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ABSTRACT: Chitin filaments obtained after alkaline hydrolysis of dibutyrylchitin
(DBCH) precursor filaments were investigated. The morphological structure, fine struc-
ture, and selected physical and physicochemical properties were studied. The studies
of morphological structure included the assessment of the cross-section profile, the
length and developing index of the contour line of the cross sections, the appearance
of spherolitical crystalline aggregations, and the existence of skin—core building. The
appraisal of the fine structure comprised the recognition of the lattice crystal system
and the parameters of the unit cell, the crystallinity degree and average lateral crys-
tallite sizes, and the crystalline and amorphous orientation. The characterization of
physical properties included the appraisal of density, mechanical, thermal, electrical,
and optical properties. In the area of physicochemical properties, swelling and dyeabil-
ity were examined. © 1997 John Wiley & Sons, Inc. J Appl Polym Sci 65: 807—819, 1997
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INTRODUCTION

Chitin, a natural polymer present very widely and
abundantly in nature, is an essential supporting
structure for several living organisms—animals
as well as plants. In the case of the first (arthro-
pods, invertebrates, insects, molluscs, and anne-
lids), chitin is an alternative for protein, espe-
cially for collagen, and exists together with it, as
the cuticulae or skeleton part of the animal.

In the case of plants (fungi, algae, and spines
of eurytholine diatoms), chitin is an alternative
for cellulose, and occurs together with it as cell
wall material or extracellular spines.

Chitin is a linear polysaccharide composed of 1,4-
linked N-acetyl-D-glucosamine residues (NGA), ex-
hibiting along the chain a repeat unit of 10.3 A
length.
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Chitin, as has been confirmed by numerous in-
vestigations, reveals excellent biological proper-
ties (bioactivity and biocompatibility ), making it
a valuable polymeric material that can be utilized
for biomedical purposes.

A major drawback to its utilization is the in-
tractability.

Chitin is very hardly soluble. It can be dis-
solved only in a few compounds such as inor-
ganic acids, highly concentrated formic acid,
and DMA-LiCl. Its poor solubility is a result of
the close packing of chains and its strong inter-
and intramolecular bonds of four different
types! among the hydroxyl and acetamide
groups. The very poor solubility excludes on
principal the formation of fibers. Few attempts
to produce fibers from commenced by Kunike?
and later on by Tokura® can be regarded as little
promising. In the presented contribution we are
reporting about chitin filaments obtained from a
chemical conversion of the precursor dibutyryl-
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Table I Chitin Content After Alkaline Hydrolysis of DBCH Filaments Ascertained on the Base of

Elementary Analysis for Nitrogen

Order Reaction Time Contents Chitin Contents Hydrolysis
Number (min) N (%) (mol %) Terms
1 0 4.08 0 Excess of 1.25M NaOH; temp. 25°C;
2 60 5.31 56.0 DBCH with (n) = 1.28
3 90 5.69 70.0
4 150 6.14 83.0
5 360 6.37 97.0

chitin (DBCH) filaments. The performed analy-
sis gives evidence that the filaments examined
consist almost totally of purified chitin.

EXPERIMENTAL

Materials

The chitin filaments investigated were obtained
by alkaline hydrolysis of precursor DBCH fila-
ments. The utilized DBCH filaments were spun
from 22% acetone solution of polymer with intrin-
sic viscosity (n) = 1.28, using a dry method of
spinning.* The average thickness of the filaments
was ca. 40 pym.

The hydrolysis was conducted in the following
manner: water solution of NaOH with concentra-
tions of 0.939M and 1.25M were used as a hydro-
lysis medium. Hydrolysis reaction was carried out
at 25°C. Weighed samples of DBCH filaments in
loose state were put in excess of NaOH solution
for a definite period, then they were taken out,
washed to remove any trace of alkali, dried, and
weighed again. The scheme of hydrolysis reaction
is as follows:

CsH1:NO;5(C3H,CO), + 2NaOH —

(M = 343)

CsH1:NO3(OH), + 2C3H,COONa

(M = 203)

The efficiency of chitin reconversion was
checked threefold, by means of IR spectroscopy,
analyzing the disapearance of 1740 cm™* absorp-
tion bands referring to ester bonds in DBCH fil-
aments; by means of elementaly analysis of the
increase of nitrogen contents after the hydrolysis;
and by ascertaining the weight losses of DBCH
filaments after the hydrolysis. As evidence of the
alkaline hydrolysis efficiency dates referring to
the chitin content and to the diminishing of 1740
cm ! absorption bands in DBCH are presented in
Tables I and IT and Figure 1. For study, filaments
with a contents of chitin above 92% were chosen.

Testing Procedures

The morphological structure of the filaments was
examined qualitatively as well as quantitatively.
The shape of cross-sections, their contour line
length and developing index, the mean value of
the cross-sectional surfaces along with the ap-
praisal of the presence of skin—core structure and

Table II Chitin Content After Alkaline Hydrolysis of DBCH Filaments Ascertained on the Base of

the Weighing Method

Order Reaction Time Weight Loss Chitin Contents Concentration of Temp

Number (min) (%) (mol %) NaOH (M) (°C)
1 60 21.3 52.2
2 90 28.9 70.8
3 150 36.4 89.2 1.25 25
4 240 37.7 92.4
1 60 15.8 38.7
2 90 24.4 59.8
3 150 34.4 84.3 0.938 25
4 420 40.5 99.2
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Figure 1 Disappearance of 1740 cm ™' IR absorption band correlated with the ester
groups, as a result of alkaline hydrolysis of DBCH.*

occurrance of spherolitical crystalline aggregates
were examined. The first kind of measurements
were carried out using optical microscopy at a
magnification of 600X involving a computer im-
age analyzer IMAL. The second type of examina-
tion was based on polarization interference micro-
scopical observations by the application of the dif-
ferential homogenous interference field of 0 and
1 order. These observations were carried out on
the BIOLAR-PI microscope in monochromatic
light of A\ = 0.589 um at magnitude of 12.5 X 20.

The recognition of the kind of crystalline struc-
ture, the evaluation of the crystallinity degree,
and the assessment of the average lateral crys-
tallite size was founded on WAXS investigations

carried out on a DRON-3 diffractometer at the
following operating parameters: CuK,, 15 mA and
40kV, and slit 0.5 X 0.5 mm. The X-ray evaluation
of the degree of crystallinity was performed on the
basis of measured integral diffracted intensities of
chitin samples and the standard reference sample
(cellulose I) of known crystallinity degree, by re-
garding the differences in X-ray scattering ability
of both kinds of specimens, according to the proce-
dure of Hermans and Weidinger.®

The degree of crystallinity has been addition-
ally determined by means of the densitometric
method.The degree of crystallinity was then cal-
culated from the known formula

X = dcr/ds((ds - damph.)/(dcr - damph.))
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Figure 2 Cross sections of DBCH filaments.

on the basis of the measured sample density d;
and the theoretical values of the crystalline d.,
and amorphous d,m,, densities of chitin estab-
lished by the authors. The sample density was
measured using the gradient column technique in
the mixture of toluene and CCl, at 20°C. The value
of d., was calculated on the basis of the assumed
lattice unit cell and is equal to 1.4936 g/cm?. The
theoretical amorphous density dimp,. Was com-
puted from the formula

dampn. = K X M/N X TAV,

where K is the coefficient of molecular packing of
the amorphous phase, N the Avogadro constant,
M the molecular weight of the chain repeat unit
M = 203, XAV, the Van der Waals increments of

Figure 3 Cross sections of chitin filaments.

the constituent groups AV, = 169.5 (A?). In the
situation having no information about the pack-
ing coefficient K for amorphous chitin, an attempt
was made to estimate it in indirect manner. Tak-
ing into consideration the chemical resemblance
between chitin and acetatcellulose, the sought K
value was calculated as a corrected K value for
amorphous acetatcellulose. The correction con-
sisted of regarding the differences in size of the
side groups of both polymers. The approximate
value of K thus calculated is K = 0.666.

The value of the theoretical amorphous density
of chitin computed from the above formula is
equal t0 dampn. = 1.3250 (g/cm?).

The average lateral crystallite sizes Dy;o and
D1y, were calculated on the basis of the measured
010 and 100 diffraction peaks of the WAXS

Table III Parameters of the Chitin Lattice Unit Cells

Unit Cell Parameters Number
of NAG
Polymorphic Cell Volume Residues Density
Form a (A) b (A) ¢ (A) v (deg) (A9 on 1 Cell d.. (g/cm?) References
a-Modyfic 4.76 18.85 10.28 90° 922.38 4 1.461 9
4.74 18.86 10.32 90° 922.57 4 1.461 10
B-Modyfic 4.70 10.50 10.30 ~ 90° 508.30 2 1.3260 11
4.80 9.83 10.32 112 ° 451.39 2 1.4130 12
4.85 9.26 10.38 97.5° 462.32 2 1.4580 13-15
4.57 9.60 10.30 90° 451.90 2 1.4919 16
y-Modyfic 8.90 17.0 10.25 90° 1550.82 6 1.304 17
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Figure 4 WAXS intensity distribution curve of chitin filaments.
curves. from the fundamental Scherrer expres- p is the polar angle of corresponding lattice

sion.®

The evaluation of the internal orientation en-
compassed the crystalline and the amorphous or-
ientation. The crystalline orientation was ap-
praised on the basis of the azimuthal intensity
distribution I(6) within the equatorial 010 and
100 reflections. For the known intensity distribu-
tion I(6) and known 26040 and 26,,, there were
calculated values (cos?po10) and (cos2p1g0), where

Table IV X-ray Diffraction Data of Chitin
Filaments

Bragg. Interplanar Miller

Reflection Angle 20 Spacing Indices
Intensity (degree) dya (A) (hkl)
Strong 8.8-9.0 9.11 (010)
Weak 12.5-12.8 7.00 (220)
Very Strong 19.5 4.42 (100)
Medium 26.5 3.40 (110)

planes. Further, the crystallite orientation factor
(cos?p) was computed, where ¢ is the angle be-
tween the crystallite axis and the orientation axis
of the fiber, from the general formula relevent for
monoclinic lattices”:

(cos?p) = 1 — (cos?py10) — 0.5874(cospy10)
- 0.4126<C0$2p100>

Finally the Hermans orientation factor was cal-
culated

f. = 3(3(cos?p) — 1)

The amorphous orientation was evaluated on
the basis of the IR dichroic ratio R = D;/Dg and
the orientation function fiz calculated from the
simplified formula of Fraser® fir = (D, — D)/(D,
+ 2Dp) of the so-called “amorphous” bands. There
were considered dichroitic bands correlated with
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Table V Degree of Crystallinity and Average Lateral Crystallite Sizes

Degree of Crystallinity

Lateral Crystallite Size

Kind of ] R

Filament X-ray Densitometric Dy (A) Dy (A)
DBCH Precursor 0.13 0.23 18.2 54.5
Chitin 0.26 0.33 27.0 55.5

—CHj; groups (1455 cm ! and 1375 cm ') present
in spectra of chitin as well as of DBCH filaments.
The dichroic ratio evaluation was performed on
spectrograms obtained from the SHIMADZU FT-
IR spectrophotometer 8101 M at the following op-
erating parameters: measuring mode A, resolu-
tion 4.0—8.0 cm ! accumulation 40 and 200, detec-
tor 2.8 cm/s and Happ—Genzel apodization.

The investigations into the mechanical proper-
ties comprised appraisal of tensile strength o,
elongation at rupture e, and the initial modulus
E. The results were obtained from stress—strain
curves measured on the 1111 INSTRON table uni-
versal instrument at operating parameters of
20°C, 20% and 65% RH, 5 mm/min extension rate
and 10 mm gauge length. The reported values are
averages of 40 independent measurements.

The thermal properties were examined by
means of differential scanning calorimetry (DSC)
using the Du Pont 990 thermoanalyzer at op-
erating parameters of nitrogen atmosphere, heat-
ing rate of 10°/min, and calorimetric sensitivity
of 1 mcal/s.

The electrical properties of filaments were eval-
uated on the basis of assigned values of volume
resistivity p. The sought volume resistivity was
calculated from the formula

p=R,Xxm/d x1*> (QXm)

where R, is the average electrical resistance of

the sample of parallelized filaments (£2), m is the
weight of the sample (m = 0.01 g), [ is the dis-
tance between the electrodes (I = 1 cm), d is the
density of the filaments (g/cm?).

The values of R, were established from current
intensity—tension characteristics assigned by ap-
plication of Keithley electrometer type 610 C for
the tension range 100-3000 V.

The R, were calculated from the regression
equation I = f(U) as the regression coefficient.
The considered R, are mean values of three inde-
pendent measurements. The examination was
performed on samples conditioned in air of 23°C
and RH of 25% and of 23°C and RH of 65%.

The appraisal of physicochemical properties
was confined to the assessment of swelling ability
in water and solution of physiological salt at 20°C
and to the dyeability in different types of dye-
stuffs.

RESULTS AND DISCUSSION

Morphological Structure

The cross sections of chitin and the precursor
DBCH filaments are depicted in Figures 2 and
3. These pictures reveal distinct differences. The
chitin, compared to DBCH filaments, exhibit elon-
gated “bone shape” and more regular cross-sec-
tions. The average values of the areas of the con-

Table VI Crystalline and Amorphous Orientation Parameters of Chitin and DBCH Filaments

Amorphous Orientation

Orient.
Crystalline Orientation Plate Dichroic Orientation
Effect. Ratio R Function Fig
Hermans
Kind of Orientation  (c0s’po10) 1455 1375 1455 1375
Filament  {(cos®p110)  (cos®po10)  {(cos®pio)  Function fx  {(cos’pie) cm™' cm™! cm™? cm™!
DBCH? — 0.2073 0.1911 0.4024 1.085 1.22 1.19 0.067 0.061
Chitin 0.1703 0.2045 0.1796 0.6355 1.138 1.04 1.04 0.0137 0.0130

2 Established after method of the authors (G. Urbanczyk et al.’®).
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tour line length and the contour line development
indices are correspondingly equal to 1380 um?,
237 pm, 0.800 for chitin and 1207 pym?, 159 um,
0.285 for DBCH filaments. These results give evi-
dence that the alkaline hydrolysis of the DBCH
precursors causes parallel to the loss of weight an
increase of the cross-section surface accompanied
by a developing of the cross-section contour line.

The performed investigations give no evidence
of the occurrance of skin—core structure for chitin,
as well as for DBCH filaments. Examination un-
der polarized light showed no evidence of a spher-
ulitical crystal structure (lack of Maltese cross-
brightening patterns) in both kinds of filaments.

Crystalline Structure

Chitin deprived of protein inclusions reveals a
strong ability to crystallize. In the natural state,
the degree of crystallinity may reach 0.50—0.60.
Until now, there have been recognized three poly-
morphic modifications of crystalline chitin— «, £,
and y. They differ in respect to the crystal system
and parameters of the lattice unit cell. These dif-
ferences are a result of differences in the manner
of how adjacent molecules are arranged in the
lattice. Chitin chains occurring in the lattice in
sheets may be arranged all in a parallel or anti-
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Figure 6 Stress—strain curve of chitin filaments.
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Figure 7 Stress—strain curve of DBCH filaments.

parallel manner: in the case of a-chitin, all anti-
parallel; in the case of S-chitin, all parallel. The
arrangement of chains in the y-modification is
characterized by an alternative appearance of two
sheets with parallel arrangment followed by one
sheet with antiparallel arrangment. The parame-
ters of lattice unit cells for particular polymorphic
crystalline forms of chitin are presented in Ta-
ble III.

The a polymorphic form is more common than
B and 7. It is conspicuous by a strong chemical
stability. This is caused by the greatest possible
number of inter- as well as intramolecular hydro-

gen bonds. From a point of view of the manner
in which the adjacent molecules are arranged in
lattice, « chitin reveals resemblance to the cellu-
lose II.

In turn, B-chitin, the second in prevalance, is
characterized by a lower stability than the o form.
This is due to a minor number of hydrogen bonds,
an evidence of lower stability manifests itself in
the possibility of transformation of the  into the
a form in strong concentrated solution of HCI. The
reduced, as compared to the « form, number of
hydrogen bonds opens the possibility to perma-
nently link water molecules, which in turn, means

Table VII Mechanical Properties of Chitin and DBCH Filaments

Elongation at

Relative Rupture Tensile Strength Rupture Initial Modulus
Kind of Humidity Force F
Filament (%) (N) o (MPa) Cv e (%) Cv E (GPa) Cv
DBCH 20 0.155 112.4 5.4% 36.2 4.7% 2.6 3.5%
65 0.135 97.9 6.1% 45.7 3.6% 1.8 2.4%
Chitin 20 0.093 77.1 13.2% 4.6 15.7% 2.2 16.0%
65 0.070 58.0 2.3% 42.2 13.1% 1.0 9.1%

Cv, coefficient of variation.
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Figure 8 DSC thermogram of chitin filaments.

that chains in the lattice might be regarded as
chitin monohydrates. From the point of view of
the manner in which chains are arranged in the
lattice, 8 chitin is similar to cellulose I. This re-
semblance is a reason why Gardner and Black-
well'® consider the transformation of 8 into « as
analogous to the conversion cellulose I into II. 8
chitin occurs as a rule in the form of large crystal-
line fibrils of ribbonlike morphology. The crystal-

line structure of investgated chitin filaments was
recognized on the base of X-ray examination. The
X-ray diffraction intensity distribution curves ob-
tained exhibit the appearance of four diffraction
peaks (Fig. 4). The stated diffraction peaks are
in full agreement with the lattice of 8 crystalline
chitin proposed by Dweltz.'? The reflections ascer-
tained are depicted in Table IV.

The diffraction peaks ascertained give rise to
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Figure 9 DSC thermogram of DBCH filaments.
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Table VIII Electrical Volume Resistivity p, of Chitin and DBCH Filaments

Measuring Terms

Kind of

Filament 25% RH; T = 23°C 65% RH; T = 23°C bp
DBCH 8.1 X 10® (2 m) 2.0 x 10® 4.6 X 10® (2 m) 1.2 x 108
Chitin 1.3 X 108 (Q m) 0.3 x 10® 4.8 X 10" (2 m) 0.6 x 107

6p, mean value error of p,.

the assumption that crystalline regions in the in-
vestigated chitin filaments represent the § form
of crystalline chitin. The lattice is characterized
by an monoclinic unit cell with parameters a
=4.80(A),b = 983(A) c=10.32(A), y = 112°,
determined by Dweltz.'?

The relatively small number of reflections in
the diffraction pattern proves that the lattice is
relatively defective, i.e., low perfect in geometrical
regularity. The very probable constitution of the
lattice is shown in Figure 5.

Crystallinity and Average Lateral Crystallite Sizes

The results of measurements are collected in Ta-
ble V. It may be inferred from the results that
the reconversion of chitin occurring as a result of
alkaline hydrolysis of DBCH leads to a noticeable
increase in filament crystallinity. One can con-
clude that this increase proceeds as a result of
growth of lateral average crystallite size, espe-
cially in the direction perpendicular to the (100)
lattice planes.

Additionally, it should be mentioned that the
recrystallization proceeding during the alkaline
hydrolysis is accompanied by a transformation of
the crystalline regions lattice. The lattice of the
precursor DBCH filaments, as was ascertained
previously by the authors,'® is characterized by
an orthorhombic crystal system with the unit cell
a=44(A),b=134(A),c=10.3 (A).

Internal Orientation

The parameters characterizing crystalline and
amorphous orientation are presented in Table VI.

Table IX Density and Refractive Index
of Chitin and DBCH Filaments

Kind of Density Refractive Index:

Filament (g/cm?®) X = 0.589 um; 20°C
DBCH 1.2190 1.4928
Chitin 1.3767 1.5283

As one can see, the crystalline orientation of
chitin filaments is better, but on the contrary, the
amorphous orientation is worse than for the pre-
cursor DBCH filaments. It can be assumed that
such report of results is a consequence of recrys-
tallization occurring during the alkaline hydroly-
sis of DBCH. The increase in the amount of crys-
tallized polymer refers first of all to the best-or-
dered chains of the noncrystalline fraction. The
remaining noncrystalline fraction comprises
worse-ordered chains. Additionaly, the lower
amorphous orientation in chitin filaments may
also be caused by a very probable disorientation
effect occurring in the amorphous phase during
the alkaline hydrolysis.

In both kinds of filaments occur a weak but
differentiated so-called orientation plate effect. In
the case of chitin filaments, the plate effect is
more strongly pronounced. This provides indirect
information about the morphology of crystallites.
From the larger values of the plate effect it may
be inferred that in the case of chitin filaments
the crystalline phase consists of stronger-shaped,
ribbonlike crystallites than in the DBCH fila-
ments.

Mechanical Properties

The results of measurements on single filaments
are presented in Table VII and Figures 6 and 7.
The results testify to that in chitin filaments,
which occur as a result of alkaline hydrolysis of
DBCH, a decrease of tensile strength o, of elonga-
tion at rupture &, and the initial modulus E. Such
kinds of changes refer to filaments conditioned at
20% RH as well as at 656% RH. One can notice
that mechanical properties of chitin filaments due
to their high hygroscopicity are strongly depen-
dent on their state of humidity. This is especially
drastic in the case of elongation at rupture.

Figure 6 proves that the water content of chitin
filaments very strongly influences the stress—
strain curve, while for the DBCH precursor the
changes are relatively small.
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Table X Moisture Regain and Swelling of Chitin and DBCH Filaments

Moisture Regain

Swelling in

Swelling in Solution

Kind of at 65% RH, Water at of Physiological Salt
Filament 20°C (%) 20°C (%) at 20°C (%)
DBCH 4.8 35.4 40.0

Chitin 10.9 39.8 57.9

Thermal Properties

DSC thermograms of chitin and precursor fila-
ments are depicted in Figures 8 and 9. The ther-
mograms show differences. In general, it may be
inferred that chitin filaments exhibit greater ther-
mal stability. The temperatures of specific ther-
mal transitions are higher than for DBCH fila-
ments. Thus, the first endothermic minimum, re-
flecting the initial stage of glass transition with
reference to molecules in the amorphous phase,
which are strongly entangled and are not con-
nected with crystalline regions, appears in the
case of chitin filaments at 100°C , for DBCH fila-
ments at 80—90°C. Further, the second endother-
mic minimum, which can be due to the thermal
decomposition of crystalline regions, starts at
330°C for chitin and at 280°C for DBCH filaments.

Electrical Properties

The ascertained results of electrical volume re-
sistivity for chitin and precursor filaments are
presented in Table VIII and Figures 10—13.

The achieved results prove that chitin fila-
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Figure 10 Electrical current intensity—tension char-
acteristics of chitin filaments: RH = 25%; T' = 23°C.

ments compared to precursor DBCH filaments are
characterized by a better electrical conductivity.
This pertains to lower as well as to higher values
of humidity.

Density and Optical Properties

Density values and the refractive indices are col-
lected in Table IX. As one can see, there is a good
correspondence between the density and light re-
fraction ability for both kinds of filaments. The
higher density of chitin filaments are fully in line
with their higher degree of crystallinity.

Moisture Regain, Swelling, and Dyeability

The measured moisture regain and swelling val-
ues are presented in Table X. The stated higher
values of moisture regain and swelling for chitin
than for DBCH filaments can be explained by the
differences in the number of hydrophilic OH
groups in the absorbing water amorphous phase
of both filament types. The large amount of such
groups in chitin enhances the water sorption and,
therefore, leads to higher swelling.
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Figure 11 Electrical current intensity—tension char-
acteristics of chitin filaments: RH = 65%; T' = 23°C.
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The chitin filaments differ in respect to their
dyeability from precursor DBCH filaments. They
reveal a very good dyeability with direct dyestuffs
and cold as well as hot reactive dyestuffs, while
DBCH filaments do not exhibit such an ability. A
common feature of both kinds of filaments con-
sists of good dyeability with disperse dyestuffs.

CONCLUSIONS

1. The morphological structure of chitin fil-
aments is characterized by very irregular
shapes and developed contour line of their
cross sections, by the lack of skin—core
building, and by the absence of spheruliti-
cal crystalline aggregations.

2. The fine structure of chitin filaments inves-
tigated is characterized by the monoclinic
lattice with unit cell a = 4.8 A, b = 9.83 A,
¢ = 10.32 A, y = 112° and density d,,
= 1.4130 g/cm?; by the X-ray crystallinity
degree 0.26, and lateral average crystallite
sizes Dqgo = 27.0 A, Dy19 = 55.5 A; by the
crystalline orientation factor f,. = 0.6355.
The amorphous phase is determined by
density damorph, = 1.3251 g/cm® and orienta-
tion factors

firiass cm ™t = 0.0137 and
fIR1375 CI'I'171 = 00130

3. The physical properties of the chitin fila-
ments are described by tensile strength
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Figure 12 Electrical current intensity—tension char-
acteristics of DBCH filaments: RH = 25%; T' = 23°.
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Figure 13 Electrical current intensity—tension char-
acteristics of DBCH filaments: RH = 65%; T = 23°C.

77.1 and 58.0 MPa, elongation at rupture
4.6 and 42.2%, initial modulus 2.2 and 1.0
GPa, correspondingly for RH = 20% and
RH = 65%, by volume resistivity 1.3 x 10°
and 4.8 X 107 Q m, respectively for RH
= 25% and RH = 65%, by density 1.3767
g/cm?, by refractive index 1.5283.

4. The physicochemical properties of the chi-
tin filaments (i.e., the swelling ability and
dyeability ) are as follows: swelling in water
39.8%, swelling in solution of physiological
salt 57.9 %, very good dyeability by appli-
cation of direct, reactive, and disperse dye-
stuffs.
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