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Abstract. Aerogel conditioning of the chitosan makes it possible to prepare porous
solids of significant specific surface. The increase in the chitosan concentration or the
degree of acetylation decreases the specific surface of the synthesized chitosan gel.
Whereas drying with supercritical CO, more effectively makes it possible to preserve
the volume of the spheres of gel and to have a more significant specific surface in
comparison with evaporative drying.

1 Introduction

Chitosan is natural biodegradable polymer produced by deacetylation of chitin [1-3]. It is a B-(1,4)-
linked polysaccharide of D-glucosamine. The discovery of chitosan date of the 18th century, but it is
only in the years 1970 that this product aroused a real interest [4-9]. Chitosan, a B-(1,4)-linked
polysaccharide of D-glucosamine, is a deacetylated form of chitin [10,11]. Chitosan is a non toxic,
biodegradable and biocompatible [12-14] natural polymer, and the second most abundant natural
polymer in the world [15]. It is derived from naturally occurring sources, which is the exoskeleton of
insects, crustacean such as crabs, shrinps, prawns, lobsters and cell walls of some fungi such as
aspergillus and mucor [16-21].

Currently, it is known that chitin and chitosan are renewable sources which one can find in
abundance in nature. This fact attracted more interest for the durable development. However,
chitosan is used in many applications [22,23]. It is known for its biocompatibility allowing its use in
various medical applications such as implantation [24], injection [25], antacid and antiulcer activities
[26], potential carrier for drugs [27], biomedical applications [28]. Chitosan also promotes wound
healing [29] and has antibacterial action [30,31]. It is also acts as flocculent for the treatment of
wastewater [32-34]. Chitosan is appeared as an amorphous solid. It is one of the rose natural
polyelectrolytic cation existing in nature. It differs from chitin only by the amino groups. This
difference has a significant effect on the properties of this material. Indeed, the chitosan is soluble in
the diluted acids whereas chitin dissolves with difficulty in solvents. The richness of the chitosan in
particular its degree of desacetylation at the origin of its potential, added with the biological
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properties, make of it a polymer particularly interesting for a multitude of applications. However, the
gel formation is one of the most appreciated for the chitosan applications [35,36].

2 Experimental

2.1 Gel preparation

The chitosan is dissolved in an acetic acid solution (pH = 4). The prepared solution is injected
drop by drop using a syringe in a gelling solution (solution of sodium hydroxide 3M or sodium
dodecylsulphate solution 50mM). The obtained solution is maintained for 6 hours at room
temperature (25°C). Obtained hydrogel (in the form of balls) is filtered, then immersed in baths
containing ethanol/water solutions of which the proportions are: 1/9, 3/7, 5/5, 9/1, 1/0. One obtains
finally an alcogel, which thereafter undergoes an evaporative drying or a drying with supercritical
CO..

2.2 Evaporative drying
Evaporative drying is carried out in a vacuum drying (reduced pressure) at ambient temperature
during 12 hours.

2.3 Drying with supercritical CO,

The alcogel is introduced into an autoclave in the presence of CO, and compressed until the field of
stability of liquid CO, (50 bars, 4°C). Then, one increases the temperature until 31,05°C, the
pressure goes up to 73,8 bars, which allows a change of state of CO, from the liquid state to the
supercritical state. Finally, supercritical CO, is evacuated before cooling to recover the dry solid.

2.4 Thermal analysis

The thermal transformations of the gel were followed by differential thermoanalysis (DTA) and
thermogravimetric analysis (TGA) using a thermobalance and alumina as reference. A few
milligrams of dried gel placed in side a microbalance were pyrolyzed under nitrogen from ambient
temperature to 800°C with a constant heating rate of 10°C/min.

2.5 Adsorption-desorption isotherms

Measurements are performed using a Micrometrics equipment ASAP 2020. We use N, at the
temperature of 77K. Before adsorption, all samples were degassed in vacuum at 250°C during 15
hours. This technique of gas adsorption gives access to the specific surface Sper (m.gh).
Determination of specific area was carried out taking 16.2 A” as cross sectional area of N,.

2.6 Scanning electronic microscopy

The images of SEM were obtained with a Hitachi S-2600N apparatus, using a detector of secondary
electrons.

3 Results and discussion

The xerogel and aerogel are synthesized as shown in figure 1.
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Fig. 1. Synthesis of chitosan gel (Aarogel and Xerogel)

The aerogel prepared by drying with supercritical CO,, preserves the dispersion of the
hydrocolloids from which they result. Thus, CO, supercritical drying makes it possible more
effectively to preserve the volume of the spheres of gel in comparison with the evaporative drying.

3.1 Thermal analyses:

The thermal analyses were performed on powders obtained from chitosan gels. Figure 2 reported the
curves for the different samples.

The DTA data showed for the gels obtained from chitosan (batch-112) gelled by sodium
hydroxide a weight losses in the temperature range 100-200°C “Fig2. a,b,c and d”. Thus, these gels
are stable in this temperature range. The difference between the aerogel (a) and the xerogel (b)
appears on the level of the pace of DTA. Indeed the aerogel presents a more intense peak at 640°C
than that of the xerogel. This indicates the complete burn of the aerogel. For the xerogel resulting
from the chitosan (batch-111) one notices the absence of the weight loss in the temperature range
100-200°C as chown for the chitosan (batch-112). This difference is due to the degree of acetylation.

The xerogel gelled by SDS (e), takes a form of TGA similar to the xerogel gelled by sodium
hydroxide (b). The only difference is at the DTA spectra where the xerogel is completely degraded
towards 500°C.
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Fig. 2. DTA and ATG curves of chitosan gels:
(a): Aerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(b): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(c): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 2,3%.
(d): Xerogel: chitosan (batch-111) gelled by NaOH, [chitosan] = 1,5%
(e): Xerogel: chitosan (batch-112) gelled by SDS, [chitosan] = 1,5%

3.2 Textural analyses
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The adsorption/desorption isotherms of all the gels, shown in figure 3, belong to type II in the
IUPAC classification, which are characteristics of macroporous materials. Specific surface areas,
SBET, vary from 5 m>.g" to 142 m’.g"" (tablel). As shown in Fig. 3 (a), the hysteresis loop start
appearing at lower relative pressures for the chitosan aerogel indicates that the overage pore size is
larger compared to chitosan xerogels. The isotherm of the aerogel shows an initial walk of
adsorption to low pressure, which corresponds to full-course of adsorbed nitrogen. Pore volume
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measurements by nitrogen adsorption show a pore volume of 33 cm’.g”' for the xerogel (b) obtained
from chitisan (batch-112) (1,5 %) gelled by sodium hydroxide 3M. The specific surface areas are
respectively 142 m*.g”" and 82 m*.g".
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Fig. 3. Nitrogen adsorption-desorption isotherms of gels at 77 K:

(a): Aerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(b): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(c): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 2,3%.
(d): Xerogel: chitosan (batch-111) gelled by NaOH, [chitosan] = 1,5%
(e): Xerogel: chitosan (batch-112) gelled by SDS, [chitosan] = 1,5%

This difference in specific surface between the aerogel and the xerogel is due to the process of
drying. Evaporative drying undergoes a significant loss of volume, which had with the surface stress
of the evaporated liquid. However, supercritical drying preserves the pore texture, by avoiding
surface tensions and shrinkage due to the appearance of liquid-vapour interfaces [37].

Comparison between isotherms of xerogels “Fig 3. (b-e)” shows that adsorption on xerogel (b) is
stronger than the other xerogels. This confirms the greatest specific surface of xerogel (b). However,
increase in the chitosan concentration decreases the specific surface (tablel) of obtained gels. In the
same way, specific surface decreases when increasing the DA of chitosan [11,38-40]
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Table 1. Surface area of chitosan gels.

Aerogel (a) Xerogel (b) Xerogel (¢) Xerogel (d) Xerogel (e)

Chitosan Batch-112 Batch-112 Batch-112 Batch-111 Batch-112
[Chitosan] (%) 1,5 1,5 2,3 1,5 1,5
DA of Chitosan 2,9 2,9 2,9 13 2,9

. . [NaOH] = [NaOH] = _ _ [SDS] =
Gelling solution M M [NaOH] =3 M | [NaOH]=3M 50mM
SBET (m2.g-1) 142 82 10 9 5

3.3 Scanning electron microscopy analysis

Figure 4 shows that chitosan aerogel consist of a porous structure. The aerogel present a form of
scaffolds consisted on fibers or leafs disorderly distributed in layers showing its highly porous
structure consisting of interconnected pores. While xerogels showed a microspheric form “Fig 4.”.
The presence of microfibrils in the morphologic structure of the aerogel suggests that the aerogel has
characteristics, which make it a good candidate for fiber spinning [39].

Fig. 4. SEM images of chitosan gel
(a; and a,): Aerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(b): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 1,5%.
(c): Xerogel: chitosan (batch-112) gelled by NaOH, [chitosan] = 2,3%.
(dy and d,): Xerogel: chitosan (batch-111) gelled by NaOH, [chitosan] = 1,5%.
(e, and e,): Xerogel: chitosan (batch-112) gelled by SDS, [chitosan] = 1,5%.
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4 Conclusions

In conclusion, we could highlight that the chitosan concentration, the degree of acetylation (DA) of
the chitosan and the drying conditions of the alcogels have an influence on the final properties of the
aerogel or the xerogel. The increase in the chitosan concentration or the degree of acetylation
decreases the specific surface of the chitosan gel. Whereas CO, supercritical drying preserves the
dispersion of the hydrocolloids from which they result.
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