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Abstract

The purpose of this project is to explore the adsorption rates of different dye methods (direct,
reactive, acidic, disperse, azo dyes) in three shapes of chitosan materials (film, microsphere, and
scaffold) which were formed by 88% deacetylation degree of chitosan. Results of this research
suggest that the samples with larger specific surface areas tend to have shorter adsorption times.
Among the three samples, the chitosan scaffold reached the adsorptive saturation on the third day,
showing the shortest adsorption time of the direct, reactive, acidic, dispersive and azo dyes, whe-
reas the chitosan film reached the adsorptive saturation on the eighth day, giving it the longest
adsorption time of the dyes.
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1. Introduction

Chitin, polysaccharide-based biopolymer, is a derived form of glucose which makes up most of the cell walls of
fungi, the exoskeletons of arthropods, and on the sponge cucumber of the plant kingdom. Also, chitin can be
deacetylated by exposure to concentrated alkali at high temperature to generate a polysaccharide called chitosan,
which can polymerize into cellulose-like structure. The positive charged amino group of chitosan enables a lot
of chemical reactions, including chelating of metal ions, cross-linking, chemical adsorption, etc. Thus, many re-
searchers have been focusing on chitosan for a variety of different applications and studies.

Chitosan demonstrates high adsorption and performs as carrier when exposed to other materials, such as dyes,
heavy metals, protein [1]-[6]. The excellent adsorptive property of chitosan is due to the presence of a hydroxyl
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group (—OH) and an amino group (—NH;), which can form coordinate bond with the anion of heavy metal to
generate heavy metal ion complex. In addition, chitosan is bio-degradable and environmental friendly [7]-[10].
The purpose of this project is to explore the adsorption rates of different dye methods (direct, reactive, acidic,
disperse, azo dyes) in three shapes of deacetylated chitosan materials (film, microsphere, and scaffold) which
were formed by 88% of deacetylated chitosan.

Many carcinogenic materials found in the environment contain benzene ring structure. Especially, dye mate-
rials have benzene rings which could possibly be carcinogenic as well. Thus, it is important and necessary to
search for an effective way to purify sewage (particularly for sewage containing dyes) [11]. Research involving
heavy metals and dye adsorption from sewage was not popular before. Until recently, the International Cancer
Research Center has proven that untreated dyes contain benzene ring chemical, which can enter the food chain
from shrimp and fish to human. Failed to be metabolized, this chemical can accumulate in human body and may
eventually become cytopathogenic [12].

Researchers have found that chitosan can adsorb many materials special dye molecules [1]-[5]. However,
among the relevant studies, the effects of different degrees of deacetylation of chitosan on the adsorption of spe-
cific dyes, or the formula of using fixed chitosan materials for the adsorption of a single dye have not been in-
vestigated [13]-[15]. Moreover, there are very little studies focusing on the different forms of chitosan materials
or the adsorptive properties of different types of dyes. Therefore, this project was to explore the adsorptive pro-
perties of different dyes (i.e., direct, reactive, acidic, disperse, azo dyes) in three shapes of deacetylated chitosan
materials (i.e., film, microsphere, and scaffold) which were formed by 88% of deacetylated chitosan. The ex-
pected result would be to find a simple and effective method to eliminate the carcinogenic dye materials from the
sewage.

2. Experiment
2.1. Preparation

2.1.1. Preparation of Chitosan Film Adsorbent

The powder of 88% deacetylated chitosan (ACROS, ORGANICS) was dissolved into 1% acetic acid to form 3%
chitosan colloid. In a 2 cm x 2 cm square container, 2 mL of 3% chitosan colloid was poured and was placed in-
to an oven (OVEN 453, HSIANGTAI CO., Taiwan) to dehydrate for 24 hours to form a chitosan film. The chi-
tosan film was solidified by slowly stirring in 1% sodium hydroxide for 30 minutes by using a magnetic stirrer
(SP18425, Apogent Technologies). After drying at 30°C, the chitosan film with a thickness of about 0.3 mm can
be stored at 25°C and 65% RH in a programmed temperature and humidity chamber.

2.1.2. Preparation of Chitosan Microsphere Adsorbent

By using a syringe, 2 mL of 3% chitosan colloid was dropped slowly into 1% sodium hydroxide and was solidi-
fied for 30 minutes. The solidified chitosan microsphere was then washed with deionized water and was dried at
30°C in an oven. The dried chitosan microsphere was stored at 25°C and 65% RH in a programmed temperature
and humidity chamber. Measured by the MASTERSIZER, a Laser Diameter Analyzer (Hydro 2000SM, Malvern
Instrument, UK), the size of each chitosan microsphere was about 1.2 £+ 0.3 mm.

2.1.3. Preparation of Chitosan Scaffold Adsorbent

The 3% chitosan colloid was pumped with air to form bubbles and was homogenized at 30,000 rpm by using a
high speed homogenizer (HG-300D, HSIANGTAI CO., Taiwan). In a container with a diameter of 1.5 cm and a
height of 2 cm, 2 mL of the 3% chitosan colloid was dropped to fix the shape at low temperature, followed by
solidifying in 1% sodium hydroxide for 30 minutes. The solidified chitosan scaffold absorbent was washed with
deionized water and was dried by using a freeze dryer (SMR-100, FUYUAN CO., Taiwan). The dried chitosan
scaffold was stored at 25C and 65% RH in a programmed temperature and humidity chamber. A S EM picture
of the chitosan scaffold was shown in Figure 1 (6335F, JEOI, Japan).

2.2. Types of Dyes and the Evaluation of the Adsorptive Rates

2.2.1. Analysis of the Properties of Dyes
In this experiment, five different dye samples (i.e., direct, reactive, acidic, disperse, azo dyes) were tested. In
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Figure 1. A SEM picture of the chitosan scaffold.

Table 1, the chemical structures of the dyes were shown. Except for the azo dye, which was synthesized in the
lab, all the other dyes were provided by the Plastoform Industries Ltd. (Taiwan). About 10 mg of each dye was
used to form a corresponding dye solution with a concentration of 0.1 mg/mL. About 2 mL of each dye solution
was poured into a quartz test tube and was placed into a photospectrometer (V-670, JASCO). The wavelength
was increased by 1 nm each time from 350 to 760 nm. The light absorbances of each dye solution at different
wavelengths were recorded. A standard curve was formed for each dye solution according to the greatest absor-
bance and the corresponding wavelength. For a single dye, five different concentrations were prepared and 2 mL
of each concentration was then poured into a quartz test tube to measure the absorbencies. According to the ab-
sorbance of different concentrations, a formula of the standard curve of each dye solution was formed. The
greatest wavelength, the formula of the standard curve, and the R? value of each dye solution were shown in
Table 2.

2.2.2. Evaluation of the Adsorptive Rates

Three different forms of chitosan samples (i.e. film, microsphere and scaffold) were put into 0.05 g of each dye
solution, respectively. The adsorptive properties of the samples were recorded daily and the time for saturated
adsorption was noted for each sample. The chitosan sample with saturated adsorption was dissolved into 5%
acetic acid. Using 5% acetic acid as the standard solution, the adsorbencies of the samples were recorded. The
adsorptive rate of each sample can be calculated by using the formula:

C(%)=(C,/C,)x100

C, is the adsorbance difference between the chitosan sample before dyeing and the chitosan sample dissolved
into 5% acetic acid after dyeing.
C, is the adsorbance difference between the purified water and the dye solution.

3. Results and Discussion
3.1. The Adsorptive Properties of Different Forms of Chitosan to the Disperse Dye

The adsorptive curves of different forms of chitosan adsorbed with the disperse dye (C. I. Disperse Red 82) for
10 days at a fixed temperature was shown in Figure 2. The time for saturated adsorption by the chitosan film
was 8 days and the adsorptive rate was 55.7%; the time for saturated adsorption by the chitosan microsphere was
shortened to 6 days and the adsorptive rate was increased to 60.6%; the time for saturated adsorption by the chi-
tosan scaffold was further decreased to 4 days and the adsorptive rate was increased to 65.9%. Hence, the time
for saturated adsorption and the adsorptive rate for the reactive dye were changed according to the different
forms of chitosan samples. The experimental results indicated that the forms of chitosan, from film to scaffold,
could shorten the time for saturated adsorption from 8§ days to 4 days, and could increase the adsorptive rate by
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Figure 2. The adsorptive curves of different forms of chi-

tosan samples adsorbed with the disperse dye (i.e. C. L.
Disperse Red 82) at a fixed temperature.

Table 1. The basic information of each dye.

Name of Dye

Chemical Structure

C. 1. Disperse Red 82

C. I Direct Blue 185

C.I. Acid Blue 193

C.I. Reactive Yellow 145

New Azo Dye"
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*Azo dye was synthesized and was provided by Prof. Lin, one of the authors of this paper.

Table 2. The formulas and the R? values of standard curves of the dyes.

Name of Dye Absorptive Wavelength (nm) Formula of the Standard Curve R? Value
C. L. Disperse Red 82 626 nm y = 0.258x 0.971
C. I. Direct Blue 185 552 nm y = 0.449x 0.985
C. L. Acid Blue 193 577 nm y=0.355x 0.985
C. L. Reactive Yellow 145 419 nm y=0.351x 0.940
New Azo Dye 484 nm y =0.423x 0.986
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about 10.4% from 55.5% to 65.9%. These results were due to the differences of the surface areas of different
forms of chitosan samples. According to the adsorptive curve in Figure 2, the scaffold had the highest surface
area, followed by the microsphere; the film had the least surface area. The adsorptive rate increased with the
corresponding increase of the surface area, from 8 days to 4 days.

3.2. The Adsorptive Properties of Different Forms of Chitosan to the Direct Dye

The adsorptive curves of different forms of chitosan absorbed with the direct dye (C. I. Direct Blue 185) for 10
days at a fixed temperature was shown in Figure 3. The time for saturated adsorption by the chitosan film was §
days and the adsorptive rate was 90.9%; the time for saturated adsorption by the chitosan microsphere was
shortened to 5 days and the adsorptive rate was increased to 92.6%; the time for saturated adsorption by the chi-
tosan scaffold was further decreased to 3 days and the adsorptive rate was increased to 94.9%. The experimental
results showed that the forms of chitosan, from film to scaffold, could shorten the time for saturated adsorption
from 8 days to 3 days, and could increase the adsorptive rate by about 4.0% from 90.9% to 94.9%.

3.3. The Adsorptive Properties of Different Forms of Chitosan to the Acidic Dye

The adsorptive curves of different forms of chitosan absorbed with the acidic dye (C. I. Acid Blue 193) for 10
days at a fixed temperature was shown in Figure 4. The time for saturated adsorption by the chitosan film was 8
days and the adsorptive rate was 78.5%; the time for saturated adsorption by the chitosan microsphere was
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Figure 3. The adsorptive curves of different forms of

chitosan samples adsorbed with the direct dye (i.e. C. I.
Direct Blue 185) at a fixed temperature.
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Figure 4. The adsorptive curves of different forms of
chitosan samples adsorbed with the acidic dye (i.e. C. L.
Acid Blue 193) at a fixed temperature.
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shortened to 5 days and the adsorptive rate was increased to 80.6%; the time for saturated adsorption by the chi-
tosan scaffold was further decreased to 3 days and the adsorptive rate was increased to 85.5%. The experimental
results showed that the forms of chitosan, from film to scaffold, could shorten the time for saturated adsorption
from 8 days to 3 days, and could increase the adsorptive rate by about 7.0% from 78.5% to 85.5%.

3.4. The Adsorptive Properties of Different Forms of Chitosan to the Reactive Dye

The adsorptive curves of different forms of chitosan adsorbed with the reactive dye (C. 1. Reactive Yellow 145)
for 10 days at a fixed temperature was shown in Figure 5. The time for saturated adsorption by the chitosan film
was 8 days and the adsorptive rate was 91.6%; the time for saturated adsorption by the chitosan microsphere was
shortened to 5 days and the adsorptive rate was increased to 92.9%; the time for saturated adsorption by the chi-
tosan scaffold was further decreased to 3 days and the adsorptive rate was increased to 95.9%. The experimental
results showed that the forms of chitosan, from film to scaffold, could shorten the time for saturated adsorption
from 8§ days to 3 days, and could increase the adsorptive rate by about 4.3% from 91.6% to 95.9%.

3.5. The Adsorptive Properties of Different Forms of Chitosan to the Azo Dye

The adsorptive curves of different forms of chitosan adsorbed with the New Azo dye for 10 days at a fixed tem-
perature was shown in Figure 6. The time for saturated adsorption by the chitosan film was 8 days and the ad-
sorptive rate was 85.9%; the time for saturated adsorption by the chitosan microsphere was shortened to 5 days
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Figure 5. The adsorptive curves of different forms of
chitosan samples adsorbed with the reactive dye (i.e. C. 1.
Reactive Yellow 145) at a fixed temperature.
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Figure 6. The adsorptive curves of different forms of
chitosan samples adsorbed with the azo dye at a fixed
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and the adsorptive rate was increased to 89.7%; the time for saturated adsorption by the chitosan scaffold was
further decreased to 3 days and the adsorptive rate was increased to 92.9%. The experimental results showed
that the forms of chitosan, from film to scaffold, could shorten the time for saturated adsorption from 8 days to 3
days, and could increase the adsorptive rate by about 7.0% from 85.9% to 92.9%.

3.6. Analysis of the Adsorptive Properties of Chitosan Scaffolds in Different Dyes
at a Fixed Temperature

According to the Figures 2-6, due to the largest surface area, chitosan scaffold had the best results on the time
for saturated adsorption and the adsorptive rate. Hence, chitosan scaffold was used in this experiment to investi-
gate its adsorptive properties with different dyes. The adsorptive curves of chitosan scaffold adsorbed with dif-
ferent dyes were shown in Figure 7. The time required for saturated adsorption of the direct (C. I. Direct Blue
185), acidic (C. I. Acid Blue 193), reactive (C. I. Reactive Yellow 145) and New Azo dyes by chitosan scaffold
were all 3 days; whereas the time required for saturated adsorption of the disperse dye (C. I. Disperse Red 82)
was 4 days. Chitosan scaffold showed different adsorptive rates with different dyes. Chitosan scaffold with the
reactive dye (C. L. Reactive Yellow 145) showed the best adsorptive rate (95.9%), followed by the direct (C. L.
Direct Blue 185), New Azo, and acidic dyes (C. 1. Acid Blue 193) with the adsorptive rates of 94.9%, 92.9% and
85.5%, respectively; chitosan scaffold with the disperse dye (C. I. Disperse Red 82) showed the worst adsorptive
rate of 65.9%.

The above results were caused by the different chemical structures of different dyes. Based on the chemical
structures, the dye with more (—SO5 ) tended to has better adsorptive result. The dye adsorptive property of chi-
tosan was due to the presence of the amino group of the six membered ring of chitosan. The amino group,
changing from —NH, to —NHj; in dye solution, can form ionic bond with sulfonate (—SO; ) of the dye easily.
The reactive dye (C. 1. Reactive Yellow 145) with the greatest number of sulfonate (—SOyJ ) led to the best ad-
sorptive results; whereas the disperse dye (C. I. Disperse Red 82) with no sulfonate (—SO; ) showed the worst
adsorptive results.

4. Conclusion

This project was to investigate the adsorptive properties of three different forms of chitosan (i.e. film, micro-
sphere and scaffold) with the five different dyes, including direct (C. I. Direct Blue 185), reactive (C. I. Reactive
Yellow 145), acidic (C. I. Acid Blue 193), disperse (C. L. Disperse Red 82), and New Azo dyes. The experimen-
tal results indicated that chitosan scaffold had the best results of the time for saturated adsorption and the ad-
sorptive rate with the five selected dyes, followed by the chitosan microsphere; the chitosan film samples had
the worst results. The chitosan scaffold sample significantly shortened the time for saturated adsorption from 8
days to 3 - 4 days; it also increased the adsorptive rates from 4.0% with the direct dye to 10.4% with the disperse
dye. Comparing the adsorptive properties of chitosan scaffold sample to different types of dyes, the reactive dye
(C. L. Reactive Yellow 145) showed the best adsorptive rate of 95.5%, followed by the direct (C. 1. Direct Blue
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185) and New Azo dyes with the adsorptive rates of 94.9% and 92.9%, respectively; the acidic dye (C. I. Acid
Blue 193) had adsorptive rate of 85.5%; the disperse dye (C. I. Disperse Red 82) had the worst adsorptive rate of
65.9%.
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