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Abstract
Dyes are most commonly used in textile industries and improperly discharged into the
environment. Many other methods to remove dye from wastewater are costly, require high
maintenance and produce wastes, which are even harder to get rid off. In this paper, metal-loaded
(Zn2+ & Cu2+) chitosan hydrogels were synthesised and their effectiveness in the adsorption of
various anion (PO43-) and dyes (methyl orange, reactive red and reactive blue) were investigated.
The adsorption of phosphate anions at pH values of 4, 7, and 10 were also compared. For all
experiments, 1.5g of beads were placed in 15ml 50ppm anion and dye solutions and shaken for
2.5 hours at room temperature. The final concentrations of phosphate, copper and zinc ions were
analysed using a colorimeter and the final concentrations of the dyes were analysed using a
UV-vis spectrophotometer. The zinc-loaded (Cs-Zn), copper-loaded (Cs-Cu) and regular (Cs)
chitosan beads were found to be effective in the adsorption of reactive red and reactive blue at
upwards of 90%. The adsorption of Methyl Orange was lower for Cs and Cs-Zn as compared to
Reactive Blue and Reactive Red. It was found that loading metal cations into the chitosan beads
increased its adsorption capacity for phosphate anions. The amounts of metal cations leached
were within acceptable limits, suggesting that it has the potential to be used safely in waterways
without much pollution to the environment. Last but not least, it was found that the metal-loaded
chitosan beads had the best adsorption capacity at lower pH values.
Introduction
Anionic pollutants such as phosphate are frequently found in industrial wastewater. One effect of
excessive phosphate released into surface water includes eutrophication, such as high algae
growth in enclosed water bodies, which can result in the decline of aquatic life and worsened
human health (Dai et al, 2011).
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Pollutants such as dyes cause significant environmental and health problems. Synthetic dyes
have been increasingly used in the textile, paper, rubber, plastics, cosmetics, pharmaceutical and
food industries. Most of them are toxic and even carcinogenic, and this constitutes a serious
hazard for humans and aquatic animals (Stolz, 2011). Unfortunately, most of these dyes do not
go through conventional wastewater treatment processes, hence persisting in the environment
due to their high stability to light, temperature, water, chemicals, soap and other parameters
(Forgacs, Cserháti, & Oros, 2004). Furthermore, effluents containing dyes are extremely difficult
to treat due to their high chemical demands (COD) and biological demands (BOD), suspended
solids and toxic compound contents.

In the past, there were various methods to remove phosphates, such as chemical precipitation,
ion exchange, biological treatment and adsorption. The first three methods were not stable, were
complex and released other pollutants. However, the adsorption method is a simple, affordable
and easily modifiable method to adsorb phosphates (Liu, Zhang, 2015).

Hence, chitosan was chosen as an adsorbent as it is relatively cheap compared to other forms of
adsorbents such as activated carbon and are environmentally-friendly. It is commonly found in
crustacean shells, is the second most commonly found natural polymer after cellulose. Chitosan
is an effective adsorbent as it is readily available, non-toxic, biocompatible, reactive as well as
adsorptive (Liu, Zhang, 2015). It is able to remove certain cations from wastewater such as
Cu(ll) and Pb(ll) (Moussaoui et al, 2012). This is because chitosan has a variety of functional
groups, such as hydroxyl and amine groups, which are good chelating ligands. The lone pair of
electrons on the nitrogen atoms and oxygen atoms are donated to the metal ion to form
coordinate bonds. This allows heavy metal ions such as Cu2+ to bind with chitosan (Bassi et al. ,
2000). After the adsorption of these cations, they are also able to remove anions such as
phosphate from wastewater through electrostatic interaction. Besides the removal of these
cations and anions, anionic dyes also have the potential to be removed.
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Objectives
1.

Investigate the effectiveness of Cs-Zn beads as compared to Cs beads in adsorbing anions

and dyes.
2.

Investigate whether Cu2+ or Zn2+ when loaded into the hydrogel will make the hydrogel

the most effective in adsorbing anionic pollutants.
3.

Investigate the adsorption capacity of Cs-Cu and Cs-Zn beads for PO43- at different pH

values.

Hypothesis
1.

Cs-Zn beads will be more effective than Cs beads in adsorbing anions and dyes.

2.

Loading Cs hydrogel with Zn2+ will be more effective in adsorbing anions and dyes as

compared to when loaded with Cu2+.
3.

Adsorption of PO43-  would be most effective at pH 7.

Materials
Apparatus/equipment: Magnetic stirrer, Burette, Orbital shaker, FTIR spectrometer, UV-vis
spectrophotometer, Colorimeter, Scanning Electron Microscope (SEM)
Chemicals: Distilled water, Chitosan, Sodium hydroxide, Copper(II) nitrate, Zinc nitrate,
Hydrochloric acid, Potassium phosphate, Reactive red 120, Reactive blue 19, Methyl orange

Methods
Preparation of chitosan hydrogel beads
5g of chitosan was added to 200cm3 of 1%v/v HCl a nd the solution was stirred for 10 minutes.
The prepared solution was added dropwise into 200 mL of 1M NaOH solution using a burette
and stirred at room temperature for 1 hour at 120 rpm. Obtained hydrogel (in the form of beads)
will then be washed in a bath containing deionised water until the water used to wash the beads
reaches a pH between 7.5 to 8.0. The hydrogel would then be stored in deionised water and
analysed using a SEM.
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Fig 1.1 Chitosan solution

Fig 1.2 Loading of Cu2+ into Cs hydrogel beads

Preparation of Cs-Cu beads
The chitosan hydrogel beads will be immersed into a Cu(NO3)2 solution under continuous
stirring at room temperature for 6 h to prepare the Cu(II)-loaded chitosan gel sample (Cs-Cu).
The initial concentration of Cu2+ is 385.0 mg/L. The initial and final Cu2+ concentrations of the
solutions will be analyzed using a colorimeter. The hydrogels would also be analysed with a
SEM.

Preparation of Cs-Zn beads
The preparation of the Cs-Zn hydrogels is the same as the preparation of the Cs-Cu hydrogels
except that the chitosan hydrogels would be immersed in 389mg/L Zn(NO3)2 solution instead.
Anion/dyes adsorption experiments
50 mg/L stock solutions of potassium phosphate and dyes were prepared. 1.5g each of Cs-Cu and
Cs-Zn hydrogel beads were submerged into 15 mL of the test solution. 5 samples respectively
would be prepared and the solutions would be left in an orbital shaker for 2.5 hours at 25 C at
150 rpm. The control will be prepared by immersing Cs beads instead. This is to test the
effectiveness of loading the chitosan with Cu2+ and Zn2+. The final concentration of the
phosphate ions in the solutions can be obtained using a colorimeter. The final dye concentration
can be obtained using a UV-vis spectrophotometer. The percentage removal of the anion or dye
absorbed can be calculated using the formula shown below.
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Initial concentration of dye/anion − F inal concentration of dye/anion
Initial concentration of dye/anion

x 100%

Experiment on the amount of metal cation leached
1.5g each of Cs-Cu and Cs-Zn hydrogel beads would be submerged into 15 mL of deionised
water at pH 7. 5 samples respectively would be prepared and the solutions would be left in an
orbital shaker for 2.5 hours at 25 C. This experiment is done to test if the amount of metal cation
leached is below the maximum contaminant level. The final concentration of the Cu2+ and Zn2+
ions in the solutions can be obtained using a colorimeter.

Experiment on the effect of pH on adsorption of pollutants
The pH of the solution can be adjusted accordingly with 6 mol dm-3 HCl o r 6 mol dm-3 NaOH
solution. 1.5g each of Cs-Cu and Cs-Zn hydrogel beads would be submerged into 15 mL of
phosphate solutions at pH 4, 7 and 10.

5 samples for each pH level would be prepared

respectively and the solutions would be left in an orbital shaker for 2.5 hours at 25 C. Their final
concentrations would be analysed using a colorimeter.

Results and Discussion

Fig 2.1 Percentage Adsorption of Reactive Blue

Type of beads

P value (Mann Whitney U test)

Inference
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Cs vs Cs-Zn

0.2963

Insignificant difference

Cs-Cu vs Cs-Zn

0.0626

Insignificant difference

All the beads were effective in the adsorption of Reactive Blue at upwards of 90%.

Fig 2.2 Percentage Adsorption of Reactive Red

Type of beads

P value (Mann Whitney U test)

Inference

Cs vs Cs-Zn

0.0119

Significant difference

Cs-Cu vs Cs-Zn

0.0117

Significant difference

All the beads were effective in the adsorption of Reactive Red at upwards of 90%.

Fig 2.3 Percentage Adsorption of Methyl Orange
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Type of beads

P value (Mann Whitney U test)

Inference

Cs vs Cs-Zn

0.0122

Significant difference

Cs-Cu vs Cs-Zn

0.0122

Significant difference

Percentage adsorption of Methyl Orange was lower for Cs and Cs-Zn as compared to Reactive
Blue and Reactive Red.

This could be explained by the fact that Reactive Red and Reactive Blue have more nitrogen
atoms than Methyl Orange (14, 6 and 3 respectively), allowing more hydrogen bonds to form
between chitosan and dye molecules. Both Reactive Red and Reactive Blue also have more SO3groups than Methyl Orange (6, 2 and 1 respectively), allowing more electrostatic attraction
between the metal cations and SO3-.

Fig 2.4 Percentage Adsorption of Phosphate Anion

Type of beads

P value (Mann Whitney U test)

Inference

Cs vs Cs-Zn

0.0122

Significant difference

Cs-Cu vs Cs-Zn

0.0122

Significant difference
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Loading of metal cation into Cs hydrogel improved its adsorption capacity for PO4 3- as there is
electrostatic interaction between PO4 3- and the metal cation.

Fig 3.1 Amount of Metal Cation leached
There was leaching of both Cu2+ and Zn2+. However, the concentration of metal cation in the
remaining solutions were lower than that of the maximum contaminant level as specified by the
United States Environmental Protection Agency. Therefore, the metal-loaded hydrogels can be
used safely with minimal impacts to the environment and to human health.

Fig 4.1 and 4.2 Percentage Adsorption at pH 4, 7 and 10 using Cs-Cu and Cs-Zn beads

Type of bead

pH level

P value (Mann

Inference

Whitney U test)
Cs-Cu

4 vs 7

0.0122

Significant difference
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Cs-Cu

4 vs 10

0.0122

Significant difference

Cs-Cu

7 vs 10

0.0122

Significant difference

Cs-Zn

4 vs 7

0.1732

Insignificant difference

Cs-Zn

4 vs 10

0.0122

Significant difference

Cs-Zn

7 vs 10

0.0122

Significant difference

Both Cs-Cu and Cs-Zn adsorbed the most PO4


3-

at
pH 4. Adsorption capacity decreased


significantly at pH10 for both Cs-Cs and Cs-Zn. The lower percentage adsorption at pH 10 could
be explained by the fact that there are more negatively-charged OH- ions in the solution. When
the OH- ions bind to the metal cation in the hydrogel, they would repel the PO4 3- , reducing the
amount of PO4 3- adsorbed. At lower pH values, PO4 3- species are predominant and are removable
via electrostatic interaction (An et al, 2014).
FTIR spectroscopy & SEM images
Cs

Cs-Zn
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Cs

Cs-Zn

Conclusion
The metal cation loaded chitosan hydrogels were successfully synthesised. Loading metal cations
into Cs hydrogel generally improved its adsorption of anionic pollutants and that Cs-Cu was
generally more effective at the adsorption of anionic pollutants than Cs-Zn. Hence, loading Cu2+
into Cs hydrogel was better than loading Zn2+. While there were certain amounts of metal cations
leached, the concentrations of them were within acceptable limits. A mildly acidic environment
yields the best adsorption results for both Cs-Zn and Cs-Cu beads.

In the future, the adsorption capacity of the hydrogel beads for other dyes and anions such as
Direct Red 81 and sulfate anion respectively can be studied. Experiments on the effect of
temperature on the adsorption capacity of anionic pollutants can also be carried out.
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