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Table 1 The variables investigated for preparation low molecular weight

chitosan by ultrasound and their levels

Levels of each variable

Variables investigated

1 2 3
A Chitosan concentration g/L. 2.5 5.0 10.0
B Reaction temperature “C 10 30 50
C Sonic intensity W cm ™2 3.0 6.0 9.0
D HAc concentration mol/L 0.175 0.525 0.875

Table 2 Conditions of ultrasound treatment and the results of orthogonal

test for preparation low molecular weight chitosan

Sample A B C D M, x10° MM,
1 1 1 1 1 1.33 3.12
2 1 2 2 2 1.55 3.29
3 1 3 3 3 1.38 3.12
4 2 1 2 3 1.64 3.41
5 2 2 3 1 1.71 3.65
6 2 3 1 2 1.81 3.35
7 3 1 3 2 1.72 3.48
8 3 2 1 3 1.91 3.98
9 3 3 2 1 1.66 3.42
ky? 42.6 469 50.5 47.0
ky 51.6 51.7 48.5 50.8
ks 52.9 48.5 48.1 49.3
Variance 10.3 4.8 2.4 3.8
* k; sum of level i
2.2
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Fig. 1 GPC profiles of products of CS4 prepared by
ultrasonication at different reaction periods

Ultrasonic treatment condition concentration of C$4 2.5 g/L

reaction temperature 50°C concentration of HAc 0.175 mol/L

and sonic intensity 9.0 W cm ™2
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Fig. 2 Relationship between the molecular weight and
sonolysis time of five kind of initial chitosan

The parameters of investigated chitosan were listed in Table 1
concentration of chitosan solution 2.5 g/L reaction temperature
10°C  concentration of HAc 0.175 mol/L and sonic intensity

9.0 W cm™?
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Fig. 3 Plot of the reciprocal of molecular weight of degraded
chitosan during ultrasonic treatment using 2.5 g/L. chitosan
concentration at different reaction temperature against sonolysis
time.

Ultrasonic treatment condition concentration of HAc 0.175

mol/L and sonic intensity 9.0 W em™?2
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Fig. 4  Plot of the reciprocal of molecular weight of degraded
chitosan during ultrasonic treatment using different chitosan
concentration at 10°C against sonolysis time

Ultrasonic treatment condition concentration of HAc 0.175

mol/L and sonic intensity 9.0 W ¢m™2
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Table 3 The molecular parameter of initial chitosan
M, ki ; x10°  min~' E* o0 R; ; %/min
Initial chitosan DD %
x10° ko 10 k10 20 ko 30 ko 30 min~' Ro 10 Rio Ra 30
CS1 67.2 5.68 2.32 2.11 2.10 2.19 0.39 4.30 2.81 2.19
CS2 75.9 4.00 1.71 1.30 0.95 1.43 0.36 2.85 1.78 1.15
CS3 81.2 3.86 1.39 1.13 1.04 1.21 0.31 2.41 1.64 1.31
CS4 91.7 2.86 0.83 0.83 0.83 0.82 0.29 1.26 1.12 0.9
CS5 95.3 2.35 0.58 0.56 0.55 0.55 0.23 0.77 0.69 0.64

Ultrasonic treatment condition concentration of chitosans 2.5 g/L.  reaction temperature 10°C  concentration of HAc 0.175 mol/L and sonic intensity 9.0

W cm™2
Il
Table 4 Properties of degraded chitosan
Sample M, x 10° M, IM, DD % Yield %
C4 2.86 5.40 91.7 —
LMWCI 1.61 4.87 91.6 97.3
LMWC2 1.05 4.10 91.5 95.9
LMWC3 0.58 3.08 92.1 93.8
LMWC4 0.22 1.97 92.8 89.7
2.4 Ultrasonic treatment condition —concentration of CS4 2.5 g/I.  reaction
2.4.1 4 temperatur 10°C concentrationof HAc 0.175 mol/L. and sonic intensity

9.0 W em~2 LMWCI-4 were prepared from CS4 by ultrasound treatment
for 10 90 240 and 480 min respectively.
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Fig. 5 FT-IR spectra of chitosan a and degraded chitosan LMWC4
LMWC4 N
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PREDICTION AND CONTROL OF DEPOLYMERIZATION OF CHITOSAN BY
SONOLYSIS AND DEGRADATION KINETICS

LI Jin' DU Yumin' YAO Pingjia® WEI Yuan'an’
' College of Resource and Environmental Science  Wuhan University ~ Wuhan 430079
% Key Laboratary of Guangxi Subtropical Bioresource Protection and Utilization ~Nanning 530005

Abstract Optimal conditions for preparation of low molecular weight chitosan with sonolysis were described. The
influence of sonolysis conditions and the molecular parameters of initial chitosan on the degradation rate and
degradation rate constant was investigated in detail . Weight-average molecular weight M, and molecular weight
distribution M /M, of samples were measured by gel permeation chromatography. The structure of degraded
chitosan was characterized by Fourier transform infrared spectroscopy and X-ray diffraction. For a given sonolysis
time the decrease in molecular weight has been found to be the greatest at the lowest reaction temperature and lowest
chitosan concentration. Molecular weight of samples decreased exponentially with increasing sonication time at early
stages. The action mode of ultrasound on the splitting of molecular chains of chitosan was discussed. The degree of
deacetylation of the main hydrolysis products almost unchanged compared with the initial chitosan. The decrease of
molecular weight led to transformation of crystal structure but the chemical structures of residues were not modified.
Ultrasonic treatment on chitosan is an alternative safe method to prepare different molecular weight chitosan which is
more suitable for biomedical and food applications.

Key words Chitosan Ultrasound Degradation Molecular weight



