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DR. KENJIRO KIMURA. HIS CONTRIBUTIONS TO THE AREAS OF NUCLEAR AND -
RADIOCHEMISTRY
Nobufusa SAITO, RIKEN and the University of Tokyo

The late Dr. Kenjiro Kimura (1896-1988), a pioneer radiochemist in J apan,
made significant contributions to fundamental science in the areas of nuclear and
radiochemistry. This lecture will present his important work which includes
radiogeochemical research on natural radioactivity in Japanese rocks, minerals
and mineral springs at the University of Tokyo, and studies of artificial
radioactivity such as discovery of U-237 and new flssmn products at RIKEN.
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Circumustances of inorganic chemistry in his growing period, four professors from whom he
learned, and encounter with many prominent seniors and colleagues.
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WHAT IS NEET?
Kiyoteru OTOZAI
Faculty of Home Economics, Kobe Women's University
NEET is the abbreviation of Nuclear Exitation by Electron Transition. The proof process of
NEET phenomenon using the radioactivity of '®°0s™ (metastable state), which was generated in

the 7s0s plate bombarded by electrons from an electron microscope, was explained plainly.
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New Usage of Radioactive Isotopes
' .at RI Beam Factory

Isao Tanihata

 RIKEN
2-1 Hirosawa, Wako, Saitama 351-01, Japan

The RI Beam Factory project at RIKEN accelerator research facility has
been proposed to the Ministry of Finance from the Science and Technology
Agency this summer. Thousands of RI will be delivered as high energy
beams at this facility. '

In the present talk, I will show, i: how beams of radioactive isotopes (RI
beam) are produced, ii: what is the useful properties of RI beams, iii: recent
topics using RI beams in nuclear physics, and iv: future possibilities at the RI

beam factory.

i: Production of energetic RI beams become possible in mid 80th. At
that time, it was well known that the projectile fragmentation of high-
energy heavy-ion collisions provides the best mean to produce various
isotopes. In addition to large production cross sections, it was found that all
those isotopes are emitted at same speed into a-small forward angular cone.
. These properties of projectile fragmentsﬂwere used to produce RI beams by
a simple separation technique using an electromagnetic separator. Since
the produced RI's are running fast, the separation time is as short as several
hundred ns. Theréfore, all beta unstable nuclei can be separated, in
principle, before their decay and can be delivered in to an experimental

system by a usual ion beam line.
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ii: This method has following advantages for scientific uses;

1.  An element can be selected freely.
The implantation depth and position can be Controlled in high
precision.

3.  The detection efficiency is very high because the radiation technique
can be used.

4. The lifetime can be selected in a wide range.

5. The spin can be selected freely.

These properties are expected to provides new applications in nuclear

chemistry, nuclear physics, biology, and others.

iii: RI beams have been successfully used in hudear physics and in
nudlear astrophysics. In nudear physics, RI beams provided the first
: opportunity to study ground state structures, such as radii, of short live
nuclei. From these studies, new forms of nudclear density dlstrlbuhon,' ‘
neutron halos and neutron skins, have been discovered. These new,,.-,f
properties had not been expected before and essentially all nudear models

are now being tested from ‘a new view point.

iv: At the end, selected new research possibilities at the RI Beam
Factory will briefly be presented. '
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CURRENT STATUS AND PROGRESSES
OF RADIOCHEMISTRY IN CHINA

. Yuanfang Liu

Department of Technical Physics, Peking University,
Beijing 100871, China

Before talking about the main topic, the present research activities of my group are briefly
reported. We have been conducting researches as follows:

1. Application of accelerator mass spectrometry in quantification of adduction of trace toxic
organic compound on DNA and proteins in vivo. Adductions. of tobacco-specific nicotine and
nicotine derived nitrosamine NNK on DNA of mouse liver in a range of low exposure dose were
determined with a high detection sensitivity of 1 adduct/10"" nucleotides. Similarly, the adduction
of nicotine on histones (H1 and H3) in nucleosome of mouse liver cells were measured, attaining
a highest detection sensitivity to date, 4.7 adduct/10'* aminoacids.

2. Radiolabeling .of IgG and MoAb with ¥!%8Re. It was performed directly by the modification
of protein with reductant NaHSO; or 2-mecaptoethanol and transchelating agent tartarate or
glucoheptonate. For the indirect labeling, 4 new bifunctional chelating agents of MAG; analogs
were synthesized. ‘

3. Preparation of '*Re via reaction 'Re(n, y) in high specific activity by Szilard-Chalmers
reaction. 7 Re complexes were synthesized and tested. A high enrichment factor of 210 was
achieved while ReN(S,CNET?), used as irradiated target. The thermal and radiolytic stabilities of
this compound were examined under the simulating condition of a neutron flux of 10™n/s/cm?,

4. Mechanism and kinetics studies of ligand substitution reactions of [**Te(tu)s]** ions by UV-Vis
spectrometry.

As a background of radiochemistry researches, an overview of China’s civil nuclear industry,
mainly the nuclear power plants and radioisotope production, is introduced.

China is gearing up its nuclear power plant industry to bridge the large demand-supply gap of
energy. It has determined to accomplish 8 new nuclear power plants ( besides the present 3 units )
in the coastal industry zone with a total capacity of 6,600 MW during 2001-2003. 20,000 MW is
expected in 2010. An experimental fast breeder reactor (electric output 20 MW) will be
developed in 2000. Development of a test reactor of high temperature gas-cooled reactor has been
started too.

Based on the full operation of 2 reactors and 3 cyclotrons in 3 production centers, supply of more
catagories and larger quantity of radioisotopes may basically satisfies the demands of the whole
country. At present, 20% of radioisotopes used is imported.

China’s natural uranium resource is not so rich. The reliable reserve can meet the demand of
nuclear power plant by 2010. After 2010 it depends upon the further exploitation of the
prospective reserve. The total predictable reserve is ca. 1.7 million t of uranim.

The presentation on status and progresses of radiochemistry is composed of 4 parts in brief. Only
some respresentative work and prominent achievements are presented.

1. Nuclear Fuel Chemistry:

1. A pilot reprocessing plant for power plant spent fuel: It will be bulit in 2000 near Lanzhou in
northweatern China. This plant adopts a conventional 3-cycle PUREX process with an annual
throughput of 60 t UOs.



2. Removal of actinides from highly active waste (HAW): Laboratory study of a lig.-lig.
extraction process using TRPO as an extractant is underway. TRPO is a mixed triaky! phosphine
oxide domestically produced in petrol industry. It can tolerate a rather high acidity of feed
solution, 1 mol/L HNOs.

3. Separation of Am and Ln by HBTMPDTP extraction: Bis (2,4,4-trimethylpentyl)
dithiophosphinic acid (HBTMPDTP) was obtained from a Canadian commercial product Cynex
301 by purification. Extraction yield of Am: 99.9999%; extraction yield of Ln: 0.14%;
decontamination factor of Am: >106. It is a promising extractant for Am/Ln separation.

1. Radwaste Treatment and Disposal:

1. Low and medium level wastes: Treatment by methods of compaction,  incineration and
cementation are in operation, and bituminization and polymerization are in study. In situ bulk
grouting process and hydraulic fracture disposal are also in. study. 3 repositories are being
designed and constructed near the sites of 2 nuclear power plants and 1 nuclear facility.

2. High level waste solidification: A full scale cold equipment for vitrification in borosilicate
glass is under design. The immobilizing properties and fabrication process of 2 categories of
synthetic rock (synroc), freudenbergite Na,AlTisO;6 and perovskite (NagsNdgs)TiOs are
investigated.

3. Ultimate disposal of the high level waste: A permanent repository is planned to be built in a
granite geological structure near Lanzhou by 2040, or even later.

4, Nuclear migration studies: Matching with the long-term radwaste disposal, a series of basic
studies on nuclide migration were carried out on several geological materials, various key
nuclides and by different methods. In my Department the diffusion method has been developed.
1. Basic Nuclear Chemistry:

1. Heavy ion reaction: Target residues from the interaction of Cu with 20-46 MeV/ nucleon *C
ions were studied using the thick-target and thick catcher recoil technique. From the experimental
data the excitation functions, isobaric yield distributions, mass yield dlstnbutlons linear
momentum transfer and excitation energy were deduced.

2. Fission reaction: Forty fission products yields from 11.3 MeV neutron induced fission of 28U
were determined, resulting in a mass-yield curve. In **2Cf spontaneous fission, yields of few
nuclides were measured by radiochemical method. Precise half-lives of long-lived fission
products ’Se and 2%Sn were determined by radiochemical method.

3. Synthesis of new nuclides: In 1991 1996, 6 new nuclides were synthesized: 2ogHg, 185y, 202pg,
21Th, *Ru and **Am. Exceptmg ORu, all were discovered by means of fast radiochemical
separation.

IV. Radioanalytical Chemistry:

1. Molecular neutron activation analysis: Rare earth elements (REE) containing proteins were
extracted in vivo from the leaves of a plant fern. The compositions of REE and proteins were
determined by INNA and SDS-PAGE respectively. Molecular weight of the REE binding
proteins were determined too.

2. Multitracer technique used in China: Adsorption of fission products on mud and sand in the
Yellow River was studied by the multitracer technique. ‘Also, a planned project is being carried
out to study the adsorption of elements on red soils using multitracers which will be produced by
reaction Au(**N, ) at HIRFL.

In addition, the distributions of the institutions involving in radiochemistry as well as the higher

education of radiochemistry (Master’s program, Doctoral program and Post-Dr. program) in
universities and institutes are sketched by map.



—18—



