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Plot of the distribution ratio (D) against
equilibrium pH in the adsorption of copper
(1) from 1 M ammonium nitrate solution on
original chitosan and 4 kinds of complexane
types chitosans. Initial concentration: 5-10
mM.

O: original chitosan, 0O: Glycine-chitosane,
A: IDA-chitosan, ®: DTPA-chitosan, @:
EDTA-chitosan
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Fig. 2 Relationship between the amount of adsorp-
tion of copper (ll) on original chitosan and the
4 kinds of complexane types chitosans and ini-
tial copper concentration in the aqueous solu-
tion. The numericals in the figure stands for
the maximum adsorption for each adsorbent.
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Fig. 3 Plot of the distribution ratio against equilibri-
um pH in the adsorption of some trivalent rare
earths from 1 M sodium nitrate solution on
original chitosan.
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Fig. 4 Plot of the distribution ratio against equilibri-
um pH in the adsorption of some trivalent rare
earths from dilute sulfuric acid solution on
EDTA-chitosan.
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Fig. 5 Plot of the distribution ratio against equilibri-
um pH in the adsorption of some trivalent rare
earths from dilute sulfuric acid solution on
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Fig. 7 Stability constants of chelates of trivalent
rare earths with EDTA and DTPA.
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ladium (1), platinum (IV), irridium (Ill), and
rhodium (lll) on DTPA-chitosan (q) and shak-
ing time in the adsorption from 1.35 M HCI.
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Fig. 9 Effect of HCI concentration on the distribution
ratio of palladium (II) on 3 kinds of com-
plexane types of chemically modified chitosan
and crosslinked copper (lI)-templated chito-
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Fig. 10 Effect of HCI concentration on the distribu-
tion ratio of platinum (V) on 3 kinds of com-
plexane types of chemically modified chito-
san and crosslinked copper (ll)-templated
chitosan.
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Fig. 12 Plot of % elution of palladium (ll) from the
palladium loaded adsorbents with HCI solu-
tion against its concentration.

DTPA-type

100 ——m8 ———
A: Giycine type |
0O: IDA-type
o 4
O:

crosslinked

Y% Elution
(Ga]
o
N
\[>
>
[>/
’\.
D/
/

/4 é a)
IS N
; o NG
,.19.0 I—'O_lo | ) O\ L ?—
0 2 4 6 8 10
[HCI] mol/dm3

Fig. 13 Plot of % elution of platinum (V) from the
platinum loaded adsorbents with MCI solu-
tion against its concentration.
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Fig. 14 Plot of the distribution ratio against recipro-
cal of equilibrium hydrogen ion concentra-
tion in the adsorption of some base metals
from sulfuric acid solution on EDTA-chito-
san.
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Fig. 15 Plot of the distribution ratio against recipro-
cal of equilibrium hydrogen ion concentra-
tion in the adsorption of some base metals
from sulfuric acid solution on DTPA-chito-
san.
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Fig. 18 Plot of the distribution ratio against recipro-
cal of equilibrium hydrogen ion concentra-
tion in the adsorption of some base metals
from hydrochloric acid solution on EDTA-
chitosan.
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Fig. 20 Comparison of the adsorption of lead (lI) be-
tween EDTA- and DTPA-chitosan and com-
mercial amonophosphonic acid chelating re-
sin (Sumichelate MC-95).
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Fig. 21 Adsorption isotherms of lead (lI) from

hydrochloric acid solution at pH=2 on
EDTA- and DTPA-chitosan.
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Fig. 22 Breakthrough profile of lead (IlI) and zinc (l1)
from the column packed with DTPA-chito-
san. Feed solution; pH=1.78, metal concen-
tration=10 ppm for lead and 900 ppm for
zinc. Feed rate=7.9 m//h; bed
volume=12.7 ml.
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Fig. 23 Elution profile of lead (llI) and zinc (II) with
2.4 M HCI after the complete breakthrough
of both metals from the loaded column of
EDTA-chitosan.
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Summary

The authors’ works on adsorption behaviors of some complexane types of chemically
modified chitosan for metal ions including rare earths, platinum group metals and some base
metals such as copper (II), nickel, cobalt (II), zinc (II), lead (II), vanadium (IV), molybde-
num (VI), and aluminum (III) are reviewed. By incorporating functional groups of com-
plexane such as glycine, iminodiacetic acid (IDA), ethylenediaminetetraacetic acid (EDTA),
and diethylenetriaminepentaacetic acid (DTPA), the adsorption of metal ions by these adsor-
bents is enhanced and pH at which the adsorption takes place is shifted to lower pH; especially,
the adsorption of copper (II) on EDTA- or DTPA-type chitosan is much greater than original
chitosan as high as 10,000 times.

Very different from commercial chelating resins, EDTA- and DTPA-chitosan are able to
recognize and mutually separate trivalent rare earths, a group of metals which are most
difficult to be mutually separated. This is attributable to the fact that the excellent chelating
characteristics of these ligands are still maintained after their immobilization on matrices of
chitosan. The elution behaviors of palladium (II) and platinum (IV) from the loaded chitosan-
based adsorbents are much improved by incorporating the functional groups of glycine or IDA.

Adsorption behaviors for base metals are drastically changed compared with original chito-
san by incorporating the functional groups of EDTA and DTPA. The selectivity series in the
adsorption from sulfuric acid solution are the same with both of these as follows: Cu(II)
=Mo(VI) >Ni>V (IV)>Zn=Co(II)>Al. The adsorption behaviors as such are expected for
extensive practical application for the treatments of metal wastes and hydrometallurgy. Actual-
ly, mutual separation of nickel and cobalt was successfully achieved by using the column pack-
ed with DTPA-chitosan as an example.

Adsorption behaviors for some base metals including lead (II) were also examined from
hydrochloric acid solutions on these chemically modified chitosan. Lead (II) is selectively ad-
sorbed on these adsorbents over other metals such as zinc. The successful mutual separation of

lead away from zinc was exemplified by using the column packed with these adsorbents.
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