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The project has been implement continued from year of 2002. Therefore, all
results Obtained from 2002 to 2003 will be concluded in this report.

The prepared methods of metal adsorbents based on chitin/chitosan were
developed that include the adsorbent obtained from chitin grafted with acrylic acid by
different irradiation doses; the clinking chitosan gel beads; the coagulable solution and
the chilosan composite filter. The process of metal adsorption for each adsorbent was
studied as adsorption kinetic, isothermal adsorption.etc. The results obtained have been
applicated for removal of some elements as Hg, Pb, Cd, U, Cu, etc. in the wastewater.

1. Preparation adsorbent materials by grafting chitin with acrylic acid
(AAc)

The graft processes of chilin with AAc were carried out by gamma irradiation of
the mixture of chitin and AAc at different dose of 0, 5,10, 15, 20, and 30 KGy. The
irradiated chilin- ACC were investigated the adsorptive ability of metal ions such as Pb
2 \ Hg 2\ Cr (VI), UO2

2+, and Cd 2 \ etc. The results obtained shown that the adsorptive
ability of chilin grafted and non-grafted chitin with AAc for all elements was difference
at pH values. The grafted chitin with AAc adsorb metal ion from pH =4.5 meanwhile
non-AAc grafted chitin only adsorb these elements at the neutral solution.

Effect of irradiating dose on grafting process of chitin - AAc and metal ion
adsorplive ability of adsorbents also obtained. At irradiation doses of 15- 25 KGy, the
adsorption of some metal ions is about 80 - 90 % at pH 4.5, (Fig. 1).

The adsorption kinetics of chitin - AAc with some elements was investigated.
The results show that the equivalent adsorption was affected by the concentration of
metals in the solution. The Process of isotherm for the adsorption of Pb, Hg, Cr and U
was obtained. The characteristic of the isothermal cures of Pb, Hg, U and Cr shown that
Chilin grafted with AAc somewhat difference with those non grafting,
(Fig.2,3,4,5,6,7,8,9).

Effect of unions such as Chloride and sulphate on the adsorption of chitin-AAc
was studied. Infact, unions chloride and sulphate do not effect on the uranium adsorption
of chitin - AAc at any concentration.
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Figure 1: Adsorption (%) of chitin - AAc with Hg 2+ ion
at different irradiated doses
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Figure 2: Relation of adsorption equivalene and mercury
concentration with chitin - AAC
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Figure 3: Adsorption kinetic of Pb 2+with chitin-ACC
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Figure 4: Isotherm of the Hg adsorption with chitin -ACC
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Figure 5: Isotherm of the Pb adsorption with chitin - ACC
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Figure 6: Effect of pH on the adsorption of Hg and Pb with chitin - ACC
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Figure 7: Adsorption percent (P) of Cr (VI) with
chitin/ chitosan-AAc at different doses.

Figure 8: Effect of pH on the adsorption percent of Cr(VI)
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Figure 9: Isotherm adsorption of UO2
 2+ with chitin-AAC

2. Preparation of coagulable solution from the gamma irradiated chitosan

The coagulable chitosan solutions were prepared from the gamma-irradiated
chitosan at different irradiated doses. The results obtained shown that chitosan was
treated by gamma radiation, its coagulable ability increases even at very high pH value
due to decreasing the viscosity and increasing of dissoluble degree of irradiated chitosan
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in alkali medium. The coagulable chiiosan solution acts as a reagent, which can
neutralize electric charge, and linking of suspends particles.

The samples of chitosan prepared coagulable solution were irradiated by gamma
rays at different doses: 0, 5, 10, 15, 25, 30 KGy. Because of pH values in wastewaler
always at high pH values (pH > 6), the chitosan samples irradiated at dose 20 KGy were
choozen to preparate coagulable solution.

Coagulable ability of chitosan solution for removal of lead and arsenic ion in
wastewater was carried out. The results obtained in our experiments of deposited
velocity, [Fig. 10 ] concentration of ion As (V), Pb'2+ remaining in the solution show that
the irradiated chitosan solutions have coagulable characteristic belter than with those
non irradiated.
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Figure 10: Effect of the coagulable solution non irradiation and irradiation
(Irradiation dose of lOKGy) on the removal of As (V) in the wastewater

The coagulable solutions prepared in our Lab from irradiated chitosan at 10 KGy
named ATMT-10. This solution was tested for removal of Pb2+ ion in wastewater of
Lead Battery Factory in eong Nai. With using ATMT-10, the wastewater containing
0.38 mg Pb/ 1 could be reduced to 0.05 mg Pb/ 1. The results obtained shown in Table 1.

Table 1: Results of removal Pb + in waste water of the eoong nai Lead Baterry
Factory

Name of samples

Concentration of
lead in initial
waste water

Concentration of
lead in initial
waste water

Initial lead
concentration

4.85 mg/L

Concentration of
lead after Pb(OII)2

precipitating

0.59 mg/L

0.16 mg/mL

Use or non using
ATMT-10

Non using ATMT-
J0

Using of ATMT-10
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Waste water in
tank No 4

-

0.39 mg/L

- <0.05 mg/L

Waste water from
lank No 5

Using of ATMT-
10 + FeCl3

3. Preparation of flocculation solution from mixture of chitosan and
polychloride alumium (CA)

The flocculation compound is a mixture of chitosan and inorganic polymers as
PCA, which prepared by mixing of irradiated chitosan and PCA in appropriate portions
of two compounds. After reaction between chitosan and PCA taking play at temperature
40 0C, the mixture was diluted to an appropriate volume. This flocculation solution
named ATMT-30. ATMT-30 compound is powerful neutral reagent for electric charge
particles as well as a linking bridge between particles in aqua medium. This compound
is useful for treatment of wastewater containing inorganic and organic compounds. The
results obtained for removal of As (V) in waste water by using flocculation solution of
the mixture irradiated chitosan and PCA were shown in Table 2.

Table 2: Removal of As in water by flocculation solution of
Gamma irradiated chitosan - PCA

Ratios of
chitosan -

PCA solution
(% w/w)

1: 10

1:5

1:2

1:1

Activity in the solution
containing As (2 mg/ L +
As -75) 1200 count in 20

inL"1* min"1

1200

1200

1200

1200

Usingl inL (locculntion
solution per 20 inL solution

containing As. Sacking
time: 15 inin. 1 mL was

taken and counted

120

Non detection

221

211

Percent of
removal

>90%

>99%

>82%

>83%

4. Preparation of (he cross -linked chitosan resin

The poly- chitosan resins have been prepared in the gel forms including salts of
chitosan chloride, chitosan phosphate. Poly- chitosan resins were formed by reaction of
chitosan salts with glutaraldehide at room temperature. The gel of poly-chitosan resins
was dried at 25 "C for 48 hours. These resins have been used for adsorption of polyoxi
anion of metal as U, V, Cr, and As (V). Some other anion chloride complexion of metals
as Cd and Zn are also studied.

The poly chitosan resins obtained from irradiated chitosan at different doses (0,
5, 10, 15, and 25 KGy). Titration curves of the NaOH 0.1M vs. HC1 0.1 M of the
irradiation chitosan resins shown that KA values were drifted to high pH values
compared with non-irradiation chitosan resins.

The adsorption kinetic of chitosan gel with some elements such as Cu (II), Cd
(II), and Hg (II) was studied. With different concentration of metals, the adsorption
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kinetic chances significantly. At very high concentration of metals, the adsorption
obtained maximum value.

The effect of pH values on adsorption ability of chitosan gel also concerned. In
general, chitosan gel adsorption metals at the neutral medium with maximum values.

The process isothermal adsorption with metal ions as Cd (II), Hg (II) and Cu (II)
was investigated. The differences between three elements were observed ( Fig. 11, 12,
13and 14)
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Figurell: Adsorption kinetic of Cu on chitosan gel bead

- •—10 ppm

-•— 20 ppm I

30 ppm

?<-- 50 ppm

10 20 30

Adsorption time, min

Figure 12: Adsorption kinetic of Cd on chitosan gel bead
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Figure 13: Adsorption kinetic of Hg on chitosan gel bead
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Figure 14: Effect of pH on the adsorption of chitosan gel bead for elements

5. Preparation of composite filter

The composite chitosan filter was prepared by coagulable process. The chitosan
solution (10 mg/ml) was added into beaker containing the mixture of cellulose and
bentonite. The result mixture was dried at 30 "C and to roll into a suitable thin layers.

The chitosan composite filters were tested for stability in acid and base
environment. The metal adsorption ability of the chitosan composite filter also checked
for some elements as lead and cadmium. The results are shown in Table 3

Table 3: Analytical results of BOD, COD, Cd and Pb in waste water
after filtering by the composite-chitosan filter.

Composition in the
waste water

Without treatment

After traelment and
filtering through the
composite filter

After treatment and
filtering through the
Whatman No. 434

COD
(mg/0

3570

120

118

BOD
(mg/0

1200

87

79

Chat ran Jo* Itfng

(mg/Q

801

26.0

24.8

Pb
(ppm)

2.56

Cd
(ppm)

1.32

Cii
(ppm)

4.64

CONCLUSION

The results obtained in this Project are very practical significance. These
adsorbents obtained in the year of 2002 and 2003 and that could be used for removal of
heavy and toxic metals and organic compounds in wastewater
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