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ABSTRACT

In this work, a number of mixture aqueous solutions of chitosan/agar (CS/AG) at different ratios (considering chitosan as the main component) were prepared. 
The rheological properties i.e. shearing viscosity and shear stress of the blend solutions as a function of shear rate as well as the thermal properties of the blend films 
were investigated. Among the parameters studied were temperature, shearing time and storage time. Results showed that almost Newtonian behavior was observed 
at temperatures from 40oC to 55oC for the ratios 100/0, 90/10, 80/20 and 70/30. However, the proportions 60/40 and 50/50 showed a clear shear thinning behavior 
(pseudoplastic non-Newtonian behavior). It was also found that all the blend solutions obeyed the Arrhenius equation. In addition, the effect of shearing time on the 
shearing viscosity of all blends did not show any significant differences at all shearing times applied in this study except the proportion 50/50 wherein decreasing 
in shearing viscosity and shear stress was observed as the shearing time increased. Furthermore, different behaviors were observed for the blend solutions when 
the period of storage was extended to three weeks. The FTIR results and the differential scanning calorimetery (DSC) curves showed that the interaction between 
chitosan and agar can occur.
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INTRODUCTION

Polymeric material has been extensively used in our daily life. Recently, 
polymer blends have received much attention. This is mainly due to the fact that 
new materials with better physicochemical properties can be observed when 
the individual components used to blend are compatible [1,2]. Modification of 
chitosan by blending with other polymeric materials might be of interest for 
some applications. Lots of chitosan blends and composites with other polymers 
have been proposed in the literature, for example, chitosan/cellulose membrane 
[3,4], chitosan/starch [5], chitosan/gelatin [6] and chitosan/collagen [7]. The 
compatibility of chitosan with these polymers may be obtained since chitosan 
is considered as a strongly interacting polymer [8].

Chitosan, 1→  4 linked 2 - amino, 2 – deoxy, β - D - glucan, is a 
polycationic derived from chitin by alkaline deacetylation [9]. Due to the amino 
groups that chitosan possesses in its chain, it can be dissolved in dilute aqueous 
acid solutions, such as acetic acid and propionic acid. Since it is inexpensive, 
non-toxic and possesses potentially reactive amino functional groups, chitosan 
has been evaluated for numerous applications, including medicine, food, 
cosmetics and wastewater treatment [10-14]. 

 Agar is a mixture of polysaccharides which is extracted from the family of 
seaweeds (Rhodophycae). It mainly consists of agarose and agaropectin [15]. 
The former governs the gelling ability of agar. The latter includes ionic groups 
such as sulfate and methoxy groups. The most important property of agar is its 
ability to form reversible gels simply by cooling hot aqueous solutions due to 
the formation of hydrogen bonds [16-18]. Some of its hydrogel blends, such as 
PVP-agar hydrogel, have already been prepared [19]. Agar has a wide variety 
of uses in industry. For example, it has been used in the food area (processed 
cheese, ice cream, bread and soft candy) due to its ability to form hard gels at 
very low concentration [20,21].  

The rheological behavior of chitosan solutions [22-25] as well its 
thermal decomposition and stability [26-29] have been already reported in 
the literature. However, to our knowledge, no much work has been done on 
chitosan/agar blends. Therefore, the present work is aimed at studying the 
rheological properties, i.e, the effects of shear rate, temperature, shearing time 
and storage time on the shearing viscosities and shear stresses of aqueous 
solutions of chitosan/agar blends at different proportions. This work is also 
aimed at studying the thermal properties of chitosan/agar films with the view to 
further explore the thin film properties and its applications. 

EXPERIMENTAL 

Materials 
Shrimp source chitosan was purchased from a local company with a 

deacetylation percentage (DD) of 88.1% defined by UV method [30]. This 
chitosan was acid soluble, white-colored and flaky. Agar was purchased from 
Sigma. Acetic acid (glacial 100%, pro analysi) was purchased from Merck 
(Darmstadt, Germany). Ultra pure water (Maxima Ultra Pure Water, Elga-
Prima Corp, UK) with a resistivity greater than 18MΩ/cm was used to prepare 
all solutions. All chemicals were used without further purification and freshly 
prepared solutions were used in all experiments.

Preparation of the solutions
Chitosan was dried in the oven until a constant weight was observed. Then, 

5 g of chitosan was dissolved in 500 mL acetic acid (0.1 M) followed by mild 
stirring and heating at about 60oC overnight to form 10 g L-1 chitosan solution. 
The solution was then filtered to remove dust and other traces of impurities.  
Air bubbles were eliminated by keeping the solutions at room temperature for 
2 hours.

For preparing agar solution, the same amount and procedure as for chitosan 
were applied with exception of using acetic acid, wherein preheated Ultra pure 
water was used. The solutions were then stirred and heated at about 80oC for 
2 hours.

Preparation of the blend solutions 
Blend solutions were prepared by adding the aqueous agar solution drop 

by drop to a chitosan solution, which was kept on a magnetic stiaring, at about 
94oC, and the mixture was stirred at a moderate speed for 30 min. The final 
composition of chitosan, agar (CS/AG) varied from 90/10 to 50/50 by volume. 
Table 1 shows the designation and compositions for all the solutions prepared 
in this study.

Table 1: Composition of the chitosan, agar and PVA mixtures.
Solution designation VCS (vol %) VAG (vol %)

CS/AG  90/10 90 10
CS/AG  80/20 80 20
CS/AG  70/30 70 30
CS/AG  60/40 60 40
CS/AG  50/50 50 50
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Preparation of blend films 
The preparation of blend films of chitosan and agar was carried out at 

various proportions. The aqueous agar solution was added drop by drop to the 
chitosan solution, under continuous stirring at 90oC in various proportions by 
volume. The range of the added agar to chitosan solution was from 0-50 vol%. 
Stirring was allowed to continue for 30 minutes after mixing. Films of the 
resulting homogeneous solutions were obtained by casting prescribed amounts 
of the solution onto polystyrene Petri dishes followed by drying at 60oC for 48 
h. The films were peeled off and kept under evacuated desiccator over fresh 
silica gel until use. All films obtained were transparent and free of air bubbles. 

Similar films from pure chitosan and pure agar were prepared using the 
same casting procedure and used as references. 

Film thickness
The film thickness was measured with a digital micrometer (Mitutoyo, 

Japan) with 0.001mm resolution. Several thickness measurements were taken 
at various positions on each specimen and the average value was taken.

Methods 
Molecular weight measurements
The molecular weight of chitosan was about 5.5 ×105 g mol-1 determined 

at 30oC by gel permeation chromatography (GPC) equipped with a Waters 
1515 HPLC Pump and a Waters 2414 Refractive Index Detector. The column 
used was PL aquagel-OH 30 (8 μm, 300 × 7.5 mm) and the solvent used was 
1% acetic acid. The molecular weight of agar was about 1.3 ×104 g mol-1 
determined at 70oC using the same method. The GPC was calibrated using 
pullulans as standard.

Viscosity measurements
Rheological measurements were performed on a Brookfield digital 

viscometer, model DV-II + Pro, with an attached UL adapter. Each of pure 
chitosan and pure agar solutions had a concentration of 10 g L-1 while their 
composition (CS/AG) ranged from 90/10 to 50/50 by volume. The viscosity 
was determined in 20 mL of the sample and the shearing time was 15 seconds. 
For the storage time measurements, solutions were kept at room temperature 
in glass bottles in a dark place until analysis. Each measurement was recorded 
as an average value of five readings when a constant shear rate was applied.

FTIR measurements
FTIR measurements of blend films (10μm thick) were performed on 

a Perkin Elmer (model-2000) spectrometer. The spectra were obtained at 
a frequency range of 4000-400 cm-1 with a resolution of 4 cm-1 and 8-times 
scanning rate. 

DSC measurements
DSC studies were performed using a DSC Mettler Toledo (model 

DSC822e). The samples were scanned under a nitrogen atmosphere at a 
constant rate of 10oC/min. 

RESULTS AND DISCUSSION

The effects of temperature on the shear viscosity of chitosan/agar 
blend solutions.

In this study, the searing rate-dependent viscosity of CS/AG mixture 
solutions as a function of shear rate at a temperature range of 40oC to 55oC 
is presented in figures 1(a-g). Higher temperatures were not applied in order 
to avoid thermal degradation of the polymers and solvent evaporation while 
lower temperatures could not be applied due to the gel formation for some 
mixtures.  Similar to that of many polymer solutions, the behavior of the 
viscosity–temperature interrelationship for these mixtures show a decrease of 
viscosity with an increase of temperature. On the other hand, the Newtonian 
behavior is observed at all temperatures for the ratios 100/0, 90/10, 80/20 
and 70/30. However, the increase in shearing viscosity and the appearance of 
shear thinning behavior are clearly noticed for the ratios 60/40 and 50/50. It 
is expected that the increase in viscosity for CS/AG blends is attributed to the 
formation of hydrogen bonding due to the interaction among the functional 
groups of chitosan and agar (–OH and –NH2 groups in chitosan and –OH 
groups in agar).

Figures 1-7 also show the effect of temperature on the shear stress of 
chitosan/agar mixtures as a function of shear rate. Shear stress increased 

with increasing shear rate for all ratios. At the same shear rate, shear stresses 
were higher at lower temperatures. In addition, increases in shear stress with 
increasing shear rate were more remarkable at lower temperatures. From the 
graph it is clear that only the proportions 60/40 and 50/50 exhibit pseudoplastic 
non-Newtonian behavior. The results of pure chitosan solution obtained show 
some good agreement with previous studies [31]. In addition, these figures  
indicate that the temperature has more effect on the solutions at lower shear 
rate values, i.e., the viscosity increase associated with temperature is less 
important at high shear rates. This behavior was also reported in the literature 
for chitosan solutions [32].
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Figure 1: The influence of the shear rate and temperature on the rheological 
curves of (a) pure chitosan solution, (b) (90/10), (c) 80/20, (d) 70/30, (e) 60/40, 
(f) 50/50 and (g) pure agar solutions.

The relationship between shear viscosity (determined at a constant 
shear rate) and temperature for CS/AG blends and the pure components is 
demonstrated in figure 2. This graph shows a nearly linear relationship (Table 
1) whereby viscosity of the mixture solutions decreases with increasing 
temperature, i.e., it is a strong function of temperature. It can also be noted that 
the most effected solution by temperature is the pure agar solution followed by 
the ratio of 50/50.

Figure 2: The relationship between the apparent viscosity and the 
temperature of the blended mixtures at a constant shear rate. 

Table 1: Relationship between the R2 and the blend concentration.
CS/AG R2

100/0 0.9821
90/10 0.9869
80/20 0.9796
70/30 0.9567
60/40 0.9934
50/50 0.9972
0/100 0.9398

The viscosity values obtained at a constant shear rate can be correlated 
with temperature according to the Arrhenius equation:

η = A . e-Ea/RT

where A is a constant related to molecular motion, Ea is the activation 
energy for viscous flow at a constant shear rate, R is the gas constant and T is 
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the absolute temperature in K. A plot of ln viscosity as a function of 1/T should 
produce a straight line and from its slope the Ea can be calculated. Figure 3 
presents an Arrhenius plot for various proportions of CS/AG mixture solutions. 
This graph also shows linear relationships. The values of the apparent activation 
energy are shown in table 2. 

The value of the activation energy of chitosan is in accordance with the 
reported values. For example, Wang and Xu (1994) [33] reported that the 
activation energy varies from 25 kJ mol-1 when DD is 91% to 15 kJ mol-1 when 
DD is 75% for a chitosan concentration of 20 g L-1 (in 0.2 M AcOH/0.1 M 
AcONa). Desbrieres (2002) [31] reported values of activation energy at zero 
shear rate vary from about 15 kJ mol-1 to 37 kJ mol-1 for a chitosan concentration 
range between 0 g L-1 and 40 g L-1 respectively (solvent, 0.3 M AcOH/0.05 M 
AcONa). 

Figure 3: Arrhenius plot of ln η versus 1/T for the blended solutions.

Table 2: The relationship between the viscous flow activation energy and 
the blend concentration. 

CS/AG R2 Viscous flow activation 
energy, Ea (kJ mol-1)

100/0 0.9795 16.79
90/10 0.9877 13.30
80/20 0.9675 12.30
70/30 0.9477 12.97
60/40 0.9959 28.27
50/50 0.9996 17.29
0/100 0.9758 35.41

The effects of shearing and storage time on the apparent viscosity of 
CS/AG solutions.

Viscosity measurements were performed as a function of shear rate for 15, 
30, 45, 60 and 75 seconds at 40oC to study the shearing time effect as shown 
in figure 4 (a-f) (it was difficult to study the effect of shearing time for pure 
agar due to its random behavior at this temperature). At all shearing times, 
CS/AG blend solutions exhibit similar behavior and no significant change 
was observed with exception of the ratio 50/50 wherein increasing in shearing 
time leaded to decreasing in sharing viscosity and shear stress. In addition, 
different behaviors were observed for the blend solutions when the period of 
storage was extended to three weeks at a constant shear rate (Figure 5). Pure 
chitosan showed gradual increase in viscosity while a drop in viscosity from 
about 130 cP to 35 cP was recorded within the first week for pure agar, after 
which it decreased gradually. However, all CS/AG blend solutions recorded 
a big increase in viscosity within the first and second weeks while a different 
trend was observed in the third week. The rapid increase in viscosity with time 
may indicate that some strong interactions have taken place among the chains 
of the two polymers.
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Figure 4: The influence of the shear rate and shearing time on the 
rheological curves of (a) pure chitosan solution, (b) (90/10), (c) 80/20, (d) 
70/30, (e) 60/40 and (f) 50/50 at 40oC.

Figure 5: Effect of storage time on the apparent viscosity (determined at a  
constant shear rate) of CS/AG blend solutions.

FTIR analysis

The spectra of pure chitosan film and pure agar film are presented in figure 
6. The spectrum of pure chitosan film shows a broad band at 3367 cm-1which 
is due to the OH stretching. The band at 1560 cm-1 is assigned for the NH 
bending (amide II) (NH2) while the small peak at 1647 cm-1 is attributed to the 
C=O stretching (amide I) O=C-NHR. The bands at 2927, 2884, 1411, 1321 and 
1260 cm-1 are assigned to CH2 bending due to pyranose ring. The band at 1380 
cm-1 is due to CH3 wagging. The characteristic features of chitosan spectrum in 
this study are similar to previous reports [34-36]. FTIR spectrum of agar film 
shows an absorption band at about 3400 cm-1 which is associated with O-H 
stretching [37] while the peak at 2900 cm-1 is attributed to methoxyl groups 
[38]. The band at around 1640 cm-1 is due to the stretching of the conjugated 
peptide bond formed by amine (NH) and acetone (CO) groups [39]. The peak 
at 1370 cm-1 is assigned to ester sulfate [38] and the bands at 1070 and 930 cm-1 
are associated with the 3,6-anhydro-galactose bridges [40].

The FTIR spectra of chitosan and agar blend films containing various agar 
proportions are also shown in figure 6. A summary of characteristic bands of 
chitosan and agar blend films is presented in Table 3.  As can be seen, the 
increase in the agar content in the blend films caused a decrease in the intensity 
of the band arising from the NH bending (amide II) at 1560 cm-1 of chitosan. 
This was coupled with a similar decrease in the absorbance band at 1411cm-1 
and an increase of band absorbance at 1380 cm-1. Furthermore, the spectra of 
blend films show the disappearance of the intensive band at 1033 cm-1 that 
was obviously observed in the pure chitosan film and chitosan/agar blend 
containing agar content of 10%. This is due to the fact that when two or more 
polymers are mixed, changes in characteristic peaks occur as a reflection of 
the physical and chemical interactions [41,42]. These observations indicate the 
existence of good miscibility between chitosan and agar that is most likely 
caused by the formation of intermolecular hydrogen bonds between the amino 
and hydroxyl groups in chitosan and the hydroxyl groups in agar. 
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Figure 6: Typical FTIR spectra of chitosan/agar blend films having 
various proportions.

Table 3: FTIR  characteristic bands of chitosan/agar blend films. 

Chitosan/
agar
(%)

OH C=O
(amide I)

NH
(amide 

II)

CH 
(amide 

II)
C-C C-O

100/0 3368 1648 1561 1411 1380 1033
90/10 3368 1647 1559 1412 1379 1035
80/20 3371 1651 1558 1411 1379 -
70/30 3368 1646 1559 1411 1379 -
60/40 3371 1647 1560 1412 1378 -
50/50 3379 1647 1559 1417 1376 -
0/100 3400 1643 - 1409 1373 -

Thermal properties

Figure 7 shows the DSC first run curves of pure chitosan film, pure 
agar film and their blended films. After drying, all samples were kept in a 
desiccator before analysis. All compositions exhibited a broad endothermic 
peak at a different position ranging from about 75oC to 84oC (Table 4). Similar 
endothermic peaks have been reported in the literature for chitosan film. For 
example, Lima et al [43] and Wang et al [44] reported an endothermic peak of 
chitosan film at 60.75oC and 83oC for fully deacetylated chitosan and 85% DD 
respectively. As for pure agar, Eldridge and Ferry [45] demonstrated that agar 
film exhibits an endothermic peak at around 90oC while Lyons et al [46] found 
that the agar film shows an endothermic peak at 110oC which is higher than 
the usual reported value. Also, Suzuki et al [47] reported endothermic peaks 
of three kinds of agar gel at different positions ranging from 75°C to 90°C. 
According to some authors, this endothermic peak is related to the melting 
temperature [48]. However, it is often termed as dehydration temperature 
(TD), attributed to the evaporation of water associated with the hydrophilic 
groups of the polymers [49,50] and reflects the strength of water–polymer 
interaction [51,52]. This suggests that some bound water was still not removed 
from the samples when dried in the desiccator. These endothermic peaks were 
absent in the second run curve (not shown here) which confirmed that this 
peak is attributed to the water content in the sample. A closer examination of 
Figure 7 reveals that there is a difference in the endothermic peak area for the 
membranes, i.e., they vary in their water-holding capacity, showing that the 
blended films have higher water content in general than the pure components. 
This could be due to the formation of new hydrophilic centers [53]. Another 
point to be noted is that all ratios have close values of TD to the values of the 

pure polymers except for the ratio 60/40 which shows a higher value. The shift 
of the peak position to a higher temperature indicates a stronger interaction 
with water. It is believed that this variation on the position and peak area is 
due to the physical and molecular changes caused by blending. These results 
suggest that the interaction between chitosan and agar may occur to form films 
with more stability. 

Figure 7: The DSC first run curves of pure chitosan, pure agar and their 
blended films.

Table 4: The thermal properties of chitosan/agar blends with different 
agar content.

Chitosan 
content (%) 100 90 80 70 60 50 0

TD (oC) 
(dehydration 
temperature)

78.8 78.4 77.4 75.7 83.8 74.8 75.3

ΔH (J/g) 
(dehydration 

energy)
227.6 235.9 260.6 336.6 362.5 325.3 240.5

With respect to the glass transition temperature (Tg) of chitosan, various 
values have been reported in the literature ranging from -23oC to about 220oC 
[48,52,54-57] (Table 5). The variations on the values of the Tg of chitosan is 
probably due to the difficulty in identifying it since chitosan is semicrystalline 
[58] as well as due to the large amount of intra-and intermolecular hydrogen 
bonds in its chain [59]. In addition, being a natural polysaccharide, the source 
and the method of preparation of chitosan can influence its Tg [53]. In this 
work, the Tg of chitosan could not be detected.

Table 5: The values of Tg reported in the literature.

Tg (
oC) 194 150 ~220 30 from -23 

to 67 203

Ref 49 50 51 52 53 47

CONCLUSION

This study has shown that the pseudoplastic non-Newtonian behavior 
was observed only for the ratios 60/40 and 50/50 of chitosan/agar blends at 
the range of temperature studied. In addition, the relationship between the 
shearing viscosity and the temperature could be described with the Arrhenius 
equation. This study has also shown that curves of the apparent viscosity of 
pure chitosan, pure agar and their blended solutions exhibited similar behavior 
at all shearing times of 15-75 s. However, the ratio 50/50 exhibited a decrease 
in viscosity and shear stress with increasing shear rate. Furthermore, different 
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behaviors were observed for the blend solutions when the period of storage was 
extended to three weeks, but an increase in viscosity for all blends within the 
first and second weeks was observed. The rapid increase in viscosity with time 
may indicate that some strong interactions have taken place among the chains 
of the two polymers. The interaction between chitosan and agar was confirmed 
by FTIR and DSC.
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