fibrous
cellulose reformed from [CAm n]C, powder XRD shows only small changes in
t he norphol ogy. The degree of crystallinity of fibrous cellulose appears
to be slightly decreased after dissolution and regeneration from[C4im n]d

as | nd%ﬁ?t edibys the £l afdye: intpnsi tay:ea!fﬁ@l%géﬁe pkehhenashaep, peak at
|

about 10 (d = 4 A) and the broad " underlying i ffraction band, shown in

Fi g. 3. oTh€: crstakbprivigtendex of cellulose, |., can be calcul ated using
the following equation: | =1 - (Imn/ Imax) where Imm, is the intensity
m ni nrum between 2 = 18-19, and the Im is the intensity of the
crystalline peak @t the maximumdigtoneerrc23din22+23claThi § wasreaken from

Marson et al:; Jourpal, of £gplded RAlYIRE BEh80Es: or1382uadRorsdS00:

5. A method for dissoliving

cellulose that comprises the steps of:

(a) admixing cellulose with an ionic liguid in the
substantial absence of water or nitrogen-containing base to
form an admixture, wherein said ionic liquid is molten at a
temperature of about -10° to about 100°C and is comprised of
cations and anions, wherein the cations correspond in

structure to a formula selected from the group consisting of

AL
[

RS R (:f)j\as R,I

R&

R&

Rl Rl
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In a sanple that was stored in the ionic liquid for several mee&éiAFﬂ&mﬁ
regenerated, the XRD -30 WO 03/029329 PCT/ US02/ 31404 is different, and

| acks the characteristic peaks for the cellulose crystalline regions. A
singl e broad band was observed, characteristic of an anorphous material.
This may indicate a sl ow breakdown of the polymer chains with tine, as is
observed after the swelling of cellulose in liquid amonia to generate
the cellulose Il form A sanple of fibrous cellul ose was di ssolved in
[CAmin{ O to give a hgnogenggus 5pwei g pergent ol utiggn. The two sanpl es
were then separately/ regenenateg as (1) a floc int er, and (ii) as a
rod by extruding wat er f,?wka Syri N Both r erated forns were
washed wi th wat er en air @='-n for kK to e equi l i bration of
the noisturer&ont Wk mThe i : powder XRD traces
and crystallinity 1ndices detgrmned for the origingl fibrous cellulose,
and the two regenerated forns aife shown the figures felow. In these
particul ar studies, the powdery regenerated floc showed an anorphous
diffraction pattern with no crystallinity, whereas the extruded-rod form
had a crystallinity indax that was indistinguishable fromthe origina
fibrous

[ 3
7 5 R R
R N R N
N\ 27N
t
R R
R R
(::) and
R’ &’
r? B

wherein R' and R® are independently a Ci-Cs alkyl

group or a C;-Cs alkoxvyalkyl group, and r*, r', R’, R®, R’, R®

and R® (R’-R%), when present, are independently a hydridec, a
Ci1-Cs alkyl, a C;-C¢ alkoxyalkyl group or a C;-Cs alkoxy
group, and the anions of the iocnic liguid are halogen,

pseudohalogen, or C;-C¢ carboxylate;

(b) irradiating said admixture with microwave radiation to

assist in dissolution; and

-38 -



material. These results indicate that the degree of crystallinify £&haos
hence, mcrostructure) of the cellulose can be nmani pul ated during the
regeneration process to manufacture materials with mcrocrystallinity
varying fromcrystalline to anorphous. The nodifications to the bul k
structure of regenerated cellulose are shown from scanning electron

m crographs, in Fig. 5, of the initial untreated sanples and cell ul ose
regenerated fromthe [CAminmd. Initial sanples of fibrous cellul ose and
-31 03 APR 2006, WD 03/029329 PCT/ US02/ 31494 di ssol ving pul p show fibers at
300x magnification in the SEM After regeneration, in both cases, the
cel lul ose had a conpl etely changed norphol ogy and displayed a rough, but
conglonerate texture in which the fibers have fused. SEM data indicate

that the cellulosedibpilstcan Pgesohubidizediand regenenated (with a
relatively honogenous macrostructure. Exanple 7: Renoval of lonic Liquid

f r om Regel@rdtsd@ -Cel | ul ose A series of studies was conducted to determi ne
whet her ionic liquids were trapped or encapsulated within the cellul ose

matrix during the cregeneratyQn RELLESSacASidihA CAhnl4 Lakeked
said cellulose is fibrous cellulose, wood pulp, linters,

cotton balls or paper.

7. The method according to claim 5 wherein
said cation contains a single five-membered ring that is

free of fusion to other ring structures.

8. The method according to claim % wherein

R3-Rg are hydrido.

g. A method for dissolving cellulose that
comprises the steps of:

{a) admixing cellulose with an ionic liguid
comprised of cations and anions in the substantial absence
of water to form an admixture, wherein sald ilonic ligquid is
molten at a temperature of about -44°C to about 120°C
wherein said cations contain a single five-membered ring
that is free of fusion to other ring structures and said
anions are halogen, pseudchalogen, or C; —-Cs carboxylate;

(b} irradiating said admixture with microwave
radiation to assist in dissoluticon; and

(c} agitating the admixture until dissolution

is complete.
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sanple of [CAm n]d as the dissolving solvent, a sanple of fibr8dsaPR 2006
cellul ose was dissolved (1 g of a 2% (w/w) solution containing 40 gL of
carbon-14 -|abeled [C4nmi n]Br), then regenerated as an extruded rod. The
radi oactivity of the sanple was determ ned, and nonitored as the sanple
was sequentially washed by contacting with known volunmes of water. The
cellulose/ionic liquid solution was then diluted with 5 niL of deionized
water, and the initial activity of the cellulose/ionic |Iiquid/ water

sol ution was neasured. After sanpling, the agueous phase was decanted, and
an additional 5 nL of deionized water were added. This solution was then
well m xed, and the activity again neasured. This procedure was repeated
10 times. The change in activity of the agueous washing solutions with
each wash indicates that effectively all ionic liquid was extracted from
the cellulose w fhi.n 4-5 washi ngs, €edoh nwithedsadopasiinge toi gilkiial 2i oni c
liquid volune. But .neasuring the - VWO O 9 PCT/.US02/ 31404 resi dual
acti vi tf/“?‘gﬁeérn £R&% gﬁigu%\%g%ilnsg,fji Was g,édl(eht%lg%%eheggto#ag’%é proxi mately 76
g of ioniigtkirgyi dotpern paabsofr gedgad ose (76 ppm) remmined within the
regenerated cellul ose. Exanple 8: cellulose/lonic Liquid

11. The method according to claim 9

wherein saild cations have a structure that corresponds to a

formula selected from the group consisting of

wherein R' and R® are independently a C;-Cg alkyl group or a
C1-Ce alkoxyalkyl group, and R?®, R*, R> (R’ -R%) are
independently a hydrido, a C1-Cs alkyl group, a Ci1-Cg
alkoxyalkyl group or a Ci—C¢ alkoxy group.

12. The method according to claim 11

wherein R;—Rs are hydrido.
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Sol utions Properties Wen cellulose is dissolved in [C4nin]Cl at @ 3hhigjh 2006
concentrations (> 10 %, highly viscous solutions were obtained that
were optically anisotropic between crossed polarizing filters and

di spl ayed birefringence. Solutions of varying concentration of cellul ose
in [CAmMmM A in which birefringence was observed under crossed-pol arizers
are indicated in the Table below. Birefringence is indicative of a liquid
crystalline phase, either nematic or smectic, in which the polyner chains
are partially ordered with a bulk orientational director. The formation
of liquid crystalline polynmer solutions is desirable and can be used to
prepare high strength materials that conserve the solution anisotropy in
the solid phase yielding enhanced nmechani cal properties. 03 APR 2006. WD

03/ 029329 PCT/ US02/31404 Cel | ul ose. Sol. yt i ith Liqui stalline
Properties Cbncenféation of ce||u65§§*§SF§?§§%EPéR§ g%mg}éé%aigolarized
Li ght 5¢ndid0%NO A5 YES 209%3¥ES-C:-Cs-alkyl imidazolium ion.

i4. The method according to claim 13

wherein one of said 1,3-di-C;-Ce—alkyl groups is methyl.

15. 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 ligquid is
molten at a temperature of about -44°C to about 120°C,
wherein the cations are 1,3-di-Ci;-Ce—alkyl imidazolium ions

corresponding in structure to Formula A

wherein R' and R? are independently a C;—Cs alkyl
group or a C;-Cg¢ alkoxyalkyl group, and R?, R', R® (R’-R°) are
independently a hydrido, a Ci~Cs alkyl group, a Ci—Csg
alkoxyalkyl group or a C;-Cy alkoxy group and the anions of

the ionic liquid are a halogen or pseudcohalogen;
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25% YES Each of the patents, applications and articles cited he0gi g Sgs

i ncorporated by reference. The use of the article "a" or "an" is intended
to include one or nore. Fromthe foregoing it will be observed that

nunmer ous nodifications and variations can be effectuated w thout departing
fromthe true spirit and scope of the novel concepts of the invention. It
is to be understood that no limtation with respect to the specific

enbodi nent illustrated is intended or should be inferred. The disclosure
is intended to cover by the appended clains all such nodifications as
fall within the scope of the clains. 0 3 APR 2006 CLAIMS 1. A nethod for

di ssolving cellul ose that conPrises,adnixj g cellulose with. a nolten
ionic liquid that is mol'Pén AFFattenet aitn® G g0eut Y160 ME678¥dUE 100' C
and in thgsubstantial,sabsence of swal@f:i&f: aunddi trogen-containi ng base to
forman adm xture, wherein said ionic liquid is conprised of cations and
ani ons, and agitating tHéla aPktaFrenanths Aiwisoluns oRtid EofpPEBELCR. The
met hod aggp&%&ggekgoclain1l wherein said adm xture is irradiated with

m crowave radiation to assist in dissolution. 3. The method according to
claiml wherein the cations of said ionic liquid are selected fromthe

16. The method according to claim 15
wherein said cellulose is fibrous cellulose, wood pulp

ilinters, cotton balls or paper.

17. The method according to claim 15
wherein Rs;~Rs are hydrido, and R' and R? are each a C;-Cs alkyl

group.

18, The method according to claim 15

wherein one cof said Ci;~Csg-alkyl groups is methyl.

19. The method according to claim 15

wherein said anion 1is a chloride ion.

20. A method for dissolving cellulose
that comprises the steps of:

{a} admixing cellulose with an ionic liquid comprised
of cations and anionsg in the substantial absence c¢f water to
form an admixture, wherein said ionic liguid is molten at a
temperature of about -44°C to about 120°C, and wherein the
cations are 1,3-di-C;-Ce—alkyl imidazolium ions corresponding

in structure to Formula B
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group consisting of 03 APR 20)6 A7/ /N1-14\A6 R +\ Rz and wherelld /iR agg
R2 are independently a Cl-C6 al kyl group or a Cl-C6 al koxyal kyl group, and
R3, R, R, R6, R, R and RO (R3-R9), when present, are independently a
hydrido, a Cl-C6 al kyl, a Cl-C6 al koxyal kyl group or a Cl-C6 al koxy group,
and 03 APR 2006 the anions of the ionic liquid are hal ogen, pseudohal ogen,
or C2 -C6 carboxylate. 4. The nethod according to claiml1l wherein the
anions of said ionic liquid are hal ogen or pseudohal ogen. 5. A nethod for
di ssolving cellul ose that conprises the steps of: (a) adm xing cellul ose
with an ionic liquid in the substantial absence of water or

ni trogen-contai ning base to forman adm xture, wherein said ionic liquid
is nolten at a tenperature of a -10 to about 100C and is conprised of
cations and ani ons, wherein the Wons corgespond in structure to a
formul a selected fromthe groyp- ¥styng of 03 APR 2006 Rl ~N ,6 R +R
and wherein Rl and R2 are independéntly a Cl-C6 al kyl

wherein R' is a Cy -C¢ alkyl group and the anions
of the ionic liquid are & halogen or pseudohalogen;

(b) irradiating said admixture with microwave
radiation to assist in dissolution; and

(¢) agitating the admixture until dissolution is

complete.

21. The method according to claim 20
wherein sald cellulose is fibrous cellulose, wood pulp,

linters, cotton balls or paper.

22. The method according to claim 20
wherein said R' C; -Ce alkyl group is a Ci; -C4 alkyl group.

23. The method according to claim 20

wherein said anions are chloride ions.

24, A solution comprised of
cellulose in a molten ionic liguid solvent that is substantially
free of water or a nitrogen-containing base, wherein said ionic
iiquid is comprised of cations and anions and is molten at a
temperature of about -44°C to about 120°C, and wherein said

cations contain a single five-membered ring that is free of
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group or a Cl-C6 al koxyal kyl group, and R3, R4, R5, R6, R7, R8 HrdARR 2005
(R3-R9), when present, are independently a hydrido, a Cl1-C6 alkyl, a Cl1-C6
al koxyal kyl group or a C7-C6 al koxy group, and the anions of the ionic
liquid are hal ogen, pseudohal ogen, or Cl-C6 carboxylate; (b) irradiating
said adm xture with mcrowave radiation to assist in dissolution; and -38
03 APR 2006 (c) agitating the adm xture until dissolution is conplete. 6.
The net hod according to claim5 wherein said cellulose is fibrous

cellul ose, wood pulp, linters, <cotton balls or paper. 7. The method
according to claim5 wherein said cation contains a single five-nenbered
ring that is free of fusion to other ring structures. 8. The nethod
according to claim5 wherein R3-RO are hydrido. 9. A nethod for dissolving
cellulose that conprises the steps of: (a) adm xing cellulose with an

i oni ¢ | ifgpsii@n GenpEnsEdr dRg cat Fons  Ehd 3l Gt d mrweSsabst AatPaPNabsence

of wat er far adm.xture, i idionic liquidis nolten at a
tenperafﬁ%gdg agggg?'-H%C§ éﬁhgggggggg%faherein said cations contain a
single five-nmenbered ring that is free of fusion to other ring structures

and sai d anigns are hal ogep, . Psepiohal agen,, A Ch s R5R" gyl ate;
wherein sald cellulese is present in an amount of about 5 to

about 35 weight percent of the sclution.

26, The solution according to
claim 24 wherein said cations of said ionic liguid correspond
in structure to a formula selected from the group consisting

of

RMN\N /N-..._R; RVN\N /N Rl/'N\N Rx/ﬂ
L; R
1 e 3 R 8 B
o "o
ﬁpfﬂ<:)*~“3 #V»Eg:) s IR
T n«

wherein R! and R? are independently a C;-Cs alkyl
group or a Ci1-C¢ alkoxyalkyl group, and R?), R, and R® (R’-R°),
when present, are independently a hydrido, a Ci—Cg §1kyl, a Ci-
C¢ alkoxyalkyl group or C1LC6 alkoxy group, and the anions of
the ionic liquid are halogen, pseudohalcgen, or C:—Ce

carboxylate.
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(b) irradiating said adm xture with mcrowave radiation to assi8t3 APR 2005
di ssolution; and (c) agitating the adm xture until dissolution is conplete.
03 APR 2006 10. The method according to claim9 wherein said cellulose is
fibrous cellulose, wood pulp, linters, cotton balls or paper. 11. The

met hod according to claim9 wherein said cations have a structure that
corresponds to a fornula selected fromthe group consisting of Ra t~0 1~N
G'lS Rm\ RRNT * and Rwherein RL and R2 are independently a Cl-C6

al kyl group or a Cl1-C6 al koxyal kyl group, and R3, R, R (R3 -R5) are

i ndependently a hydrido, a Cl1-C6 al kyl group, a Cl-C6 al koxyal kyl group or
a Cl-C6 al koxy group. 12. The nethod according to claim1ll wherein R3-R5
are hydrido. -40 03 APR 2006

27. The solution according to claim 24
wherein the anions of said ifonic liguid are halocgen or

pseudohalogen.

28. A solution comprise of
about 5 to about 35 weight percent cellulose in an ionic
liguid solvent that is molten at a temperature of about -10°
to about 100°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

Rﬁ
R R R
Rl




13. The nmethod according to claim1l wherein said cation is a €3 APR 2006
1, 3-di -Cl-C6-al kyl imdazoliumion. 14. The nmethod according to claim13
wherein one of said 1, 3-di-Cl-C6-al kyl groups is nmethyl. 15. A method for
di ssolving cellulose that conprises the steps of: (a) adm xing cellul ose
with an ionic liquid conprised of cations and anions in the substanti al
absence of water to forman adm xture, wherein said ionic liquidis
nolten at a tenperature of about -44C to about 120C, wherein the cations
are 1, 3-di -Cl-C6-al kyl imdazoliumions corresponding in structure to
Fornula A A whereingRlL angf R2 aggé i ndgpenderntly apCl-C6 al kyl group or a

Cl- C6 al koxyal kyl group R5 (R3-F are independently a
hydri do, a Cl-C6 al ky al koxyafky!l group or a Cl1-C6 al koxy
group and the ani onsyQf /ythe ionk& “Iquid arg hal ogen or pseudohal ogen;

03 APR 2006 (b) iRfadigfi NI xtRir B wi N mi crowave radiation to
assi st in dissolution; jand (c) aglqatlng the a¢im xture until dissolution is
conplete. 16. The met had accordi ngrto cl ai m 158 wherein said cellulose is
fibrous cellulose, wood pulp Ilinters, cotton balls or paper. 17. The

met hod according to claim 15 wherein R3-R5 are hydrido, and Rl and R2 are

each a Cl1-C6 al gyl 7 4 & 3 q2 5 B
oo Do
A AN AP A

K NA_LN
¥ F R \T/ RN R Ri/NYS
) o R
R‘
1 4
R B ? :
& 3
7 $ R R
R N R )
AW v N\ 2
R ¥ R R

wherein R' and R? ‘are independently a C;-C¢ alkyl
group or a C;-Cg alkoxyalkyl group, and R®, RY, R®, R®, R7, R®
and R? (R°-R’), when present, are independently a hydrido, a
ct-c® alkyl, a cl-c® alkoxyalkyl group or a c'-c® alkoxy group,

and
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group. 18. The nethod according to claim 15 wherein one of said¥3 APR 2006
Cl- Co6-al kyl groups is nethyl. 19. The nethod according to claim1l5 wherein
said anion is a chloride ion. 20. A nethod for dissolving cellulose that
conprises the steps of: (a) adm xing cellulose with an ionic liquid
conprised of cations and anions in the substantial absence of water to
forman adm xture, wherein said ionic liquidis nolten at a tenperature of
about -44C to about 120C, and wherein the cations are 1, 3-di-Cl-C6-al kyl

i mdazoliumions corresponding in structure to Fornula B 03 APR 2006 R~ 0
N~ B 3 wherein RLis a ClL -C6 al kyl group and the anions of the ionic
liquid are a hal ogen or pseudohal ogen; (b) irradiating said adm xture with
m crowave radiation to assist in dissolution; and (c) agitating the

adm xt urE@eUBhibndi 8§50t HEI DPnis TPl ®tere 2kl chRe, Mpishadoastoydnngoto claim
20 wherein said cellulose is fibrous cellulose, wod pulp, linters,
cotton bal TS stpaFertat®2. The method according to claim 20 wherein said
Rl C1 -C6 al kyl group is a C1L -C4 al kyl group. 23. The nethod according to
claim 20

29. The solution according to claim 238
wherein said cations contain a single five-membered ring that

is free of fusion te other ring structures.

30. The solution according to claim 29
wherein said cations have a structure that corresponds to a

formula selected from the group consisting of

N ]
R ‘\ﬁ/ R r \N/ R N
i g

1
§ ﬂ 3 4 5 R
| %{ O, ™A
R “\|/N“‘a’ B N\N R R‘/N\]/o
R L? r*

wherein R' and R? are independently a C;—C¢ alkyl
group or a C,-Cg alkoxyalkyl group, and R?), R!, R® (R*-R°) are
independently a hydrido, a Ci;-C¢ alkyl group, a alkoxyalkyl

group or a U4 —-Cs alkoxy group.




wherein said anions are chloride ions. 24. A solution conprised 6f3 APR 2005
cellulose in a nolten ionic liquid solvent that is substantially free of
wat er or a nitrogen-containing base, wherein said ionic liquidis
conprised of cations and anions and is nolten at a tenperature of about
-44C to about 120C, and wherein said cations contain a single
five-nenbered ring that is free of 03 APR 2006 fusion to other ring
structures and said ani ons are hal ogen, pseudohal ogen, or Cl-C6

carboxyl ate. 25. The solution according to claim24 wherein said cellul ose
is present in an anount of about 5 to about 35 weight percent of the
solution. 26. The solution according to claim24 wherein said cations of
said ionic liquiddtorrespond iThestyaicttiog eecarfionguta skheetdd fromthe

group consi sting. of and. mhereln R and ar d C6 al kyl
group of H% %incgahﬁik%%ﬂacfrkyll gr odp]?, eh 5RZR§6 a%%yrl %%?[ag%?&é}ﬁi%l 91
pfesentthatecbﬂﬂ@@p@@@ﬁtiw'gtﬂuﬂhunhxtoaEG&mﬁﬁaahkyl, a Cl- C6 alkoxyalkyl
group or Cl-C6 al koxy group, and the anions of the ionic liquid are

hal ogen, pseudohal ogen, or Cl1-C6 carboxylate. -44 0 3 APR 2006 27. The
solution according to claim24 wherein the anions of said ionic liquid are

hal ogen or ¢ RS
O, *
RL,AL\r/N\ﬁf

RJ

32. The solution according to claim 31

wherein one of said 1,3~di-C1~C¢ alkyl groups is methyl.

33. The solution according to claim 31

wherein said R’-R° groups are each hydrido.

34. The soluticn according to claim 31
wherein said cellulose is present in an amount of about 10 to

about 25 weight percent.

35. A solution comprised of about 10 to
about 25 weight percent cellulose in an ilonic 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 caticons and anions in which the cations are 1,3-

di-C1-C¢ alkyl imidazolium ilons corresponding in structure to




pseudohal ogen. 28. A sol ution conprise of about 5 to about 35 wdidffR 2006
percent cellulose in anionic liquid solvent that is nolten at a
tenperature of about -10 to about 100C and is substantially 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
formula selected fromthe group consisting of R/\R'\R6 R6/~N RL RL 1 S N
SRS 6~ %R It RI RL RL 03 APR 2006 R2 Rx R4 R7' 111~ Nlle~ Rd R6J\x R1
+\Ra and wherein Rl and R2 are independently a Cl1-C6 al kyl group or a

Cl- C6 al koxyal kyl group, and R3, R9, R5, R6, R7, R8

Formula A

wherein R' and R? are independently a C1-Cs alkyl
group or a C,-Cg alkoxyalkyl group, and R’, RY, R® (R*-R®) are
independently a hydrido, a Ci-Cs alkyl group, a Ci -Cg
alkoxyalkyl group or a C;-Ce¢ alkoxy group and the anions of

the ionic liguid are a halogen or pseudohalogen.

36. The solutiocn according to claim 335

wherein one of said 1,3-di-C;~Cs alkyl groups is methyl.

37. The solution according to claim 35

wherein said R*-R° groups are each hydrido.

38. The solution according to claim 37

wherein the other of said R is C;—-Cs-alkyl.

39. The solution according to claim 38

wherein said cations correspond in structure to Formula B

- 49 -




and R9 (R3-R9), when present, are independently a hydrido, a ClUG@6ARR 2§05,
a Cl-C6 al koxyal kyl group or a Cl-C6 al koxy group, and -46 03 APR 2006 the
anions of the ionic liquid are hal ogen, pseudohal ogen, or Cl -C6
carboxylate. 29. The solution according to claim28 wherein said cations
contain a single five-nmenbered ring that is free of fusion to other ring
structures. 30. The solution according to claim29 wherein said cations
have a structure that corresponds to a formula selected fromthe group
consisting of and wherein RL and R2 are independently a Cl1-C6 al kyl group
or a Cl1-C6 al koxyal kyl group, and R3, RO, R5 (R3-R5) are independently a
hydri do, a Cl-C6 al kyl group, a al koxyal kyl group or a Cl1L -C6 al koxy
group. -47 03 APR 2006 31. The solution according to claim30 wherein said

cation is a 1, 3-di 4,Gl-C6 al kyl i g gdagzpliumion; that, cerEgspends in
structure to Fornuﬁg'A A 32. T%e sg?%t+on accofé%ﬂg to claim31 wherein

one of sairgrkid- dizi@laGBoakbkykegriolpside ipthyl . 33. The sol ution according
to claim3l wherein said R3-R5 groups are each hydri do.

41, 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 and said molten ionic liqguid
is either (i) molten at a temperature of about =10°to about
100°C or (ii) is molten at a temperature of about =44° to
about 120°C and wherein said catiocns contain a single five-
membered ring that is free of fusion to other ring
structures, with a liguid non-solvent for said cellulose that
is miscible with said ionic liquid, said admixing causing the
cellulese and ionic liguid to form solid and ligquid phases,

respectively.
42 The method according to c¢laim 41 wherein

the catiens of said ionic liguid correspond in structure to a

formula selected from the group consisting of

-50 -




34. The.solution according to claim31 wherein said cellulose i¥§ 3ph8seHs
in an anount of about 10 to about 25 weight percent. 35. A solution
conprised of about 10 to about 25 weight percent cellulose in an ionic
liquid solvent that is nolten a tenperature of about -10 to about 100C and
is substantially free of water, wherein said ionic liquid is conprised of
cations and anions in which the cations are 1,3- di-Cl-C6 al kyl im dazolium
ions corresponding in structure to 03 APR 2006 Formula A A wherein Rl and
R2 are independently a Cl1-C6 alkyl  group or a Cl-C6 al koxyal kyl group, and
R3, R4, R5 (R3-R5) are independently a hydrido, a Cl-C6 al kyl group, a C1
-C6 al koxyal kyl gigroup or agfl-C6 al koxys group and the anions of the ionic
liquid are a hal pgen or pse dohal ogen. 36. The sol ution according to claim
i . .

35 wherei iR%qne grdq-s whyl . 37. The
sol uti on accorlfd to clal wher e 1 d R3- ups are each hydri do.
38. The sol uti cordln laim 3 ereint ehh her of said R is
Cl- C4- aIkyIRT ccogg' 0 ka% egeln sai d cations
correspond Tn stiuctu e to Hornul a 2 @3 A 006 AO. Fhe sol ution
according to cl agim 39 R

1.~ N2 N A g
v 4 o)
RNy R° ® 7R
R4
B \
5
e oS R R*
RS R
r’ N RS
1./+\ 2 ;/ t-:i-\ 2
R R R R




wherein said anions are chloride ions. 41. A nethod for regenerafi3ngPR 200
cellulose that conprises adm xing a solution of cellulose in a nolten
ionic liquid solvent that is substantially free of water or
ni trogen-cont ai ni ng base, wherein said ionic liquid is conprised of cations
and anions and said nolten ionic liquid is either (i) nolten at a
tenperature of about -10 to about 100C or (ii) is nolten at a tenperature
of about -44 to about 120C and wherein said cagiong contain a single five-
menbered ring that is f fusion to other rj structures, wth a
| i quid non-sol vent id gell Wose thatr 7 ] Rith said ionic
i quid, said adm xi ng yroNghe cellul oseTand liquid to formsolid
and liquid phases, y. 42. anfhe nethod dlng to claimi4l
wherein the cationg « oR{ G |iquid ge 5ONT |h3§tructure to a
fornula sel ected frfomthe gr8up dbnsisting of 0O5APR Zoos R4 R6/\N R7' 1
'\R6i t R R/Ne~~ HG g :

wherein R' and R? are independently a Cy-Cg alkyl
group or a C;~Cg alkoxyalkyl group, and R®), RrR', R®, R% R’, R®
and R* (R’-r%), when present, are independently a hydrido, a
C1-C¢ alkyl, a C1-Cs alkoxyalkyl group or a C,—-Cg alkoxy group,
and the anions of the ionic liguid are halogen,

pseudohalogen, or Ci—-Cs carboxylate.

43. The method according to claim 41 wherein

the anions of said ionic liquid are halogen or pseudohalogen.

44. The method according te claim 41 including

the further step of collecting the formed cellulose phase.

45. A method for regenerating celiulose that
comprises the steps of:

{a) admixing a solution of cellulose in a molten
ionic liguid solvent that is molten at a temperature of less than
about 150°C and is substantially free of water or a nitrogen-
containing base, wherein said ionic liquid is comprised of cations
and anions, with a liguid non-solvent for said celiulose that is
miscible with said ionic liquid, said admixing causing the
cellulose and ionic liquid to form solid and liquid phases,
respectively, wherein the cations correspond in structure to a

formula selected from the group consisting of

-52-




t I 5) R3is 03 APR 2006 and wherein RL and R2 are independent!|y {3 622806
al kyl group or a Cl-C6 al koxyal kyl group, and R3, R4, R5, R6, R7, R8 and
R9 (R3-R9), when present, are independently a hydrido, a Cl-C6 alkyl, a
Cl- C6 al koxyal kyl group or a Cl1-C6 al koxy group, and the anions of the
ionic liquid are hal ogen, pseudohal ogen, or Cl-C6 carboxyl ate. 43. The

nmet hod according to claim4l wherein the anions of said ionic liquid are
hal ogen or pseudohal ogen. 44. The method according to claim41l including

i the forneaicel | ul ose phase. 45. A nethod for
onprLs;s the steps of: (a) gdm xing a

e R iRoQ, Lqui dRsq|: hat is nolten at a
150C a subst amy ly free of water or
a nitrogen- con i i i i s conprised of
cations and i , d ¢l lulose that is
m sci bl e mﬁtﬁ said ionic liquld, said ad i xi ng causirlg the cellul ose and
ionic liquidto fekmsolid ang |iquid phattes, respedfively, wherein the
cations correspond in structure to a formula selected fromthe group

consi sting of -52
3—_{1{5 3 R( S_{RJ
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N
s .
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W

03 APR 2006 R7~~ i ~~R6 R6/\ RL Al /1'° R3~ 1 R R +~R2 R3Ra R6+¥ RARRIRSR
R and -53 03 APR 2006 wherein R and R2 are independently a Cl-C6 al kyl
group or a Cl-C6 al koxyal kyl group, and R3, R9, R5, R6, R7, R$ and RO (R3
-R9), when present, are independently a hydrido, a Cl-C6 alkyl, a Cl-C6

al koxyal kyl group or a Cl1-C6 al koxy group, and the anions of the ionic

| iquid are hal ogen, pseudohal ogen, or Cl-C6 carboxylate and the anions of
said ionic liquid are hal ogen or pseudohal ogen; and (b) collecting the
formed cel | ul ose phase. 46. The nethod according to claim45 wherein said
ionic liquid is nolten at a tenperature of about -44 to about 120C 47. The
nmet hod according to claim45 wherein said liquid non-solvent for said
cellulose that is mscible with said ionic liquid is also mscible with

‘g’ff er. 48, AJmthod, fgrpr egenarating cakhul gse that, conprd sest he Steps
alkoxyalkyl group, and R®, R*, R®>, R% R’, R® and R’ (R® ~R%), when
present, are independently a hydrido, a C;-Cs alkyl, a C1—Cq
alkoxyalkyl group or a Cy-Cg alkoxy group, and the anions of the
ionic liguid are halogen, pseudochalogen, or C;-Cg carboxylate and

the anions of said lonic ligquid are halcgen or pseudchalogen; and

(b} ceollecting the formed cellulose phase.

46. The method according to claim 45 wherein
said ionic liquid is molten at a temperature of about -44° to

about 120°C

47. The method according to claim 45 wherein said
liquid non~solvent for said cellulose that is miscible with said

ionic liguid is also miscible with water.

43, A method for regenerating cellulose that
comprises the steps of:

(a} admixing a solution of cellulcocse in a molten
ionic liguid scolvent that is molten at a temperature of
about -44° to about 120°C and is substantially free of
water, herein said ionic liguid is comprised of cations
and anions, with a ligquid non-solvent for said cellulose
that is miscible with said ionic liguid and is also
miscible with water, said admixing causing the cellulose
and ionic ligquid to form solid a d liquid phases,
respectively, wherein the cations correspond in structure

to a formula selected from the group consisting of

-B4 .




(a) adnixing a solution of cellulose in a nmolten ionic liquid s83vaPR 2008at
is nmolten at a tenperature of about -44 to about 120C and is substantially
free of water, herein said ionic liquid is conprised of cations and
anions, with a liquid non-solvent for said cellulose that is mscible with
said ionic liquid and is also mscible wth water, said adm xi ng causi ng
the cellulose and ionic liquid to formsolid a d |iquid phases,
respectively, wherein the cations correspond in structure to a formula
selected fromt grqup cong sti of 454 032 APR 2006 gpd wherein Rl and R2
are i ndependent a £1-C6 alkyl ¢ N\or & Cl-C6 wl koxyal kyl group, and
R3, R4, R5 (R3-R re indepergently firi do, a C6 al kyl group, a
Cl-C6 al koxyal oup or C6 al oroup e anions of the
ionic liquidm@dre - arugegt- o \g4 ~ahed dl lecting the forned
cel l ul ose phase 49. The nethodlaccordlng o claim48{wherein said cation is
a 1l,3-di-C1-C6 al kyl imdazoligmion that correspon in structure to
Formula A RS/~\ /x\R2 3 4 RS A A 50. The nethod according to claim49

4 3
H sas H
N

ﬁ Ll R

wherein R' and R® are independently a C;-Cg alkyl group
or a C;-Cg¢ alkoxyalkyl group, and R?®, R', R® (R*-R®} are
independently a hydride, a C1-Cg¢ alkyl group, a C1-Ce
alkoxyalkyl group or a C;-C6 alkoxy group and the anions of
the ionic liquid are a halogen or pseudochalegen; and

{b} collecting the formed cellulose phase

49. The method according to claim 48
wherein said cation is a 1,3-di-C;-C6 alkyl imidazolium ion

that corresponds in structure to Formula A
4 5
)

) ( A
gl /H\O*(K\Rz
R3

50. The method according to claim 49
wherein one of said 1,3-di-Cy~Cs; alkyl groups is methyl.

- 55 -



wherein one of said 1,3-di-Cl-C6 al kyl groups is nethyl. 03 APR PE0& 62006
The met hod according to claim50 wherein RL is Cl-C4-al kyl. 52. The net hod
according to claim51 wherein said R3-R5 groups are each hydrido. 53. The
met hod according to claimb51 wherein said cations correspond in structure
to Formula BR%ON CH3 3 54. The nethod according to claimb52 wherein
said anions are chloride ions. 55. The nethod according to claimb53

wherein said cellulose is initially present in said solution in an anount
of about 10 to about 25 weight percent 56. The nethod according to claimb54
wherein said |iquid non-solvent for said cellulose that is mscible with
said ionic liquid and is also mscible wwith water is water, an al cohol or

ket one. 57. The hod acc I rein.sa I|qU|d
non-sol vent is mgsgr 0&%%8%%5§§95§%e et %agg%%glﬁg to claimb56

mherelnwﬁaméladﬁfx1mghsteﬁa1$ybarr|ed out by extruding said cellul ose
solution through a die and into said non- sol vent.

52. The method according to claim 51

wherein said R®*-R® groups are each hydrido.

53. The nethod according to
c¢laim 51 wherein sald cations correspond in structure to
Formula B

O, ®

. Nh"-—..
rITONTS TCH,

54. The method according to

claim 52 whereln sald anions are chloride ions.

55. The method according to claim 53
wherein said cellulese is initially present in said solution

in an amcunt of about 10 to about 25 weight percent

56. The method according to claim 54
wherein said ligquid non-scolvent for said cellulose that is
miscible with said ionic liquid and is also miscible with

water is water, an alcohol or ketone.

57. The method according to claim 55

wherein said ligquid non-solvent is water.

- B4 -




58. The method according to claim 56
wherein said admixing step is carried out by extruding
sald cellulose solution through a die and into said non-

solvent.

-57-
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