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AND ITS APPLICATION

M. TAMADA, N. SEKO, A. KATAKAI, S. HASEGAWA, N. KASAI, AND T. SUGO
Takasaki Radiation Chemistry Research Establishment, Japan Atomic Energy Re-
search Institute (JAERI), Takasaki, Gunma, Japan

Graft polymerization can introduce aiming functional groups into conven-
tional polymers such as polypropylene and polyethylene. Especially, the radiation
induced-graft polymenzation (RIGP) is applicable to the variety shapes of the poly-
mers such as membrane, hollow fiber, woven materials, nonwoven materials, and
particles. A separator membrane in a button-shaped battery is a successful applica-
tion of RIGP technique. This membrane has been synthesized by grafting acrylic
acid onto a polyethylene membrane, 0.25 mm thick. In the experimental process for
RIGP, first, a trunk polymer is irradiated with electron beam in nitrogen-gas atmo-
sphere to create the active sites for initiating the graft polymerization. Then, the
irradiated trunk polymer is transferred into graft monomer solution. In this stage, the
graft polymer propagates from the active sites in the trunk polymer. As a result, the
functional groups are directly introduced by using functional monomer. Otherwise,
consequent chemical reaction can modify the graft polymer.

Amidoxime is a well-known functional group which shows a high activity
and selectivity to the heavy metal ions such as Hg, Pb, Zn, and Cd. We have synthe-
sized the fibrous amidoxime adsorbents from nonwoven materials in the following
3 steps as shown in Fig. 1[1].

1) Irradiation of the nonwoven materials with electron-beam.
2) Grafting of acrylonitrile (CH2=CHCN,. named AN).
3) Conversion of cyano groups in poly-AN to amidoxime groups.

In the first step, irradiation of 50-200 kGy is necessary for making the enough radi-
cal amount for initiating of graft polymerization in the nonvvoven materials made of
polyethylene. One or two hours of the grafting in the second step causes the graft
yield of 100~150 %. In the chemical reaction of the third step, hydoxylamine
(NH2OH) changes CN groups into amidoxime group at the yield of 70 ~ 80 %. The
grafting yield of 100 % corresponds to 7~8 mmol-amidoxime/g-dry-adsorbent.

The high rate of adsorption needs the effective diffusion of adsorbate into
the fiber inside of the nonwoven materials. The amidoxime adsorbent was modified
chemically and physically from the viewpoint of accelerating the diffusion of adsor-
bate. In the chemical modification, the grafting was carried out by the mixture of the
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FIG. 1. Fabrication process of adsorbents with radiation-induced graft-
polymerization.
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aiming functional monomer and the acid monomer. The addition of the hydrophilic
monomer like acrylic and methacrylic acid increased the hydrophilicity of the
adsorbents. Consequently, this co-grafting made adsorption rate three times. These
two monomers were grafted on the various nonwove.n material of the different di-
ameter as a physical modification. The adsorption rate was enhanced with the de-
crease of the fiber diameter.

The amidoxime adsorbent was evaluated by the metal recovery from sea-
water, since seawater contains 77 metal elements. The amidoxime adsorbent of 10 g
was packed into the column. The adsorbed metal was eluted by using different con-
centration of hydrochloric acid after the seawater flew with 3 I /min for 7 days.
The alkaline and alkaline-earth metals were eluted with the concentration less than
0.01M. The heavy ion eluted at the concentration of 0.05M. Then, Fe, Cu, U were
eluted at the concentration higher than 0.1M. The selectivity of the metal was ex-
pressed by the value of which concentration in the adsorbent divided by that in the
seawater. It was found that the amidoxime adsorbent has the high affinity against
Cu, Pb, Zn, Mn, Co, Fe, Ni, and U in the order of the selectivity.

On the point of view of the fractional elution with hydrochloric acid, U is
easy to isolate from other elements. In this reason, we proceed to the recovery of
uranium from seawater. In the case of uranium, the concentration is 3.3 ppb only in
the seawater though its total amount reaches 4xl0n kg. This amount is equivalent to
the 1000 times of the mine uranium. The adsorbent was preliminary evaluated by
immersing into the real sea. The uranium concentration attained to 0.7 g/kg-dry-
adsorbent. In 1999 we scaled up the experiment up to Ikg-uranium recovery to
clarify facing problems in the practical system and set up the experimental equip-
ment at the offing of Tsugaru straits in Japan. In this experiment, the adsorbent
cassettes of 120 kg were put into an adsorption bed (mesh-container: 4 m in diam-
eter and 15 cm in inner height). Those adsorption-beds were immersed into the sea
20 m deep from the surface and were suspended from a square floating with one side
8 m long as shown in Fig. 2. In the first experiment in 1999, we obtained 24 g
uranium from 60 kg cassettes immersed for 20 days. The distribution of the uranium
in the adsorbents was considered to be
even in the each adsorbent sheet and cushion T J ^
layer in the cassette. We continue this b u o y ^ f e * ^ ^
experiment till 2001 and will discuss
the possibility of this system in the prac-
tical application.

The amidoxime adsorbent has
so high performance in the recover}' of
the heavy metals that we will apply this
adsorbent for heavy metal ion recov-
ery from waste water in the near future.
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FIG. 2. Schematic diagram of adsorbent
suspension equipment, adsorption-bed,
and adsorbent cassette.
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