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Development of HOM Nanomaterials for Detection,
Simple Removal of Radioactive Cesium'” in Water

National Institute for Materials Science (NIMS) , 1-2-1 Sengen, Tsukuba-shi 305-0047

The environment protection and preservation
from various types of pollutions (radioactive and
heavy metals as well as biological toxin) is the
most crucial issues in the contemporary world [1-8].
Therefore, we have been devoted our efforts in the
field of environmental remediation due to fabrication
and development of high-order-mesoporous (HOM)
composites like nanosponge for selective adsorption
and recovery of hazardous elements such as Arsenic,
mercury, lead, chromium - etc. [1-8]. Since the first
weeks of the Fukushima Daiichi nuclear disaster, a
large amount of radioactive radionuclide (' (150 x
10® Bq), ®'Cs and ""Cs (3 x 10"°Bq)) were diffused
into the environment. El Safty group’s developed a
nanocaptor materials for radioactive strontium (*Sr),
and iodine (*'T) adsorption/recovery systems. These
materials showed possibility to optical capture and
remove 0.02 g of Iodine and 13 mg of strontium per
1 g of nanocaptor; assuming the possibility to remove
I and Sr* with equivalent of 90 X 10 Bq and 65 x
10” Bq respectively, in aqueous solution. Following-up
studies, the newly developed nanocaptor designs are
based on the use of a high-order glassy silica (HOM)/
metal oxide (MOx) composites in millimeter monolith
or nanoparticle shapes as platforms. These HOM-
MOx featured unique atomic arrangements in the
walls with thermally and hydrothermally stable (>
1000C and under steaming for months, respectively),
micrometer or nanoscale particle size, high surface
area (300-1000 m®/g) and pore volume (~1.0 cm®/g),
with innumerable, well-defined pores having a size of
only several nanometers inside the material cavities.
Experimentally, one gram of HOM-MOx is enough

. . . 137 .
material to completely remove radioactive *’Cs in

Sherif A. ElI-Safty

very short time however; the current technology
used approximately one kilogram of material, leading
to reduce the amount of radioactive waste that

reaches tons around the world (Fig. 1).

Functional
Process

I | Modifier
== \?‘ g

(B) ..
3 24 & [
2,0 K % HOM-M-MOx-mdoifier
w 2
c 16} ",
[ .
L 12¢ 3 ‘
@ |
& 038 HOM-M-MOx-Cs |
e 0.4 N
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Wavelength (nm

Figure 1

Fabrication of optical mesoporous HOM-MOXx
captors for visual detection and removal of non- and
radioactive cesium (A), as evidenced from the change
of the reflectance spectra (B) as signaling indication of
recognition and removal of cesium.

Using technology of nanostructure HOM-MOXx,
the following products have been manufactured,;
1-Highly sensitive optical sensor for radioactive
contaminants
2-Full removing with high selectivity towards a
wide concentration range of radioactive elements

s (1 - 100,000,000 Bq / L) of water, air and soil
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3-Safe and magnetic nanocaptors for personal use
(Pocket filter)
4-Nanometer covers design to enhance the security

inside the nuclear reactors.

Characteristics of HOM-MOx products;

1-High sensitivity in low concentrations up to part
per trillion

2-Full decontamination of radioactive in a wide
concentration range.

3-Fast response time (in min) with high removal
efficiency.

4-Visual color change to detect radioactive
elements

5-Excellent reusability without affecting the
adsorption efficiency.

6-High thermal and hydrothermal stability of
materials.

7-High magnetic-gradient property, which makes it

easily used in the purification of both soil and air

In fact, the ultimate objective of HOM-MOx
products is an early warning of radiation, remove
radioactive elements leaked and improve worker
safety and security of nuclear reactors. Therefore,
the nuclear radiation hazards can be controlled for
developing the nuclear reactors for safe energy with

high security.

BA4IVRX - 7057 472<KI[32013(SFT2013) DTHEA
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