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Accessibility, cellulose, to cellulase 
(CAC),375-376 

Acetals, cellulose intermediates, 
10-13 

Acetic anhydride 
acetylation of cellulose with, 

112t 
cellulose esterification in 

DMSO/ammonium fluorides, 
II0t 

Acetylation, cellulose in molten 
salt hydrates, 99 

Acid-catalyzed hydrolysis, 
cellubiose in ionic liquid, 233 

Acidic depolymerization, 
lignocellulose in ionic liquids 
(lLs),233 

Activation energy, cellulose 
solutions, 220 

Acylation 
cellulose in DMSO/ammonium 

fluorides, II Ot, 114t 
cellulose with acid anhydrides in 

BMIMCI, 279-280 
ionic liquids as matrixes for, 

231-232 
Aerogels 

cellulose, in LiOH/urea system, 
86 

morphology of, in LiOH/urea, 
20,22/ 

XRD patterns and photographs 
of,85/ 

Alkali containing solvents, 
dissolving cellulose, 18-20 

l-Alkyl-3-methyl-imidazolium 
ionic liquids (ILs) 
dissolution capabilities, 199 
hydrogen-bond bridge system of 

lLs, 208/ 
reacting with cellulose, 235-236 

See also Cellulose in l-alkyl-3
methyl-imidazolium lLs 

Alkylammonium cations, ionic 
liquids, 288, 289/ 

Alkylations 
experimental, 244-251 
N-methyImorpholine-N-oxide 

(NMMO), and ion 
metathesis, 241, 242/ 

NMMO using dimethyl sulfite, 
242,243/ 

See also N-methylmorpholine
N-oxide (NMMO) derivatives 

Alkyl chain length, cellulose 
dissolution, 305-307 

Alkylphosphonium cations, ionic 
liquids, 288, 289/ 

l-Alkylpyridinium cations, ionic 
liquids, 288, 289/ 

1-AllyI-I-methyIpyrrolidinium 
dimethyl phosphate 
synthesis, 249 
thermal ellipsoid plot, 246/ 

l-Allyl-3-butylimidazolium 
dimethyl phosphate, synthesis, 
250 

I-Allyl-3-ethylimidazolium acetate, 
synthesis, 251 

l-Allyl-3-methylimidazolium 
chloride (AMIMCl) 
acylation of cellulose, 25 
alkylation with trimethyl 

phosphate, 250 
Avicel solubility in dry, 127t 
cellulose dissolution, 28/ 
properties, 24 
structure, 29/ 

Allylation, cellulose in 
DMSO/ammonium fluorides. 
109t, III 

N-Allyl-N-methylmorpholinium 
chloride, cellulose cosolvent, 
238 

Amine oxides 
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cellulose dissolution, 27-28, 33/
 
N-methylmorpholine-N-oxide
 

(NMMO), 27-28, 68
 
structures, 34/
 

Ammonium cations, ionic liquids
 
for cellulose dissolution, 24
 

Ammonium fluorides. See 
Dimethyl sulfoxide/ammonium 
fluorides (DMSO/TBAF) 

Ammonium salts, cellulose
 
dissolution, 29/
 

Anions, cellulose solubility in ionic
 
liquids (ILs), 125~ 131
 

Antibacterial effect, titanium
 
dioxide on cellulose fibers, 264
 

Aqueous cellulose solvents
 
LiOH/urea system, 20, 84-86
 
NaOH/H20 system, 18, 19j, 68~
 

71
 
NaOH/thiourea system, 20, 80


84
 
NaOH/urea system, 20, 71-79,
 

80t
 
See also Protic solvents
 

Avicel cellulose
 
anion effect on solubility in
 

ionic liquids (ILs), 125-131
 
cation effect on solubility in ILs,
 

131-133
 
dry ionic liquids (ILs), 127t
 
intrinsic viscosity of enzyme


treated, 220-221
 
maximal molar ratio (water:lL),
 

132t 
minimal molar ratio for
 

solubility in binary ILs, 128t
 
molar ratio (acetate:cellulose


OH) for, in binary ILs, 129/
 
preparation of regenerated, 290


291
 

B 

Bacterial cellulose 
functionalization in ionic liquids 

(ILs), 280-281, 282/ 
microscopic images, 281/ 

386
 

Bagasse pulp, elution profiles of, 
during dissolution, 168/ 

Ballooning effect 
following, by scanning electron 

microscopy, 144, 145/ 
swollen cellulose fibers, 6, 8/ 
zones of swollen wood fiber, 

139/
 
Ballooning phenomenon, cellulose
 

swelling, 137-138
 
Benzylation, cellulose in
 

DMSO/ammonium fluorides,
 
109t, III
 

Biocelsol method
 
cellulose dissolution, 214-215
 
See also Enzymatic treatment
 

Biodegradable cellulose/chitin
 
beads, NaOH/thiourea, 84
 

Biofuel, preparation from
 
cellulosics, 294-295
 

Biomass
 
conversion to simple sugars, 366
 
dissolution, 214
 
enzymatic hydrolysis profiles,
 

371/ 
fractionation and co-utilization
 

lignocellulose feedstock
 
components, 366-367
 

ionic liquids as direct solvents
 
for cellulosic, 230-231
 

saccharification paradigms,
 
366j, 370/ 

typical composition, 367
 
See also Cellulose solvent- and 

organic solvent-based 
lignocellulose fractionation 
(COSLlF); Wood in ionic 
liquids (ILs) 

Biopolymer, cellulose, 67-68, 198,
 
261~262 

Biorefinery operations, 344
 
Blend formation, cellulose with
 

polymers in molten salt
 
hydrates, 99-100
 

Boric acid 
11 B NMR spectra of model 

compounds, 16/ 

11 B NMR spectra of
 
phenylboronate, 16/
 

boronate structures and expected
 
fission, 15/
 

interaction of carbohydrates
 
with, 13-14
 

NMR spectroscopy of
 
phenylboronate esters, 14,
 
16/
 

Branched ionic liquids, dissolution, 
308-310
 

Bromination, cellulose, 38
 
Bromodeoxycellulose, synthesis, 

38
 
I-Butyl-3-methylimidazolium
 

[BMIM] ionic liquids
 
acylation with acid anhydrides
 

in BMIMCI, 279-280
 
BMIM chloride as cellulose
 

solvent, 238
 
BMIM ethyl methyl phosphate,
 

249-250
 
cellulose furoate synthesis, 279j,
 

280
 
chemical structures, 151
 
derivatization of cellulose by,
 

154-155
 
dissolving power of, 234
 
functionalization ofbacterial
 

cellulose in BMIMCI, 280
281,282/ 

I H NMR spectrum of mixture of
 
BMIM-OAc and sulfuryl
 
chloride after mixing, 156/
 

homogeneous functionalization
 
of spruce in BMIMCI, 348,
 
350
 

properties of cellulose solutions 
in,207t 

reaction ofBMIM-acetate with
 
1_13
C_D-glycopyranose, 151
 

reaction with cellulose, 152

153, 154
 

reactivity of C-2. 150
 
side reactions of, acetates in
 

trimethylsilylations of 
cellulose, 161,162/ 
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IIB NMR spectra of 
phenylboronate, 16f 

boronate structures and expected 
fission, l5f 

interaction of carbohydrates 
with, 13-14 

NMR spectroscopy of 
phenylboronate esters, 14, 
l6f 

Branched ionic liquids, dissolution, 
308-310 

Bromination, cellulose, 38 
Bromodeoxycellulose, synthesis, 

38 
l-Butyl-3-methylimidazolium 

[BMlM] ionic liquids 
acylation with acid anhydrides 

in BMlMC1, 279-280 
BMlM chloride as cellulose 

solvent, 238 
BMlM ethyl methyl phosphate, 

249-250 
cellulose furoate synthesis, 279f 

280 
chemical structures, 151 
derivatization of cellulose by, 

154-155 
dissolving power of, 234 
functionalization of bacterial 

cellulose in BMlMCI, 280
281, 282f 

IH NMR spectrum of mixture of 
BMIM-OAc and sulfuryl 
chloride after mixing, 156f 

homogeneous functionalization 
of spruce in BMIMCI, 348, 
350 

properties of cellulose solutions 
in,207t 

reaction of BMIM-acetate with 
1-13C-D-g1ycopyranose, 151 

reaction with cellulose, 152
153, 154 

reactivity of C-2, 150 
side reactions of, acetates in 

trimethy1si1ylations of 
cellulose, 161, 162f 
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side reactions of, in 
methy1ations, 159-160 

side reactions ofBMIM-OAc in 
esterifications, 158-159 

thermal degradation, 155-157 
See also Cellulose in I-alky1-3

methyl-imidazolium ILs 
I-Butyl-3-methylimidazolium 

cations 
'H NMR of ethanol-OH-proton 

of mixtures with ethanol, 
123, 124f 

solvent parameters of ILs and 
hydrogen bonding acceptor 
interactions, 126t 

c 

Cadoxen, complexing agent, 4, 15 
£-Capro1actone graft 

polymerization, 
DMSO/ammonium fluorides, 
116 

Carbamates, cellulose, 36 
Carbanilation mixtures, cellulose 

degradation, 169, 170 
Carbohydrates, interaction with 

boric acid, 13-14 
Carbon-I 3 nuclear magnetic 

resonance 
analysis of wood in ionic 

liquids, 353-354 
cyanoethyl cellulose (CEC), 

334, 335t, 336 
cyanoethyl cellulose (CEC) 

hydrolyzed with 
trifluoroacetic acid, 332f 

investigating degree of 
substitution (DS) of 
heterogeneous CEC, 333t 

See also Cyanoethylation 
N,N-Carbonyldiimidazole (DCI) in 

DMSO, esterification of 
cellulose, 115-116 

Carboxyalkylation, cellulose in 
ionic liquids, 25-26 
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Carboxylate-based ionic liquids,
 
low viscosity liquids, 234
 

Carboxylate salts, cellulose
 
solubility, 234-235
 

Carboxylic acid esters,
 
hydrolytically unstable, of
 
cellulose, 6~ 10
 

Carboxylic acids, acylation of 
cellulose in DMSO/ammonium 
fluorides, 114t 

Carboxymethylation 
cellulose, 17, 18t 
cellulose in DMSO/ammonium 

fluorides, 109t
 
cellulose in molten salt hydrates,
 

97-99
 
Cations
 

basic structure of, in ionic
 
liquids, 57-60
 

cellulose solubility in ionic
 
liquids (ILs), 131-133
 

ionic liquid preparation, 57
 
Cellubiose, acid-catalyzed
 

hydrolysis, 233
 
Cellulase, cellulose accessibility to,
 

375-376
 
Celluloid, man-made plastic, 3, 5
 
Cellulose
 

D-anhydroglucopyranose units 
(AGUs),165-166 

anion effect of ionic liquids 
(ILs) on, solubility, 125-131
 

applications, 137, 300
 
atomic force microscopy (AFM)
 

image of cellulose film, 28,
 
35]
 

ballooning phenomenon, 137
138
 

behaviors of solution, 74-75
 
biomacromolecule, 56, 67-68
 
carboxymethylation, 17, 18t
 
cation effect of ILs on,
 

solubility,131-133
 
cellulose furoate synthesis, 279j,
 

280
 
chain conformation of, in
 

LiOH/urea, 84-85
 

crystalline structure of, in beads
 
and initial pulp, 222, 223]
 

degree of polymerization (DP)
 
measurement, 310-311
 

degree of substitution (DS) of 
cellulose acetate, cellulose 
pentanoate, cellulose 
hexanoate and cellulose 
benzoate, 278] 

derivatization by ionic liquids, 
154-155
 

description, 300
 
designing ionic liquids as
 

solvents, 59-60
 
diffusion of chains upon
 

dissolution, 144-147
 
dissolution and structure in
 

NaOH/thiourea, 80-83
 
esterification, 33-35, 39]
 
etherification, 36, 40j, 79, 80t
 
functional cellulose materials,
 

77~79 

halogendeoxy functions, 38
 
heating and power profiles for
 

dissolution, 309]
 
hemicelluloses, 166
 
homogeneous conversion in
 

ionic liquids, 26-27
 
ILs as solvent, 277
 
importance of dissolution, 180
 
improving solubility, 170-174
 
interaction with molten salt
 

hydrate and, 95~96 

ionic liquids for dissolution, 29] 
mechanism of dissolution in ILs, 

122
 
membrane formation, 232-233
 
microwave irradiation for
 

dissolution, 235, 310
 
modifications, 165-166
 
physico-chemistry precondition
 

for dissolution, 205-207
 
polarized light microscopy of, in
 

thiocyanate-containing
 
solutions, 22, 23]
 

properties, 287-288
 
proposed structure in Pden, 17]
 
pulp constituent, 167
 

regeneration, 300-301
 
regeneration in ionic liquids, 25
 
renewable resource, 67-68,198,
 

261-262,275-276,287
 
rheology of, in different
 

solvents, 180
 
SEM images ofelectrospun 

fibers from, in NMMO/water, 
28,35] 

silylation in ionic liquids, 26
 
solubility in 

methylphosphonate-type 
ionic liquids, 63t 

solubility of Avicel in dry lLs, 
127t 

solubilization temperature in
 
methylphosphonate salts, 61t
 

solubilization under microwave
 
vs. EMIM acetate, 235
 

structure with hydrogen bonds,
 
301]
 

substrate accessibility, 375-376
 
succinylated, 292t. 293j, 294
 
sulphation, 14t
 
super molecular structure, 199]
 
tosylation in ionic liquids, 26
 
water uptake measurement,
 

311-312
 
X-ray diffraction patterns of
 

original and regenerated, 289,
 
290]
 

See also Wood in ionic liquids 
(ILs) 

Cellulose accessibility to cellulase 
(CAC), 375~376 

Cellulose acetate 
intermediate, 7, 9] 
scheme for synthesis of, 280

281,282]
 
synthesis, 278, 292
 

Cellulose aerogels, LiOR/urea
 
system, 86
 

Cellulose benzoate, synthesis, 278
 
Cellulose blends, preparation, 291
 
Cellulose carbamate, intermediate,
 

6,8] 
Cellulose carbanilate, synthesis of, 

281,282] 
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regeneration, 300-301
 
regeneration in ionic liquids, 25
 
renewable resource, 67-68, 198,
 

261-262,275-276,287
 
rheology of, in different
 

solvents, 180
 
SEM images of electrospun 

fibers from, in NMMO/water, 
28,35/ 

silylation in ionic liquids, 26
 
solubility in 

methyIphosphonate-type 
ionic liquids, 63t 

solubility of Avicel in dry lLs, 
l27t 

solubilization temperature in
 
methylphosphonate salts, 6lt
 

solubilization under microwave
 
vs. EMIM acetate, 235
 

structure with hydrogen bonds,
 
301/
 

substrate accessibility, 375-376
 
succinylated, 292t, 293j, 294
 
sulphation, 14t
 
super molecular structure, 199/
 
tosylation in ionic liquids, 26
 
water uptake measurement,
 

311-312
 
X-ray diffraction patterns of
 

original and regenerated, 289,
 
290/
 

See also Wood in ionic liquids 
(ILs) 

Cellulose accessibility to cellulase 
(CAC),375-376 

Cellulose acetate 
intermediate, 7, 9/ 
scheme for synthesis of, 280

28l,282(
 
synthesis, 278, 292
 

Cellulose aerogels, LiOWurea
 
system, 86
 

Cellulose benzoate, synthesis, 278
 
Cellulose blends, preparation, 291
 
Cellulose carbamate, intermediate,
 

6,8/ 
Cellulose carbanilate, synthesis of, 

28l,282( 

Cellulose channel inclusion
 
complex, LiOWurea system, 84
 

Cellulose chemistry, ionic liquids
 
(lLs), 277, 300-302
 

Cellulose composite materials,
 
preparation, 291
 

Cellulose degradation,
 
derivatization systems, 169-170
 

Cellulose dichloroacetates,
 
intermediates, 9, llf
 

Cellulose dissolved in NaOH/water
 
and ionic liquid
 
additives ZnO or urea, 188-189
 
Arrhenius plot for spruce sulfite
 

pulp in ionic liquid, l8lj,
 
183/
 

cellulose concentration and
 
viscosity, 187-188
 

cellulose/EMIMAc solutions,
 
182
 

celluloselNaOH/water solutions,
 
182
 

comparing rheological and
 
hydrodynamic properties,
 
193t 

dissolution methods, 183
 
experimental, 182-185
 
flow of cellulose solutions, 185


186
 
gelation time vs. temperature for
 

celluloselNaOH/water, 184/
 
intrinsic viscosities, 188-193
 
intrinsic viscosity vs.
 

temperature for cellulose in 
NaOWZnO/water and 
NaOH/urea/water, 189, 190( 

relative viscosity vs. C[ll] by
 
temperature, 191-192
 

rheological measurements, 183,
 
185
 

temperature and intrinsic
 
viscosity, 189, 190(
 

temperature-induced gelation of
 
cellulose/NaOWwater, 193
 

temperature influence, 185-186
 
viscosity-concentration
 

dependence for cellulose in 
EMIMAc, l8?( 
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viscosity-shear rate dependence 
of cellulose/NaOH/water, 
l84f 

Cellulose fibers
 
ballooning effect, 6, 8j
 
cell wall structure, 140
 
chain mobility, 142
 
characterization, 267-269
 
chemical environment of
 

cellulose chains, 140, 142
 
dissolution mechanisms, 140


142
 
dissolution of cellulose in
 

NaOH/urea, 75-76
 
magnetic nanocomposite fibers,
 

76
 
mechanical properties, 268-269
 
multi-filaments from
 

NaOH/urea, 73j
 
NaOH/thiourea system, 82j, 83


84
 
N-methylmorpholine-N-oxide
 

(NMMO) process, 262
 
novel multi-filament, in
 

NaOH/thiourea, 83-84
 
photographs of cellulose/Fe203
 

nanocomposite fibers, 75j
 
regeneration from NaOH/urea
 

solvent, 76
 
scanning electron microscopy
 

(SEM) images, 74j, 263j
 
stress-strain curves for plain,
 

266j 
surface morphology, 267
 
swelling and dissolution
 

mechanisms, l4lj
 
thermal stability, 267-268
 
See also Cellulose/Ti02fibers
 

Cellulose films
 
transparent, fluorescent and
 

photoluminescent, 75j
 
transparent and composite, 77
 

Cellulose formats, intermediates,
 
8-9
 

Cellulose furoate
 
degree of substitution and
 

solubility, 281 t
 
synthesis, 279j, 280
 

Cellulose gels, transparent 
nanoporous, in LiOH/urea, 86
 

Cellulose hexanoate, synthesis, 278
 
Cellulose in l-alkyl-3-methyl


imidazolium ILs 
l-butyl-3-methyl-imidazolium
 

acetate (BMIM-OAc)
 
reacting with 1_13C_D

glucopyranose, 151
 

chemical structures of ionic
 
liquids (lLs), 151
 

13C-labeled I-butyl-3

methylimidazolium IL
 
reacting with cellulose, 154
 

13C NMR spectra ofBMIM
OAc and l- 13C-D-glucose 
solutions after dissolution, 
l53j 

derivatization of cellulose, 154

155
 

dissolution and re-precipitation,
 
150
 

1H NMR spectra for
 
methylations, 160j
 

1H NMR spectrum of mixture of 
BMIM-OAc and sulfuryl 
chloride, l56j 

molecular weight distributions 
and fluorescence signals of 
BMIM- and NapMIM
derivatized cellulose, l56j 

reaction of (2

naphthalylmethyl)methyl

imidazolium IL with
 
cellulose, 155
 

reactions oflL anions, 157-161
 
reactions oflL cations, 151-155
 
reactivity of C-2 in imidazolium
 

moieties, 150
 
side reactions of BMIM-OAc in
 

esterifications, 158
 
side reactions of EMIM/BMIM
 

acetates and chlorides in
 
methylations of cellulose,
 
159-160
 

side reactions of EMIM/BMIM 
acetates in 

390
 

trimethylsilylations of
 
cellulose, 161, 162j
 

thermal degradation of BMlM
 
and EMIM ILs, 155
 

thermal degradation oflLs, 155

157
 

Cellulose intermediates
 
acetals and silyl ethers as, 10-13
 
cellulose acetate, 7, 9j
 
cellulose dichloroacetates, 9, llj
 
cellulose formates, 8-9
 
cellulose trifluoroacetate, 9-10,
 

llj 
hydrolytically unstable
 

carboxylic acid esters of
 
cellulose, 6-10
 

methylol cellulose, 10, l2j, l3j
 
sily1cellulose, 11-13
 

Cellulose man-made fibers
 
cellulose/NMMO/H20 system
 

for dissolution in ILs, 209

210
 

cellulose-solvent-interaction in
 
dissolved state, 207-209
 

consecutive dissolution step of
 
cellulose PAN mixture, 206j
 

experimental, 199-201
 
fiber characterization, 202
 
methods, 202
 
physico-chemistry precondition
 

of cellulose dissolution, 205

207
 

preparation of cellulose
 
solutions, 200-201
 

pulp characterization methods,
 
202
 

spinning trials, 201
 
structure and dissolvability,
 

203-205
 
structure of cellulose NMMO
 

monohydrate complex, 205j
 
technological art offormation,
 

200j 
Cellulose multi-filaments,
 

NaOH/urea system, 73j
 
Cellulose nitrate
 

dissolution of cellulose, 5-6
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trimethylsilylations of regioselectivity of sulphation of,
 
cellulose, 161, 162f 7t
 

thermal degradation of BMIM Cellulose nitrobenzoate, l3C NMR
 
and EMIM ILs, 155 spectrum, Ilf
 

thermal degradation ofILs, 155 Cellulose pentanoate, synthesis,
 
157 278
 

Cellulose intermediates Cellulose pulps. See N,N
acetals and silyl ethers as, 10-13 Dimethylacetamide 
cellulose acetate, 7, 9f (DMAc)/LiCI 
cellulose dichloroacetates, 9, Ilf Cellulose solvent- and organic 
cellulose formates, 8-9 solvent-based lignocellulose 
cellulose trifluoroacetate, 9-10, fractionation (COSLlF) 

Ilf biomass saccharification 
hydrolytically unstable paradigms, 366j, 370f
 

carboxylic acid esters of cellulose solvent criteria, 369

cellulose, 6-10 370
 

methylol cellulose, 10, 12j, 13f enzymatic hydrolysis, 372, 373f 
sily1cellulose, 11-13 enzymatic hydrolysis profiles 

Cellulose man-made fibers for COSLIF-pretreated 
celluloselNMMO/HzO system biomass, 371f
 

for dissolution in ILs, 209 flowchart, 370f
 
210 future studies, 376-377
 

cellulose-solvent-interaction in mechanism, 367-369
 
dissolved state, 207-209 roles of organic solvent, 371
 

consecutive dissolution step of SEM images for COSLIF-

cellulose PAN mixture, 206f pretreated biomass, 374f
 

experimental, 199-201 substrate accessibility, 375-376
 
fiber characterization, 202 supramolecular structures, 373

methods, 202 374
 
physico-chemistry precondition technology, 368, 370f
 

of cellulose dissolution, 205 Cellulose solvents
 
207 acetals and silyl ethers as
 

preparation of cellulose intermediates, 10-13
 
solutions, 200-201 categories, 4
 

pulp characterization methods, cellulose dichloroacetates, 9, Ilf
 
202 cellulose fibers swollen with
 

spinning trials, 201 alkali and carbon disulfide, 8f
 
structure and dissolvability, cellulose formates, 8-9
 

203-205 cellulose nitrate, 5-6 
structure of cellulose NMMO cellulose nitrobenzoate, Ilf 

monohydrate complex, 205f cellulose trifluoroacetate 
technological art of formation, (CTFA), 9-10, Ilf 

200f cellulose xanthate, 6, 7f 
Cellulose multi-filaments, cross-sections of cellulose 

NaOH/urea system, 73f fibers,8f 
Cellulose nitrate formation of cellulose 

dissolution of cellulose, 5-6 carbamate, 8f 
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hemiacetal of chloral and
 
cellulose, 13f
 

hydrolytically unstable 
carboxylic acid esters of 
cellulose, 6-10 

interaction of carbohydrates 
with boric acid, 13-14 

methylol cellulose, 10, 12j, 13f 
regioselectivity of sulphation of 

cellulose nitrite, 7t 

silyl cellulose, 11-13 
See also Aqueous cellulose 

solvents 
Cellulose/Ti02 fibers 

blend and fiber preparation, 
264-265 

calculated Ti02 concentration at 
surface, 270t 

characterization, 269-271 
characterization methods, 265

266 
energy dispersive X-ray 

spectroscopy (EDS), 266, 
271 

experimental,264-266 
extrusion apparatus, 263f 
mechanical properties, 269t, 271 
scanning electron microscopy 

(SEM), 265, 266f
 
stress-strain curves for
 

composite, 268f 
surface morphology, 270 
tensile strength, 266 
thermal stability, 270 
thermogravimetric analysis 

(TGA), 265, 267f
 
See also Cellulose fibers
 

Cellulose trifluoroacetate (CTFA) 
13C NMR spectrum, Ilf 
formula, Ilf 
intermediates, 8-10 

Cellulose whiskers, atomic force 
microscopy (AFM) image of, 
76f 

Cellulose xanthate, dissolving 
cellulose, 6, 7f 

Cellulosic materials, biofuel 
preparation, 294-295 

Cell wall structure, cellulose fibers, 
140 

Chain conformation, cellulose in
 
LiOH/urea system, 84-85
 

Chain mobility, cellulose fibers,
 
142 

Chardonnet silk, man-made fiber, 
3,5 

Chemical environment, cellulose 
fibers, 140, 142 

Chemical modification, wood in 
ionic liquids, 348-349 

Chlorination, cellulose, 38 
Complexing agents, Schweizers 

reagent, 15-17 
Composite fibers. See 

Cellulose/Ti02 fibers 
Composites, wood in ionic liquids, 

349-351 
Concentration, cellulose, and 

viscosity, 187-188 
Conductor-like screening model for 

real solvents (COSMO-RS), 
236 

COSLIF. See Cellulose solvent
and organic solvent-based 
lignocellulose fractionation 
(COSLIF) 

COSMO-RS (conductor-like 
screening model for real 
solvents),236 

Cotton linters, degree of 
polymerization after dissolution 
and regeneration, 107t 

Crystalline structure, cellulose in 
beads and initial pulp, 222, 223f 

Crystallinity, dissolution of 
cellulose, 168-169 

Crystallography 
interactions in ionic liquids, 243, 

245t, 248t 
thermal ellipsoid plots, 244j, 

245j, 246f 
Cuoxam 

dissolving cellulose, 4 
hollow fiber for blood dialysis 

by, process, 16f 
Cuoxen, complexing agent, 15 

392 

Cupro process. dissolving 
cellulose, 104 

Cyanoethylation 
activation reactions, 325-326, 

330 
catalysts for homogeneous, of 

cellulose, 325t 
13C NMR investigations of 

degree of substitution (DS) 
distribution of heterogeneous 
cyanoethyl cellulose (CEC), 
333t 

13C NMR investigations ofDS 
distribution of homogeneous 
CEC, 335t 

13C NMR spectroscopic 
determination, 334, 335t 336 

13 ' 
C NMR spectrum of CEC 

hydrolyzed with 
trifluoroacetic acid, 332f 

comparing heterogeneous,
 
quasi-homogeneous and
 
homogeneous,321,323
 

degree of polymerization (DP)
 
of cellulose in Cuoxam
 
solution, 323-324
 

DS and viscosity of 
heterogeneous CEC, 322t
 

elementary analysis, 324
 
experimental, 323-326, 330
 
heterogeneous, 320-321,326
 
heterogeneous procedure, 323,
 

330-331
 
homogeneous, 321, 330
 
homogeneous procedure, 323,
 

331-332,334
 
preparation of amorphous
 

cellulose, 325-326
 
quasi-homogeneous, 326
 
rheological characterization,
 

336-337 
solubility and viscosity ofCEC
 

during homogeneous, 327t,
 
328t, 329t
 

solubility determination, 324
 
viscosity measurement, 324
 
viscosity of heterogeneous CEC,
 

337f 
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Cupro process, dissolving
 
cellulose, 104
 

Cyanoethylation
 
activation reactions, 325-326,
 

330
 
catalysts for homogeneous, of
 

cellulose, 325t
 
BC NMR investigations of 

degree of substitution (DS) 
distribution of heterogeneous 
cyanoethyl cellulose (CEC), 
333t 

BC NMR investigations of DS 
distribution of homogeneous 
CEC, 335t 

BC NMR spectroscopic
 
determination, 334, 335t, 336
 

13C NMR spectrum ofCEC 
hydrolyzed with 
trifluoroacetic acid, 332/ 

comparing heterogeneous, 
quasi-homogeneous and 
homogeneous, 321,323 

degree of polymerization (DP)
 
of cellulose in Cuoxam
 
solution, 323-324
 

DS and viscosity of 
heterogeneous CEC, 322t
 

elementary analysis, 324
 
experimental, 323-326, 330
 
heterogeneous, 320-321, 326
 
heterogeneous procedure, 323,
 

330-331
 
homogeneous, 321,330
 
homogeneous procedure, 323,
 

331-332,334
 
preparation of amorphous
 

cellulose, 325-326
 
quasi-homogeneous, 326
 
rheological characterization,
 

336-337
 
solubility and viscosity ofCEC 

during homogeneous, 327t, 
328t, 329t 

solubility determination, 324
 
viscosity measurement, 324
 
viscosity of heterogeneous CEC,
 

337/ 

viscosity of homogeneous CEC, 
338/ 

Cyclohexyl-N-dimethylamine-N

oxide, cellulose dissolution, 27,
 
33/
 

D 

Decomposition
 
aqueous salt containing cellulose
 

solvents, 21
 
cellulose in molten inorganic
 

salts, 92, 94t
 
Degradation
 

cellulose, 233-236
 
cellulose, in derivatization
 

systems, 169-170
 
See also Decomposition
 

Degree of polymerization (DP)
 
determination for cellulose, 216,
 

219
 
equation, 182
 
measurement for cellulose, 310


311
 
polysaccharide cellulose, 166
 

Degree of substitution (DS),
 
cyanoethyl cellulose (CEC),
 
322t, 333t 

Depolymerization, lignocellulose in
 
ionic liquids (ILs), 233
 

Derivatization
 
cellulose dissolution, 43
 
ionic liquids as matrixes for,
 

231-232
 
Derivatizing solvents, dissolution
 

of cellulose, 168
 
Design, ionic liquid solvents for
 

cellulose, 59-60
 
Despeissis, Louis-Henri, fiber
 

process, 15
 
I,3-Dialkylimidazoliurn cations,
 

ionic liquids, 288, 289/
 
Dialkyl sulfites, alkylation of N

methylmorpholine N-oxide 
(NMMO), 242, 243/ 

Dialysis, hollow fibers for, 15, 16/ 
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Differential scanning calorimetry
 
(DSC), ionic liquids, 57-58
 

Diffusion
 
cellulose chains upon
 

dissolution, 144-147
 
experimental protocol, 144-145
 
precipitation of dissolved
 

cellulose in NMMO-water,
 
146-147
 

N,N-Dimethylacetamide
 
(DMAc)/LiCI
 
cellulose degradation in
 

derivatization systems, 169

170
 

cellulose dissolution, 29-32
 
cellulosic pulps, 165
 
dissolution of cellulosic pulps,
 

167-169
 
extended standard approaches,
 

171-173
 
improvement of cellulose
 

solubility, 170-174
 
mixed systems, 173-174
 
replacing DMAc with dimethyl
 

sulfoxide (DMSO), 174
 
Dimethyl sulfoxide (DMSO)
 

cellulose dissolution with
 
DMSO/LiCl, 174
 

cellulose with ethyl isocyanate,
 
170
 

Dimethyl sulfoxide/amine/S02'
 
cellulose dissolution, 41
 

Dimethyl sulfoxide/ammonium 
fluorides (DMSO/TBAF) 
acetylation of cellulose with 

acetic anhydride, 112t 
acylation reactions with various 

carboxylic acids, 114t 
application of water free 

DMSO/TBAF,113-115 
cellulose dissolution, 40--41, 42t 
cellulose esterification with 

DMSO/TBAF trihydrate,
 
115-116
 

l3C NMR spectrum of cellulose
 
in, 105!
 

combination of DMSO with
 
tetra-N-butylammonium
 

fluoride trihydrate
 
(TBAF·3H20), 104
 

conditions and results for
 
esterification, 11 Ot
 

conditions and results for
 
etherification, 109t
 

degree of polymerization (DP) 
of cellulose before and after 
dissolution and regeneration, 
107t 

dissolution of microcrystalline
 
cellulose and pulps in, 104

108
 

esterification reactions, 111-116
 
etherification reactions, 109-111
 
graft polymerizations, 116
 
I H NMR spectrum of
 

perpropionylated cellulose 
acetate, 114/ 

homogeneous reactions of 
cellulose in, 115t 

optical microscopy of cotton 
fiber dissolution, 105/ 

photo and plot of samples with 
varying cellulose and water 
content, 106/ 

solvent dependent reaction
 
efficiencies, 116
 

use as reaction medium, 108

116
 

water content determination,
 
113
 

water vs. distillation during
 
dewatering process, 108/
 

Dipolarity, ionic liquids, 58, 61
 
Dissolution
 

alkyl chain length and branching
 
of ionic liquids (lLs), 305

310
 

aqueous salt containing cellulose 
solvents, 21
 

biomass, 214
 
cellulose, by microwave
 

irradiation, 235, 310
 
cellulose in ILs, 56-57, 121


122,262,276,288-290,301

302
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cellulose in molten inorganic
 
salts, 92, 94t
 

celluloseINMMO/H20, in ILs,
 
209-210
 

cellulose-solvent-interaction in
 
dissolved state, 207-209
 

diffusion of cellulose chains
 
upon, 144-147
 

enzyme-treated pulp, 216, 222

224
 

experimental protocol, 144-145
 
heating and power profiles for,
 

of cellulose, 309/
 
importance ofcellulose, 180
 
mechanisms of native cellulose
 

fibers, 140-142
 
mechanisms of wood pulp and
 

cotton fibers, 141/
 
native cellulose fibers, 140
 
physico-chemistry precondition
 

for cellulose, 205-207
 
precipitation ofdissolved 

cellulose during, ofbleached 
cotton fiber, 146/ 

raw cotton fiber, 141/
 
solid polymer, 140
 
studies using ILs, 303-310
 
water uptake measurements,
 

311-312
 
wood in ionic liquids, 345-347
 
See also Ionic liquids (ILs)
 

E 

Electrospinning, ionic liquids for,
 
cellulose, 232
 

Electrospray ionization mass
 
spectrometry (ESI-MS), cation

anion interaction, 239
 

Energy dispersive X-ray
 
spectroscopy (EDS),
 
cellulose/Ti02fibers, 266, 271
 

Enzymatic hydrolysis, pretreated
 
biomass, 372, 373/
 

Enzymatic treatment
 
activation energy, 220
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cellulose in molten inorganic
 
salts, 92, 94t
 

celluloseINMMO/H20, in lLs,
 
209-210
 

cellulose-solvent-interaction in
 
dissolved state, 207-209
 

diffusion of cellulose chains
 
upon, 144-147
 

enzyme-treated pulp, 216, 222

224
 

experimental protocol, 144-145
 
heating and power profiles for,
 

of cellulose, 309/
 
importance ofcellulose, 180
 
mechanisms of native cellulose
 

fibers, 140-142
 
mechanisms of wood pulp and
 

cotton fibers, 141!
 
native cellulose fibers, 140
 
physico-chemistry precondition
 

for cellulose, 205-207
 
precipitation of dissolved
 

cellulose during, of bleached
 
cotton fiber, 146/
 

raw cotton fiber, 141/
 
solid polymer, 140
 
studies using ILs, 303-310
 
water uptake measurements,
 

311-312
 
wood in ionic liquids, 345-347
 
See also Ionic liquids (lLs)
 

E 

Electrospinning, ionic liquids for,
 
cellulose, 232
 

Electrospray ionization mass
 
spectrometry (ESI-MS), cation

anion interaction, 239
 

Energy dispersive X-ray
 
spectroscopy (EDS),
 
cellulose/Ti02 fibers, 266, 271
 

Enzymatic hydrolysis, pretreated
 
biomass, 372, 373/
 

Enzymatic treatment
 
activation energy, 220
 

average particle size of
 
scattering in pulp with, 221/
 

bead morphology by scanning
 
electron microscopy (SEM),
 
222,223/
 

beads preparation and analysis,
 
217,219
 

Biocelsol method, 214-215
 
cellulose dissolution, 215, 216


217
 
crystalline structure of cellulose
 

in beads and initial pulp, 222,
 
223/
 

DP determination of pulp, 216
 
DP of cellulose by, 219
 
evidence of undissolved entities
 

in pulp with, 221
 
experimental, 215-217, 219
 
flow cytometry, 217
 
flow of cellulose solutions, 219
 
hydrodynamic properties of
 

enzyme-treated pulp, 223

224
 

intrinsic viscosity of pulp with,
 
220-221
 

methods, 215-216
 
molecular weight changes, 222

223
 
rheology measurement, 217
 
viscometry measurement, 217
 
viscosity vs. shear rate at
 

various temperatures, 218!
 
Esterification
 

cellulose, using cyclic
 
anhydrides, 293-294
 

cellulose in DMSO/ammonium
 
fluorides, 110t, 111-116
 

cellulose with in situ activation,
 
33-35,39/
 

ionic liquids as matrixes for,
 
231-232
 

side reactions of I-butyl-3

methyl-imidazolium acetate
 
(BMIM-OAc) in, 158-159
 

solvent dependent reaction
 
efficiencies, 116
 

special cellulose derivatives in
 
ionic liquids (lLs), 282-283
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Ethanol, pulp solubility with, and 
DMIILiCI, 174t 

Etherification
 
cellulose, 36, 401
 
cellulose in DMSO/ammonium
 

fluorides, 109-111
 
cellulose in ionic liquids, 25-26
 
cellulose in NaOH/urea system,
 

79,80t
 
1-Ethyl-3-methylimidazolium
 

(EMIM) ionic liquids
 
cellulose dissolved in EMIM
 

acetate (EMIMAc), 180
 
EMIM dimethyl phosphate, 235
 
side reactions of, acetates in
 

trimethy1si1ylations of
 
cellulose, 161, 1621
 

side reactions of, in
 
methy1ations, 159-160
 

spruce sulfite pulp in EMIMAc,
 
181f
 

thennal degradation, 155-157
 
I-Ethyl-3-methylimidazolium
 

cations
 
lH NMR of ethanol-OH-proton
 

of mixtures with ethanol,
 
123, 1241
 

minimal molar ratio for Avicel
 
solubility in binary ILs based
 
on, 128t
 

molar ratio for Avicel solubility
 
in binary ILs based on, 1291
 

solvent parameters of ILs and
 
hydrogen bonding acceptor
 
interactions, 126t
 

1-Ethyl-3-methylimidazolium
 
acetate (EMIMAc)
 
advantage, 24--25
 
Avicel solubility in dry, 127 t
 

cellulose dissolution, 214, 216,
 
222,237
 

cellulose solubilization by
 
microwave vs., 235
 

flow of cellulose solutions, 185

186
 

reacting as reagent, 301
 

relative viscosity vs. C[11] at
 
various temperatures, 191,
 
1921
 

rheological and hydrodynamic 
properties of cellulose in, 
193t 

structure, 291
 
temperature influence on
 

cellulose solutions, 185-186
 
viscosity-concentration
 

dependence of cellulose in,
 
1871
 

1-Ethyl-3-methylimidazo1ium 
chloride (EMIMCI) 
Avicel solubility in dry, 127t 
liquefaction and 

depo1ymerization of wood,
 
236-237
 

structure, 291
 
Ethylene diamine (EDA)/KSCN,
 

cellulose processing, 22-23
 

F 

Ferric sodium tartrate complex
 
complexing media, 17
 
fibrillation, 17, 191
 

Fiber process
 
Despeissis, 15
 
spinning trials, 201
 
See also Cellulose man-made
 

fibers
 
Fibers. See Cellulose fibers;
 

Cellu10se/Ti02 fibers
 
Fibrillation, yams with FeTNa
 

solution, 17, 191
 
Flow properties
 

celluloselNaOH/water and
 
cellulose/ionic liquid, 193t
 

flow cytometry, 217, 219, 2211
 
temperature influence, 185-186
 

Fluorescent, cellulose films, 751
 
Fractionation
 

ILs as, auxiliaries for
 
lignocellulosic materials,
 
236-237
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lignocellulosic materials, 235

236
 

See also Cellulose solvent- and 
organic solvent-based 
lignocellulose fractionation 
(COSLIF) 

Fremel)', Max, lamp filaments, 15
 

G 

Gelation, celluloselNaOHlwater,
 
184{,186
 

Gels, transparent nanoporous
 
cellulose, in LiOHIurea, 86
 

Glucose production, from
 
pretreated lignocellulosics, 347

348
 

Gossypium barbadense, dissolution
 
in N-methylmorpholine-N-oxide
 
(NMMO), 140, 1411
 

Graft polymerization, E


caprolactone in
 
DMSO/ammonium fluorides,
 
116
 

H 

Hemicelluloses
 
pulp constituent, 167
 
structural types. 166
 
wood pulp dissolution, 169
 

Heterogeneous cyanoethylation. 
See Cyanoethylation 

Hollow fibers, dialysis, 15, 16/ 
Homogeneous functionalization
 

alternative solvents ionic liquids
 
(ILs),276
 

cellulose in Li salt containing
 
solvent, 31-32
 

cyanoethylation, 321, 323, 330,
 
331-332,334
 

degree of substitution (DS) of
 
dendritic PAMAM-triazolo

cellulose derivatives, 282t
 

functionalization ofbacterial
 
cellulose in lL, 280-281,
 
282f
 

ILs as reaction media, 278-280
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lignocellulosic materials, 235~ 

236 
See also Cellulose solvent- and 

organic solvent-based 
lignocellulose fractionation 
(COSLIF) 

Fremery, Max, lamp filaments, 15 

G 

Gelation, cellulose/NaOH/water, 
184{,186 

Gels, transparent nanoporous 
cellulose, in LiOH/urea, 86 

Glucose production, from 
pretreated lignocellulosics, 347
348 

Gossypium barbadense, dissolution 
in N-methylmorpholine-N-oxide 
(NMMO), 140, 141/ 

Graft polymerization, E

caprolactone in 
DMSO/ammonium fluorides, 
116 

H 

Hemicelluloses 
pulp constituent, 167 
structural types, 166 
wood pulp dissolution, 169 

Heterogeneous cyanoethylation. 
See Cyanoethylation 

Hollow fibers, dialysis, 15, 16/ 
Homogeneous functionalization 

alternative solvents ionic liquids 
(ILs),276 

cellulose in Li salt containing 
solvent, 31-32 

cyanoethylation, 321, 323, 330, 
331-332,334 

degree of substitution (DS) of 
dendritic PAMAM-triazolo
cellulose derivatives, 282t 

functionalization of bacterial 
cellulose in IL, 280-281, 
282/ 

ILs as reaction media, 278-280 

ILs as solvent for cellulose, 277 
ILs in cellulose chemistry, 277 
imidazolium based ILs as 

reaction medium, 276, 277/ 
preparation of special cellulose 

derivatives in IL, 282-283 
scheme for synthesis of 

cellulose acetate and 
cellulose carbanilate, 282/ 

wood in ionic liquids, 348, 350 
See also Cyanoethylation 

Homogeneous reactions, cellulose 
in DMSO/ammonium fluorides, 
lISt 

Hydrodynamic properties, 
cellulose/NaOH/water and 
celluloselionic liquid, 193t 

Hydrogel, photographs of, in 
NaOH/urea, 78/ 

Hydrogen bonding 
bridge system of ionic liquids, 

208/ 
cellulose dissolution in self

assembly process, 72-73 
cellulose structure with, 301/ 
intra- and intermolecular, 168, 

199/ 
solvent parameters in ILs 

indicating hydrogen bonding 
acceptor interactions, 126t 

Hydrolysis, cellubiose in ionic 
liquid,233 

Hydroxyalkylation, cellulose in 
ionic liquids, 25-26 

1-(2-Hydroxyethyl)-3
methylimidazolium acetate, 
synthesis, 251 

1-(2-Hydroxyethyl)-3
methylimidazolium dimethyl 
phosphate, synthesis, 250-251 

I 

Imidazolium based ionic liquids 
(ILs) 
cellulose chemistry, 276, 277/ 
cellulose dissolution studies, 

303-305 



influence of alkyl chain length
 
and branching, 305-310
 

See also Ionic liquids (ILs)
 
Imidazolium cations, ionic liquids
 

for cellulose dissolution, 24
 
Imidazolium salts 

cellulose dissolution, 29/ 
side chain on N-position of 

imidazolium ring on
 
solubility of cellulose, 60-64
 

Inorganic molten salt hydrates,
 
polysaccharide modification, 21
 

In situ activation, esterification of
 
cellulose, 33-35, 39/
 

Inter-molecular bonding, hydrogen
 
bond, 168, 199/
 

Intra-molecular bonding, hydrogen
 
bond, 168, 199/
 

lonicell fiber, 291
 
Ionic liquids (ILs)
 

abbreviations, 345
 
alkylations of, 241-242, 247


251
 
alkyl chain length and
 

branching, 305-310
 
anion effect of, on cellulose
 

solubility, 125-131
 
Avicel solubility in. 125-130
 
basic structure of cation, 57-60
 
biofuel preparation from
 

cellulosics, 294-295
 
cation effect of, on cellulose
 

solubility, 131-133
 
cellulose dissolution, 56-57,
 

121-122,262,276,288-290,
 
301-302
 

cellulose dissolution studies,
 
303-305
 

cellulose/NMMO/H20 system
 
for dissolution in lLs, 209

210
 

chemical structure of cations, 
58,61
 

common cations, 288, 289/
 
concepts, 237-238
 
correlation between 1H NMR of
 

ethanol OH-proton and C2
proton in mixtures, 130/ 

398
 

direct solvents for cellulosic 
biomass, 230-231
 

disadvantages, 301
 
fine-tuning solvent properties,
 

238
 
fractionation auxiliaries for
 

lignocellulosic materials,
 
236-237
 

lH NMR of ethanol-OH-proton
 
in ethanol-IL mixtures, 123,
 
124/
 

homogeneous conversion of
 
cellulose. 26-27
 

hydrogen bond acceptor and
 
donor properties, 122
 

hydrogen-bond bridge system,
 
208/
 

hydrogen bonding, 56-57
 
matrixes for derivation,
 

reconstitution and
 
degradation of cellulose,
 
231-236
 

maximal molar ratio (water:IL)
 
for Avicel solubility, l32t
 

mechanism of cellulose
 
dissolution in, 122
 

minimal ratio (cellulose
dissolving:non-dissolving IL) 
for solubility, 128t 

molar ratio (acetate:cellulose
OH) for Avicel in binary IL 
mixtures, 129/ 

molten organic salts, 23-27
 
N-allyl-N-methylmorpholinium
 

chloride, 238
 
OH-shift values of Br-, Cl- or 

[CF3C02]- anions with 
different cations, l32t 

parameters indicating hydrogen 
bond acceptor (HBA) 
interactions, l26t 

perspectives, 237-238
 
physicochemical properties, 59t,
 

62t
 
picture showing dissolution of
 

cellulose in, 30/
 
preparation of regenerated
 

cellulose in, 290-291
 

properties, 56 
properties of cellulose solutions 

in,207t 
proposed structure of cellulose 

IL complex, 209/
 
reaction media, 278-280
 
side chain on N-position of
 

imidazolium ring on 
solubility of cellulose, 60-64
 

silylation of cellulose, 26
 
solubility and DP of cellulose
 

samples in, 30t 
solubility of Avicel in dry ILs, 

127t 
solvent-solute interactions, 123,
 

125
 
structures, 345
 
suitable for cellulose
 

dissolution, 29/
 
sustainability, 358, 360
 
synthesis, 302-303
 
temperature dependence of
 

viscosity, 58-59, 60/ 62/
 
term, 229-230
 
tosylation of cellulose, 26
 
water content, 302t
 
See also Cellulose in l-alkyl-3


methyl-imidazolium ILs; N
methylmorpholine-N-oxide 
(NMMO) derivatives; Wood 
in ionic liquids (ILs) 

Isocyanate derivatization, pulps,
 
170
 

K 

Kamlet-Taft parameters
 
alkylimidazolium salts, 61
 
ionic liquids, 58
 

L 

LiCl. See N,N-Dimethylacetamide 
(DMAc)/LiCl 
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properties, 56
 
properties of cellulose solutions
 

in, 207t
 
proposed structure of cellulose
 

lL complex, 209/
 
reaction media, 278-280
 
side chain on N-position of
 

imidazolium ring on 
solubility of cellulose, 60-64
 

silylation of cellulose, 26
 
solubility and DP of cellulose
 

samples in, 30t
 
solubility of Avice! in dry lLs,
 

127t 
solvent-solute interactions, 123,
 

125
 
structures, 345
 
suitable for cellulose
 

dissolution, 29/
 
sustainability, 358, 360
 
synthesis, 302-303
 
temperature dependence of
 

viscosity, 58-59, 60j, 62f
 
term, 229-230
 
tosylation of cellulose, 26
 
water content, 302t
 
See also Cellulose in l-alkyl-3


methyl-imidazolium ILs; N
methylmorpholine-N-oxide 
(NMMO) derivatives; Wood 
in ionic liquids (ILs) 

Isocyanate derivatization, pulps,
 
170
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Kamlet-Taft parameters
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ionic liquids, 58
 

LiCl. See N,N-Dimethylacetamide 
(DMAc)/LiCI 
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cell wall polysaccharides, 166-
167
 

pulp constituent, 167
 
softwood kraft pulp dissolution,
 

169
 
Lignocellulose
 

depolymerization in ionic
 
liquids, 233
 

fractionation, 366--367, 376-377
 
ionic liquids as fractionation
 

auxiliaries, 236-237
 
paradigm changes for binary,
 

extractants,241
 
spectroscopic tools for solutions,
 

239
 
See also Cellulose solvent- and 

organic solvent-based 
lignocellulose fractionation 
(COSLlF) 

LiOH/urea system 
cellulose channel inclusion 

complex, 83j, 84
 
cellulose materials in, 86
 
chain conformation of cellulose,
 

84-85
 
SEM images of aerogels in, 20,
 

22/
 
Li salt containing solvents,
 

cellulose dissolution, 29-32
 
Lyocell fiber, 262, 291
 
Lyocell process
 

dissolving cellulose, 104
 
N-methylmorpholine-N-oxide
 

monohydrate, 150
 

M 

Man-made fiber, Chardonnet silk,
 
3,5
 

Man-made materials,
 
manufacturing, 198
 

Man-made plastics
 
Celluloid, 3, 5
 
modification reaction, 3
 
See also Cellulose man-made
 

fibers
 
Mannans, hemicellulose, 166
 



Mechanisms Molten inorganic salts 1 SEM images of electrospun 
carbohydrate composition of 

soluble and insoluble 
acetylation reaction, 99 
blend formation, 99-100 I 

fibers from cellulose in 
NMMO/water, 28, 35/ 

fractions, 142, 143/ carboxymethylation reaction, I SEM of particles from 
cellulose dissolution in ionic 97-99 trimethylsilyl cellulose, 32/ 

liquids (lLs), 122 classification of molten salt SEM pictures of regenerated 
cellulose dissolution in hydrates, 92 cellulose from molten salt 

NaOH/urea at low 13C NMR spectra of cellulose hydrates, 95, 97/ 
temperature, 71-74 dissolved in, 98/ surface, of cellulose fibers, 265, 

cellulose solvent- and organic crystal structure of LiCI04 "3HzO 266j, 267, 270 
solvent-based lignocellulose and LiN03"3HzO, 94/ 
fractionation (COSLlF), 367 decomposition,94t 
369 dissolution, 94t N 

dissolution of native cellulose dissolution power, 93 
fibers, 140-142 FT Raman spectra of N-allyl-N-methylmorpholinium 

hydrogen bonding acceptor regenerated cellulose from, chloride, cellulose cosolvent, 
strength of lLs and cellulose 96/ 238 
dissolving, 128-130 interaction between cellulose NaOH/HzO system 

Membrane formation, cellulosic and, 95-96 aerocellulose, 71/ 
matrixes, 232-233 medium for blending cellulose cellulose materials, 70-71 

Mercerization, cellulose with bases, with polymers, 99~100 comparing steam exploded 
18 molar mass distribution of softwood sulphite pulp and 

Mesylation, cellulose, 38 nitrates of regenerated microcrystalline cellulose in, 
Methylations, side reactions of 1 cellulose, 97/ 143/ 

ethyl-3-methyl-imidazolium and molten salt hydrates and dissolution of cellulose, 68-70 
l-butyl-3-methyl-imidazolium interaction to cellulose, 94t enzymatic pretreatment of 
acetates and chlorides in, 159 reactions of cellulose in, 96-100 cellulose in, 214-215 
160 SEM pictures of regenerated protic solvents, 18, 19/ 

Methylol cellulose, intermediates, celluloses from, 97/ rheological and hydrodynamic 
10, l2j, 13/ solubility of cellulose, 92-93 properties of cellulose in, 

Methylphosphonate salts structural changes of cellulose 193t 
solubility of cellulose in series dissolved in, 94-95 steam-exploded cellulose in, 69

of, 62, 63t swelling, 94t 70 
solubilization temperature of swelling ability of cellulose in, structure and interaction of 

cellulose in, 61 t 91-92 cellulose solution, 70 
Microcrystalline cellulose Molten organic salts, ionic liquids, wet regenerated cellulose, 71/ 

degree of polymerization after 23-27,29/ See also Enzymatic treatment 
dissolution and regeneration, Morphology NaOH/thiourea system 
107t aerogels in LiOH/urea, 20, 22/ dissolution and structure of 

esterification in atomic force microscopy (AFM) cellulose, 80-83 
DMSO/ammonium fluorides, image of cellulose film, 28, microcrystalline cellulose, 8lj, 
110t, 112 35/ 82 

NaOH/thiourea system, 8lj, 82 bead, by scanning electron multi-filament fibers, 82j, 83-84 
Microwave irradiation, cellulose microscopy (SEM), 222, 223 new cellulose materials, 83-84 

dissolution by, 235, 309j, 310 
Mixed-linkage p-glucans, 

/ 
SEM for observing swelling, 

rheological measurements and 
photographs, 81j, 83 

hemicellulose, 166 142-144 so1-ge1transition of cellulose 
Molding, cellulose into shapes, 198 solution, 83 
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SEM images of electrospun NaOH/urea system
 
fibers from cellulose in behaviors of cellulose solution,
 
NMMO/water, 28, 35f 74-75
 

SEM of particles from cellulose dissolution at low
 
trimethylsilyl cellulose, 32f temperature, 71-74
 

SEM pictures of regenerated 13 C NMR spectra of cellulose
 
cellulose from molten salt in,72f
 
hydrates, 95, 97f fibers based on dissolution of
 

surface, of cellulose fibers, 265, cellulose in, 75-76 
266j, 267, 270 functional cellulose materials, 

77-79 
homogeneous etherification of 

N cellulose in, 79, 80t 
photo of novel cellulose multi

N-allyl-N-methylmorpholinium filaments from, 63f 
chloride, cellulose cosolvent, regenerated cellulose 
238 microspheres (RCS), 77 

NaOH/H20 system SEM images of surface and 
aerocellulose, 71f cross section of filaments, 74f 
cellulose materials, 70-71 transparent and composite 
comparing steam exploded cellulose films, 77 

softwood sulphite pulp and WAXD intensity profiles of 
microcrystalline cellulose in, cellulose in, 72f 
143f NaOH/water system 

dissolution of cellulose, 68-70 addition of ZnO and urea to
 
enzymatic pretreatment of cellulose/NaOH/water, 189,
 

cellulose in, 214-215 190f
 
protic solvents, 18, 19f gelation time vs. solution
 
rheological and hydrodynamic temperature for cellulose in,
 

properties of cellulose in, 184{, 186
 
193t relative viscosity vs. C[11] at
 

steam-exploded cellulose in, 69 various temperatures, 191,
 
70 192f
 

structure and interaction of viscosity-shear rate dependence
 
cellulose solution, 70 of cellulose in, 184{, 186
 

wet regenerated cellulose, 71f 2-Naphthylmethyl)methyl

See also Enzymatic treatment imidazolium ionic liquid,
 

NaOH/thiourea system reaction with cellulose, 154-155 
dissolution and structure of Nioxam, complexing agent, 15 

cellulose, 80-83 Nitren 
microcrystalline cellulose, 81j, carboxymethylation of cellulose, 

82 17, 18t
 
multi-filament fibers, 82j, 83-84 complexing agent, 15
 
new cellulose materials, 83-84 N-methylmorpholine-N-oxide
 
rheological measurements and (NMMO)
 

photographs, 81j, 83 alkylation of. and ion
 
sol-gel transition of cellulose metathesis, 241, 242f
 

solution, 83
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alkylation using dimethyl N-methoxy-N 1 o 
sulfite, 242, 243f 

cellulose dissolution, 27~28, 68, 
methylmorpholinium 
triflimide (3), 248 I Organic solvent-based 

199 short CH'''O contacts in fractionation. See Cellulose 
cellulose/NMMO/H20 system compound (5), 248t solvent- and organic solvent

for dissolution in ILs, 209~ stability assessments of cellulose based lignocellulose 

210 solutions, 242-243 fractionation (COSLIF) 
cellulose structure and starting materials, 247 

dissolvability, 203-205 thermal behavior and stability 
crystalline structure of NMMO of, 242-243, 244f p 

2.5 and monohydrates, 204/ thermal ellipsoid plot of 
dissolution of raw cotton fiber compound (1), 244f Parkesine, man-made plastic, 3 

in, 141f thermal ellipsoid plot of Pden 
fiber manufacturing, 262 compound (2), 245f complexing agent, 15 
Lyocell technology, 150 thermal ellipsoid plot of proposed cellulose structure in, 
phase diagram of compound (4), 246f 17f 

cellulose/NMMO/water,27, thermal ellipsoid plot ofN-allyl Phase diagrams 
34f N-methylpyrrolidinium cellulose/N-methylmorpholine

structure of cellulose NMMO dimethyl phosphate (5), 246f N-oxide/water, 27, 34f 
monohydrate complex, 205f Nobel Prize, Hermann Staudinger, ternary celluloselNaOHlwater, 

swelling and dissolution of 4, 15 18,19f 

cellulose fibers, 138-139 Non-aqueous systems Phosphorus-31 nuclear magnetic 
See also Cyanoethylation amine oxides, 27-28 resonance 

N-methylmorpholine-N-oxide carbamate, 36 analysis of wood in ionic 
(NMMO) derivatives DMSO/amine/S02' 41 liquids, 354-355, 356f 

advantages of dialkyl sulfites, DMSO/TBAF, 40--41, 42f tar fractions from pyrolysis, 358, 
242 esterification via in situ 359f 

alkylation, 241, 242f activation, 33-35, 39f Photochromism, ionic liquids (ILs), 
crystallography for interactions etherification, 36 240 

in ILs, 243, 244/ introduction of halogendeoxy Photoluminescent, cellulose films, 
decomposition, 243 functions, 38 75f 

1-[2 ionic liquids, 23-27 Physico-chemistry, cellulose 
(diethylamino)ethyloxy]pyrid Li salt containing solvents, 29 dissolution, 205-207 
inium bromide hydrobromide 32 Polar ionic liquids. See Ionic 
(4),248-249 molten organic salts, 23-27 liquids (ILs) 

experimental, 244-251 polar, aprotic, organic Polarity 

instrumentation, 244-246 liquids/salt, 29--41 correlating solvation ability and, 
intermolecular CH'''O silylation, 37 239-241 

interactions in compound (1), sulfonates, 38--41 ionic liquids, 58 

245t Non-derivatizing solvents term, 239 

N-methoxy-N N,N-dimethylacetamide/LiCl Polarizability, ionic liquids, 58, 61 
methyImorpholinium system, 170-174 Polarized light microscopy, 
hexafluorophosphate (2), dissolution of cellulose, 167 cellulose in thiocyanate
247-248 Nuclear magnetic resonance containing solvents, 22, 23f 

N-methoxy-N (NMR), analysis of wood in Polyamidoamine (PAMAM) 
methylmorpholinium methyl ionic liquids, 352-355 dendrimers 
sulfate (1), 247 codissolution with cellulose, 262 
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Organic solvent-based 
fractionation. See Cellulose 
solvent- and organic solvent
based lignocellulose 
fractionation (COSLlF) 

p 

Parkesine, man-made plastic, 3
 
Pden
 

complexing agent, 15
 
proposed cellulose structure in,
 

17f 
Phase diagrams 

celluloseIN-methylmorpholine
N-oxide/water, 27, 34f 

ternary cellulose/NaOHlwater, 
18, 19f 

Phosphorus-31 nuclear magnetic 
resonance 
analysis of wood in ionic 

liquids, 354-355, 356f
 
tar fractions from pyrolysis, 358,
 

359f 
Photochromism, ionic liquids (ILs),
 

240
 
Photoluminescent, cellulose films,
 

75f 
Physico-chemistry, cellulose
 

dissolution, 205-207
 
Polar ionic liquids. See Ionic
 

liquids (ILs) 
Polarity 

correlating solvation ability and, 
239-241
 

ionic liquids. 58
 
term, 239
 

Polarizability, ionic liquids, 58, 61
 
Polarized light microscopy, 

cellulose in thiocyanate
containing solvents, 22, 23f 

Polyamidoamine (PAMAM)
 
dendrimers
 
codissolution with cellulose. 262
 

degree of substitution of
 
dendritic PAMAM-triazolo

cellulose derivatives, 282t,
 
283
 

Polymers 
blending cellulose with, in 

molten salt hydrates, 99-100
 
dissolution of solid, 140
 
dissolution steps, 141f
 

Polysaccharide, degree of
 
polymerization (DP), 166
 

Polysaccharide modification,
 
inorganic molten salt hydrates,
 
21
 

Precipitation, dissolved cellulose in
 
NMMO-water, 146-147
 

Problematic cellulose pulps. See 
N,N-Dimethylacetamide 
(DMAc)/LiCI 

Protic solvents
 
aqueous alkali solvents, 18-20
 
aqueous complexing agents, 15


17
 
aqueous salt containing cellulose
 

solvents, 20-23
 
carboxylation of cellulose in
 

LiCI04,23t
 
LiOH/urea, 20, 84-86
 
molten salt hydrates, 21
 
NaOH (sodium hydroxide)/HzO,
 

18, 19j, 68-71
 
NaOH/poly(ethylene glycol), 19
 
NaOH/thiourea, 20, 80--84
 
NaOH/urea, 20, 71-79, 80t
 
Schweizers reagent, 15-17
 
thiocyanate-containing
 

solutions, 22-23
 
See also Aqueous cellulose
 

solvents
 
Proton nuclear magnetic resonance,
 

analysis of wood in ionic
 
liquids, 353-354
 

Pulps 
alternative approaches to 

improving solubility, 174t
 
cellulosic, 165
 
constituents, 167
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1
 
dissolution of cellulosic, 167


169
 
dissolution via derivatization,
 

214
 
elution profiles of Bagasse,
 

during dissolution, 168/
 
extended standard approaches to
 

improving solubility, 171

173
 

mixed approaches to improving
 
solubility, 173-174
 

See also Enzymatic treatment
 
Pyridine
 

cellulose with ethyl isocyanate,
 
170
 

pulp solubility with, and LiCl,
 
174t 

Pyridinium cations, ionic liquids
 
for cellulose dissolution, 24
 

Pyridinium salts, cellulose
 
dissolution, 28i 29/
 

Pyrolysis
 
3/ P NMR analysis of tar
 

fractions, 358, 359/
 
wood in ionic liquids, 355-358
 

Q 

Quasi-homogeneous. See 
Cyanoethylation 

R 

Reaction media, ionic liquids (ILs),
 
278-280,292-294
 

Regeneration
 
cellulose, to fibers, films and
 

sponges, 104
 
cellulose fibers from solution in
 

NaOH/urea, 76
 
cellulose in ionic liquids, 25,
 

233,300-301
 
cellulose in Li salt containing
 

solvent, 30-31
 
cellulose microspheres, 77
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degree of polymerization of 
cellulose before and after, 
107t 

preparation of regenerated
 
cellulose in ionic materials,
 
290-291
 

structural changes of cellulose in 
molten salt hydrates, 95, 96/ 

wet cellulose from NaOH/water, 
71/ 

X-ray diffraction oforiginal and
 
regenerated cellulose, 289,
 
290/
 

Renewable resource, cellulose, 67

68,198,261-262,275-276,287
 

Rheological properties
 
cellulose/NaOH/water and
 

cellulose/ionic liquid, 193t
 
cyanoethyl cellulose (CEC),
 

336-337,338/
 
enzyme-treated pulp solutions,
 

217,218/
 
measurement for cellulose
 

solutions, 183, 185
 
wood in ionic liquids, 346-347
 

s 

Scanning electron microscopy
 
(SEM)
 
ballooning process, 144, 145/
 
biomass before and after
 

pretreatment, 373-374
 
cellulose bead morphology, 222,
 

223/
 
dried and swollen bleached
 

cotton fiber, 144, 145/
 
experimental protocol, 143
 
precipitation ofdissolved
 

cellulose during dissolution,
 
146/
 

swollen morphologies by, 142

144
 

Schoenbein, C. F., cellulose
 
dissolution discovery, 5/
 

Schweizers reagent, complexing
 
agent, 15-17
 

Self-assembly process, cellulose
 
dissolution by hydrogen
 
bonding, 72-73
 

Side reactions
 
I reactivity ofC-2 in imidazolium
 

moieties, 150
 
I
 See also Cellulose in l-alkyl-3

methyl-imidazolium lLs 
Silylation
 

cellulose, 37
 
cellulose in ionic liquids, 26
 

Silyl cellulose, intermediates, 11

13
 

Silyl ethers, cellulose
 
intermediates, 10-13
 

Sisal cellulose, esterification in
 
DMSO/ammonium fluorides,
 
1lOt, 112
 

Sodium hydroxide (NaOH)
 
dissolving cellulose, 18-20
 
See also Enzymatic treatment;
 

NaOH/HzO system
 
Softwood kraft pulp, dissolution
 

obstacle, 169
 
Sol-gel transition, cellulose
 

solution in NaOH/thiourea, 83
 
Solubility
 

anion effect of ionic liquids
 
(ILs) on cellulose, 125-131
 

Avicel in dry ILs, l27t
 
cation effect of ILs on cellulose,
 

131-133
 
cellulose in methylphosphonate

type ionic liquids, 62, 63t 
cellulose in molten salt hydrates, 

92-93
 
cellulose/NaOH/water and
 

cellulose/ionic liquid, 193t
 
cyanoethyl cellulose (CEC),
 

324, 327t, 328t, 329t 
improving cellulose, 170-174
 
side chain on N-position of
 

imidazolium ring on, of
 
cellulose, 60-64
 

See also N,N
Dimethylacetamide 
(DMAc)/LiCl; Enzymatic 
treatment; Ionic liquids (ILs) 
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Self-assembly process, cellulose 
dissolution by hydrogen 
bonding, 72-73 

Side reactions 
reactivity of C-2 in imidazolium 

moieties, 150 
See also Cellulose in l-alkyl-3

methyl-imidazolium ILs 
Silylation 

cellulose, 37 
cellulose in ionic liquids, 26 

Silyl cellulose, intennediates, 11
13 

Silyl ethers, cellulose 
intennediates, 10-13 

Sisal cellulose, esterification in 
DMSO/ammonium fluorides, 
1lOt, 112 

Sodium hydroxide (NaOH) 
dissolving cellulose, 18-20 
See also Enzymatic treatment; 

NaOHlH20 system 
Softwood kraft pulp, dissolution 

obstacle, 169 
Sol-gel transition, cellulose 

solution in NaOHIthiourea, 83 
Solubility 

anion effect of ionic liquids 
(ILs) on cellulose, 125-131 

Avicel in dry ILs, 127t 
cation effect of ILs on cellulose, 

131-133 
cellulose in methylphosphonate

type ionic liquids, 62, 63t 
cellulose in molten salt hydrates, 

92-93 
celluloselNaOHlwater and 

cellulose/ionic liquid, 193t 
cyanoethyl cellulose (CEC), 

324, 327t, 328t, 329t 
improving cellulose, 170-174 
side chain on N-position of 

imidazolium ring on, of 
cellulose, 60-64 

See also N,N-
Dimethylacetamide 
(DMAc)/LiCl; Enzymatic 
treatment; Ionic liquids (ILs) 

Solubilization temperature, 
cellulose in methylphosphonate 
salts, 6lt 

Solvation, correlating, and polarity, 
239-241 

Solvatochromic studies 
ionic liquid (IL)IlL binary 

mixtures, 240 
multi-component matrixes, 240

241 
Solvent-based fractionation. See 

Cellulose solvent- and organic 
solvent-based lignocellulose 
fractionation (COSLIF) 

Solvent families, discoveries, 4, 43 
Solvents 

designing ionic liquids (ILs) as, 
for cellulose, 59-60 

dissolution of cellulose, 4, 43 
ILs as, for cellulosic biomass, 

230--231 
See also Aqueous cellulose 

solvents; Dimethyl 
sulfoxide/ammonium 
fluorides (DMSO/TBAF) 

Spectroscopic tools, solutions of 
lignocellulosic materials, 239 

Spinning trials 
cellulose fibers, 201 
ionic liquids for, cellulose, 231, 

232 
Spruce sulfite pulp 

Arrhenius plot of, in ionic 
liquid, 181/ 

degree ofpolymerization after 
dissolution and regeneration, 
107t 

flow curves of, in ionic liquid, 
181/ 

Staudinger, Hennann 
Nobel Prize, 4 
photograph, 17/ 
Schweizers reagent, 15 

Steam-exploded cellulose, NaOH 
aqueous solution, 69-70 

Structural changes, cellulose in 
molten salts hydrates, 94-95 
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Succinylated cellulose, preparation, 
292t, 293j, 294
 

Sulfonates, cellulose, 38-41
 
Supramolecular structures, biomass
 

before and after pretreatment,
 
373-374
 

Surface morphology, cellulose
 
fibers, 265, 266j, 267,270
 

Sustainability, ionic liquids based
 
biorefinery platfonn, 358, 360
 

Swelling
 
aqueous salt containing cellulose
 

solvents, 21
 
ballooning effect, 137-138
 
cellulose in molten inorganic
 

salts, 91-92, 94t
 
mechanisms of wood pulp and
 

cotton fibers, 141/
 
morphologies by scanning
 

electron microscopy (SEM),
 
142-144
 

zones of swollen wood fiber,
 
139/
 

T 

Temperature dependence of 
viscosity 
cellulose/NaOH/water solutions, 

188/ 
intrinsic viscosities, 188-193
 
ionic liquids, 58-59, 60j, 62j, 63
 
relative viscosity of cellulose in
 

ionic liquid and in 
NaOH/water, 189, 191/
 

Tencel fiber, 262
 
Tensile strength, cellulose fibers,
 

266,268/ 
Thennal degradation, l-alkyl-3


methylimidazolium ionic
 
liquids, 155-157
 

Thennal stability
 
carboxylate salts, 234-235
 
cellulose fibers, 267-268
 
composite cellulose fibers, 270
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Thermogravimetric analysis
 
(TGA), cellulose fibers, 265,
 
267/
 

Thennoplastic composites, wood in
 
ionic liquids, 349-351
 

Thiocyanate-containing media,
 
dissolving polysaccharides, 21,
 
22-23
 

Titanium dioxide (Ti02) particles
 
antibacterial effect, 264
 
dispersion in cellulose, 269
 
uses, 263
 
See also Cellulose/Ti02 fibers
 

Tosylation, cellulose, 26, 38-40
 
Transparent, cellulose films, 75j,
 

77
 
Trimethyl-amine-N-oxide, cellulose
 

dissolution, 27, 33/
 
Trimethylsilylations
 

ionic liquids as matrixes for, 232
 
side reactions of EMIMIBMIM
 

acetates in, of cellulose, 161,
 
162/
 

u 

Urban, lohan, artificial silk, 15
 
Urea, addition to
 

cellulose/NaOHlwater, 189,
 
190/
 

v
 

Viscose process
 
dissolving cellulose, 6, 104
 
enzyme-treated cellulose, 216


217
 
Viscosity
 

activation energy, 220
 
carboxylate-based ionic liquids
 

and cellulose, 234
 
cellulose concentration, 187


188
 
cyanoethyl cellulose (CEC), 

322t, 324, 327t, 328t, 329t, 
336-337,338/ 

enzyme-treated pulp solutions, 
217,218/
 

IL/cellulose solutions, 312-314
 
imidazolium-based ionic liquids,
 

61-62
 
ionic liquids, 58-59, 60j, 62/
 

Viscosity-shear rate,
 
cellulose/NaOH/water, 184[,
 
186
 

w 

Water content 
detennination, 113. 312/ 
dewatering process for 

DMSO/ammonium fluorides, 
108/
 

ionic liquids (ILs), 302t
 
uptake measurements, 311-312
 
vacuum distillation, 112
 

Wood in ionic liquids (ILs)
 
analysis of tar fractions, 359t
 
chemical modification, 348-349
 
dissolution, 345-347
 
glucose production, 347-348
 
lH and BC NMR analysis, 353

354
 
1H NMR spectra ofpulverized
 

Norway spruce wood, 352/
 
homogeneous functionalization
 

of spruce in IL, 350
 
in-situ ~MR analysis, 352-355
 
opportunities, 347-358
 
phosphitylation reaction, 355
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enzyme-treated pulp solutions, 
217,218/
 

ILicellulose solutions, 312-314
 
imidazolium-based ionic liquids,
 

61-62
 
ionic liquids, 58-59, 60j, 6'Jj
 

Viscosity-shear rate,
 
cellulose/NaOH/water, 184j,
 
186
 

w 

Water content 
determination, 113, 312/ 
dewatering process for 

DMSO/ammonium fluorides, 
108/
 

ionic liquids (ILs), 302t
 
uptake measurements, 311-312
 
vacuum distillation, 112
 

Wood in ionic liquids (ILs)
 
analysis of tar fractions, 359t
 
chemical modification, 348-349
 
dissolution, 345-347
 
glucose production, 347-348
 
IH and 13C NMR analysis, 353


354
 
lH NMR spectra of pulverized
 

Norway spruce wood, 352/
 
homogeneous functionalization
 

of spruce in IL, 350
 
in-situ NMR analysis, 352-355
 
opportunities, 347-358
 
phosphitylation reaction, 355
 

31 P NMR spectra of tar fractions 
from pyrolysis, 35~f 

31p NMR spectra of wood as 
function of pulverization, 
355,356/ 

potential applications, 360
 
pyrolysis, 355-358
 
pyrolysis/thermolysis by IL,
 

357t 
quantitative 31 p NMR analysis, 

354-355
 
rheological properties, 346-347
 
solubility-structure
 

relationships, 345-346
 
sustainability of ILs based
 

biorefinery platform, 358,
 
360
 

thermoplastic composites, 349

351
 

total available hydroxyls in
 
Norway spruce, 355,356/
 

x
 

Xyloglucans, hemicellulose, 166
 
Xyloglycans, hemicellulose, 166
 

z 

Zinkoxen, complexing agent, 15
 
ZnO, addition to
 

cellulose/NaOH/water, 189,
 
190/
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