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solutions by heating cellulose in a
N- afkyrgyy iadigsildmlerseNmatrix. The process involves

encapsulation or immobilization of the active solid

substance in a cellulose framework by regenerating
cellulose dissolved in an ionic liquid solvent in a
regenerating solution. The active substance can be
initially present in the ionic liquid, or in the
regenerating solvent, either as a solution, or as a
dispersion. The invention is applicable to molecular
encapsulation and to entrapping of larger particles
including enzymes, nanoparticles and macroscopic
components, and to the formation of bulk materials

with a wide range of morphological forms.

BACKGROUND ART
The use of ionic ligquids as replacements
for conventional organic solvents in chémical,
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-
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The range of ionic ligquids that are applicable to the
dissolution of cellulose are disclosed in US patent
application Serial No. 10/256,521, filed on September
27, 2002, entitled “Dissolution and Processing of
Cellulose Using Ionic Liquids”, that claimed priority
from provisional application Serial no. 60/326,704
that was filed on October 3, 2001, and in Swatloski
et al., J. Am. Chem. Soc. 2002, 124:4974-4975.
Traditional cellulose dissolution
processes, including the cuprammonium and xanthate
processes, are often cumbersome or expensive and
require the use of unusual solvents, typically with a
high ionic strength and are used under relatively
harsh conditions. [Kirk-Othmer "Encyclopedia of
Chemical Technology", Fourth Edition 1993, volume 5,
p. 476-563.] Such solvents include carbon disulfide,
N-methylmorpholine-N-oxide (NMMNO), mixtures of N,N-
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teaches the use of N-methylmorpholine-N-oxide (NMMNO)
solutions of cellulose to prepare regenerated
cellulose that contained polyethyleneimine (PEI).
That patent teaches that one should utilize a pre-
treatment with the enzyme cellulase to lessen the
molecular weight to the cellulose prior to
dissolution. In addition, it is taught that NMMNO
decomposes at the temperatures used for dissolution
to provide N-methylmorpholine as a degradation
product that could be steam distilled away from the
cellulose solution. The presence of PEI is said to
lessen the decomposition of the NMMNO.

Other traditional processes that can

provide a solubilized cellulose do so by forming a
substituent that is intended to remain bonded to the
cellulose such as where cellulose esters like the

acetate and butyrate esters are prepared, or where a
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st r usddaitch group also reported entrapment of yeast
cells in a solution of 1 percent cellulose dissolved
in a mixture of NEPC and dimethyl sulfoxide, as well
as entrapment using 7.5 to 15 percent cellulose di-
or triacetates dissolved in several organic solvents.

[Weckstrom et al., in Food Engineering in Food

Processing, Vol. 2, Applied Science Publishers Ltd.,
pages 148-151 (1979).]

Entrapped materials have a wide number of
uses, from controlled release systems to structural
modifiers and sensor or reactive materials. The
entrapped materials can be formulated as membranes,
coatings or capsules. Methods are known for forming
encapsulated products including emulsion
polymerization, interfacial polymerization,
desolution, emulsification, gelation, spray-drying,
vacuum coating, and adsorption onto porous particles.

Common materials used include polymers,
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In some instances, a water-soluble encapsulating film
is desired, which releases the encapsulated material
when the capsule is placed in contact with water.
Other coatings are designed to release the entrapped
material when the capsule is'ruptured or degraded by
external force. Still further coatings are porous in
nature and release the entrapped material to the
surrounding medium at a slow rate by diffusion
through the pores.

Materials have been formulated as
emulsifiable concentrates by dissolving the materials
in an organic solvent mixed with a surface-active
agent or as an oily agent. In solid form, the
insecticides have been formulated as a wettable
powder in which the insecticide is adsorbed onto
finely powdered mineral matter or diatomaceous earth,

as a dust or as granules.
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over long periods. Given this background, research
and development are now actively under way to develop
a superior microencapsulated formulation that can
effectively replace the emulsifiable concentrate,
interfacially-polymerized or wettable powders, and is
safer to use.

Enzyme entrapment on solid supports is a
well-established technique for improving stability
and separations aspects in enzymatic transformations.
Entrapment of enzymes on solid supports can result in
improved stability to pH and temperature and aid in
separation of the enzyme from the reaction mixture,
and also for formation of enzyme electrodes for
sensor applications.

There are four principal methods available
for immobilizing enzymes: adsorption, covalent
binding, entrapment, and membrane confinement. A

common method for immobilization is to use



interfacially-polynerized or wettable powders, and is
safer to use. Enzyne entrapnent on solid supports is a

wowrlkoeseabl i shed techni que for inproving stabPCT/U$2004/008411
and separations aspects in enzymatic transformations.

Entr. Ld;su S I § .l
P AT Y o D ahe S ingth” cBETy185Y! bekls
sepae irafed hendaw yakkd t bneohdittanti ehthi xyanegen

and .al so. for formation of _.enzynme el ectr.odes
arafe

or
sendrOEIT 1 cat tond ESHRT ?Bﬁﬁuﬁ?ﬁnéﬁpﬁgeﬁethods
avaidal ¥end BF ¢dOPRd i 718 SHTWPES: cAYSRAERL | OBxamples
coval ent_ binding, entrapnent, and nenbrane
confdfrerartage, qemverl ethocybase mandl amanpanayileseo
use %&%&Qp4/084627 PCT/ US2004/ 008411 pol ysacchari de
a

& :
activ on in which cellul ose beads are reacted under

al kal'i condi t i EtSraprhdn € yef ogetymds ORL gRinTHEls or fibers
i nternmedi ate produced is then covalently coupled with

sol ut & IS STEx AR &% paet4RePTpeRPErF| iRvolving
aCY 1 1R92 m AN AIEN QREIIIRS SuStEYIESs ST BPOBNL. Q!

enzymes within gels or ers 1s a convenient nethod
f or Brgerdpmepriocies 38 imathad ngf  ¢lowi ool Ecul ammekightzation

substrat.es and product Ent rapnent is.the et hod of

choi? I?Jocircﬁ?ﬁﬁ)]m IarI}]aWafS]oan fg:ﬁ"i‘@f o%?i}?" anf ‘ﬁLFlHWd

pl anflfialdie i@lwideny aldddat ephgymb debyn Us8denERZYPBE in
can be entrapped in <cellulose acetate fibers by

f or Mf ldtulapofacatatamif hers diy t hermakghionl g§ an

oot SR ULIE et TN o1 LOLEA. e
W delicppldamditdrtey, fnitldwesd dny reappeds oF YEESE ¢aerhe

Entrapped enzyme methods have wide
applicability, but the entrapped enzymes can be
technically difficult to prepare and involve moderate
to high costs. Hence, new methods of preparing
entrapped enzymes are desirable.

The disclosure hereinafter describes the
preparation of encapsulated materials in a cellulose
matrix by dispersion and regeneration of IL/cellulose
solutions containing an active substance into a
regenerating ligquid in which the IL is soluble and
that is a non-solvent for cellulose and the active
agent. It will be clear to those skilled in the art
that this invention is applicable to the formulation
of beads and fibers in which active agents are

entrapped.

BRIEF SUMMARY OF THE INVENTION
The present invention contemplates a

cellulose-encapsulated active substance and an
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cellulose is subsequently reformed (regenerated) as a
solid in which the active substance is dispersed in
the cellulose matrix, preferably homogeneously.

This method has advantages for formation of
composites containing many solid substances which are
desirable to encapsulate in a cellulose matrix,
particularly for the incorporation of active agents
that are not soluble in water or other common
solvents, for example nanoparticles or macroscopic
materials.

Matrices formed by this process are capable
of effecting a slow rate of release of the
encapsulated materials by diffusion through the shell
to the surrounding medium, swelling in a liquid
medium such as water, by slow, controlled degradation
of the cellulose matrix structure, or by slow
dissolution of the active substance from within the

matrix.
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improving pH and temperature stability particularly
for enzymes and whole cells. Entrapment of
biomolecules within a cellulose support can result in
new materials for sensing and detection application.
Macroscopic magnetite particles can be
incorporated into cellulose to prepare magnetically
modified materials. These materials have a number of
applications in magnetic fluidized bed extraction
processes for protein and metal extraction or

detection.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings forming a portion of this
disclosure,

Fig. 1 is a graph of D, values for ?**Am to
CMPO impregnated cellulose (circles), celluloge only

(squares) and regenerated cellulose (diamonds) from
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par gg]g @{ e‘lﬂf a‘rPs%la&dchgola?s cel FSncEDbA a@fmgéld
ecu

es wthin a cellulose support can resul
|n coawemitrertiiairs; f or sensing and det ection

applicati on. cr oscopl c nma t| t art cl es_carsb

i ncor por at ed | Ehlaogg‘% ép‘g e?ci“f:al |§* to
nmodichiped 1@1%@1&01 U@ﬁ&n@g@r (@i:&:i@é!)e, ac@m{@pcss@fonly
applications in nagnetic fluidized bed extraction

pr odesseg f=0r rbrreagenaid ird aﬁelewlmu tiigponds) from

d
i e She, e el (g & %@%’%‘q H geid
is a;og\mph;mftjan val ues for 241Amto

i mpregnated cel | ul ose, (circle 51{1 Cbéel | ul ose onI
(squar es) and Fighererid & ¥R Py d’aéﬂ?rﬁig-)orf forHOzg to

0 204 Q3HARGAAHRD0A0AR8 e s AGHEONS éu;iiufogél Sgly

aci d concentratlon
i s dsguaptesof anwadamlémt@mllwlom@lmn@mht é:dom

[ 1 ul I cel | ul gs;
e BRERTS) TR G HOTRTE 1 HEbian iy rRgid
aci goplatirensias; a function of acid concentration;

Fig. 3is a graph of Du, val ues for 233002 to CMPO
i npregnat ed c&lia cﬂself(car (BT /ashs QiéﬁFCFi‘tPFWéeo%n&ycellulose-

(Sauaser s 2anoaed ool o (A 0 o
2.10 (dotted line);

Fig. 5 is a UV/vis spectrum of a cellulose
film alone (solid line) and a cellulose film
containing bovine serum albumin (BSA; dotted line);

Fig. 6 is a UV/visg spectrum of a cellulose
film alone (solid line) and cellulose film containing
laccase (dotted line);

Fig. 7 is a UV/vis gpectrum of a cellulose

film alone (solid line) and cellulose film containing

ubiquinone (dotted line).

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides an

encapsulation method for a wide range of materials
referred to herein as active substances that can be
effectively carried out to provide active substance
substantially homogeneously distributed through out
the regenerated cellulose matrix. The method uses
encapsulation by dispersion or dissolution in a

hydrophilic ionic liquid containing solubilized

10



concentration; Fig. 4 is a W/vis spectrumof a
cellul ose- cellul ose azure filmat pH 6.88 (solid

wo 2ove)pswmed pH 2. 10 (dotted line) ; Fig. 5 is BCTUS2008008411
spectrumof a cellulose filmalone (solid line) and a

cel Luh 938 obk!, Mncental Bbg BNl 1L ra Al Dt LESAn
dotte ine); Fig. is a UW/vis spectrumof a
cel bugeséc Ebllweators (ddlkiogen-montanchicr} khdasrse fallopwed

i ni I dotted |i o Flg., 7. UV/ vi .
ConL ) B SRS OS] Lk Ml e A o
cel hytese filbl preont ahei BGtivRl GinARg ddatd et dddi®ed in

DETAI LED DESCRI PTI ON OF THE | NVENTI ON_ The present
i nvehei patpisvi ddbecatespaddpoumaticst sdetdaat-diors £h4 de

angesolBLRLEALD e reLeLLeld Qieraln. 5 3t i ve

substances at” can carriea out to

pr oMbfiegaakbwe 15Uk Sirangousuidiea rdgin e drard garidailsd se
di stributed through out the regenerated cellul ose
mat PR%Y1¥he met hod uses encapsul ation by di spersion

or dissol uti OFL b{%tﬁodhyfg&o@?ﬂel e QUG AW A ney
cont ai ni ng solubilized 10 WO 2004/ 084627

PCTh&/S2004168084tdrpoekitings e lisitatl drs susstsartliaaldnd

free of water, an_ or.gani c.sol.vent or C
i t FBQERSEORLE! RPHETLALE. "Hamtidndd Sy Withs qirifiix is
r ef gbABENPN a@kdt. Ne ACebhitked$n ate @ netHdl dBitdmpldtes
whi ch the active substance is dispersed in the

mat PRgaDPFHEaLEST PEnGheapeltiae comsdianse Ry regenerating

Pu03 SRS BL0 SURRL o T seR Mg

f or sbhaetpbapapatiadniaty mew active solid substance into a
regenerating solution in which both the cellulose and
the active substance are insoluble or difficult to
dissolve is described; i.e., substantially insoluble.

More specifically, the method contemplates

the steps of providing a homogeneous composition that
contains cellulose and an active substance dissolved
or dispersed in a hydrophilic ionic liquid and in
which the ionic liquid solution is substantially free
of water, a non-ionic organic solvent or nitrogen-
containing base containing solubilized cellulose.
That composition is contacted with a liquid non-
golvent diluent in which both the cellulose and
active substance are substantially insoluble to form
a liquid phase and a regenerated solid cellulose
phase as a matrix encapsulating the active substance
and thereby form composite material that comprises a
cellulose-encapsulated active substance. Residual
hydrophilic ionic liquid is preferably thereafter

removed. Examples of active substances include the

11



mat eri al s i ncorporating nol ecul ar, nanoscal e and

macr oscopi c materials within a cellulose matrix is
wa@oowesqekat ed. A contenpl at ed nmet hod cont enpl aP@BUS2004/008411

encapsul ati on of the active substance by regenerating

a pPohYSBSorRELbX &f OphBehydnoshibie heBhE kkgwhdrhht),

solution containing the active solid substance into a

r eg@ﬁﬁ:at ingoLwble i dres n Wwvenleguhesheand) MapssEibad
ié’fes?’ d:?fte%‘ Staé%ié‘fé’hé'bhﬁ SEL FFEEC%EFE&%F&

e 'S descri €., substan nso
denmﬁmgiémcﬂiImott@ppﬂethdtebytephbaﬁeal)thhasteps be
roviding a honngeneouﬁ osi tion that Etains

ceI RS eAF ANt B t TV eSQ %E%% ceeaF§§6I938516P ly to

di spersed é@sﬁeﬁyﬂéﬂp&l &&11805¢ quH?ddi‘Egoi’%&“@' £he

the ionic Tiquid solution is substantfally free
\Mﬂ&ﬂmpqn¢mﬁs|DM|th©r§hn$©l$©nvenandrthenrugeaneratlng
a|n base contalnlgg sol ubili zed cel | ul ose.

?Ftoh T_Eebhthcted with a |iquid non-

solvent di | uetthe i @i ¥¢-ChubObh bhetrel hekese gdBstance is
active substance are substantially insoluble to form

a IR %RE I PPHE eSapt a0t bybher apBagIsSBEPYScHi LhigsEhe
3§§H9ExQJFHEé%$n§P§@Q§ué@ii@ﬂoége aﬁhév ﬁ%%é&%ﬁ%ﬁ
ereby for

conposite materr al rrses
cdé@ﬂxﬁmneﬂ&m&sﬂéatbn st i aleostubshaneameResildeallax

hydr o I|c |on|c Il uid is ﬁL ierabl thereafter

re E%% ®sCof h%?}v%e B ?ﬁﬁcg oMnERLgE thels11
MD F@?%i@@ /&Eﬁﬂéins'ﬁcgéBgéétb@n of
mater-lnsoluble ractants, watér-insoluble

dy e@lm@m@tm@snurab@r mélgRkt O eabpatt LgPes,obramoye.

R e Lol SRS 8 USRSy, e

IL solati nﬁbr@aéé@rar@@uﬁt caf | $(ub9t1ﬁﬁéﬁtag$‘dﬁp§n$émﬁtive

orégﬂéﬁgcgtégtgggdégffﬁfégg ;QS entrapped ionic liguid
degradation products.

A minor amount of cellulose hydrolysis can
take place during a contemplated dissolution and
regeneration. However, the weight average molecular
weilight of the cellulose after regeneration is about
90 percent that of the cellulose prior to dissolution
and regeneration. This result is contrary to that of
U.S. Patent No. 5,792,399 where the starting
cellulose is treated with a cellulase in the presence
of NMMNO in order to effect dissolution.

The substituent groups of which the
regenerated cellulose is substantially free are those
that were not present in the cellulose that was
dissolved in the IL. Thus, for example, the hydroxyl

groups of a natural cellulose can be oxidized to form

ox0 (substituents with C=0 bonds) functionality such

12



conponents in the IL solvent, and then regenerating

the conposite material. The distribution of the active
wemmgsssee is preferably substantially honbgeP€nus2004/008411

within the matrix of regenerated cellul ose. The

reg@@eﬁétsﬂessohndeﬁ9héyl05@ Ehypbaglakoul-ilhe e
nmol ecul ar ght as the original cellulose fromwhich

it patuprbpaeidudnget gpncaPnyaébBneECHELS @éQﬁ@@hof

Thal FEGERar S Ea-Cel | CPose (PP) T4 BUBSCaRtLaTy 1  oe

That "regenerated céll Ul ose 'S Su
of muvdecs cased havanh dbesuhsti tuesk glh@uﬁspxﬁreltabmve;f
to the starting_cellul ose and entrapped ionic I|qU|d

dedW%H%t?%ﬁnp?oﬁﬁWtEerﬁPﬂFn@PrﬁnﬁgnF e goyPgs éhan
hy%@ia%flggﬂalwkgre&éﬁ@ dumlegeao&qaa%@eﬂ %teqqulose

di ssol uti on” and enerati on. However, the wel ght
avet@@@ ooheginara hegghlemelthé oablﬁhmselaheénty is

eneratio bout ercent that of the

cor AT oee pfrbr=PaRhieg PaPrbhat arliPe gondhbtRon. Thi s
reSMééehér&@@&r@deRQe&h@él@ﬁloHeSU Batent(rRNRY) , the
5,792,399 where the starting cellulose is treated

mnt?ﬁ%ﬁ@@ﬁ@%@@s@elhu&ﬁéepaggénc@on§a1NﬁwNQOMﬁ shgesame
eff&msuﬁ%séﬁ'H&QS ngﬁos is.éve”%b%EE“R% o) %%b%

regenerate ubstantially Tree ar e
t hosercéirat caebexndt gpoasenfornROLE egllul digshat ivwas

dISSO ved in the IL. Thus, for exanple, the hydroxy
BFISREE bt QP @@IWﬁFoEEeESthBr69FdF?e&%P§ef§FﬁPS

oxqbé s¢htHensowtth C=0 bonds) functionality such
12 WO 2004/ 084627 PCT/ US2004/ 008411 as ket ones,
al dehydes, orAngtb@XygreuacoﬁssuhﬁultnamMSabfc@hﬁaho$@e

8?25332% ?égégéigiggﬁugg sugngangggah%j%%éeT%%e those
substltuents such as xanthate groups, C;-C; 2-
hydroxyalkyl (e.g., 2-hydroxyethyl and 2-
hydroxypropyl) groups, and carboxyl groups such as
acetyl and butyryl that are used in other processes
to dissolve cellulose.

The hydrophilic ionic liguid solution used
herein is substantially free of water, a water- or
alcohol-miscible organic solvent or nitrogen-
containing base and contains solubilized cellulose.
Contemplated organic solvents of which the solution
is free include solvents such as dimethyl sulfoxide,
dimethyl formamide, acetamide, hexamethyl
phosphoramide, water-soluble alcohols, ketones or
aldehydes such as ethanol, methanol, 1- or 2-
propanol, tert-butanol, acetone, methyl ethyl ketone,
acetaldehyde, propionaldehyde, ethylene glycol,
propylene glycol, the C;-C, alkyl and alkoxy ethylene
glycols and propylene glycols such as 2-

13



wWowroe/08teeyi nal |y present.

process used herein does not cause the formation of

nore than a few percent nore of those groups than

VWher e oxi di zed cel | uP@BE®ES2004/008411
that contains a high level of oxo functionality is

usegefBokPerBbanti, ng —@%h%(?’@lth%.%%h ,8% W8 SEvethanol
Regenerated Oxidi zed Cellulose U S. P. (ROC), the

r egéhethyédnesgliygbds e aagaithecdrikai-ns about the sane

amount of fungiionality (e.g., ut .18 .t o .about 24 .
per cent carbo§§ﬁ Sﬁgﬁﬁésng ng%%#¥%?§df%§§quq(%%quld

andatregpnerarablyasywas cpaese dorels@orid ihesa el to
bei ng carried out. Another group of substituents of
whi @hfprBulpegBheriedd feem hes §rrPs Iestsambisld Wi r ee

are those substituents such as xanthate groups, C2-C3

2 hydroxyal kyl (e.g., 2-hydroxyethyl and 2-

hydr oxypr aopyl ) groups, ahd carboxyl @foups such as

acetyl and butyryl3that are used in gther processes .
to dissol RUR #d i i oni cRIN_qui R
solutio her ei ubstanti ree of ,

a water | vent o
nitr b ‘

cel lul ose.| Contenplatefl organic sol\ents of which|the
solution ®'s free inclule solvents s&h as di net hyd'
sul foxi de, dinethyl formam de, acetam de, hexanet hyl

phosphoerramiie, wat esrrsatmhie al cobabiniket ones reazinrom

al dehydes such as ethanol, nethanol, 1- or 2-
propanol, tert-butanol, acetone, nethyl ethyl ketone,
acet al dehyde, gropi opal dehyde, ethyd ene gkycol, 2
propyl ene glycol\, tffe C1-C4 kyl /and al ko et/hyl ene
gl ycols and pro e glycols h as 2 13
2004/ 084627 4/ 0084
Rr3 ILl R?
IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM

R3 R?

3
Rl/N\G/N\Rz Rl/NQN Rl/NQ\ R Rl/N

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

R4
RS R*
R3 R®
6 3
R’ N R® R N R
7N 2 7N\
R R Rl R2
PIPERIDINIUM PYRROLIDINIUM
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nmet hoxyet hanol , 2-et hoxyet hanol, 2-butoxyet hanol,

di et hyl enegl ycol, and the like. The cations of a
whyanoptsetic ionic liquid are preferably cyclPCT/asmo4/008411

correspond in structure to a formula selected from

the group consjsti n%4of R4 R4 R4 R3 RS R3,:RS5 R3 R3 N

RA OOxk ON AR7NRGB6RGB6NRG6NRS5R6NR 11

RS, RE~INRLU\ G N-R2. RWNO N RITNRpRANL No
SNNNR 12 R 112 3-FRIAZOLIUM 1, 2, 4-|[TRI AZIOLI U
THAZOLIUM Régs:::zR6 R3 N Rl +R2 R1 \RR2 g8

Pl PERI DI Nl UM PYRROLI DI NIUM 14 WO 2004/ 084627

PCT/ US2004/ 0Q8¢kidu> R4 R4 R3 and R6 Rirsoguivonmvrom

wherein Rl and R? are independently a C1-Cgq
alkyl group or a Cq-Cg alkoxyalkyl group, and R3, R4,
R>, R®, R7, R8 and R® (R3-RY), when present, are
independently a hydrido, a Cy1-Cg alkyl, a Cq-Cg
alkoxyalkyl group, or a C1-Cg alkoxy group. More

preferably, both Rl and RZ groups are C1-C4 alkyl,

with one being methyl, and R3-R%, when present, are

preferably hydrido. Exemplary C1-Cg alkyl groups and
C1-C4 alkyl groups include methyl, ethyl, propyl,
iso-propyl, Butyl, sec-butyl, iso-butyl, pentyl, iso-
pentyl, hexyl, 2-ethylbutyl, 2-methylpentyl, and the
like. Corresponding Cj-Cg alkoxy groups contain the
above C7-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.

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 hydr;do.

The phrase "when present" is often used
herein in regard to substituent R group because not
all cations have all of the numbered groups. All of

the contemplated cationg contain at least four R

15



Re I R7 R8 QUI NOLI NI UM | SOQUI NOLI NI UM wherein Rl and

R2 are independently a C1-C6 al kyl group or a Cl1-C6
w@bdoanymsbkyl group, and R3, R4, R5, R6, R7, RBCHOS20R9008411

(R3-R9), when present, are independently a hydrido, a

Cl-C6 al kyl, a Cl1-C6 . al koxyal kyl grqu or. Cl-
al kKX§UBPoupbifbr BaYpPEf W%ﬁﬁ&b%@%da%egerﬁ%%t be
arepfdzCaralikybil wathoee being nethyl, and R3- R,

when present, are preferabl¥) hydri do. Exenplary Cl-C6
al kyl groups The¢ pbrasesallgpbsfrsipsl masaneaibtand

t hyl I, i SQ- | , = ,
Cso! hipBE AR iRl BB PRre HHE S RREMGIY (£g pean
2- mehhy! peskykhaandbole 5 iwed. gHEo rgeasortdiweg: «G1 - 136

al koxy groups contain_the above Cl1-C6 al kyl_ grou
bonBE&SE8tan Lo¥y §ERATRLGM t Are REHLFDohddF D
cat | [ XYy.a i O tal n et her
ar oﬁ%gb‘gnggﬁ ?%I?ﬁ% Ky é@ggrloéljp, anécj%pglhe%r%})%t ains a
t ot abmpbsiiba.si Cheardeme oM |is intendssd norgarding
that . there aretv\x% iosneric 1, azol.es. It is

€t R

pr eE8fr BEFSEREEC &%rﬁocizdrfc;sagjlrfif% R cati on

formation be hydrden e Rhrase enblel & eseitc 15quid
often used herein in regard to supstituent R group
becgaséomotis &l had@desns dmavief liqrigie t HhInipasds edoromide,

e tF 19 1s AR B Oae 2 TR Geiy] Slen ae
o7 owps ooyt amnbe el i ieggh Aogatact be

present in all cations. The phrases "substanti al
abs @seetichad i desulbsteamtarattal e endrieavg aeroperties
Sg?%g_ mi\uﬁz:lt é:rot ?cgqrgssaen oJ’:I q’laaflil s Egcakll’]rfl eof‘ltet5 JE! 'ght

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

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

(cNO™Y), and azide (N3™') anions. Carboxylate anions
that contain 1-6 carbon atoms (Cj-Cg carboxylate) and

are illustrated by formate, acetate, propionate,
butyrate, hexanoate, maleate, fumarate, oxalate,
lactate, pyruvate, and the like.

A contemplated ionic liquid used herein is
hydrophilic and therefore differs from the
hydrophobic ionic liguids described in Koch et al.
U.S. Patent No. 5,827,602 or those of BonhbSte et al.
U.S. Patent No. 5,683,832 that contain one or more
fluorine atoms covalently bonded to a carbon atom as
in a trifluoromethanesulfonate or trifluoroacetate
anion.

The contemplated solvent can also comprise
mixtures of two, or more, of the contemplated ionic

liquids.

16



present, for exanple. Mre preferably, |ess than
about one percent water is present in the

W@ oipos8ickT on. The same nmeaning i s intended rege€TURZY04/008411
the presence of a nitrogen-containing base. An anion
for a contenplat Qi QUi catinon, | legan
ion (fluori de,&%cggobggggﬂgfgmtgﬁt %(;Lrl irkoﬁ%fé%ﬁp are
per nbt oratieiradpseudchaliogeforomtswehy ds e .t hitdeysmatdier
and cyanate or Cl-C6 carboxyl ate. Pseudohal ides are

nonthaheRt and RavEopr spapouasls sithgmithan tihsse of

hal i de Schriver_et . ah.. _oaor i ] Vs,

T = ELI Sy el O8] AR o oo
Psegdetral, i Beshiydelidde t Mhueyaniede cat@drl) shown above

t hi ocyanate (SCN-1) , cyanate ((E\I— ) fulm'ncg%t]e

( CNDTEferaRdYahpye ENSITICAMTEN SRAGABRASRIGHhihS
that contain 1-6 ca?()%an at ons %rclll- cardg Iartee)asand
ar eSEFFPGEDFS SRWP PG Por e VERES A & 5H5hiondts

but yeateirhexaeeake . nal eate, fumarate, oxal ate,

| actate, pyruvate, and the like. A contenplated ionic
liquid used herein is hydrophilic and therefore

differs frgmthe hydrophobic ionic Liguids descrilyed
i n Koch . U S Pate No. ,ﬁ.. or tho
Bonhot e @I. U. S. No. 5, 68 2 that c@
one or | uori ne oA¥ coval en onded to
carbon at ofh as ul fonate or Y
trifluoroagetate aniongiThe contenplgted sol vent gan
also conprise mxtures of two, or nore, of the

cont enpl at ‘g[ ionic _|iqui 16 84627

PCT/ USPUORF 5541 1 |PE’RI?A§!“%?”ef erre Rf’ﬁgﬁ%‘%u R groups
that are not required for cation formation; i.e.,

t hose ot her /__\ /.__\
Rl/N\/N\RZ Rz/N\Cl;>> Rl/N\G/O
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than R1 and R2 for conpounds ot her than the
i m dazolium pyrazoliumand triazoliumcations shown
w@banes46be hydri do. Thus, the cations shown abP@BUS2004/008411
preferably have a structure that corresponds to a
structure shovvn bel ow, wherein R1L and B
e NS ON O OQ NN NN

PYRI DI NI U PYRII UM PYRERIADI NI UM i/No N
2 2/ NO 1% . NRt i IMDAZ M PYEAZORL UM
OXAZOLI UM 1%MN 2 ON 1% 0 1 - R/ RRRR~ N
NN112 R 1,2,3-3FIAZOLIUM 1, 2, 4-TRI AZOLI UM

TH AZOLIUM C) O /IN\ R2 Ri/NNR2 PI PERI DI NIl UM

PYRRCLI DI N{%{MMLH;IIZMVD 2004/ 084627 PCT/ USke04r.008411 +
andl | | OLN R1

A cation that contains a single five-
membered ring that is free of fusion to other ring
gstructures 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
ligquid comprised of those five-membered ring cations
and anions in the substantiai absence of water to
form an admixture. The admixture is agitated until

digsolution is attained. Exemplary cations are

illustrated below wherein R}, R2, and R3-R>, when

present, are as defined before.

R4 R; 4 R3 R3 //R? R5 R;
= w w
R}///NKZ:;EKF\‘R2 1r/’Ng;:;2N 1//’N(::;2>\\~R‘ R —N 5

O, 4O
o e
R? R*

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

4 5
G = O
R N\C% N~ R? R> N\N R® R NYO
, l
R r4

Rl
IMIDAZOLIUM PYRAZOLIUM OXAZOLIUM
Of the more preferred cations that contain

a single five-membered ring free of fusion to other

ring structures, an imidazolium cation that



QUI NCLI NI UM | SOQUI NOLI NI UM A cation that contains a
single five- nmenbered ring that is free of fusion to

W@Rens4khg structures is nore preferred. A ceCT/UBIO€008411
di ssolution nmethod is al so contenpl at ed usi ng an

i onig bbauiog £ONRY issed fhithaese nh%’%r Y %mglarly

conpri ses-adm Xi ng cel lul ose vvlth CIOI’]IC
|'i qgi-d reenedl, sl itth@sg R e- aTRiTtI@?Q@B)’ Iéhgec:aaé | dSined
and anions in the substantial absence of water to
f or RE&PT&dM xture. The admixture is agitated until
dissolution is attained. Exenplary cations are
illustrated bel ow wherein Rl, R2, and R3-R5, when
present, are as defined keforerR4 R34 R3 R3 R2 R5 R3
N R1/NO NR2 NON R1/ N\ O-RA 1/NOS NRNR2 R4
1,2,3-TRIAZOLI UM 1, 2, 4- TRI/AZQ\ UM THI AZO0LI UM 4 R5 R3
R4 5 R3INON 2 R2/NO RS & ¥NO,0 R~ 12 NR 1 3
1 R4 | M DAZOLI UM PYRAFOLI UNOXAZAI UM O the nore
preferred cations that contain a single five-nmenbered
ring free of fusion to ot he®® ring structures, an
i mdazoliumcation that 18 WD 2004/ 084627
PCT/ US2004/ 008411 corresponds in structure to Fornul a
A is particul &d W, NprlefRerdded Ciwiy e kR, - R¥bstahduted-
R3-R5, are as defined before.

imidazolium ion is a more particularly preferred

cation; i.e., an imidazolium cation wherein R3-R> of
Formula A are each hydrido, and Rl and R2 are
independently each a Cq-Cg-alkyl group or a C;-Cg
alkoxyalkyl group. A 1-(Cq-Cg-alkyl)-3-(methyl)-
imidazolium [Cp-mim, where n = 1-6] cation is most
preferred, and a halogen is a preferred anion. A

most preferred cation is illustrated by a compound

that corresponds in structure to Formula B, below,

wherein R3-R5 of Formula A are each hydrido and Rl is

a C1-Cg-alkyl group or a C;-Cg alkoxyalkyl group.

©! B

N. N
Rl/ \/ ~ CH,

A contemplated ionic liquid is ligquid at or
below a temperature of about 150°C, and preferably
below a temperature of about 100°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 melting point of N-methylisoquinolinium chloride
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Contengg%&%% to heat the admixture of hydrophilic ionic

liquid and cellulose to a temperature of about 100°
to about 150 °C.

A contemplated ionic liéuid has an
extremely low vapor pressure and typically decomposes
prior to boiling. Exemplary liquification
temperatures [i.e., melting points (MP) and glass

transition temperatures (Tg)] and decomposition
temperatures for illustrative N,N-1,3-di-Cj;-Cg-alkyl
imidazolium ion-containing ionic liquids wherein one

of Rl and R2? is methyl are shown in the table below.

Ionic Liquid Liquifi- Decomposition | Citation*
cation Temperature
Temperature (°c)
(°C)

[Comim] Cl 285 a
[C3mim] Cl 282 a
[Cqgmim] C1 41 254 b
[Cemim] Cl ~-69 253
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[szim] [C2H302]

a)

[szim] [C2F302]

About 150

Thermochim.

Ngo et al.,

Acta,

2000,357,97.

al.
al.
al.

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

14

965.
95,

1992,
1998,

c) Wilkes et Chem.‘Commun.,

a)

I

Suarez et J. Chim. Phys., 1626.

7

Holbrey et al., J. Chem. Soc., Dalton Trans.,

1999, 2133.

f) Bonhdte et al., Inorg. Chem., 1996, 35, 1168.

Illustrative l-alkyl-3-methyl-imidazolium

ionic liquids, [Cp-mim]lX [n = 4 and 6, X = Cl7, Br,
SCN~, (PF¢)~, (BF4) ] have been prepared. The
digsolution of cellulose (fibrous cellulose, from

Aldrich Chemical Co.) in those illustrative ionic
ligquids 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.
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liquid whose catlons 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.

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

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.

The weight ratio of cellulose to active

. substance in the molten composition can be quite
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about 1000:1 to about 1:2 by weight of cellul ose iof .

act iy sEqddiigsc@nisotropic solution. The materia o
incorporation is then introduced into the IL‘
golution, either dissolved, or dispersed in the
medium (for example nanoparticles or macroscopic
beads). The celluloge matrix is then formed by
regeneration upon contacting the IL solution with a
non-gsolvent diluent, resulting in formation of a
regenerated cellulose material (as a floc, film,
membrane, fiber, or monolith depending on processing)
in which the additives are entrained.

The order of addition of the components to
the IL solvent is not important for the regeneration
and encapsulation process, and depends on external
congideration such as the stability of the individual
components under processing conditions. Cellulose
can be initially dissolved to form a solution in the
IL, followed by dispersion of the active components,
and regeneration. Or, the active component can be

dispersed in the IL, followed by dissolution of
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Where extrusion of an ionic liguid solution
of cellulose and an additive through a die is
contemplated, that extrusion can be accomplished in a
number of manners that are well known. For example,
in gsome embodiments, a surface of the die containing
one or more orifices through which the solution is
extruded is below the surface of the regenerating
fluid. 1In other embodiments, the solution passes
from a die orifice through air or another gas such as
nitrogen or argon prior to being contacted with the
regenerating fluid.

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
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an ethan, such as draD Llsubstantially homogeneous
dispersion within the regenerated cellulose matrix,
forming a nano-dispersed composite.

Engineered cellulose forms containing
impregnated additives with enhanced properties and
applications can be prepared from ionic liquid
gsolution. Useful applications include, but are not
limited to membranes/filters, fuel cells, separations
devices, electrolysis membranes, flame retardants,
biocidal filters, sensors, metal extractants,
supports for enzymes, extractant materials for
filtration, separations and extractions: metal ions,
biomolecules, gas molecules, magnetic particles for
membrane/extractant processing, materials modifiers
for cellulose coatings, biocactive agents (controlled
release, sensing, destruction), metal complexants
(sensing, controlled release, extractants and binding

and separations agents for filters), water insoluble
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di oxane, and a ketone such as acetone. The advant age

of water is that the process avoids the use of a 24 WO
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nag%%%hﬁc@ﬁykkﬁhe§mﬁﬂwaukee, WI), and was isolated as a

colorless, anhydrous crystalline solid at room

temperature.

All the initial IL solutions of cellulose
were prepared following the methods disclosed in U.S.
application Serial No. 10/256,521 or application
Serial No. 60/326,704, both of which were referred to-
previously. Solutions prepared by microwave pulsing
are typically about 110° to about 130° C. Active
substances were typically added to the solution of

cellulosgse in IL at a solution temperature of about 80

to about 90° C.

Example 1: Incorporation of a Hydrophobic Metal

Extractant Into a Cellulose Matrix

The actinide complexant (complexing agent),
carbamoyl methyl phosphine oxide, or CMPO (Strem

Chemicals, Newburyport, MA) was incorporated into a
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WO 20088827 sensi ng, destruction), netal conpl exBOL/ES2004/008411
(sensing, controlled release, extractants and bindi ng

andré@Bﬂ%EE't‘a‘E%daQ%ﬁtl%lfo%% fiatlr8hS oo gﬁtcﬁf i APl 440l i€
25 WO 2004/ 084627 PCT/ US2004/ 008411 es Jfor col oring

cel Bubpertedensitad amltnamttla@é;t ors phot or esi st s,
i ncor por &1@8” of  nano ht0|caets or

a D
UV scree nigief'c gP'[LlI PECEs lfnor onst ve

beaqﬁefékkbaafcboasampbe@@tmwoskéeds, d}wp@rd |v&=ll€§ght
catal ysis, dispersions of clays _and other

fi rEeFé?QFdEIﬁF espealts toe lagshormas addgshdid &l 10

pol t t n

pil%ggéP E%% %gX 50, 8%§¥ e%ﬁ;nfggé%ﬁ}e of nanopor ous
natémhakScrﬁsaﬁﬂﬂ&nA Bﬂdﬁamﬂﬂlamldkhmlﬁutyl1&n1c ligquid
met hyli m dazol ium Chloride, [ qﬁgqﬁﬁ

1- BEPYHE3ORe By PPRIGaZ | (m & [ it APGT MRS
prepanedndsi narhiteralineur eeaduney ddiudd ast op et

al., Geen Chem, 200 3:156] from™- chl orobut ane

an dhmmngehsbusnﬁdazm@wn@mh Offr GMEA drfirshugichein e

| at.ed Lor |
AT GHS CBEy SPATFIHS S0 H hroar T o Bk e A

t hewkBi treabnkk is0lel &ys t@farmeixtﬂlcﬁge (mﬁ palERa)edinto
followi ng the nethods disclosed in U S  application

Ser pafll Nobeabers6o5saisingp SO0 & G dsuhqral 2@ water. :
60/ 376, Zgﬁtegfetsh ¢ ol el yene “kaeffef ggb stirred, and
r pu

previously ['utions prepared y mc sing
ar ethgpivaslelry walsoute f1rE@hed 8bduitmek30:cC. ermnrey gcompete

subst ance cally .added tq.th Iyt f .
colFErguel; e Ere Totde Jatfi e oot e il e i

resembles a floc, and was isolated via suction
filtration.

Standards of microcrystalline cellulose
prepared and reconstituted from the ionic liquid
solution using the same procedure in the absence of
CMPO, and untreated microcrystalline cellulose used
as received, were used as blanks for uptake
measurements.

The presence of extractant in the
reconstituted cellulosic matrix was confirmed by the
observation of enhanced distribution of actinide
(***AmCl; in 1 M HCL, **°PuCl, in 1 M HNO;, **°U0,Cl, in
dilute HNO;) radiotracers to the CMPO-cellulose
material from aqueous acid solution with respect to
distributions for both untreated and reconstituted
cellulose blanks. Measurements were made in 0.001 M,
0.01 M, 0.1 M, 1.0 M, and 10.0 M nitric acid

golutions. All aqueous solutions were prepared in
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to about 90 C. Exanple 1: Incorporation of a
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t hecapped vials and were not exposed to air for any
extensive period of time in order to maintain water
content.

All weight distribution ratios were

determined radiometrically via batch contacts of the
cellulose, regenerated cellulose, and CMPO-cellulose

materials with the desired solutions. The dry weight

distribution ratio is defined as:
Dy = [(Ag - RA¢e) / Ae]l * [V / (mg * dwcf)]

where A, is the activity of the solution prior to
contact, Af is the activity of the solution after
contact, V is the volume (mL) of solution the
material is contacted with, mgp is the mass (g) of the
cellulose or CMPO-cellulose material, and dwcf is the
dry weight conversion factor that relates the mass of
the hydrated material to its dry mass.

The D, studies were carried out as follows.

The radiotracer wasg added to 1.3 mL of the solution
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reconstituted cellulosic matrix was confirned by the
observation of enhanced distribution of actinide

W@ 2003480623 in 1 M HCL, 239PuCl4 in 1 M HNG3, 2BG0R1002008411
in dilute HNO3) radiotracers to the CMPO cel | ul ose

”Htgrgjgﬁfféffg@caqu%ﬂé fakdveeky kan 5%1 RALHASE & two

dis utrons for "both untreate reconstituted

cel 100 osk blagkstsMeasorvenelbs wadé omade iion dOWELing (Ao) -
0.01 M 0.1 -1.0 M ,and 10. nitric acid

ool 07 S, Ol FaqREBELASBRuBPOHS 10t d r S8 &lpem, asfied
WO 2004/ R8ARRTmREE U82604/ 0e84liocdei oRied st er that
was purified with a Barnstead deionization system

( Dubegreerappdandlpulloskedorohydgag eNSEMAR-L e v affs,

wei ght conversion_f act or I e el ] ul
recintef PRy citebrmf o dhtel ok derof chnl B2fiure, o, ThP
ver gotet €6l 188 8BehobllovmedAtoksawr nesssuafinmptdtE@lthe
was stirred in an excess of water for 24 hours at

r ool brpeFat BRESTIRILS RES TP5I PEREd SHPPRE IR ‘o
C°”%§%ﬁ9§b§9 kékfﬁg§¥b&gka9%1§ 6 BUGA R Eé&”m@ﬁmag%ﬁ?act

con I oned, sanp were transferred to a prewei ghed

crucibdeiandedliewdd toabe esudfiigtiehiO forurghed systems to

constant nass s .achi e . Each.agravinetric. lysi
Cocze B0t TERS IR AR PASer SAFP IR HE R Eng, Sne
st oggfpi Bst wabkl ¥entaRPeded Eos anchivRiteNan wREeto

to air for any extensive period of time in order to
nai acebhetalyr seperesst thal celdiudpsedimatemigtlisorf rom the

rati Qs _were er m,n r adi igal lyyvia.b
con?g%?gugfppggg'cgblﬁﬁgsgi %gg g&aﬁ@%)cggﬁu?%%g,rgﬁgved
C\VPExeetbuhesag . maceunzhisgwifor tHeuwesia éifxnl werens.
The dry weight distribution r%tio_i defined as:

carried out using standard liquid scintillation

analysis. Counting for **'Am was carried using
standard y (gamma) radiometric analysis. Duplicate
radiometrically determined distributions ratios were
consistent to + 5%.

The results of these extraction studies are
shown in Figs. 1, 2 and 3. CMPO-cellulose
successfully extracted the actinide from the nitric
acid solution over a wide range of pH values, and the
extractions were superior to those obtained using

cellulose alone.

Example 2: Incorporation of Protoporphyrin IX as a

Further Hydrophobic Metal Extractant

Protoporphyrin IX (10 mg, CAS 553-12-8;
Aldrich Chemical Co.), was added as a powder to a
solution of cellulose (Whatman filter paper, 1 g) in
molten [Cumim]Cl (10 g), I[prepared by microwave

heating of cellulose in the IL with short pulses
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Dw=[(A0 - Af) / AF I * [V / (nR* dwf)l where Ao
is the activity of the solution prior to contact, Af
WO gootlogteatti vity of the solution after contacPCT/US1084/008411
the volune (nL) of solution the material is contacted
“‘t@ntﬁf éSVEE%oﬁﬁsshﬁﬁbgehebﬁ% sl RS 8y formed] and
CWPO-cel lul ose material, and dwf is the dry weight
conveisred Battdr diksolvetat e‘@suﬁélmsgmfa deyk red-
ted materia .The D st.udi es re
car??%ﬁgﬁquﬁgoPglF8m§£lo?héogg§ BeFge &5 Vs Siftle %F
1. 3y8ight pBecsakyt kel d28 \0.2004108462krcent) . The
PCT/ US2004/ 008411 of inferest. This was vortexed for
oneceihulasg was reoguprakrrgast & fedvvdy ferating a
rad r u g5(A f [ d
o 3tHen bbpEfalibRla Enko 19N ST ISR AN
ceIbulﬁSEthydbaﬂeWedrbgenmmamedomehkukosehamh

hydr at ed, CMPO- cel, | ul, os mat eri al. (MR) .and centrifu

£ COHES MM Do ACHRBL 2801 HPLEE -wnd L AP St 50
(ensynipest Nahet B%an%%l lah 988 Rt &gl Sy & diRivddiHrom
suspended in solution) for approxinmately 60 m nutes.

Thetbenragenetite ons bashi endd dird efe igufefiiifan Fomirhies

U TFRT Y8, e SBE e P et | FRsed T AN

i n ghdeloked eadpkatehy separ abad e atld Wmseporphyrin
materials fromthe aqueous phase. A 100 pL aliquot
( Af FXwhadt heAcheRpFe@™ foe &ddti ng. Counting for

239Pu and 233LQ2 YWei/& 1 CALLLe QU I Stghdar d

liquid scintillation anafysis. Counting for 241Am was
carKtednamhsgloswaﬁ@@m@dyt@ga@a@senmﬁ(uﬁﬂﬁh&
analﬁsis g cat% r adi netrlcall d%%egggped .

di sEPRBACFERSSFAC 6% S@&R&lﬁr‘e A% W50 SriExLmum
resgtt goof n?nhﬁ%rrﬁ%h%a@&io%bp‘é&%y&irﬁrﬁi metal

extractant, enclosed within the f£ilm.

Example 3: Formation of Colored Cellulose Products

by Trapping of Dye Molecules

The non-reactive dye, Victoria blue B (50
mg, CAS 2185-86-6; J. T. Baker Chemical Company, NJ),
was added as a powder at about 80° C to a preformed
solution of cellulose (Whatman filter paper, 1.5 g)
in molten [Cimim]Cl (30 g) I[prepared by heating a
slurry of the filter paper and [Cimim]Cl at 120° C for
5 hours with occasional stirringl. The resulting
composition was stirred until the dye dissolved,
resulting in an intense blue viscous solution
containing cellulose (5 weight percent) and dye (0.15
weight percent). The cellulose was regenerated as a
film by coating a glass sheet with a thin layer of

the ionic liquid solution, followed by immersion into
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shown in Figs. 1, 2 and 3. CMPO cel | ul ose

successfully extracted the actinide fromthe nitric
wa@eood/ossbut i on over a w de range of pH val ues, PE@ntS100€008411

exrractions were superior to those obtained using
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ol ¢ engl G4 ko€l , (4919blel Brepar ednly wiiterowawe pale

heati ng of cell ul ose inthe IL with short pul ses 29 WO

20%1@@45@@1@1@52@@4#098&@@11uﬁpmce@t¢a§é@@s of dye had
e Se [ u n formed] and stirred unt|I

di 2@% ve% re(grﬂll Hl%gflw%%a dark red orange vi scous

sol uti onTﬁ@nUﬂymagspebtmhmsef( the dilght(tpemnesniss iz

dye (0.1 _weight percent) gL[e el | ul ose was

reg%]ﬁ@‘f’%‘tie*élhﬁspéeﬁ?’?ﬁ\ew cbaei f a§acfjle§§§tslﬁeé1r%dth a

thl&é@%ﬁhé}ﬂ bQﬁg' 90k6 hi gdkdmusobyl 5o dholdonedHy

iMmersion into a cont al ni ng dei oni zed wat er.

Af t éictombasBbnef Br dge, phndtesd mhighdmange ddllinul ose

filmwas renoved from the regeneration bath and dried

inair for 15 mnutes to give a soft, pliable film

Thepyas ?wﬂher Fé@fatibeober ad pHndiegatiitige il Qrse0fFilm

the protoporphyrin_ TX had Teached fromthe film The

UV/ vis spectr@fléilere perwe (L0afsh %%@62@%\%0‘% he
pre char acteri br

N ALy CB00 B f FotHe PG Gl bryr A X

met al’e myleacilantReenchodssdidiltiknt Helfdt BR)Examslently

3: Formmtion of Col I
attacheg to a cega og% u%%%onzno%%&}%dded as a

powder to a solution of cellulose (microcrystalline
cellulose [9004-34-6], 1 g; Sigma) in molten [Cimim]Cl
(10 g). The initial cellulose in IL solution was
formed by pulsed microwave heating of cellulose
powder in [Cmmim]Cl, followed by cooling to about 20°
C, at about which temperature the addition took
place. The resulting composition was stirred until
the blue powder dissolved, resulting in an intense
blue viscous solution containing cellulose (10 weight
percent) and cellulose azure (0.1 weight percent).
The cellulose was regenerated as a f£ilm by
coating a glass sheet with a thin layer of the ionic
liquid solution, followed by immersion into a bath
containing deionized water. After immersion for 20
minutes, the blue cellulose film was removed from the
regeneration bath and dried in air for 15 minutes to

give a soft, pliable film. The wash water was
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by Trappi ng of Dye Ml ecul es The non-reactive dye,
Victoria blue B (50 ny, CAS 2185-86-6; J. T. Baker

w@h@wiogmk7 Conpany, NJ), was added as a powderPEl/Usipo4008411

80 Cto a preforned solution of cellulose (Watnman
filtgeoPares. 1ﬂd§c8i1n§ntﬂﬁttﬁ6nécéﬁl%he ee0301%se azure
[ prepared by heating a slurry of the filter paper and
[Cnmﬁdﬂlﬁﬁchedlﬁcoﬁrtbﬁ f5lmeurs with occasiona
stirring]. e I si{ion,was stirr
until the dye$8|s§% ég9V1gg ?tlhe t#ugnplepen%g'blue
Vi s€olUBusOLdt tenluloBtabRung ceumuh@sgﬂ(&awet@@ted by
ercenté and dye (0.15 weig ercenté The cel | ul ose
sfiey némraﬁéalag fhet mﬁwbwn@om RgPH Jl &< tefeet

bR Vaussusl o ubotisy)) Uk SN A coen
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After i mrersion ,for t he E el Iyl ose f]
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ali rpf@éeéé %BUE@FeaEQdQWYEhaeﬁgfﬂralBh‘ta%%ufl'tlsmsevéf%al
water was pal e ue indicating that a snal

concEne® aendnoverdybehagurbeaeietiaiiyomonitd st iingi cayd ng
U/ vis,. s he, fil
pré%%%%egg E%ggkgha%ag SrF§?5£&§roa %ﬁg%@és tﬁgﬁx% kgﬁ

W tdens lBxiveuliah 58716Ayf Lasttihg. Victoria Blue B
dye, enclosed within the film Exanple 4: Formation
of a pH Sensi thfe VF§I§§§CﬁFPW|€§IFHFO§é Bzure (10

”U (CAS 40298124 Tin §k§”a4cgﬁ6h%akggggﬁ §Ens&%qw%

, a pHsensitive nol ecul e zol Brilliant
\/c¢eﬁ16I©seevaRénﬂbye attimehé&dlimowattekl blose absorption

b kb dded t f
e PR 2 BEEo Ll fr 87008 bR oBu’ Pedss 284 sy pipk
g; éﬁ@@?@tththhQnWEEH”h”haﬁhmum at 550 nm at pH 2.10.

Example 5: Encapsulation of Bovine Serum

Albumin in a Cellulose Film

Bovine serum albumin (BSA) was added to a
solution of cellulose (fibrous, Aldrich; 5 weight
percent) dissolved in [Cmmim]Cl that was prepared by
pulse microwave heating of the cellulose fibers in
the IL until a viscous, homogeneocus solution was
obtained. The mixture was vortexed to disperse the
BSA. A thin film was prepared by coating a
microscope slide with the IL solution. Immersing the
slide in a bath of deionized water regenerated the
cellulose.

UV/Visible spectra of a regenerated
cellulose matrix from an ionic liguid solution, and a
regenerated cellulose matrix from an ionic liquid

gsolution containing the protein, bovine serum albumin
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(10 g). The initial cellulose in IL solution was
formed by pul sed m crowave heating of cellul ose
w@oadesdsoen [CAm m{ A, followed by cooling to abOTIUSH04/008411
C, at about which tenperature the addition took
pl agBsaThGetesHhkbAY CORBOBben RS St RH WYddption
the bl ue powder dissolved, resulting in an intense
bIu&e&kscea§e§©ﬁu@Foﬁ8@oﬁmaﬂﬁ|ﬁggbeﬁluﬁbg@d@ﬂﬁﬁmﬁﬁﬂﬁf
per t n ceII a i9 perc t)
ceI$§$ %n@rg ?eg§%g$§ e cgg#%ﬂn1byq£€batlng y pég%
gl ass sheetcwethsaithib tayéersoahttﬂam bR U Qi)_ﬁed:tra
solution, followed by inmersion into a bath
confarnBff ddianFze84wamer. After immersion for 20
m nutes, the blue cellulose filmwas renoved fromthe
regeneration bath and dried in air for 15 mnutes to
gi VExampO0&! 6 : pEhabbsull bkAbonThE waskawet emaves 31 WO
2004/ 084627 PLI/UbZUU4/UUB411 uncorored'lndlcatlng
t hat none of tHw¥d: b68e Ionice L : ] 3
film The sensitivity of the t hus prepared
cel lul ose-cel lul ose azure filmto pH was tested by
fireé¢liabessi pglphiagneahpaee (oni1a ph,7 ditfafiered from
solution yielding_a blue film The fi.ilmwas then
tr aﬁ%‘F%FP@HlPBa& EBPGEi dASGFEFHOS BB TLRSG I a

col of  ghangeyhB therbialELhr em Bl we ot qrRiink-c1Thig
process was repeated w th equi val eAt results severa

t i nescandaveeheahedconr §eSoferanyg Pudises .i ndlowthat@

sta Lty of e cell ul ose-cel |l ul os r
sookiSheRLEibY, Bt EBE SRprenhistRcnbenah i iie o =
t hevistBus(Ebansabasi onklilnlbedc 4athaws waie qddled to
sensitive cellulose-cellulose azure filmwth a blue

absBPPTi BATPBARBUREt Roadiax Antiedkr I5P0CRH sleTint e agd on
and, 8 PhBKenzyme .

In a separate vial, 5.0 mg laccase was introduced

into 5.0 g [bmim] [T£.N] to serve as a ‘protective’
coating for the enzyme. The coated laccase was then
added to the cooled IL/cellulose solution and
immediately cast into a film. The film was washed
with purified water three times to regenerate the
cellulose and rid the film of excess ionic liquid. A
portion of the film was added to 5.6 mL of a 50 mM
phosphate buffer solution spiked with 200uL
syringealdizine solution [8.2 mg syringealdizine
dissolved in 20mL MeOH]. A UV/vis spectrum of the
film inYicated incorporation of the enzyme into the
regenerated cellulose matrix by the maximum
absorption at about 280 nm, as is shown in Fig. 6.
The colorless film was left in solution overnight
(about eighteen hours) and activity of the entrapped

enzyme was confirmed by the pink color of the film
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absorption band with a maxi numat 550 nmat pH 2. 10.
Exanpl e 5: Encapsul ati on of Bovine Serum Al bumin in a
w@eiosoBw3e Fi |l m Bovi ne serum al bum n ( BSA) wasPEmuszmo/a8411
a solution of cellulose (fibrous, Adrich; 5 weight
peregat) idi sselyadiia LEARNE] Thchak waskepa ed by
pul se m crowave heating of the cellulose fibers in
t heoxidipation of sepusngreAdd&diosus sol uti on was
obt ai ned. The m xture was vortexed to disperse the
BSA. Athin filmwas prepared by coating a m croscope
sl igRampld T heEhtaselhilbcabn bfmebsigndrnohe slide in a
bath of deionized water regenerated the cell ul ose.
UV/ Vi si bl e spetRrd GeliulegenEidmeMatady yl ose matri x

from an i oni Cublguiflofgl beRzyARded sigdEneihfdal co.)
cellulose matrix froman ionic 1 quid ol utr1on

coniai ai mgnbhangrboend, chevicmens eaumigirbemployd® WD the
2004/ 084627 PCT/ US2004/ 00841 ( BSA rre taken. _Th

or LTS CRAGTRBCE! BUROH TREaPIOUHCEiER M FE0 MheT
in Eh8rgp 48qdl fHECabb%enel i tBSArentkarped pehiiRitl drh@an
cellulose film This geak IS characteristic to the

sol beadntphbselowyicpéiyr gonfiyctega crAdxlosggfidms |

Ex , ation _of . se r I C

ont SoEneR B R L PBEe R R e M B e

(0. 381 p0nloebt puneHabeantrbnt sigaki chamikapeico.de@tae
ofﬁgolynerization -1, 000), was introduced to 5.0 g

[ bRy Ef . M) WRer dhavelredt da ilfr+BiB] SkcvAgnguP sessecond
Corpl &1 Swaflh SERI ¥ELOROE B SAMRL GRS RGHRNRD  The
resulting ina viscous solution. Cellulosic' matrix
wasmgpolizd vas coohedenper@pmreempeaa@Mdehéapniﬁdunéd

qe”f£8[§§b9%, ubiguinone was added with stirring, and

the resulting composition was cast into a film. The
film was subsequently washed three times with Qater
to rid the film of excess IL.

The resulting film was permitted to dry for
two days and then subjected to UV/vis Scan (500 - 250
nm) on a Varian Cary-3 spectrophotometer. A peak
corresponding to the encapsulated Coenzyme Q was
clearly visible at about 280 nm, which corresponds to
aromatic moieties that exist in the biomolecule but
not in native, IL-regenerated cellulose films. This

gspectrum is shown in Fig. 7.

Example 8: Formation of Magnetic Cellulose Particles

Cellulose (1 g, Whatman filter paper
substantially homogeneously) was dissolved in
[Camim]Cl (20 g) by heating at 120 C for 6 hours to
form a 5 weight percent solution. Magnetite

particles (1 g, about 5 micron powder; Aldrich
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of the enzyne. In a separate vial, 5.0 ng | accase was
introduced into 5.0 g [bmn] [Tf2N] to serve as a

wO proagrseT ve' coating for the enzyne. The coaP@rus2004/008411
| accase was then added to the cooled IL/cellulose

sol ghiafcandeol Medi-at aikedasb itMed nd1fddMsoliit fdd Mnd
was washed wth purified water three tinmes to
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Thermal gravimetric analysis of the air-dried film
showed about 50 percent mass loss between 100-400 °C,
confirming that all the magnetite was entrapped
within the regenerated composite retaining the

initial composition ratio of 1:1 cellulose:magentite.

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
numerousg modifications and variations can be
effectuated without departing from the true spirit
and scope of the novel concepts of the invention. It
is to be understood that no limitation with respect
to the specific embodiment illustrated is intended or

should be inferred. The disclosure is intended to
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m xture was cooled to roomtenperature from about
120- 1300 C, ubi qui none was added with stirring, and
w0 @40t t i ng conposition was cast into a filPCT/Um®04/008411
filmwas subsequently washed three tines with water
to éd)\‘}ie}hﬁ%ff Ehan Q%p@ﬁ@éas chhim$halnesuldh Repdiifdivamsns
permtted two days and then subjected to
UV/afssf&;hnWJLEb@n thgoscapp @ﬁ shgaciladmsar y- 3
spectrophotoneter. A peak corresponding to the
encapsul ated Coenzynme Q was clearly visible at about
280 nm which corresponds to aromatic noieties that
exi st in the bionolecule but not in native,
I L-regenerated cellulose filnms. This spectrumis
shown in Fig. 7. Exanple 8: Formation of Magnetic
Cellulose Particles Cellulose (1 g, Wiatman filter
paper substantially honogeneously) was dissolved in
[CAmim O (20 g) by heating at 120 C for 6 hours to
forma 5 weight percent solution. Magnetite particles
(1 g, about 5 mcron powder; Aldrich 34 WO 2004/ 084627
PCT/ US2004/ 008411 Chem cal Co.) were added to the
nolten solution and honogeneously distributed by
vortexing the solution. A |ozenge of
cel l ul ose/ magnetite conposite was then prepared by
coating a plastic sheet (about 6 x 1.5 inch) with a
filmof the ionic liquid mxture. The sheet was
pl aced in a bath containing deionized water and |eft
to stand for 24 hours permtting all IL to be
di ssol ved and diffuse fromthe matri x. The | ozenge
was then washed and maintained in distilled water.
The resulting soft, flexible cellulose/magnetite film
was air dried to yield a hard, brittle black solid.

36



Vi sual inspection using an optical m croscope showed
that the magnetite particles appeared to be disperse.

wab@4oeickul ose fil mwas rmagnetic, and was attPEUSINO/a8411
a permanent magnet. Thernal gravinetric anal ysis of

t hey@h#- fiél@ﬂAf[M{_::ﬁl showed about 50 percent mass | oss
bet ween 100-400 C, confirmng that all the magnetite

was entrapped within the regenerated conposite

retaining the nt|a e itdon.ratio_of
cel | ul ose: mag%nt |%‘ oﬁnE?)§ %Ormépgn regpe]q | cat| ons

andeedltl 6L8Sefbhpdularendn acs iviec @hmﬁta,irﬁié hat
reference. The use of the article "a" or "an" is
i nt epupdises thel 686P6n€Lor nore. Fr om t he foregoi ng

it will be ob v idd qat i
vari ati ons cagggeggg g&? a%e C&#%ﬁgﬁgxggparff%ﬁ?égqﬁﬁ
t hedfigpelspdr ih aamélsenpaydirophd lhiay dlortion deipisl bf

the inpventi to b d d that
T ropRVEah SnPRS: HisBLES PTG SoMETRO SRR RS oF

'llH?Ebé&@Qd'éub@E%ﬁ%%@l@& hoRRIdth i d1Rf ik inhesaid
di sclosure is intended to 35 WD 2004/ 084627

PCT. /susae@etmbeztmg sebesenty sy dneenddd W th s Qyganic
such icatio as fall w thin.the s f_the

o aPrlveht' 6B babtreRts st e M S g
CLAL MBED: 14gAifAetikodch@rifseidrioty catieganesml ethions;

cel | ul ose- enca sul ated active subst ance t hat

conpri ses t he (8 epemafeingaPagioidiuid o dongbst g ist
Ce'hBhPéSvahﬁs%h¥e%afaf%éﬂﬂ&f%éé“ﬁHéH”&é'&Aééﬁbfé with

i qui solvent along wth an active substance
di ssalidedoaic ligquid, said active substance being

substéntially insoluble in said non-solvent, said
admixing forming a regenerated cellulose solid phase
and an ionic liguid phase, whereby said active
substance is encapsulated and substantially
homogeneously dispersed in the formed regenerated
cellulose solid phase, and wherein said regenerated
cellulose has substantially the same molecular weight
as the cellulose of step (a) and is substantially

free of ionic liquid degradation products.

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

than about 150°C.

3. The method according to claim 1 wherein
the cations of said ionic liquid correspond in
structure to a formula selected from the group

consisting of
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di spersed substantially honogeneously therein, said
sol ution being substantially free of water, organic

W@ lest62Dr ni trogen-cont ai ni ng base, wherei n BEI/US2004/008411
ionic liquid is conprised of cations and anions; (b)

adm xing said solution yath a liquidgenon-solvent for
said cellufose that is [

i ou |1 R*
i nsol u r

a regen &ftj

l'i qui y N RS
encd%sulat} substaptially honnqeneously

di spersed g the fornedrYegenerated =réell ul ose solr'd

phase, and wherein said regenerated cellulose has
substantially the sane nol ecul ar wei ght as the

cel lul ose of step (a)sand isgssubstgntiallys freegof
ionic liquid degradation products/ 2. The
according to C|I AL wherein d ionic |
nolten at a tenp re of | han_abou . 3.
The method atCordTAy & ck’ai m erel mt ations
of said ionic liquid correspondNin structure to a
formul a sel ected R*omthe groupm* consisting & 37 WO
2004/ 084627 PCT/ US2004/008411 R g R4 R4 R3 R5 R3 R5
RBRRBNRAO*~QON+1'Il 66 565R7NRRNRNR

R6E NR Jd 111t "Rl R4 RS B3 R4 5 R3 REENO N-RR R 2 g2

/I NO R5‘5%%f§?() 3 jzii§( Tiijii\\R4R} i?ii§j

N. N N N N s
£2 r*
R4
R r*
R3 R®
6 3
R
R’ /N\ RS R /N\
Rl + R2 Rl + R2
RS R4 R* R3
R6 R3 . RS R9
Ol = IO
~N
6 1
R7 N R9 R R
B8 lLl R’ R®

wherein Rl and R? are independently a Cj-Cg
alkyl group or a Cq1-Cg alkoxyalkyl group, and R3, R4,

R5, R6, R7, R8 and RY? (R3-R?), when present, are
independently a hydrido, a C1-Cg alkyl, a C3-Cg
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RRRIRMM RARBRARBRBER R R3 NRNOR2 RN~ N
RI/NO-\R4A RI/NOS NNNYI2RA AR R4 RBR5S R6 R3
WRI00M0EB2N R1 + R2 Rl/ + R2 R5 R4 RA R3 R6 RIPERSURD0D008411

+ and + R7T NRO R RL Re | R7 R8 wherein Rl and R2

ar t Ca Lyl 1
) SRR, ploserheid cp g e, s

( R33iR)nsWBEN-pEESBAL a&Quldndepehdﬂngemqa hydri do, a
Cl-C6 alkyl, a Cl-C6 38 WO 2004/08 627

PCTPes200B72 009821 OFl Kox§al RFFPGFYIFTS a CL- 06 al koxy
group, and the anions of the ionic liquid are

hal ogen, pseudohal ogen, or Cl-C6 carboxylate. 4. The

met hod accordiyng trgeChathbd whebeidindg e alixdms 10fwherein
said ionic liquid are a hal ogen iaon, perchlorate a
psetldehahbges Pdnseidcionse &ﬁb‘é)@ylaétee a falpgethdiiod

o PREETAGLERE | 6 Reg oRERT PR, ol et e O

carboxylate.

5. The method according to claim 1
including the further step of collecting the formed

cellulose phase.

6. A method for forming a regenerated
cellulose-encapsulated active substance that
comprises the steps of:

(a) providing a composition of cellulose
dissolved in a molten hydrophilic ionic liquid
solvent that is molten at a temperature of less than
about 150°C along with an active substance dissolved
or dispersed substantially homogeneously therein,
said solution being substantially free of water,
organic solvent, or nitrogen-containing base, wherein
said ionic liquid is comprised of cations and anions,
wherein the cations correspond in structure to a

formula selected from the group consisting of
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6. A nethod for formng a regenerated

cel | ul ose-encapsul ated acti ve substance that
w@ompsses the steps of: (a) providing a conmpoBCT/URIN0OH08411

cellul ose dissolved in a nolten hydrophilic ionic

l'iquid solvents that ks mol en at gs t enpegat ure of

| ess than abo 150C along wWyth #An acti ve\subst ance

di ssol ved or dV??ﬂ\sed subst ally hono usly

therein, said.$8 ion_bein tantiall of

wat er, orgaiic Spfvent’ BF gERRC®IT ai MWAQ base,

wherein said ionic liquidis cpnprised of cations and

ani ons, wherein ghe cations cagrespond in structure

to a formula selected Jron1%%$ grqup congisting, of R4,

R4 R4 RFR5 R3FR5 R3 N R4RO *, &N O BF' N R 65 N BR

R5 11° 1 39 )YWON004/ 0846

6 NR 5 R)E
3411 4 RS R R3 + RL, NO N~

PCT/ US200
R2~' Np-RENRIANO R YRR 4 RA-FBN R3 gR2~ S
+ 0 NO2 RN~ R R ZN Rl?fNR4 RI/NS Y| RRA R4 RS
R4 P

\|

R6 't R3 12 b
R4
R3 R5 RS R4
R’ 4 R® R® N\\ R’
Rl + R2 Rl/ + R2 ;
RS R_4 R4 R3
R6 R_3 RS R9
od oo
R’ N R® R® g
R_B IL]' R'7 RB

wherein Rl and R? are independently a C1-Cg
alkyl group or a C;-Cg alkoxyalkyl group, and R3, R%,
R5, R®, R7, R8 and R® (R3-R?), when present, are
independently a hydrido, a C1-Cg alkyl, a Cq1-Cg
alkoxyalkyl group or a Cq-Cg alkoxy group, and the
anions of the ionic liquid are halogen,
pseudohalogen, or Ci-Cg carboxylate and the anions of
said ionic liquid are halogen or pseudohalogen; and

(b) admixing said solution with a liquid
non-solvent for said cellulose that is miscible with
said ionic liquid, said active substance being

gsubstantially insoluble in said non-solvent, said

admixing forming a regenerated cellulose solid phase
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NRIWRR R"'" +RR R RA R4 RBRERBRE RO and O
~~~N R NRORR R311 R7 Rwherein RL and R2 are

wo pabefperdent |y a C1-C6 al kyl group or a Cl- CEPCT/US2004/008411
al koxyal kyl group, and R3, R4, R5, R6, R7, R8 and RO
(R32/39) anWheniBr @&gg&d Bha sei, NdBReREN Y1 @ dupdriado, a
Cl-C6 alkyl, a C1 al koxyal kyl group or a _Cil-C6
al k@wysgangg 1§n§npﬁ@su&ﬁ|t@ﬁsa@fi tsh]@slt@ﬂtéqllquw d are
hal h r;Cl I '%&%r@ﬂ%
ani%%%oangégggg %%?ggﬁsea &géFgghg?%ggﬁyor vt
pseddobal egensoand bhhsadnamdn@hymaimuﬂaﬂd(negmndrated
l'iquid non-solvent for salﬂ&cel ul ose that

m sePblelppenagarerrbARE 1A & sAedialgular weight

SUbééaEﬁ@ Q@i@ﬂloé@béEa%E'e§| lg)i asel b ey SRitdally
non- sol vent sal d adm xi ng form ng a regenerat ed

ceIfuéesefsmbndehassld4dem€BQ©@4KGB4ﬁ®ﬂu0tS, and
PCT/ US2004/ 0084 c |4 qui d phase ereby
T mctive  SfbsEREorenEnELss it Baghe 0

said active

subgéantil akky soheapgaaegeusl y di spersed |n the f or med
regenerated cellulose solid phase, and wherein said

regenerated cellulose has substantially the sanme

mol ecul ar wei ght @g #n@ﬁh%%l bl osey &QI PRGN FdilSrein

substantially free o |on|c I qui egradat1 on
progdattisioand (dpuddl Lectiolgenhetf ar ethpreaganeraated about
cel lul gse salid phasg 7. The nmethod according to

cl ar 6 Whepept 120°C

8. The method according to claim 6 wherein
said liquid non-solvent for said cellulose that is
miscible with said ionic liquid is also miscible with

water.

9. The method according to claim 6 wherein
the cations correspond in structure to a formula

selected from the group consisting of

R4 R3 3 R2
o oo hot
Rl/ N—~ \R2 Rl/I\T N/ Rl/N R Rl/N S
R

2 R

4 RS r3 R4 RS R3
O, AT, =D
N. N N. (0]
Rl/ \( \Rz RZ/N\N RS Rl/ Y
3 | 4

R rl R



said ionic liquid is nolten at a tenperature of about

-44 to about 120C. 8. The nethod according to claime®6
wok@res4s27 sai d |iquid non-sol vent for said cel PCii/oS®04/008411

that is mscible wth said ionic liquid is also

mscible wth walep. aKBeRQE%%%I oS A by %.' @1mc6

6 wherein theé'ca |ons correspon ucture
for%§L§1R§$é§BE§9 fr #Eea?% ﬁg&ﬁﬁlstln%po%ﬁEﬁRB% R4
R BB AR 5aIF|r\|%’%i§§e§n eRgﬂaYRr31 By, a4%%v‘86 alkyl
Fﬂ%’%ﬁéiﬁ% eI RCA R b ST o (1 B Ce 1y

k
|nd a%e%% SEggﬁﬁarlgoﬁgg g%ecégﬁﬁ%sﬁ ouS%EEaC1-C6

aIkbayagkylogrpspudohalﬁgeﬁﬁ al koxy group and the
anions of the ionic liquid are a hal ogen or
pseudohal ogen. 10. The method according to claim?9

wherein said gati odhbSmatNolt hcdoHdiGlr €& il o
i mdazoliumion that corresponds in structure to
Forwhegedn4sgbd+cation is a N,N-1,3-di-C1-Cg alkyl

imidazolium ion that corresponds in structure to

Formula A

11. The method according to claim 10
wherein one of said N,N-1,3-di-C1-Cg alkyl groups is

methyl.

12. The method according to claim 11

wherein Rl is C1-C4-alkyl.

13. The method according to claim 12

wherein said R3-R® groups are each hydrido.

14. The method according to claim 13
wherein said cations correspond in structure to
Formula B.

©) B

N. N
Rl/ \/ \CH3
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RL-NN_ R2YR3 11. The nethod according to claim 10
wherein one of said N, N1, 3-di-Cl-C6 al kyl groups is

woreiohps46212. The net hod according to claim1ll PEITERM04008411
Rl is Cl-C4-al kyl. 13. The nmethod according to claim

12 wherein spid R3pBS,GEAURS 22E8r83GH Rydchdqm A
The nmethod according to claim 13 wherein said cations

corwlespoin saidtauntbuseare chHépmibke Bong.-B R/ NCH V
3 42 WD 2004/ 084627 PCT/ US2004/ 008411 15. The n®et hod
according to claim9 wherein said anions are chloride

ions. 16. Theiget hedeageehdtingctoraigignt® cikdmeion
said cellulose is initially present in said solution

i n Whenabunsadd apodluleeet dsapyitind lyepgReEenieridemaid
17. _ T h c ' ' ereln.sai ;
Iiqﬁ?gg%gﬁﬁsgﬁv%ﬁtgﬁgpﬂga%g %%?Fg}ggewgt %P%Fs%gjwelght
m sgébtenwith said ionic liquid and is also miscible
with water is water, an al cohol, or a ketone. 118.

The met hod according to claim17 wherein said |liquid

non-sol vent ig;vat ghe hdthbe aFRLREA n3CEY ¢1RG @

claim6 wherein said adm xing step 1S carried out by
wherein said liquid non-solvent for said cellulose
that is miscible with said ionic liquid and is also
miscible with water is water, an alcohol, or a

ketone.

18. The method according to claim 17

wherein said liguid non-solvent is water.

19. The method according to claim 6
wherein said admixing step is carried out by
extruding said cellulose solution through a die and

into said non-solvent.

20. The method according to claim 6
wherein said active substance is selected from the
group consisting of a microbial cell, herbicide,
insecticide, fungicide, bactericide, repellent for an
animal or insect, a plant growth regulator,
fertilizer, a flavor or odor composition, catalyst,
enzyme, photoactive agent, indicator, dye, and a UV

adsorbent.

21. The method according to claim 6
wherein said active substance is coated with a

hydrophobic ionic liquid prior to being dissolved or
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extrudi ng said cellul ose solution through a die and

into said non-solvent. 20. The nethod according to
W@b@is4627 wherei n said active substance i s sel PCT/E82004/008411

fromthe group consisting of a mcrobial cell

her §i 6hd8sedl Daeshiial 8§arbphanGicda onlactiaiGusidle and
repellent for an animal or insect, a plant growth
reguharein saédt hyprephoRif deor corl iaged denpwdi iiggible
catalyst, _.en . P oachi a ~..ndi cator, dye,
andwégﬁwsaé§3%¥§§%9.g%%.%$%g%%€t%§gb§€§drding to claim

6 wherein said active substance is coated with a

hydr ophobic ionic |liquid prior to being dissolved or

43 WD 2004/ 084827 BEF/ USS604) 665LFLLING &5 % ?aid
hyd%ﬂgﬁé%hcséga!ﬁyhkggh%bi%nQOnW%?ﬁg! i321i% not soluble
hydr ophobic ronic”litquid is not mscible wth sa

| i gidsabdd- $vhuedt nonl-sedtven22 diThentet hod accor di ng

to claim21 wherein said hydrophobic ionic liquid is
not soluble in said liquid non-solvent diluent. 23. A

regener at ed ceghl ul asecerepSitledt @@ 113A1ske cHRIANGE ed
that conprises an active substance substantially

hondgeheeusipstpser bieéd cCAMPHILSes apaBdbivisf substance

ol PUBSEEPR ATy (haRBa R ENY AL SRR ALy 2
t hematirgknak eebkunkesecd a@ldhiloke,i whiesefire pariet,

(ii) is substantiall free,?f an increased amount of
subSEPERERRCEFOGRS LHEPSE d )t 35 REMEalfichFame

Cethh@éﬁlaﬁnQeH?hei5%)t%%b%&%@ﬁh%hlﬁeﬂmﬁyéég from which
entrapped 1onic I'iquid degradation products. 24. The
regéhetat prepekiedl odéiendapsulbsttedt iadliy & rmeshstfarwe
accgﬁgkggsgg gkghgkzgfwg% %%QtBE%t groups relative to
the starting cellulosge, and is (iii) substantially

free of entrapped ionic liquid degradation products.

24. The regenerated cellulose-encapsulated
active substance according to claim 23 wherein the
weight ratio of cellulose to active substance is

about 1000:1 to about 1:2.

25. The regenerated cellulose-encapsulated
active substance according to claim 23 wherein said
active substance is selected from the group
consisting of a microbial cell, herbicide,
insecticide, fungicide, bactericide, repellent for an
animal or insect, a plant growth regulator,
fertilizer, a flavor or odor composition, catalyst,
enzyme, photoactive agent, indicator, dye, and a UV

absorbent.
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wei ght ratio of cellulose to active substance is
about 1000:1 to about 1:2. 25. The regenerated

W@ edosoBw3e- encapsul ated active substance accorpdi/ng00¢008411
claim 23 wherein said active substance is sel ected
fromthe groupg congistbhgneirated edhhalogeldncapsulated
herbi ci de, insecticide, fungicide, bactericide,, .
repettéme EvbsaancanprEPreinondecclad p|Zentwhfksidh said
regul at or, ertilizer, Lavor. .aor o i1i.00, .
cat aFyste 83%53% f:epggt gggg:ie\ae%ézglnﬁ %and i gat or,é dye©
andj agWM gaksenbentaidd mdr2004/f0846herated cellulose.
PCT/ U%2004/ 008411 26. The regenerated
cel | ul ose-encapsul ated acti ve substance according to
claim 23 whergin Sai de ackhue RANAE IS SRARA W ddy
a hydrophobic ionic Iiquid within sard matri x “of
I egepetatedubeltbukces ¢ha?27 cofprdgesematigtirophobic ionic
cel L ul ose-encapsul at ed a(&:’]%)i X:e subst ance tthat
conpi-AEdE-§ORVEFARGEVE FBMSE NG GRS e 1ol i ve
S,Ubﬁbﬁ@@%nékb%tl@ﬂHli@ltlrﬁbulﬁ@@ ganenus |y mhstist hyt ed
within a matrix of regenerated cellul ose, wherein
sai tegegemetadedeldeiliogicos wheire iva$ alsb e IenRewaRA
nmol ecuyl.ar _wei gh s  the qQrigin el | Ll i
it F?%P@BE%%}B ?Llais) a|tﬂ)sousut3:s eazétai al Inlﬁléﬁf%)%gl% Qg%}i’gﬁ@has
i NnCegasedigmpent cefl 1udwhst ifncentwigichupist ries ghfepated,
the starting _cellulose, and is éi ii), substantiall

frodisd ientrReseRtionly HHas Ot ARRTCAESH iRt of

45 substituent groups relative to the starting
cellulose, and is (iii) substantially free of

entrapped ionic liquid degradation products.
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