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Some Physicochemical Measurements of Chitosan/
Starch Polymers in Acetic Acid-Water Mixtures

Virpal Singh,* Kamlesh Kumari

Summary: Physicochemical properties of chitosan/starch solution have been studied.
Chitosan/starch solutions of different concentrations (90/10, 80/20, 70/30, 60/40,
50/50, 40/60, 30/70, 20/80, 10/90) are prepared in dilute acetic acid solution (1%, 2%,
3%, 4%). It is observed that the solution of chitosan/starch is miscible over entire
range of concentration. The solution properties such as viscosity, density and
refractive index are measured. The influence of concentration of solution and speed
of rotation on shear stress and shear rate are also determined for polymer solution.
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Introduction

Chitosan is a modified natural carbohydrate
polymer prepared by the partial N-deace-
tylation of chitin. Chitosan is the deacetyl-
ated derivative of chitin which is a water
insoluble polymer. Chitosan is a natural
polycation, nontoxic, biocompatible and
biodegradable material. Chitin is an abun-
dantly available natural biopolymer found
in the exoskeletons of crustacean like
shrimp, crabs, lobster and other shell-
fish.'3] Chitosan dissolves readily in dilute
solutions of most of organic acids including
malic, acetic, tartaric, glycolic, citric and
ascorbic acid solution.!*! Tt consists of an
amino group which exhibits protonation
under acidic condition. Chitosan is also
found in some microorganisms like yeast

CH,OH

Scheme 1.
Structure of chitosan.
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and fungi. The primary unit in the chitin
polymer is 2-deoxy-2-(acetylamino) glu-
cose. These units are combined by 8-(1,
4) glucosidic linkages forming a long chain
linear polymer. The degree of hydrolysis
(deacetylation) has a significant effect on
the solubility and rheological properties of
the polymer. Chitosan, when dissolves in
acidic solution gives viscous solution. The
viscosity determines the extent of penetra-
tion of chitosan into fabric structure. The
structure of chitosan is essential for the
synthetic chemistry in site selective mod-
ification due the different reactivities of
amino group at C, position and the primary
and secondary hydroxyl group at C; and Ce
positions.’] Chitosan is used for synthesis
of beads,[ﬁ] ﬁlms,m etc. The structure of
chitosan is shown in Scheme 1.

CH,OH

Starch is very important natural poly-
mers. It is regenerated by from carbon
dioxide and water by photosynthesis in
plants. There are many applications such as
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in food industry, in agriculture, in medical
fields, ete.®] As a natural carbohydrate,
starch is considered to be one of the major
constituent of human diet. It is biodegrad-
able and naturally metabolized by human
body. Starch obtained from vegetables and
food grains such as cassava, corn, wheat,
potato, banana, rice, etc.’] Starch is
mainly composed of two homopolymers
of D-glucos; amylase and amylopectin.
Amylase is mostly linear a-D (1, 4)-glucan
and amylopectin has a backbone structure
as amylose but with many «-1, 6 linked
branch points. Starch has different propor-
tions of amylose and amylopectin ranging
from 10-20% amylose and 80-90% amy-
lopectin depending on source. [19-121 §tarch
occurs naturally as discrete granules
since, the short branched amylopectin
chains are able to form helical structures
which crystallize. Starch granules exhibit
hydrophilic properties and strong inter—

exhibit reactivity specific for alcohols. In
other words, they can be oxidized and
reduced, and may participate in the forma-
tion of hydrogen bonds and ethers. Starch is
a renewable, biodegradable, inexpensive,
widely obtainable and environmentally
friendly material.['®!

The experiments with polymer blends
are interesting, since in industry, with
variation in the concentration of the
polymers, with different properties, a
product with some desired characteristics
can be obtained. Knowledge of the mod-
ification of the viscosity values produced
by the utilization of the polymer blends is
important because of the effect that it has
on the operational cost of several stages of
the industrial process. It is important to
know the physicochemical properties of
chitosan/starch solutions as both polymers
find their applications in various fields like
drug delivery, bound healing, dressing

molecular  association via hydrogen materials etc.
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Scheme 2.
Linear (a) and crosslinked (b) structures of starch.

bonding formed by hydroxyl groups on
the granule surface. ">l Linear (a) and
crosslinked (b) structures of starch are
shown in Scheme 2. The available hydroxyl
groups on the starch chains potentially
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Experimental Part
Materials
Chitosan is supplied by Fluka Bio Chemica,

Germany and starch is purchased from

www.ms-journal.de



Macromol. Symp. 2012, 320, 81-86

Himedia (India). Acetic acid (99.5%) is
purchased from Merck, Germany. For the
preparation of solutions, double distilled
water is used.

Preparation of Solution

The solutions of chitosan/starch (ch/st) are
prepared in different weight ratios (90/10,
80720, 70/30, 60/40, 50/50, 40/60) using a
balance (Citizen, C x 200) with a precision
of 1077 kg. Chitosan has higher molecular
weight as compared to starch and both the
polymers can’t be dissolved in a common
solvent due to their different chemical
natures. Therefore, both the polymers were
dissolved separately in different solvents
and mixed together afterwards. The solu-
tion of chitosan is prepared by dissolving a
known amount of chitosan in 20ml of
aqueous acetic acid (1%, 2%, 3% and 4%)
solution at room temperature (25 C)
while stirring for three hours. To prepare
a solution of starch a known quantity of
starch is dissolved in 20ml of ultrapure
water from Millipore Synergy water system
at 95 C while stirring for one hour followed
by cooling. Then both the solutions are
mixed together and kept for 24 hours
which resulted in a bubble free and clear
solution.

Measurements

Viscosity is a measure of fluid resistance
to flow. For the determination of visco-
elastic properties of polymer solutions,
rotational rheometers are perfectly
suited. Viscosity of chitosan, starch and
ch/st blends in different weight ratios is
measured with the help of Brookfield
Digital Viscometer (modal Dv-E version
1.00). The principle of operation of
the DV-E is to drive a spindle (which
is immersed in test fluid) through a
calibrated spring. The viscous drag of the
fluid is measured by spring deflection.
The viscometer is calibrated by using
viscosity standard fluid and accuracy
was £1%. The speed of spindle is fixed
at 30, 50, 60, 100 rpm and spindle number
(1,2,3,4,5,6,and 7) is also fixed according
to the nature of the solution. The spindle
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number 1 is for very low viscous solution
and spindle number 7 is used for higher
viscous solution.

Density is measured with the help of
pychnometer having a bulb volume of 10
cm® and a capillary bore with an internal
diameter of 1lmm. The pycnometer was
filled to specific volume with accuracy
followed by the measurement of mass of
solution.

The measurement of refractive index of
1 g of polymeric sample is done by Abbes
refractometer. The scale is adjusted so that
the boundary between light and dark halves
coincides with the center of the cross hairs.
The refractive index on the top scale in
the lower part of the viewer is read and
recorded.

Results and Discussion

The results are plotted in terms of
apparent viscosity versus the concentration
of ch(g)/st(g) solution. Figure 1 represents
the variation of viscosity of solution with
respect to concentration of chitosan. The
concentration of acetic acid is varied from
1% to 4%. It is observed that the viscosity
of blended solution increases with an
increase in concentration of chitosan in
solution and decreases with an increase the
speed of the rotation. This is due to the fact
that chitosan is a high molecular weight
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Figure 1.

Variation in viscosity of polymer solution with con-
centration of chitosan in 2% of acetic acid solution
and spindle speed.
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polymer as compared to starch and a small
increase in the mass of this polymer results
in more viscous polymer solution. The
decrease in viscosity with increase in the
rpm of spindle is due to the enhanced rate
of shear stress. As the speed of the spindle
increases shear stress increases which
results in an increase in shear rate. The
density of different solutions is also mea-
sured at room temperature (25 C)
(Figure 2). It is noticed that there is an
appreciable increase in the density of
polymer with increase in concentration
of solvent as well as concentration of
chitosan. The refractive index of solution
increases with increasing % of acetic acid
(Figure 3).

Steady Shear Viscosity
In order to describe the steady-shear
rheological properties of samples, the data
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Figure 2.

Dependence of density of solution on chitosan
concentration and percentage of acetic acid solution.
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Figure 3.

Dependence of refractive index of polymer solution
on chitosan concentration and percentage of acetic
acid solution.
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was fitted to the well known Power Law
model.

c=Ky

Where o = shear stress; Pa; K = consistency
coefficient; Pa sec; y =shear rate; sec™
n = flow behavior index, dimensionless.

Apparent viscosity can be expressed as
n=oly

In applying the Mitschka method, the flow
behavior index can be measured from the
slope of the logarithm of shear stress versus
logarithm of rotational speed plot.'*%*!

n = d(logy0)/d(logy)N)

Where o = shear stress, Pa, N = rotational
speed, rpm.

The flow behavior index (n) and
consistency coefficient are obtained by
plotting graphs between log (shear stress)
and log (shear rate) for different solutions
prepared in the predefined compositions.
The obtained values of consistency coeffi-
cient and flow behavior index are given
in Table 1. The value of n for ch/st
solutions (0.4/0.6%) in 2% acetic acid is
found to be 0.595. The values of n indicate
that the solutions are highly pseudo plastic
in nature and this may be assigned to
deviation from Newtonian behavior due
the presence of entanglements. It is
observed that all the blended compositions
exhibit non-Newtonian behavior with
increasing chitosan concentration. Rheo-
grams of all the blends are found to lay
between the rheograms of pure chitosan

Table 1.
Flow behavior index (n) and consistency coefficient
for 2% acetic acid solution.

ch (g)/st (g) Flow Log (consistency
behavior coefficient) = log (K)
index (n)

0.4/0.6 0.595 0.51

0.5/0.5 0.521 0.847

0.6/0.4 0.588 1.721

0.7/0.3 0.742 1.199

0.8/0.2 0.764 1.2180

0.9/0.1 0.701 1.5910
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and pure starch components over the
entire range.

An increase in shear stress is observed
with an increase in speed of spindle
(Figure 5). One can see that as the mass
of chitosan increases in ch/st solution the
shear stress increases which further affect
the shear rate.

As the amount of chitosan increases in
ch/st solution, the shear rate decreases
(Figure 6). The speed of the spindle
increases the shear rate linearly for the
different ch/st solutions. Generally, shear
thinning with higher viscosity is observed
with chitosan concentration. Much,
Delben et. al., ** and Kjonisken et al. >
reported stronger shear thinning at higher
concentration for different systems. This
is probably attributed to increasing inter-
molecular entanglement as chitosan
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Figure 4.
Influence of spindle speed on shear stress for 2%
acetic acid solution of ch/st (0.7/0.3).
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Figure 5.
Influence of spindle speed on shear stress of solution
having different concentrations at 25 C.
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Figure 6.

Influence of spindle speed and solution concentration
on shear rate for 2% acetic acid solution of ch/st at
25 C.

concentration increases, which in terns
leads to more restricted movement of the
individual polymer chains.

Conclusion

A small increase in the quantity of chitosan
produces an enormous effect on solution
viscous. The viscosity increases due to the
entanglement of the long polymer chains.
As the speed of spindle rotation increases,
the viscosity of solution decreases due to
the disentanglement of polymer chains. It is
observed that the blend of ch/st exhibits a
non-Newtonian behavior. Further, the
pseudo-plasticity increases with an increase
in concentration of chitosan. As the con-
centration of chitosan increases in the blend,
the density and refractive index of solution
increase. It is also observed that the shear
stress and shear rate increase linearly
with speed of rotation and concentration
of chitosan. The finding of this study may be
useful for several industrial processes such as
mixing and fluid transport.
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