BUNSEKI KAGAKU Vol. 53, No. 9, pp. 1039-1043 (2004) 1039
© 2004 The Japan Society for Analytical Chemistry

J — bk

AI/ZAFIVKRAREREX N OBIEOSK EMELE
DIHEZE)

Ul B+, KF %', Akhmad SasarupiN', KB BT !, Ak F=®!

Synthesis of iminodi(methylphosphonic acid)-type chitosan resin and its
adsorption behavior for trace metals

Satoko YAMAKAWAl, Koji OSHITAI, Akhmad SABARUDINl,

Mitsuko OsHIMA' and Shoji MoTomizu'

1Department of Chemistry, Faculty of Science, Okayama University, 3-1-1 Tsushimanaka, Okayama-shi,
Okayama 700 - 8530

(Received 7 May 2004, Accepted 20 July 2004)

A chitosan-based resin possessing the iminodi(methylphosphonic acid) moiety (IDP-type chi-
tosan resin) was synthesized by using cross-linked chitosan as a base material. The adsorption
behavior of trace metal ions on the IDP-type chitosan resin was systematically investigated using a
mini-column (1 ml of the resin) packed with the resin. The concentrations of metal ions in the
effluents were measured by ICP-MS and ICP-AES. The resin could adsorb four metals, such as
In(IIT), Sn(II), Th(IV), and U(VI), by almost 100% over a wide pH range (1~ 7).
Uranium (VI) and thorium could not be eluted with nitric acid and hydrochloric acid (1 ~6 M);
other metal ions were easily and readily eluted with 1 M nitric acid. The IDP-type chitosan resin
synthesized in this work can be applied to the separation of U(VI) and Th(IV) from other metal
ions.

Keywords : chitosan resin; iminodi(methylphosphonic acid (IDP); uranium(VI); thorium(IV);
heavy metals.
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Table 1 Operating conditions for ICP-MS and ICP-
AES instruments

ICP-MS
(Inductively Coupled Plasma Mass Spectrometry)

Instrument Seiko SPQ 8000H : Quadrupole Type
Frequency 27 MHz

Incident power L1kW

Reflected power <5W

Plasma gas Ar 151 min '

Carrier gas Ar 0.45 1 min "'

Auxiliary gas Ar1.01min '

Sampling depth 10 mm from load coil

Sampling cone

Skimmer cone
ICP-AES

(Inductively Coupled Plasma Atomic Emission Spectrometry)

Copper 1.1 mm orifice diameter
Copper 0.35 mm orifice diameter

Instrument Seiko Vista-PRO: Axial Type
Frequency 27 MHz

Incident power L1kW

Reflected power <5W

Plasma gas Ar 151 min '

Carrier gas Ar0.91min "'

Auxiliary gas Ar1.51min '
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Fig. 1 Scheme for the synthesis of IDP-type chitosan resin
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Fig. 2 Capacity of IDP-type chitosan resin at pH 4

IDP-type chitosan resin: 1 ml; U(VI) and Cu(II)
added: 0.1 M, 100 ml; q: quantity of metals adsorbed
on the resin

0.6 mmolml ' &7 5.
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Fig. 3 Adsorption behavior of trace elements at various pHs on IDP-type chitosan resin

Sample volume: 10 ml; Concentration of each element: 10 ng mlfl; Resin volume: 1 ml; Oxidation numbers of
some specific metals in a sample solution are as follows; Ti(IV), V(V), Cr(VI), Mn(II), Ge(IV), As(III), Se(IV), Mo (VI),

Ru(IIT), Rh(IIT), In(III), Sn(II), Sh(IIT), Te(IV), W(VI), Hg(II), TI(I), Bi(III).

Each graph’s scale is represented by

the upper example for U. The elements without graphs were not adsorbed.
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