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Properties of Chitin, Chitin Derivatives and Blends with PVA

Young Moo Lee* and Seong Soo Kim

Department of Industrial Chemistry, College of Engineening,
Hanyang University, Seoul 133-791, Korea

ABSTRACT: Thermal, mechanical, mechanical dielectric and erystalline properties of «-chitin, B-chi-
tin, their derivatives and blends were investigated to understand detailed informations on chitin, a
versatile natural polysaccharide. & transition of e-chitin, B-chitin, N-acetylated B-chitin appeared at
236, 170 and 190 'C, respectively. Equilibrium water content {EWC) of B-chitin reached to about 50%
and this hydrophilic nature was assumed Lo be due to a relatively weak hydrogen bonding force of -
chitin. with parallei main chains. On the other hand, EWC of N-acetylated P-chitin was 40% due to
the introduction of ordered structure. Upon blending the B-chitin with poly (vinyl alcohol), the crys-
tallinity was reduced but the mechanical properties were improved as confirmed by FTIR and
WAXD patterns. Transmission electron microscope studies of blends using ruthenium tetraoxide as a
stained agent revealed some microseparation in the blend but it is still believed to be miscible in the

blends.

Introduction

There are three polymorphic crystal structures
of chitin,' that is, o-, B- and 7y-structure. Crystal
structures of three chitins have been extensively
studied. o-Chitin is the tightly compacted, most
crystalline orthorhombic form where the chains
are arranged in an anti-paralle] fashion. ©-Chitin
can be obtained from the shell of crabs, lohsters
and shrimps. B-Chitin obtained from the pen of loli-
go and squid has the monoclinic form where the
chains are parailel.' A chitin is not usually soluble
in most organic solvents, whereas B-chitin is even
swollen in water and can be dissolved easily in
formic acid. y-Chitin is a mixture of o- and P-chi-
tin.

Generally, insolubility of chitin, in many organic
solvents limits the use of chitin in many ap-
plications when compared to cellulose. To ov-
ercome the solubility problem of chitin, many at-
tempts have been made, such as chemical mod-
ification of chitin,™* finding new solvents™ and so
on. Especially blending is an important process for
developing industrial applications of polymeric ma-
terials. Compatibility among components has a
marked influence on the mechanical properties of
polymer blends.” Intermolecular interactions re-
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gulate the compatibility among the component poly-
mer molecules.”™

Chitin is known as a potentially useful biopoly-
mer produced in huge amounts in nature.” There
have been many studies done on chitin as a biocom-
patible material such as artificial skin,""
coating materials," drug carrier’™* and so on. Most

of chitin studies are, however, based on readily ac-

suture,”

. cessible @-chitin whose main chains are arranged

fashion with strong in-
termolecular hydrogen bonding. o-Chitin 1s, thus,
characterized by poor solubility and reactivity and
its physical properties are very rigid and brittle. In
contrast, PB-chitin has a much weaker 1in-
termolecular hydrogen bonding ascribable to the
parallel arrangement of the main chains. We have
reported thermal and mechanical properties of B-
chitin in our previous report.” Moreover, it show-
ed a higher solubility and swelling than ¢-chitin.”*
Neverthless, P-chitin still had some extent of ri-
gidity and brittleness. For these reasons, it is ex-
pected that mechanical properties of B-chitin can
be improved through blending with PVA which is
highly elastic in spite of its crystalline feature and
is also known as a biocompatible material. Ac-
cordingly, the blend of B-chitin and PVA is a good
candidate for new hiomaterial

in an anti-parallel

with enhanced
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mechanical properties,

In this paper, we will report on thermal prop-
erties of a-chitin, P-chitin, N-acetylated B-chitin
and B-chitin/PVA blend systems. We will aiso re-
port on the miscibility of the two polymers in the
solid state due to intermolecular interactions by
means of Fourier transform infra-red spectroscopy
(FTir.), wide angle X-ray diffraction (WAXD), dif-
ferential scanning calorimetry (d.s.c.), dielectric
analysis {d.e.a.) and transmission electron mis-
croscopy (TEM).

Experimental

Materials. o-, B-chitin were extracted from
crab shell and squid pen, respectively, by modified
Hackmann method, dried at 60°C vacuwm oven
and used as a 60-mesh powder. PVA (DP=2500, de-
gree of deacetylation=99%) was supplied by
Shinetsu Co. The formic acid as a solvent was 99 %
reagent grade purchased from Janssen Chimica and
used without any other treatments. The ruthen-
jum (IV) oxide hydrate as a staining agent for t.e.
m. study was also purchased from Janssen Chimica.

N-Acetylation of o-Chitin. 5g of B-chitin was
dispersed in 100 mL of methanol in a 500 mL three-
necked round-bottomed flask. 150 mL of acetic
anhydride was added to the flask, and the reaction
mixture was stirred for 48 hr at 50 °C under ni-
trogen flow. The product obtained was filtered und-
er reduced pressure and washed to remove un-
reacted excessive acetic anhydride with deionized
water and then with acetone. Finally, it was dried
at 60°C in vacuo for 2 days and kept in a desic-
cator over calcium chloride before use.

Preparation of HPCH. HPCH was synthesized
from chitin and propylene oxide using 40 wt% aque-
ous NaOH solution as a catalyst. First, 5 g of chitin
{45-60 mesh), which was crushed by a roll-mill,
and excess propylene oxide {77 mL), which also
acts as a diluent, were stirred in an ice hath under
reflux for 2h. Then 3ml of 40wit% agueous
NaOH solution was added drop by drop. The reac-
tion vessel was heated up to 34 °C with continuous
stirring. The product, decanted in distilled water,
was adjusted to pH 7.0 by adding HCl and filtered
through a glass filter. After washing it with a-
cetone and hot distilled water (80~90 °C), filtration
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was repeated several times. Finally, the product
was dried at 60 °C in vacuo for one day.

Preparation of Blend. A known amount of B-
chitin was dissolved in formic acid (99 %) to pre-
pare 2 wt% solution at room temnperature and filt-
ered by 2G] glassfilter manufactured by Schott.
Later 2 wt% PVA-formic acid solution was added
at room temperature. The composition of the B-chi-
tin: PVA was 90 : 10, 801 20, 70 : 30, 60 : 40 and 50
.50 in wt% and designated as CP91, CP82. CP73,
CP64 and CP55, respectively. The blend films
were prepared by casting the mixed solutions on a
glass plate and dried in a drying oven at 40 °C for 24
hours.

Characterization. Structure of blends was con-
firmed by FTir. analysis which was performed by
means of Nicolet Magna i.r. spectrometer. Samples
were thin films spread on KBr discs from 1 wi%
formic acid solutions, dried under vacuum at 100
‘C overnight. X-ray diffractometer (Rigaku Denki
RAD-C) was used to characterize the crystal struc-
ture of the blend. Waxed patterns were also re-
corded with a flat film camera using nickel-filtered
Cu-K. radiation in 26=5-30". Differential scanning
calorimeter (d.s.c, TA Instruments Model 910)
characterized the thermal property of the blend
with 5 °C/min heating rate and 50 mL/min N. flow
rate. Dielectric measurements were conducted to
observe the glass transition temperature and re-
laxation behaviours of samples. Measurements of
dielectric constant, €', and dielectric loss factor, £,
were carried out using a dielectric analyser (d.e.a.,
TA Instruments DEA 2970).

Universal testing machine (Instron Model 4201)
measured the tensile strength and elongation of
each blend samples in dry and wet states with an
extension rate of 10 mm/min at room temperature.

Results and Discussion

Hydroxypropyl Chitin. Figure 1 shows the sol-
id-state C n.m.r. spectra for chitin (a) and HPCH
(b), respectively. From the comparison of spectra
(a) and (b), the peak at 19.1 ppm in Figure 1b is
assigned to be a CH. peak in the hydroxypropyl
unit in HPCH. The broad peak detected at around
66.2 ppm is caused by the CH. and CH carhons n
the hydroxypropy! unit.

179



Y. M. Lee and 5. S. Kim

——e ppm
—_—
——E Y
—
—_—

CHITEN

pPM 250 200 150 100 50 0
£ PSSR
a [ [ IV i

RAYDROXYPROPYL
CRITIN
(HPCH)

ppm 250 200 150 100 50 0
Figure 1. Solid-state c.p./mas. “C nmr. spectra of (a)
chitin and (hYHPCH.

FT-IR spectra of chitin and HPCH (not shown
here} show bands at around 1660, 1560, and 1420
cm” for the chitin and at around 1664, 1561 and
1423 cm™ respectively. In previous studies.” there
were two peaks in the amide I bhand in @-chitin
while there was only one band for B-chitin. Two
peaks resulting from the amide [ band were ob-
served at 1660 cm™ and 1633 cm in chitin and at
1664 cm” and 1632 cm’ in the case of HPCH,
respectively. But, chitin and HPCH considered in
this study are known to have a-structure with an-
tiparallel chains.

The intensity due to C-O stretching vibration of
the primary alcohol at around 1025 cm™ became
much smalier in HPCH than in chitin. The new
peak that appeared at 2970 cm? for HPCH in-
dicated incorporation of hydroxypropyl moiety.
Since the primary alcohol is more reactive than
the secondary alcohol, it seemed that the hy-
droxypropylation occurred primariiy on the C6 po-
sition in the chitin backbone. Studies on the alky-
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Figure 2. X-ray diffraction patterns of (a) chitin and (b)
HPCH.

lation of chitin showed similar results as analysed
by "C n.m.r sectra.” HPCH was synthesized hy
varying reaction time from 6 to 24 hr. Its DS was
examined by elemental analysis. DS values reached
about 0.8 after 6 h of reaction time and no further
increase of DS was seen after 6 h,

The X-ray diffraction patterns of chitin (Figure 2a)
shows a miximum at around 26=9.8 ° and 19.5 ° due
to the presence of (020} and the mixture of (110)
and (040), respectivelv.” However, the relative peak
intensity becomes smaller for HPCH (Figure 2b). It
can he said that a decrease in hydrogen bonding
force resulting from the bulky hydroxypropyl
moiety apparently affects the decrease of the degree
of crystallinity. As the degree of crystallinity de-
creases in HPCH, it is expected that HPCH may dis-
solve in organic solvents.

Differential scanning calorimetry (d.s.c.) was
used to assess the thermal transition temperature
of chitin and HPCH (not shown here). Cast chitin
and HPCH do not show any features to which the
glass transition can be related. They start to
decompose at the onset of ca. 250°C. It is con-
sistent with thermogravimetric analysis, Therefore,
it was difficult to detect the behaviour of molec-
ular motion of chitin and HPCH by the d.s.c tech-
nigue. Polymers with a rigid-rod backbone such as
cellulose and chitin are known to contain ecrys-
talline character, but the crystalline melting peak
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was ot easily detected because they started to de-
grade even before the second-order transition tem-
perature of these polymers.”

In general, dynamic mechanical analysis Is known
to be more sensitive than calorimetric meas-
urements for the detection of T, Accordingly, we
measured the dynamic mechanical relaxation spec-
tra of chitin and HPCH, hoping to find their glass
transitions. The results are given in Figures 3 and 4.

In Figure 3, cast chitin film shows the tan 8 max-
imua at 143 and 236*C. The transition at 236 °C is
possibly the T, of chitin. Considering that the dy-
namic storage modulus of chitin is ca. 3 GPa, it can-
not be said that the tan & maximum value ap-
pearing at 236°C is a tramsition due to the de-
gradation of chitin. In fact, chitin start to degrade
at ca. 250 °C from t.g.a. analysis. The loss modulus
(E") maxima appears at 133 and 227 °C. The re-
laxation peak appearing at 143°C in the tan )
curve is caused by the acetamide group attached
to the C2 position in chitin, since the acetamide
group is bulkier than the methylol umit and ster-
ically hindered.

Figure 4 illustrates the d.m.a. relaxation spectra
of HPCH. The o-transition peak appeared at 252
(. The second relaxation peak in the tan 3 curve
is observed at ca. 150°C. Both of these two re-
laxation temperatures are about 8-16°C higher
than those of chitin. Another noticeable difference
between the tan & curves of chitin and HPCH is
the third relaxation maximum for HPCH (Figure 4)
at ca. 105°C and assigned to P. relaxation. Con-
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Figure 4. DMTA spectra of HPCH: E(-), E' (---), and tan
8 (--)

sidering the fact that the sample is well dried, B.
relaxation is believed to appear due to the pres-
ence of the hydroxypropyl group in HPCH.

N-Acetylated P-Chitin. Unfortunately, howev-
er, CP-MAS “C-NMR spectra(not shown here) did
not clearly distinguish N-acetylated B-chitin from
B-chitin. While two signals appeared at around 73
and 75 ppm assigned to C3 and C5 carbon atoms m
a-chitin are sharply resolved, signals in N-a-
cetylated B-chitin are slightly split even if they are
different from those of P-chitin that shows a sin-
glet at around 74 ppin. It has heen known that o-
chitin bas an antiparallel structure that all the hy-
droxy groups form hydrogen bond, while B-chitin
forms a parallel structure. Consequently, con-
figuration of C5 and C3 carbons in o- and B-chitin
is different from each other on account of diff-
erences in hydrogen bonding force. Although hy-
drogen bonding force of N-acetylated B-chitin, was
higher than that of B-chitin, it was lower than that
of a-chitin. On the other hand, the structure of N-
acetylated B-chitin after annealing would be the
same as the structure of o-chitin because an-
nealing causes increased crystallinity and hydrogen
bonding force.

To examine the viscoelastic properties, dynamic
mechanical thermal analysis (DMTA) was per-
formed at a frequency of 1 Hz and a heating rate
of 2°C/min in an atmosphere of 200 cc/min ni-
trogen. DMTA was found to be a very sensitive
technique for investigating molecular relaxation
behaviour. It is, especially. available in detecting
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DMTA thermograms of f-chitin
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Figure 5, DMTA spectra of P-chitin® storage modulus (-},
tan 8 (----).

glass transition temperature (7,) of a samiple that
cannot be observed by a normal calorimetric meas-
urements. For example, T, of polymers having
crosslinked network structure has been in-
vestigated by DMTA. Furthermore, as mnatural
polysaccharides with cellulose-analogue structure
consist of rigid-rod pelymer backbone and start to
degrade before second order transition, T, of these
polymers could hardly be seen. We have reported
on the thermal relaxation behaviors of a-chitin
and derivatives using DMTA spectra.® However,
the thermal relaxation behaviours of B-chitin have
not been reported so far.

We paid much attention to characterize viscoe-
lastic properties of chitin. On the basis of an ex-
cellent film-forming ability of P-chitin Figure 5
shows storage modulus{E’) and tan & of B-chitin as
a function of temperature. £ of P-chitin at room
temperature is 3.8 GPa which can be considered as
a rigid polymer. Two relaxation peaks are ob-
served at 112 and 170 °C. The transition at 170 °C
is assigned to be a relaxation in polymer main
chains, T, of B-chitin. The other tan & maximum
value appeared at 112°C may be caused by the a-
cetamide groups attached to C2 position in B-chitin.
DMTA spectra of N-acetylated P-chitin in Figure 6
shows the ¢-relaxation peak appeared at 190 °C
and broad P-relaxation peak at 81~100°C in the
tan & curve. Since an increase of indicates a stiffer
molecular chain, the movement of T, of PB-chitin
from 170°C to 190 °C upon N-acetylation results
from enhanced compactness or stiffness in the
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Figure 6. DMTA spectra of N-acetylated B-chitin : storage

modulus {-) , tan & (------ ).

polymer backbone. As the increased crystallinity
and resulting stiffness of polymer backbone res-
tricts the local relaxation of main chain segment,
glass transition appeared at higher temperature. T,
of o-chitin was reported to be 236 °C and secon-
dary relaxation at 142 “C.*

Blends with PVA. In the course of studying B-
chitin/PVA blends, we have found that P-chitin
forms an optically clear homogeneous blends with
PVA and that the tensile strength of the blend is
greater than the homopolymers. Enhancement of
mechnical properties appears both in the dry and
wet states as shown in Table I, although the ten-
site strength values in the wet state are, in general,
much smaller than those in dry state. B-Chitin
showed tensile strength of 5.0 MPa and elongation
at break of 5.8% in dry state. Upon mixing with
PVA, tensile strength generally decreased and elon-
gation at break increased with PVA contents. No-
tice that CP73 shows 5.17 MPa and 26.1% elon-
gation value. CP73 is a composition at which the
tensile strength shows a maximum, but it differs
somewhat in wet samples. The appearance of the
maximum at the ratio of 70:30 in dry state sug-
gests the existence of specific intermolecular in-
teraction between B-chitin and PVA.

To examine the viscoelastic properties, dielectric
analysis was performed. D.e.a. was found to be a
very sensitive techmque for investigating molec-
ular relaxation behaviour. It is, especially, available
in detecting glass transition temperature (7,) of a
sample that can not be observed by normal calo-
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Table I. Mechanical Properties of B-Chitin, Blends
and PVA Dry and Wet States

dry state wet state (EWC)
sample  tensile  elongation  tensile :
P strength  at break  strength atelt(’)rngzaktlczr%)
(MPa) (%) (MPa)

B-chitin 5.0+£0.12 58x015 041001 20x0.65
CP91  4.46+0.08 13.1+031 091002 156£042
CP82  3.04+009 1361042 (35001 21.3+0.11
CP73 5174016 261+094 0381001 29.2+0.12
CP64 4091009 41.1+062 037001 454+124
CP55 3.18+0.05 875197 0.25x001 4721135

CP46 2.53+0.02 77.4%205 012+000% 44.3£1.02
CP37  175+0.04 1294+597 0242001 77.1+2.34
PVA  217+0.04 4871150 31=x001 423+15.64

*0.003.

rimetric measurements. For example, T, of poly-
mers having a crosslinked structure or of natural
polysaccharides consisting of rigid-rod polymer
backbone that start to degrade before second order
transition can hardly be seen. We have reported
on the thermal relaxation behaviours of o-chitin
and B-chitin using d.e.a and dynamic mechanical
thermat analysis {(d.m.t.a.).”* The dependence of
dissipation factor, tan &, obtained from ¢
{dielectric constant) and €' (less factor) on tem-
perature at 10 Hz are represented in Figure 7 for
@B-chitin, blends and PVA. The transition peaks are
sharp, characteristic of one-phase system. There
are two relaxation peaks which appear at 97 and
182 °C in B-chitin. On the upper temperature re-
gion at arcund 182 °C for B-chitin, the temperature
of the maximum loss, Thwa 15 a consequence of a de-
crease in the steric effect hindering the micro-
Brownian motion of chain segment, which is
responsible for the o-relaxation of PB-chitin. The
lower one at around 97°C is assigned to P-re-
laxation due to side chain effect. Qur recent study
on thermal analysis B-chitin by d.e.a." reported
that two relaxation peaks were also observed
between 123 and 155 °C and between 185 and 203
°C. The variation of transition temperature is due
to frequency adopted in measurement. As the fre-
quency increases, the relaxation temperatures of
tan & maximum loss increase. This is a general
consequence attributed to the decrease in the ster-
ic effects hindering the micro-Brownian motion.
The transition at 182°C is assigned to be a re-
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Figure 7 D.ea. thermograms of PVA, blends and B-chitin
at the frequency of 10 Hz.

laxation in polymer main chain, T, of B-chitin. The
other tan 8 maximum value appeared at 97 °C may
be caused hy the acetamide group attached to C2
position in B-chitin. In the case of PVA, two sig-
nificant T were shown at 69 and 209 °C, respec-
tively, which may he the T, and melting tem-
perature (7.) of PVA. A value of 83 °C has been re-
ported for T, of PVA in previous report for poly
(vinyl acetate) 98 % hydrolyzed and determined by
d.m.t.a. technique at I Hz and heating rate of 5 °C/
min.” The difference between two values is due to
differences in the rate of heating and instrument
employed.

The d.e.a. thermograms for blends have three re-
laxation peaks at around 80, 150 and 200 °C. The
highest relaxation temperature at around 200°C
may be assigned to T, of PVA. Two ¢-relaxations,
close to the T, of B-chitin and PVA, were observed
for the blends. The intensity of each peak changed
with the composition of the corresponding com-
ponent in the blends. As PVA content increased,
all the glass transition peaks moved into the mid-
dle of the original two glass transition tem-
peratures of pure B-chitin and PVA, meaning that
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two materials had some intermolecular interaction
due to hydrogen bonding upon hlending. The tran-
sition breadth of the peaks decreased significantly
for the middle namely, these
phenomena are considered that two materials are
inclined to be one which has one glass transition
temperature since they are miscible.

composition,

Conclusions

From chitin and propylene oxide, HPCH was syn-
thesized by introducing hydroxypropyl moieties
into the C6 position in chitin. The estimation of de-
gree of substitution by elemental analysis, solid-
state “C n.m.r. spectra and FTIR measurements
confirmed hydroxypropvlation of chitin, No tran-
sition in chitin and HPCIl were found by a dif-
ferential scanning calorimetry. Dynamic mechan-
ical analysis showed a-transition temperatures of
chitin and HPCH. that is, glass transitions due to
relaxation of polymer main chain, at 236 and 252
°C, respectively. It was deduced that the local re-
laxation of the HPCH main chain was restricted by
the butky hydroxyvpropy! unit. The B relaxation of
chitin was detected at 133 °C and shifted to 142°C
in HPCH. A peak appearing at 105 °C in the d.m.a.
spectra of HPCH was assigned to be B, relaxation.
Thermogravimetric analysis revealed that chitin
and HPCH shows T, followed by a rapid thermal de-
gradation.

B-Chitin extracted from squid pen and N-a-
cetylated B-chitin films showed that N-acetylated
B-chitin was somewhat different from B-chitin in
molecular structure, which was considered to be
due to higher crystallinity with relatively strong
inter- and intramolecular hydrogen bonding com-
pared with B-chitin. $-Chitin and N-acetylated B-
chitin had EWC of 50% and 40%, respectively.
EWC of N-acetylated B-chitrn decreased after the
introduction of acetyl group and became an ord-
ered structure. In the DMTA spectra, relaxation
peaks of PB-chitin and N-acetylated B-chitin ob-
served at 170 and 190 °C were assigned to be T, of
these polymers, respectively. The other peak max-
imum value of B-chitin due to acetamide groups in
the tan 8§ curve was found at 112 °C and broad re-
laxation peak of N-acetylated [-chitin at around 81-
100 “C. These peak maxima shifted to lower tem-
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peratures in comparison with o-chitin. N-a-
cetylated B-chitin was thermally more stable than
B-chitin. The increased thermal stability in N-a-
cetylated P-chitin can be explained by the conv-
ersion of free amino groups into acetamide groups.
strengths of N-a-
cetylated B-chitin compared to B-chitin was ob-
viously stemmed from higher rigidity or stiffness
in polymer chains.

Blend films of B-chitin and PVA could be easily
obtained over the whole composition range from
solutions in formic acid by solution blending and
casting onto the glass plate. By visual inspection,
there was no evidence of phase separation in any
of blend composition, Mechanical properties of

The improved mechanical

blends were enhanced relative to those of B-chitin
and PVA. As was seen in the transmission electron
micrographs, we could identify the darker region
as large as 0.5 um which was considered as PVA
stained by RuO.. The boundary of two phases was,
however, so wvague and the dimension of mi-
croseparation was small enough to explain that
they are generally miscible with each other. Con-
sequently, it seems reasonable to conclude that the
hlends between B-chitin and PVA exhibit some lev-
el of miscibility on the whole.
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