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Summary: Uniplaner orientation of a particular crystal plane along the surface of a

film was investigated for poly (vinyl alcohol) (PVA) film prepared by a coagulation

bath with concentrated aqueous solution containing 100� 300g of Na2SO4 against

1 ‘ of water. The orientation distribution functions of the three crystallographic

principal axes of the dried films were obtained by the X-ray diffraction technique. The

same treatment was carried out for the films prepared by stretching biaxially of the

fresh gel and then by drying the resultant fresh gel. The very high preferential

orientation of the crystal chain axes and amorphous chain segments could be realized

by the biaxially elongation. Accordingly, the techniques were applied to the biaxially

stretching of chitosan and PVA blend films with high Young’s modulus. The planer

orientation of the chain axes of chitosan and PVA crystallites could be confirmed. The

morphology of the film surface was estimated by measurements of contact angle and

electron spectroscopy for chemical analysis. The results suggested that the admix-

ture of chitosan decreases wet ability of the specimen and this tendency was slightly

enhanced by the biaxially elongation.
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Introduction

The uniplaner orientation of a particular

crystal plane along the surface of a film has

been reported for some crystalline poly-

mers under biaxial stretching. This char-

acteristic orientation has beenmostly found

for the crystal plane having the highest

electron density within the unit cell. For

example, the each preferential plane for

polyethylene (PE)[1] and poly (vinyl alco-

hol) (PVA)[2] films corresponds to the (110)

plane, when the c-axis is chosen as the

crystal chain axis. The orientation behavior

under the stretching was estimated in terms

of the orientation distribution function of
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the crystallites. The uniplaner orientation

of the particular orientation of the (hk0)

plane causes the orientation of the chain

axes parallel to the film surface automati-

cally and Young’s modulus increases with

increasing the planer orientation degree of

the chain axes. On the other hand, the wet

spinning method is well-known to prepare

polymer fibers with no melting point, which

has been adopted for preparing fibers of

PVA, cellulose and poly (acrylonitrile)-

(PAN).

It is well-known that the PVA films can

be prepared by a coagulation method as has

been reported for regenerated cellulose

from viscose solution[3] by the coagulation

bath with concentrated aqueous solution

containing Na2SO4. In the method, the

(110) plane of PVA crystal has been found

to be oriented parallel to the film surface.

The method is slightly classical, since the

PVA film can be obtained by the gelation/
, Weinheim
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crystallization method from dimethyl sulf-

oxide and water mixed solvent[1,3–5].

However, the chitosan does not dissolve

in the mixed solvent and then the gelation/

crystallization method cannot be adopted

to prepare blend films of PVA and chitosan.

This paper deals with two purposes by

using coagulation method. One is an

estimation of the preferential orientation

of PVA chain axes parallel to the film

prepared by coagulation. This information

is important to obtain the films whose

orientation of crystallites is random around

the film normal direction. The simultaneous

biaxially stretching of the PVA fresh gels

was also carried out to improve drastically

the preferential orientation degree of the

c-axes and to obtain high modulus films

with isotropic mechanical property around

a film normal direction. The second is the

preparation of PVA films containing chit-

osan to develop recyclable films with high

modulus from the viewpoints of environ-

mental protection and ecology. In doing so,

simultaneous biaxial stretching was carried

out by using the blend gels of chitosan and

PVA.
Experimental Section

Sample Preparation

Test specimens of PVA, the degree of

polymerization being 2000 and the degree

of saponification being 99–100 mol%, were

prepared into film shape from concentrated

aqueous solution of 100� 300g of Na2SO4/‘

concentration by pouring into a glass plate

and dipping the plate into various coagula-

tion baths of different compositions as

listed in Table 1.

The fresh gel films thus obtained were

leached in running water for ca. 1h and

dried in ambient condition either with the
Table 1.
Composition of the coagulation bath.

Bath code

A bath Na2SO4 100g/l
B bath Na2 SO4 200 g/l
C bath Na2 SO4 300 g/l

Copyright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA
dimensions fixed by clamping the film

between two metallic flanges. The dimen-

sional changes of each specimen at various

stages of film formation and the moisture

content of each fresh gel filmwith respect to

air dry state are listed in Table 2.

The capital letter in the specimen code

corresponds to the specification code of

coagulation bath in Table 1 and the sub-

script 1 and 2 indicate drying of the fresh gel

films performed under the conditions of

free and fixed dimensions, respectively. The

fresh gel prepared from C-bath was

stretched biaxially. The detailed method

is described later.

As can be seen in Tables 1 and 2, the

higher the Na2SO4 concentration in the

coagulation bath, the more anisotropic

shrinkage of the specimen, i.e., the stronger

the dehydrogenated power of the bath, the

greater is the shrinkage in the thickness

direction compared with that along the

surface at every stage of the film formation,

and the less the water content of the gel

film.

The preparation of chitosan and PVA

composite films was done by using the

coagulation method discussed for the PVA

films above. According to the established

methods[6–11], chitosan/PVA blend films

were prepared from 4% concentration of

chitosan, dissolved in 2% acetic acid and

6% PVA, dissolved in water at 90–958C for

40–50 min, under nitrogen gas. Chitosan

with 85% degree of deacetylation and PVA

were used as test specimens. Solution of

chitosan (4%) and acetic acid (2%) was

stirring about 5� 6 hours at room tem-

perature.

PVA aqueous solution (6%) was pre-

pared by stirring at 958C for 40–50 minutes

and cooled down to room temperature.

Chitosan and PVA solutions, the composi-

tion of chitosan/PVA being the 25/75, were

mixed and stirred at room temperature for

ca. 2 weeks without cover, to promote

evaporation of water. After evaporating

water, the concentration of the blend

solution became higher and reached about

30%. The viscous blend solution was spread

on a glass and immersed for 24 hours
, Weinheim www.ms-journal.de
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Table 2.
Specimen contraction during coagulation and drying and water content of fresh gel film.

Specimen codea Degree of surface
shrinkage (%)b

Degree of thickness
shrinkage (%)

Water content of
fresh gel (%)c

(V-G)/V (V-D)/V (V-G)/V (V-D)/V

A1 0.161 0.489 0.465 0.569 482
B1 0.161 0.466 0.581 0.662 467
B2 0.152 0.152 0.581 0.790 467
C1 0.146 0.453 0.694 0.814 422
C2 0.146 0.146 0.694 0.885 422
D1 0.115 0.416 0.514 0.810 422

a Capital letters in the specimen codes correspond to the bath code in Table 1 and the subscripts 1 and 2
correspond, respectively, to drying with the film unconstrained and with fixed dimensions.

b The letters V, G and D denote viscose solution, gel and dried film.
c The water content of fresh gel is defined with respect to the air-dried film.
in Na2SO4 solution (30% concentration).

The sample was washed in plate water and

air dried. The preparation of chitosan/PVA

blend films was also accomplished by the

method similar to the preparation of PVA

films.

The PVA gel and chitosan/PVA compo-

site gel were cut into squares of 90�90 mm.

The samples were immersed in water and

kept for 30 min, to absorb water molecules,

which play an important role as plasticizer

under elongation. The simultaneous biaxi-

ally stretching of the films were carried out

by an Iwamoto biaxial stretcher, at room

temperature. After the stretching, the films

were fixed on the stretching machine for

3 days in order to assuring high dimensional

stability. The dimensional changes of the

specimen are listed with code D1 in Table 2.
Experimental Procedure

Sample Characterization

Contact angle was determined by the shape

of a liquid droplet on the film surface by

using a Kyowa Kaimen Science Instrument

CA-X[12].

The surface was analyzed by electron

spectroscopy for chemical analysis by using

Shimazu, ESCA-850. The sample was irra-

diated with monochromated MgKa X- rays

(8kV, 30mA) and the scanning speed is

0.05V/s to find the atoms of surface.

The complex dynamic tensile moduli

were measured at a frequency of 10 Hz over
Copyright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA
the temperature range from �150 to 2508C
by using a viscoelastic spectrometer

(VES-R) of Iwamoto Machine Co. Ltd.

The detailed method was described else-

where[13].

Orientation Distribution of PVA Chains

Within the Film

The X-ray measurements were carried out

with a 12 kW rotating-anode X-ray gen-

erator (RigakuRDA-rA) operated at 150mA

and 40 kV. When crystallites within the film

are oriented randomly around the film

thickness direction, the best way is to direct

an incident X-ray beam parallel to the film

surface. Of course, the diffraction peak was

detected at 2uB, the angle between an inci-

dent beam and the film normal direction was

tilted at uB. However, the diameter of

irradiated X-ray beam is much larger than

cross section area of the film thickness.

Accordingly, we developed a small but re-

fined instrument to stack a number of thin

films as shown in Figure 1[2].

In such a stacked condition, measure-

ments of the X-ray diffraction intensity

could be performed using a horizontal

scanning type goniometer, operating at a

fixed time step scan of 0.1/40 s over a range

of twice Bragg angle 2uB from 15 to 408.
This method is much better than pole-figure

method to obtain the high diffraction

intensity. The intensity distribution was

measured as a function of a given rotational

angle uj by rotating about the stretching

direction at 2� 58 interval from 0 to 908. uj is
, Weinheim www.ms-journal.de
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Figure 1.

Thin stacked films for measuring X-ray diffraction intensity distribution as a function of twice the Bragg angle at

(a) uj¼ 08 and (b) uj¼ 908.
08 and 908 in Figure 1a and 1b, respectively.

According to the crystal structure of poly

(vinyl alcohol) proposed by Nitta et al.[14],

the diffraction intensity distribution at

twice the Bragg angles, 19.3, 20.0 and

22.88 for the (110),ð110Þand (200) planes,

respectively, may be available for evaluat-

ing the crystal orientation. After applying

corrections to the observed X-ray diffrac-

tion intensity, such as air-scattering, back-

ground noise, polarization, absorption, and

incoherent scattering, and subtracting the

contribution from the amorphous scatter-

ing from the corrected total intensity by

using a method similar to that proposed

by Sakurada et al.[15], the crystal diffrac-

tion intensity distribution was separated

into respective contributions from the

(110),ð110Þand (200) planes. In this proce-

dure, it may be expected that each contri-

bution has a symmetric distribution given

by Lorenz function of twice the Bragg

angles1).

Icryð2uBÞ ¼
X3
j¼1

Ioj

1þ ð2uoj � 2uBÞ2
.
b2
j

(1)

Here bj is the half-width of the j-th peak at

half of the peak intensity and uoj is the Bragg
Copyright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA
angle at which the maximum intensity of

the j-th peak appears. In this system, the

(110),ð110Þand (200) planes correspond to

j¼ 1, 2 and 3. Using the same process at a

given uj in the range from 0 to 908, the

intensity distribution Ijð2uBÞ can be deter-

mined for the respective j-th plane after

integrating Icryð2uBÞ by 2uB at each uj, and

consequently the orientation distribution

function 2pqjðcos ujÞof the reciprocal lattice
vector of the j-th plane may be given by

2pqjðcos ujÞ ¼
IjðujÞR p

0 IjðujÞ sin ujduj
(2)

The degree of the second order moment of

the j-th reciprocal lattice vector may be

given by

cos2uj
� �

¼
R p

0 IjðujÞ cos2 uj sin ujdujR p

0 IjðujÞ sin ujduj
(3)

Thus, the second order orientation factor of

the j-th reciprocal axis may be given by

Fj
20 ¼

3 cos2 uj
� �

� 1

2

� �
(4)

The second order factor of the three princi-

pal axes, Fa
20, F

b
20 and Fc

20 can be obtained by

the measured values of F
½110�
20 , F

½110�
20 and

F
½200�
20 by using the relationship given by Roe
, Weinheim www.ms-journal.de
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Table 3.
The second order orientation factors of the reciprocal
lattice vectors of the (110), ð110Þand (200) planes of
poly (vinyl alcohol) crystals.

Specimen code U(110) Uð110Þ U(200)

A1 0.346 0.294 0.325
B1 0.451 0.247 0.311
B2 0.490 0.226 0.311
C1 0.457 0.202 0.318
C2 0.543 0.180 0.390
A3 0.692 0.141 0.351
and Kribbaum[16]. The degree of orienta-

tion of non-crystalline chain segments in

terms of the same quantity as that for the

b-axis, Fam
20 can be evaluated on the basis of

the simple additive role of crystalline and

amorphous contributions to the total (bulk)

birefringence of the specimen. The second

order orientation factor of the amorphous

chain segments was obtained from the bire-

fringence as estimated by the subtraction of

the crystalline contribution from the total

birefringence, assuming simple additivity as

indicated in the following equation17).

Dtotal ¼ XcDc þ ð1�XcÞDa þ Df (5)

where Dtotal is the total birefringence of the

bulk specimen, Dc, the crystalline birefrin-

gence, Da the non-crystalline birefringence,

Xc the volume fraction of the crystalline

phase, andDf the form birefringence.Dc and

Da are given by

Dc ¼ naF
a
20 þ nbF

b
20 þ ncF

c
20

¼ ðnc � naÞFc
20 þ ðnb � naÞFb

20 (6)

and

Da ¼ ðn== � n?ÞFam
20 (7)

where na,nb and nc are the refractive indices

along a, b and c-axis, which are given as

1.737, 1.717, and 1.827, respectively. n== and

n? are the refractive indices parallel and

perpendicular to an amorphous chain seg-

ment. The intrinsic birefringence of ðn== �
n?Þ of the amorphous chain segment is

88� 10�3 and F20
am is the second-order

orientation factor of the amorphous chain

segments. The procedure for evaluating the

intrinsic birefringence of crystalline and

amorphous phases is quite similar to that

described earlier. These values were esti-

mated by utilizing the values of bond polar-

izabilities proposed by Clement[18], the

crystal structure by Nitta et al.[14] and the

values of intrinsic crystal and amorphous

densities (1.345 and 1.269, respectively) by

Sakurada et al.[13] The orientation factors,

F20 characterize the molecular orientation

distribution with variation between �1/2

and 1. In a simultaneous biaxially stretched

film, they are zero for a random orientation,
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while for complete orientations parallel

and perpendicular to the film normal direc-

tion, they are 1 and �1/2, respectively. By

neglecting Df, the second order orientation

factors of the c-axes and the amorphous

chain segments may be calculated through

Eqs. (5)� (7).
Results and Discussion

PVA Films

Tables 3 and 4 show the second order

orientation factors of the reciprocal lattice

vectors of the (110), ð110Þand (200) planes

of PVA crystals observed and those of the

principal crystallographic axes of the crystal

unit calculated respectively, with respect

to the film normal direction X1 axis. The

same quantity for the orientation of the

non-crystalline chain segments is listed in

Table 4. The subscript 3 indicates drying of

the fresh gel film under a condition of

simultaneously biaxially stretching up to

extension ratio with 2� 2.

From the above results, it may be

suggested that the uniplaner orientation

of the (110) plane and the planer orienta-

tion of the c-axis and non-crystalline chain

segments along the film surface became

higher with increasing Na2SO4 content, and

that the above uniplaner and planar orien-

tations are obvious not only for the speci-

mens biaxially stretched but also for the

specimens dried with fixed dimensions,

rather than with free dimensions, even

from the fresh gel coagulated in the bath A

having relatively low dehydrating power.
, Weinheim www.ms-journal.de
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Table 4.
The second order orientation factors of the three principal crystallographic axes.

Specimen code Ua Ub Uc Non crystalline chain segment

A1 0.296 0.473 0.202 0.211
B1 0.278 0.532 0.158 0.149
B2 0.295 0.540 0.129 0.126
C1 0.282 0.574 0.109 0.114
C2 0.350 0.549 0.062 0.092
A3 0.310 0.615 0.034 0.138
Especially, the degree of the uniplaner

orientation of the biaxially stretched film

was the highest among all the specimens.

For the coagulation of regenerated

cellulose film from viscose solution, similar

uniplaner orientation of the (110) plane of

cellulose II crystal was observed. The orien-

tation behavior was explained in terms of

the slip of crystallites between the hydrated

(110) planes. Moreover, the (110) plane

within the crystal unit[19] was the highest

electron density which is associated with

the lower dislocation energy[20]. The (110)

plane as the hydrated plane has been sup-

ported by comparing the lattice constant of

the (110) plane in hydrated state with that

in the dry state[3].

The uniplaner orientation of the (110)

plane and the planner orientations of the

c-axis and of the non-crystalline chain seg-

ment, as observed above during coagula-

tion as well as biaxial stretching of the PVA

films, may be explained in terms of the

slip of the (110) planes associated with its

orientation so as to parallel to the planar

stress in the system. For a PVA crystal

unit, both the (110) and,ð110Þ planes are

assigned as the hydrogen-bonding planes in

addition to the fact that the (110) plane has

the highest electron density. Hence as

reported for regenerated cellulose films[3],

the preferential uniplaner orientation of

the (110) plane, especially during coagula-

tion, must be attributed to lowering of the

dislocation energy of the plane due to the

hydration[20].

Here it may be noted that the drastic

preferential orientation of the amorphous

chain segments could be observed for the

film elongated biaxially as shown in Table 4.

The orientation degrees are the highest.
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The gels containing water tended to shrink

drastically after removing the stretcher

indicating rubber elasticity[1]. Then, it is

evident that the preferential orientation of

the (110) plane parallel to the film surface is

derived by the planner stress derived under

the evaporation of solvent, when the gel

was dried at the fixed state. Namely, the

slippage of the crystallites on the (110)

plane was attributed to the planner stress

leading to the restriction of the shrinkage of

the non-crystalline chain segments. The

mechanism of the slippage on the (110)

plane is thought to be similar to the plastic

deformation of metal crystals assuring the

minimum dislocation energy[20]. The uni-

planer orientation of the (110) plane causes

the preferential orientation of the c-axes

parallel to the film surface and this orien-

tation behavior may be expected to provide

the improvement of the Young’s modulus

of the films with isotropic mechanical

properties around the film normal direc-

tion.

Based on this concept, the preparation

of the chitosan and PVA blend films

was done by using the above coagulation

method for the PVA films.

Chitosan and PVA Blend Film

Figure 2 shows a WAXD pattern detected

from the side view of chitosan film. The film

was prepared by a casting method without

coagulation process only to check the dif-

fraction peaks from chitosan crystallites.

Here we must emphasize that the film pre-

pared by casting cannot be elongated bi-

axially. The pattern shows the diffraction

from chitosan crystallites. The arcs at inner

side belong to the diffraction from the (100)

plane at 2uB¼ 10.2, while the arcs at outer
, Weinheim www.ms-journal.de
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Figure 2.

WAXD pattern for a chitosan film.
side belong to the overlapped diffrac-

tion from the (002), (120) and ð102Þ planes
at 2uB¼ 19.9� 22.0.

Figure 3 shows the X-ray diffraction

intensity curves from the chitosan (100/0),

PVA (0/100) and for the blend films pre-

pared by casting method. The open circle

show the overlapped experimental intensity
Figure 3.

X-ray diffraction intensity curves of chitosan, PVA and

blend films.
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and the rough and fine dotted lines by the

peak separation belong to the diffraction

intensity distributed from PVA and chit-

osan crystallites, respectively. The solid

curve is the summation of the two separated

curves and it is in good agreement with the

experimental curves. The curves show the

same profile indicating no thermal crystal-

lization. The peaks appeared at 19.38 and

20.28 belong to PVA and chitosan crystal-

lites, respectively and the peak positions

were maintained independent of the chit-

osan/PVA compositions, which indicates

that blending gave no effect on the crystal-

lization of the two polymers. Namely, the

observed curve represented by open circles

shows the simple overlapped peaks from

the individual PVA and chitosan crystal-

lites. This means that the crystallization of

PVA and chitosan occurred independently

under evaporation of solvent.

Based on the results in Figures 2 and 3, it

was found that the diffraction peaks from

crystal planes of chitosan and PVA are

overlapped indicating that the peak separa-

tion of overlapped peaks was impossible,

since the PVA peak composes of the

diffraction peaks from (110) and ð110Þ.
The peak separation for the three peaks is

impossible.

Then, the diffraction pattern from the

blend film elongated up to 2� 2 times is

shown in Figure 4, in which an incident

X-ray beamwas directed parallel to the film

surface.

The sample preparation was done in the

coagulation bath with aqueous solution

containing 300 g/‘. It is evident that the

admixture of chitosan into PVA hampered

the uniplaner orientation of the (110) plane

of PVA crystallites because of the drastic

decrease of the intensity from the over-

lapped peak from chitosan and PVA within

the blend film, which indicates poor planner

orientation of the c-axes of PVA crystal-

lites. This indicates that biaxial stretching is

meaningless to promote the Young’s mod-

ulus. In order to check it, the temperature

dependence of the complex dynamic mod-

ulus was measured for PVA and chitosan/

PVA blend films.
, Weinheim www.ms-journal.de
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Figure 4.

X-Ray patterns of Chitosan/PVA and PVA - parallel to the surface.
Figure 5(a) and (b) show the storage (E0)

and loss (E00) moduli, respectively, as a

function of temperature. From Figure 5(a)

it is seen that the curves of E0 for all

the films decrease significantly with increas-

ing the temperature and tends to level off

beyond 208C. Interestingly, the storage

modulus (E0) for the undrawn chitosan/

PVA blend films is higher than that of the

drawn PVA films. The E0 increased by

biaxially stretching but this tendency is very

small and the admixture of chitosan pro-

vided significant increase in E0, indicating

that planer orientation of the chain axes by

biaxially stretching up to 2� 2 times is not

effective to increase Young’s modulus. In

contrast, the admixture of chitosan plays an

important role to increase Young’s mod-

ulus and to prepare recycling films with high

modulus from the viewpoint of environ-

mental protection and ecology.

The value at 208C for drawn blend film

was ca. 6 GPa, which is about the half of the

ultimate goal of Young’s modulus of an

ideal PVA film whose cristalinity is 100%

and the second order orientation factor was
Copyright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA
�1/2 indicating perfect planner orientation

of the c-axes1).

Figure 5(b) reveals that each of the

complicated profiles of loss modulus of

PVA and chitosan/PVA blend films con-

tain three peaks indicating three relaxation

modes: the local segmental motion at

lowest temperature side, the active mobility

of the amorphous chain segments by water

playing as plasticizer at middle temperature

range and thermal mobility of the chain

segments at the higher temperature side.

This phenomenon was discussed elsewhere

in detail[21].

Table 5 shows contact angles measured

for the PVA and chitosan/PVA blend films.

The contact angles of the blend films are

much higher than those of PVA films,

indicating that wet-ability of the chitosan/

PVA blend films is essentially lower than

that of PVA film. The angles of the un-

drawn and drawn chitosan/PVA films are

closer each other, while the angle for PVA

films become slightly smaller by the elong-

ation. This means that the wet-ability for

PVA films increases by biaxially stretching,
, Weinheim www.ms-journal.de
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Figure 5.

(a) Storage modulus (E0) and (b) loss modulus (E00) of Chitosan/PVA and PVA films, as a function of temperature.

Table 5.
Contact angles (degree) of chitosan, the blend (25/75)
and PVA films.

Sample Chitosan 25/75 blend PVA

Original OriginalDrawnOriginalDrawn

Average angle 91.9 91.7 91.2 75.3 71.8

Copyright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA
while that for chitosan/PVA blend films is

independent of the elongation.

The Electron Spectroscopy for Chemical

Analysis (ESCA) has been used to evaluate

the chemical structure of the 25/75 blend

and PVA for the surface of undrawn

and drawn films. Table 6 shows the ratio
, Weinheim www.ms-journal.de
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Table 6.
The values of O/C for PVA films and O/C and N/C for
chitosan film and 25/75 blend films.

Sample N/C O/C

Undrawn chitosan film 0.1079 1.182
Undrawn blend film 0.0169 0.947
Drawn blend film 0.036 0.963
Undrawn PVA film 0.867
Drawn PVA film 1.656
of nitrogen (N)/carbon (C) and that of

oxygen (O)/C, for chitosan/PVA blend

films and (O)/C for PVA films. The ratio

of O/C for the drawn PVA film is higher

than that of the undrawn film, indicating the

appearance of OH groups on the film sur-

face leading to the diffusion of PVA chains

to the film surface. This satisfies the result

that the contact angle for the drawn films

became lower than that of the undrawn

films.

On the other hand, the data in Table 6

provide that the ratios of O/C and N/C for

the drawn blend film are slightly higher

than those of undrawn film. The very small

increase in the ratio of N/C by the elonga-

tion is related to the slight diffusion of

chitosan molecular chains to the film sur-

face. The results in Table 5 and 6 suggests

that the admixture of chitosan provided an

increase in O/C of the undrawn blend film

but the wet ability of the corresponding

blend film is lower than that of the PVA

film.

Through a series of experimental results,

the significant effect of the admixture of

chitosan was an increase in the storage

(Young’s) modulus and the decrease in wet

ability.
Conclusion

PVA and chitosan-PVA blend gels were

prepared in a coagulation bath with concen-

trated aqueous solution containing Na2SO4

and dried at ambient condition. The follow-

ing concluding could be derived:
1. T
Cop
he preferential orientation of the crys-

tal axes and amorphous chain segments
yright � 2006 WILEY-VCH Verlag GmbH & Co. KGaA, W
within the PVA films was pronounced as

the concentration of Na2SO4 increased.

The further increase of the orientation

was achieved by biaxial elongation of the

gel film.
2. T
he above method could be applied to

the blend films of chitosan and PVA.

The planner orientation of chitosan

and PVA chains could be confirmed

but the quantitative analysis was impos-

sible, since the peaks of chitosan and

PVA crystallites were overlapped. The

storage (Young’s) modulus was effective

by the admixture of chitosan into PVA

rather than biaxial stretching.
3. B
y the admixture of chitosan into PVA,

the wetability of the blend films was

confirmed to be lower than that of

PVA films. The measurements of ESCA

allowed the analysis of the chemical

structure of the surface of the films.

The ratios of O/C and N/C for the drawn

PVA film are higher than that of the

undrawn film, indicating the movement

of chitosan chains to the film surface.
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