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The solubility of powder lignocelluloses from flax wastes and wood pulps in the N,N-dimethylacetamide/lithium
chloride (DMAC/LiCl) system was studied. The chemical “purity” and the degree of polymerization of the
lignocelluloses mainly affected their dissolving capacity. Regenerated cellulose samples prepared by precipitating
cellulose solutions with water were studied with wide angle X-ray diffraction (WAXS), high-resolution *C CP/MAS
nuclear magnetic resonance in a solid state (*C CP/MAS NMR), Fourier transform infrared spectroscopy (FTIR) and
scanning electron microscopy (SEM). WAXS study revealed that the cellulose I supramolecular structure of the powder
samples regenerated from solutions underwent a mixture of polymorph modifications. As revealed with FTIR, C;-C,
conformational transitions of the anhydroglucose units did not occur. However, changes in the H-bond system in the
lignocellulose chains for the regenerated samples were registered. The powder samples degraded at the fibrillar level in
the solutions.
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INTRODUCTION

Direct dissolution of cellulose in the N,N-
dimethylacetamide/lithium chloride system has
been studied since the 60s of last century. The
search for new systems capable to dissolve
cellulose became particularly significant for
Russia in the 90s because of the loss of cotton
cellulose sources from the former Soviet Union
Republics of Central Asia. The manufacture of
cellulose from wood, flax and straw by their
dissolution opened prospects to make new fibres
and film materials.

The dissolution of cellulose samples of various
natural origins [cotton, softwood kraft pulps (pine
and spruce), hardwood pulps (birch, beech,
eucalypt)] in DMAC/LICl was extensively
studied."™"* However, some questions concerning
the dissolution of the cellulose samples in this
solvent remained to be answered. For example, no
specific explanations were given for the fact that

the cellulose samples of different origins and with
different degrees of chemical “purity” under
similar processing conditions dissolved to a
different extent in this solvent. There were
virtually no data on the influence of the lignin
content in the samples on their solubility. The
supramolecular structure and chemical properties
of the samples regenerated from the solutions
were also studied. However, the properties of
cellulose materials prepared after regeneration
from DMAC/LICl solutions were not enough
described."”® The properties of the solutions
obtained by dissolving cellulose samples and
those of the final products regenerated from the
solutions appreciably differed depending on the
dissolution procedure. The variety of treatments
of cellulose samples prior to dissolution and of
the dissolution methods indicated that the search
for the best dissolving conditions ensuring the
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formation of final products with specified
functional properties was being continued.

The objectives of the current study were to
explain how the degree of polymerization of
lignocellulose of various origins and the lignin
content affected the dissolution of the samples in
DMAC/LiCl. Another significant goal was to
determine the regeneration of the samples from
solutions and monitoring the physicochemical
properties of the final products.

EXPERIMENTAL
Materials and procedures

The samples isolated from short flax fibres (FF)
and bleached softwood kraft pulp and bleached
sulphite hardwood pulp were subjected to dissolution.
The flax fibres were linseed waste. The wood pulps
were purchased from Syktyvkar Timber Plant
("Mondi", Syktyvkar, Russia).14 The flax
lignocellulose used for comparison was prepared from
the flax fibers by alkali cooking and bleached with
hydrogen peroxide.

The wood pulps and the flax fibres were subjected
to hydrolytic degradation with 10 wt% aqueous
solutions of nitric acid, sulfuric acid, hydrochloric acid
or peroxyacetic acid at 100 °C and at a solid-to-liquid
ratio of 1:10 for 2 h. Rinsing of the hydrolyzed
samples, drying, measuring of the intrinsic viscosity
and calculation of the average degree of
polymerization DP, were performed by standard
methods. The a-cellulose content was determined by
dissolving the samples in 17.5 wt% aqueous solution
of NaOH, and the lignin content was determined with
the sulfuric acid method, according to Komarov’s
modification.'”” The hydrolysis yielded lignocellulose
samples in a powder form.

Analytical grade anhydrous LiCl, purum p.a., was
purchased from Fluka. LiCl was annealed at 200 °C for
4 h, then stored in a desiccator over P,Os before use
and employed without further purification. Analytical
grade N,N-dimethylacetamide was purchased from
Sigma-Aldrich and used as received. All other
chemicals were of analytical grade and used without
further purification.

Dissolution of powder samples

The lignocellulose samples from the flax fibres
(FLC) and from the softwood and hardwood pulps
(SLC and HLC, respectively) were submitted to
dissolution in DMACc/LiCl. For each sample, not less
than three sub-samples were studied. The dissolution
was performed by a procedure described elsewhere*'®
and adapted to the above samples. The solutions were
prepared in several steps.

Pretreatment of the sample

The air-dried sub-sample of lignocellulose (1 g)
was suspended in 200 ml of deionised water with
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continuous stirring for 2 h. Excess water was removed
by suction filtration, the sample was washed twice with
DMAc, placed in 10 ml of DMAc and left overnight at
room temperature. Then excess DMAc was removed
by suction filtration and the sample was ready for
dissolution.

Procedure

100 cm’ of DMAc was poured into a three-neck
flask and the flask was heated to 165 °C. A portion of
the lignocellulose sample was added to DMAc to
prepare a solution with the concentration of 1 wt% and
was stirred continuously for 2 h. The resulting
suspension was refluxed for 30 min, then LiCl was
added to obtain a 9.0 wt% solution. The mixture was
kept under stirring for 4 h. The solution was cooled to
room temperature and filtered by suction filtration (the
pore size of the Schott filter was 10 pm) in order to
separate the insoluble solids. The resulting solution
was optically clear.

The evaluation of the dissolving capacity was done
for every sample. The change in the weight of the
lignocellulose powder sample and the weight of the
rinsed and dried residue on the filter after filtration was
monitored gravimetrically. The dissolving capacity
(DC, %) was calculated from the equation: DC =
[(W,—W,)/W,]-100, where W, is the weight of the
powder sample and W, is the weight of the insoluble
residue. The DC values were expressed as an average
of 3 measurements.

Regeneration of samples from the solutions

A special procedure was developed for the
regeneration of the samples from the solutions. We
prepared regenerated samples in the form of spherical
particles and films. To obtain spherical particles, a
solution was poured into a separating funnel placed
over a precipitation bath with distilled water and
arranged on a magnetic stirrer. The regeneration was
performed by the drop procedure. The drops from the
funnel were regulated with an appropriate rate ensuring
the formation of the spherical particles in the
precipitation bath. While preparing films, the solutions
were cast on glass plates and slightly air-dried, then the
plates were placed in a precipitation bath with distilled
water. The cast solutions were coagulated and
regenerated. The regenerated samples were separated
from the solutions, rinsed thoroughly consequentially
with cold, hot and again with cold distilled water, and
finally left in cold water for 24 h. Then the samples
were air-dried at room temperature or in a vacuum
oven at 40 °C.

Methods

The structure and properties of the powder and the
regenerated samples were studied with wide-angle X-
ray scattering (WAXS), high-resolution '*C CP/MAS
NMR spectroscopy in a solid state, and Fourier
transform IR spectroscopy (FTIR).



X-ray scattering intensity curves (XSICs) were
measured with an X-ray DRON-2.0 diffractometer
using monochromated CukK, radiation in a 20 range
between 4° and 40° at an angle step of 20/min and
constant time (3 s). The powder samples were used
without additional treatments. The spherical particles
and films were sealed with an X-ray neutral film.

3C CP/MAS NMR spectra were recorded with a
Bruker AVANCE-II-500WB  spectrometer at a
frequency of 125 MHz. The samples were packed into
zirconium rotors with a diameter of 4 mm. The spectra
were taken at 20 °C with magic angle spinning at a
frequency of 5-8 kHz, using the cross-polarization
technique. The chemical shifts were given in ppm,
relative to the signal of tetramethylsilane.

FTIR spectra were recorded with a Bruker IFS 88
FTIR spectrometer. The spectra of the fibres and
powder samples were taken in the reflection mode.
Dried samples were embedded into KBr pellets (5-6
mg sample/100 mg KBr). The spectra resulting from
measurements included 64 scans at a spectral
resolution of 8 cm™ between 600 and 4000 cm™. The
spectra of the spherical particles or films preliminary
dried at room temperature were recorded using a
Miracle™ ATR for FTIR spectrometer.

The sample surface morphology was examined
with scanning electron microscopy (SEM). The
electron micrographs were taken with a Jeol JSM-
35CF scanning electron microscope at a voltage of 15-
30 kV. The samples were sputtered in argon using a
gold target.

Macroscopic images of the samples were obtained
with digital cameras Canon Power Shot A3400 IS and
Canon Power Shot SX20 IS (both made in Japan).

Cellulose

RESULTS AND DISCUSSION
Solubility of lignocelluloses in DMA¢/LiCl

Some characteristics of the flax fibres, pulps
and powder lignocelluloses and the data on their
solubility in DMACc/LICl are listed in Table 1.

The flax fibres had DP, = 2130 and contained
10.0 wt% lignin. For the flax lignocellulose, DP,
was considerably lower (530) and the lignin
content was also low (0.3 wt%). These two
samples appreciably differed in solubility. The
flax fibres did not noticeably dissolve in
DMAC/LiCL. Isolation of flax lignocellulose from
FF by alkali cooking led to the removal of resins
and fat impurities and resulted in an almost
complete delignification and a decrease in DP,
(almost 4 times lower). This increased the
dissolution of the sample to 54 wt%. Hydrolytic
degradation of FF decreased the DP, of the
powder samples 5.6-8.9 times. DP, values ranged
between 240 and 380 for FLC powder samples,
depending on the acid used. The depolymerisation
of FF was not accompanied by delignification,
when it was hydrolysed with hydrochloric acid,
and the delignification occurred to a small extent
when it was hydrolysed with sulfuric acid. The
treatments with nitric or peroxyacetic acids
resulted in a decrease in the lignin content of the
powder samples (3 and 6 times, respectively).
FLC samples obtained after hydrolysis with HCI
and H,SO, dissolved to 80 wt%, and they
dissolved completely after hydrolysis with HNO;
and CH;COOOH.

Table 1
Some characteristics of initial samples and powder lignocelluloses and their solubility in DMAA/LiCl

Sample/a.cid used for _ Content, % DP DC. %
hydrolysis lignin  a-cellulose Y
Flax fibre (FF)" 10.0 67.0 2130 ~ Does notdissolve,
swells
Flax cellulose 0.3 94.8 530 54
Powder FLC/HNO; 34 88.4 270 100
Powder FLC/H,SO, 8.8 88.5 270 80
Powder FLC/HCI 10.0 88.2 240 80
Powder FLC/CH;COOOH 1.6 52.0 380 100
Hardwood pulp 9.3 73.1 650 80
Powder HLC/HNO; 4.0 79.5 240 98
Softwood pulp 8.7 87.5 1200 Swells”
Powder SLC/HNO; 7.5 82.2 220 100

Note: Concentration of lignocellulose 1 wt%, concentration of LiCl 9.0 wt%

“Powder samples were prepared from flax fibre

**Solubility could not be determined because of strong swelling

645



NINA KOTELNIKOVA et al.

b

Figure 1: Digital images of regenerated samples of HLC precipitated with distilled water;
(1) spherical particles and (2) a film

The hardwood and softwood pulps had DP,, of
650 and 1200, respectively, and contained 9.3 and
8.7 wt% lignin, respectively. The dissolution of
the hardwood pulp in DMACc/LiCl was 80 wt%.
Taking into account that the lignin content in this
pulp was only slightly lower than the lignin
content in FF, it can be concluded that the major
factor affecting the dissolution of the sample was
the DP, value. For the hardwood pulp DP, was
more than 3 times lower than for FF. The
decrease of DP, to 240 after hydrolysis with
HNOs (preparation of HLC) and a simultaneous
decrease in the lignin content (more than 2 times
lower) increased the dissolution to 98 wt%.

The softwood pulp strongly swelled in
DMAC/LIClL. After hydrolysis with HNO;, the
DP, of this sample decreased to 220 with a
simultaneous slight decrease in the lignin content,
and its dissolution increased to 100 wt%.

Thus, the DP, of the lignocelluloses and lignin
and the impurity contents strongly affected their
dissolution in the DMAc/LiCl solvent system.

After the dissolution of the powder
lignocelluloses and subsequent regeneration, we
obtained samples in the form of spherical particles
and films. Digital images of the samples
precipitated from 1 wt% HLC solutions to water
are shown in Figure 1.

Comparison of supramolecular structure,
functional composition and morphological
structure of the powder lignocelluloses and of
the samples regenerated from solutions
WAXS study

Figure 2 shows the X-ray scattering intensity
curves (XSIC) of HLC and FLC samples (/, 3)
and of the same samples regenerated from the
solutions with the shape of spherical particles (2,
4). The positions of the main reflections at
20=14°-16°, 22°30', and 34°-35° corresponded to
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those from the 110, 110, 200, and 040 planes of
the cellulose cell, respectively,17 for HLC and
FLC, and were also consistent with peaks for
cellulose I.'* For the regenerated samples, the
positions of the reflections appreciably differed.
Thus, the reflections at 20=14°-16° were virtually
absent, the intensity of the reflection at 22°30
decreased, and new reflections at 20=10°-12°
(110) and 20° (200, strong) appeared. The
intensity of the reflection at 26=34°-35° (040) for
the regenerated HLC sample was very low, and
this reflection was absent in the XSIC of the
regenerated FLC sample. The XSICs of the
regenerated samples could not be characterized as
a definite structural modification; they contained
reflections distinctive to celluloses IT and IIL'*
The reflections at 206=10°-12° and 20° were
typical for cellulose II, but the decreased intensity
of the 200 reflection and the low intensity or
absence of 040 reflection were characteristic of
the structural modification III to a greater
extent.'”?’

The structural transformation of natural
cellulose I into modification III generally
occurred by treatment of cellulose I with
ammonia or with aliphatic mono- and
diamines,*"** but the dissolution of the cellulose
and the preparation of the fibres, films and other
cellulose materials regenerated from the solutions
usually transformed cellulose I into polymorph
IL."* In our case, the dissolution of the samples in
DMAC/LiCl and the subsequent regeneration were
accompanied by the transformation of the
crystallographic cell of cellulose I and by the
formation of mixed polymorph structures.
According to S.-L. Maunu et al,” the
transformation of cellulose I into another
structural modification, in particular, into
polymorph 1II, involves changes in the
conformation of the cellulose chains. They



become asymmetric, compared to the symmetric
structure in cellulose I, and thus become more
accessible to chemical reagents. A comparison of
the crystallinity of the regenerated samples with
those of the powder FLC and HLC samples,
whose relative crystallinity before dissolution was
64 wt%,"” showed that the crystallinity of the
regenerated samples was considerably lower.

Fy

=

Figure 2: WAXS intensity curves of (1) HLC, (2)
regenerated HLC, (3) FLC and (4) regenerated FLC.
HLC and FLC samples were prepared by the
hydrolysis of the pulp and the flax fibre with a H,SO,
solution; the regenerated samples had the shape of

spherical particles. (I) Intensity and (20) Bragg angle

B¢ CP/MAS NMR study

BC CP/MAS NMR spectra of HLC (/) and
SLC (3) samples and of the same samples
regenerated from the solutions (2, 4) are displayed
in Figure 3. The chemical shifts in the spectra of
HLC and SLC samples ranged between: 104-105
ppm for C;, 84-89 for C, (doublet), 71-75 for
Cy35 (triplet and doublet for HLC and SLC,
respectively), and 62-65 for Cs (doublet) (Table
2)‘23,24

"C CP/MAS NMR spectra of the regenerated
samples appreciably differed from those for HLC
and SLC and these differences appeared for all
chemical shifts in the spectra.

The chemical shifts of the C4 and Cs atoms are
the most sensitive to structural (:hanges.24 The C,
shifts at 88-89 ppm (strong and symmetric) were

Cellulose

Nevertheless, it can be noted that the regenerated
lignocelluloses were poor crystalline. Similar
results were obtained for the sample regenerated
from a solution of powder SLC. These data differ
from those for the regenerated samples of the
lignocelluloses obtained from other solvents,
which are basically amorphous.

100 80 80 40
ppm

Figure 3: High-resolution solid-state '*C CP/MAS
NMR spectra of (1) HLC, (2) regenerated HLC, (3)

SLC and (4) regenerated SLC. HLC and SLC samples
were prepared by the hydrolysis of the pulps with a
H,SO, solution; the regenerated samples had the shape
of spherical particles. (I) Intensity and (§) chemical
shift, ppm

assigned to the ordered domains of the cellulose
structure polymorph I,** and those at 83-84 ppm,
to the disordered domains.”*® The shifts
corresponding to the crystalline region were not
found, due to the decrease of cellulose
crystallinity in the dissolution process. The fuzzy
shape of the monosignals at 83-84 ppm and the
positions of the shift in the spectra of the
regenerated samples were typical of the spectra of
celluloses II and/or 111, as well as of less-ordered
celluloses. The Cg shifts at 60-66 ppm are usually
interpreted on the basis of cellulose
polymorphism27 and/or amorphisation.22 Changes
in the position of the Cq shift were attributed to
the changes in the rotational isomeric composition
of the hydroxymethyl groups in the cellulose unit.
In the spectrum of cellulose II, there is a doublet
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at 62.9 and 61.4 ppm or a single at 62 ppm”® and a
doublet at 62.0 and 65.2 ppm in the spectrum of
cellulose III. The amorphous phase gives a broad
shift at 60-62 ppm. In the spectra of HLC and

position (65.48 and 65.79 ppm, respectively), and
in the spectra of the regenerated samples Cq atoms
give the broad shifts at a lower position (59.8 and
63.04 ppm).

SLC powder samples (polymorph I), the
dominant isomer gives the shifts at a higher

Table 2
Chemical shifts of signals in the high-resolution solid-state C CP/MAS NMR spectra of powder lignocelluloses and
regenerated samples

Sample Chemical shift, ppm
G Gy Cass Ce
SLC 105.40 84.00 72.18 63.24
105.05 89.43 73.29 65.79
— — 75.38 —
Regenerated SLC 104.43 82.80 74.19 59.80
— 83.10 — 62.72
HLC 105.72 84.00 72.82 63.24
105.40 89.43 75.38 65.48
Regenerated HLC 105.40 81.40 74.51 60.05
— 83.74 — 63.04
Hydrate cellulose film* 104.70 87.00 73.80 62.40

*The chemical shifts in the high-resolution solid-state '*C NMR spectrum of the hydrated cellulose film are given

for comparison

This fact suggests a change in the rotational
isomeric composition of the hydroxymethyl
groups in the cellulose unit. In addition, the shifts
with the maxima at 74.19 and 74.51 ppm (Cz335)
in the spectra of the powder lignocelluloses were
double and triple (SLC and HLC,
correspondingly) (Table 2) and these shifts in the
spectra of the regenerated SLC and HLC were
single and almost symmetric. This indicates that
the chain conformation and molecular
surrounding of C,3s carbon atoms in the
reZ%enerated samples differ from those in cellulose
L=

We compared the C CP/MAS NMR spectra
of the regenerated samples with that of cellulose
Il prepared by mercerization of cotton cellulose
and with that of a hydrate cellulose film (the
chemical shifts in the "C CP/MAS NMR
spectrum of the hydrated cellulose film taken
from an earlier work™ are shown in Table 2). The
shift positions of Cy35, Cs, and Cs atoms in the
spectra of the regenerated samples are close to the
shift positions of the same atoms in the spectrum
of the hydrate cellulose film. These results
correspond to the data obtained with WAXS and
confirm that the regenerated samples are poor
crystalline and consist of cellulose polymorphs II
and III. Probably, the transformation of the
cellulose I structure into other polymorph forms
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occurred due to a change in the rotational
isomeric composition of the hydroxymethyl
groups of cellulose I, which leads to the changes
in the conformation of the cellulose chains.

FTIR study

The FTIR-Fourier transform spectra of the
samples regenerated from the solutions of powder
FLC and HLC in DMACc/LICI differed from the
spectra  of  the corresponding  powder
lignocelluloses (Figure 4). However, there are no
visible changes in some absorption ranges. For
instance, the absorption range at 850-900 cm
being a superposition of deformation of the
anomeric CH, C-O stretching and C;-O-C,4 ring
stretching asymmetric out-of plane vibrations™’
indicates C,-C, conformational transitions of the
anhydroglucose units. Thus, the dissolution and
regeneration  from  solutions  were  not
accompanied by C;-C, conformational transitions
of the anhydroglucose units, and altered forms of
units did not appear.’’ The changes in the
conformation of the cellulose chains confirmed by
the results of WAXS and NMR studies were not
accompanied by the changes in the conformation
of cellulose units in the chains. The intensity of
the bands at 1630 cm™" attributed to the bending
mode of the adsorbed water was not also
essentially changed in the spectra of the



regenerated samples, compared to the powder
samples.

The broad absorption band of OH groups at
3000-3600 cm™ (OH bending intra- and inter-
molecular vibrations), free and involved in
hydrogen bonds in the cellulose chains’>* in the
spectra of regenerated samples had a more
uniform shape than that in the spectra of FLC and

S

Cellulose

HLC. Probably, the number of intra-
[O(3)H---0O(6) and OR)H---0(6)] and
intermolecular [O(6)H---O(3)] hydrogen bonds in
recovered samples was similar. However, the
redistribution of intensities of OH-bands and the
“smoothing” of the general shape of the band do
not exclude the transformation related to the
change of intra- and intermolecular bonds.

1

T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
1

v, CnT

Figure 4: FTIR-Fourier spectra of (1) FLC and (2) regenerated FLC, (3) HLC and (4) regenerated HLC. The FLC
sample was prepared by hydrolysis of the flax fibres with a H,SO, solution, the HLC sample was prepared by
hydrolysis of the pulp with a HNOj; solution; the regenerated FLC sample had the shape of spherical particles, the
regenerated HLC sample was prepared as a film. (I) Intensity and (v) wavenumbers, cm’

Some changes were noted in the absorption
range 1250-1500 cm™'. There was a group of at
least 4 bands at 1280 cm™ (CH deformation
stretching vibrations), 1318 cm™' (CH wagging
vibrations at Cg), 1370 cm’! (CH bending
vibrations) and 1430 cm™' (CH, symmetric
bending mode at Ce)."*** The changes in the
intensities and/or positions of the bands at 1318
and 1430 cm' revealed variations in the
environment/conformation of Cs in CH>OH
groups.”® In the spectra of powder
lignocelluloses the intensity of the band at 1318
cm' was the highest and it decreased to some
extent in the spectra of the samples regenerated
from the solutions. The band at 1430 cm ™' shifted
to a higher wavenumber at 1440 cm™'. Both
changes indicated mostly variations in the
conformation of hydroxymethyl groups, due to
the changes in rotation of Cs in CH>OH groups.
Those alterations could lead to conformation
changes in the OH-bond system.

Generally, the FTIR spectra of the regenerated
samples, as compared to the corresponding
powder samples, were “smoothed” owing to the
redistribution of the intensity of the components
of the absorption bands. They were similar to the
spectra of either hydrate cellulose film* or ramie
cellulose,28 which are characteristic of amorphous
cellulose  polymorph  II. The chemical
composition of the samples after recovering did
not change.

SEM study

The morphological structure of the powder
lignocelluloses essentially changed after the
dissolution and regeneration of the samples from
the solutions. In powder lignocelluloses, the fibres
had mainly a rod-like shape (Figure 5, images 1,
4, 6). The particles of FLC fibres with a
transverse size varying in a wide range (from 20
to 120 pm) consisted of fine rigid fibres with a
size of 8-15 pum, arranged parallel to each other.

649



NINA KOTELNIKOVA et al.

The surface structure of the fibres was not strictly
ordered. On the surface, there were deep cracks'’
and inclusions of fine inorganic particles
(probably salts). HLC fibres (Figure 5, image 4)
were considerably shorter than those of FLC
fibres, their transverse size did not exceed 25 pm,
and a number of the fibres had a tubular shape.
Regularly arranged fibrils on the fibre surface
occurred rarely, and the internal surface of the
fibres seen in the voids of the fibres was also
smoothed. SLC fibres (Figure 5, image 6) were
still more broken than HLC fibres, they were
shorter, but the transverse sizes of the fibres were
similar.

The morphological elements of the samples
regenerated from the solutions had the shape of
agglomerated spherical particles rolled into clews.
Their sizes were 1000-1200 um in diameter. At a
low magnification, the slightly ripply fibrillar

fragments on the surface of the clews could be
observed (Figure 5, images 2, 5, 7). However, at a
higher magnification, it could be seen (Figure 5,
image 3) that the particles were formed by
fibrillar elements twisted in spirals on the surface,
which was loose and highly porous. The thickness
of the fibrillar filaments that formed the clews
was different. Thus, the thinnest fibrils (mean
thickness about 2 um) were observed in the SLC
sample; the fibril thickness in the FLC sample
was about 4 um and that in the HLC sample was
about 8 um. Apparently, the rod-like particles of
the powder samples after dissolution in
DMAC/LICl  and subsequent regeneration
fractured further on the fibrillar level in the
longitudinal direction, and the fibril thickness
became several times smaller than in the powder
samples.

Figure 5: Scanning electron micrographs of the surface of (1) powder FLC prepared by hydrolysis with a HNO;
solution, (2) spherical particles regenerated from the FLC solution, (3) segment of one of the particles at fourfold
magnification, (4) powder HLC prepared by hydrolysis with a H,SO, solution, (5) spherical particles regenerated from
HLC solution, (6) powder SLC prepared by hydrolysis with a H,SO, solution and (7) spherical particles regenerated

from SLC solution
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CONCLUSION

1. To attain the complete solubility of the
powder lignocelluloses in the DMACc/LiCl
system, a decrease of the DP, values of the
samples and of the lignin contents was
necessary. Both parameters strongly affected
the dissolving capacity.

2. The results obtained with WAXS and "C
CP/MAS NMR spectroscopy showed that the
regenerated samples were poor crystalline.
Their supramolecular structure corresponded
to the cellulose polymorphs II and/or III.

3. The dissolution and regeneration of the
lignocelluloses from the solutions were not
accompanied by C;-C; conformational
transitions of the anhydroglucose units, as
revealed by FTIR spectroscopy. Changes in
the H-bond system in the lignocellulose chains
were registered, due to the alterations either in
the intensity or in the position of the bands in
the range 1280-1500 cm™.

4. The fibres of the powder samples fractured in
the longitudinal direction at the fibrillar level
as a result of dissolution. The samples
regenerated from the solutions with the shape
of spherical particles were highly porous.
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