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Plan of Quantum Science Research Center
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Actinide Quantum Science Research Center
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Advanced analysis
of nuclear fucl

*PIXE method
*Rutherford backscattering method
*Accelerator mass analysis

*{p.d. & Ylight ion irradiation test

Rescach of new
matcerial by
ion huplantation

(pd.a) 400MeV,100 2 A Tmm ¢ beam

]
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*Simulatian of irradiation damage and recovery
*Measurement of conductivity ctc.

*Research on RIM effect

* Acceleration of fuel burnup

*Evaluation of irradiation effect for new fuel and material

~Crystal structure analvsis of fuel pellet

= Neutron irradiation test of fuel pellet

*Nuclear cross section of actinide nucle

| *Decp irradiation of fucl pellet
*High dosc neutron irradiation test

*Nuclear property of super transuranics
*Mcasurcment of decay heat
*Productivn of super transuranics

Actinide gnantum science research center is now under planning and will supply
various ion beams for the research on Actinide science. The center aims to be
the nucleus, so-called COE, of actinide research, which gives an opportunity for

cxpanding nuclear science toward 21 century.
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Nuclear Transmutation Research
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An Example of Nuclear Transmutation

Nuclear transmutation is to transmute long-lived nuclides in high level radioactive wastes into
short-lived nuclides. An example of transmutation is shown in the above figure. Accelerators.
LWRs. FBRs. and etc. are considered as the device of transmutation.In order to investigate a
transmutation method. it is necessary to calculate transmutation energy and rate of cach methods.
In this calculation. nuclear data (such as reaction cross section) in good accuracy establish an
indispensable basis.For the purposc of improving the accuracy of nuclear data. following items on

long-lived fission product nuclides are being conducted in our group.

(1) Thermal neutron absorption cross section.

(2) Fine structure of photonuclear reaction cross section.

Since the measurement of (1) is difficult and the experimental data is old. the existing data
have the possibility of containing large error. Therefore. accurate cross section measurements are
tried to be made. Concerning (2). the utilization of fine peaks in photonuclear reaction has not
vet been examined for nuclear transmutation study. The possibility utilizing the reaction is under

investigation.
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Neutron Capture Cross Section

REGHSHMEEZEDBEOBRERFRO OO KB LT — 7 2B L 2EBL LT, g
BHE 197Cs L 90Sr , 99T , 1291 O Bhrh M- FURINBT KT B% ( 00) RUSESY (L) DMEFEREET-> T
Wi,

1, Bl LT, BOIDRIZE BABARI D LERLTHY 4, M2 ISRT L 54z, v
MORFELFNTT2EICE Y BRI OBE LTV, - 0EENESOTVET. B1E, Re e
ﬁmLLWﬁf%ﬂWﬁ%tﬂ%ﬁﬁ@ﬂmﬁ%%\@OM%%KloTM%KﬁﬁéhTwé?—
yE-HUIRLTVET,

TIRBR RS

Table 1 Our results of the neutron capture cross sections and
the resonance integrals compared with the previous data
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To obtain fundamental data for research on the transmutation of nuclear wastes,
the thermal neutron capture cross section ( op) and the resonance integral (I;) have
been measured for fission products, 37°Cs . 29S¢ , 99Tc¢ , and 1.

Figure 1 shows the j-ray spectrum from the decay of '’ as an example. As
shown in Fig.2, the half-life was also determined by analyzing the decay of the ~-
ray. Results of the neutron capture cross section and the resonance integral are
listed in Table 1 together with the previous data reported.
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Fine structure of photonuclear reaction cross section
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Fig.2 Our Measurement System Fig.3 Photonuclear Cross Section

Expected to be Measured (blue line) :
The Existing Data (red line)

Nuclear transmutation using photonuclear reaction is one of the methods to trans-
mute fission products. It is known that there are absorption peaks called ‘fine stru-
crture’ in photonuclear cross section. High transmutation efficiency is achievable by
irradiating monochromatic photons at the peak energy. However, the position and
the width of the fine structure peak have not been known because of the restriction
of the experimental energy resolution.

The purpose of this study is to measure the fine structure in good resolution.
In order to measure the fine structure, a high resolution and high energy photon
spectormeter HHS was developed whose energy resolution is less than 0.1%. The fine

structure is observable by measuring transmitted photon spectrum through target
using HHS.
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Isotope microanalysis
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On the analysis of fission products. measurement of the isotopic ratio is important in terms
of the treatment of products. However. because of the radioactivity of the analytical sample. its
amount is limited. The implovement of the analytical system can make the isotope microanalysis
with the high accuracy.

The characteristics of our analytical system are listed as follows:

(1) By controlling the heat temperature of the sample with the Knudsen cell. the objective

molecule can be selected and introduced into the ion chamber.

(2) By providing the liquid nitrogen cooling trap surrounding the mass filter. the degree of
vacuum of 10~? Torr order can be easily obtained, and the background spectrum can be
reduced sufficiently.

(3) The pulse counting such as §-ray spectrometry is performed by digitalizing the output signals

from the electron multiplier.
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New Carbon and Carbonatious Materials
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The dream of creating ‘superatoms’ has lead to renewed interest in the synthesis
and characterization of newly discovered carbon-caged materials, fullerenes.Material
research group uses an electric arc-discharge apparatus to synthesize endohedral-
fullerenes. metal(s) incorporated inside the carbon cage. A metal atom behaves as an
atomic nucleus in endohedral metallofullerenes. Recent advances in isolating these
endohedral metallofullerenes have greatly increased the opportuuities for studying
their reactivity and properties. Actinide-encapsulation could give rise to a miriad
of novel molecules and materials.
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Alkali-Fulleride Superconductor
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The interstitial doping with alkali-metals of crystalline fullerene solids is reported to  yielded
the superconductor with transition temperature Te values exceeding 30Kk.

However. an investigation of the existence of other superconducting phases in A;Cgo(A:alkali
metal) with heat treatment has not been reported yet. because the kinetics of the reaction of Cyq
with alkali-metal are complex.

It is found by measuring maguetic susceptibility of RbxC60 (X=4.5.6) under heat treatment that
for RbxCgo(x = 4. 5.6). a superconducting transition at 12.5 K appears on prolonged annealing at
400°C. while a clear superconducting transition at 30 K due to the Rb3yCgo phase still remained.

We will be pursuing these rescarches for the purpose of applying the superconducting techuology

to a nuclear field.

Innovative Technology Development Section

o



PNC TN8100 96—005
7I7F K mIeMABS S HFDER

Synthesis of Actinide Carbide Encapsulated
within Carbon Nanoparticle
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FIG.1. High-resolution TEM image of a FIG.2. Energy-dispersive X-ray spectra for
carbon particle prepared by evaporating (a) the uranium ore filled in the composite
an uranium cre composite ancde. A void is ancde. (b) the core material surrounded by
also left on the right-hand side of the the graphite cage. Peaks of copper are due
inner space. to the copper grid that supports the

specimen.

We have heen studying the preparation and characterization of the metal-nanoparticles.
The metal-nanoparticles are nanoscale giant metallofullerenes. and are formed in the
negative electrode houle that grows in the are process.

Recently. we have succeeded in the encapsulation of actinide carbide (UC, and
ThC,) within the nanoparticles. We will be pursuing the study of isolating the
actinide-nanoparticle from the graphite electrode. obtaining the physical properties
of these nanoparticles and secking the way of applying these nanoparticles to the

nuclear field.
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Recovery of Valuable Metals
from Spent Nuclear Fuel
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Conceptual Flow Sheet for Recovery of
Valuable Metals from Insoluble Residue

Processing steps of the recovery of valuable metals from spent nuclear fuel are studied by means of
experiments of lead extraction from high level radioactive waste (HLW') and selective separation of noble
metals from simulated waste. Lead extraction is found to be effective to recover valuable metals from the
actual insoluble residue in dissolver solution of spent fuel and the calcination of high level liquid waste.
As for refining processes of noble metals extracted in lead. selective separation of ruthenium by ozone
oxidation method and mutual separation of rhodium and palladium by sclvent extraction method are
cxamined. Both methods are found to have high efficiency for refining these three metals. An optimum
couceptual flow sheet for recovery of valuable metals from HLW is derived from these experimental studies.
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Hecovery of Valuable Metals
from Spent Nuclear Fuel
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Platinum-group Alloy Recovered from Insoluble Residue

Speut nuclear fuels contain significaut quantities of valuable metals - the platinum-group metals
and technetinm. The recovery of the platinnm-group metals. palladinin. rhodium and ruthienium.
leads to a new source of these three metals which have uncertainty in supply becanse of world's
limired producers and are increasing in demand because of the growth of high-technology industry.

PXNC began in 1986 to study and has been developing the technologies to recover and utilize
three of the platinum-group metals from spent nuclear fuel as a parr of the partitioning program
of HLW (OMEGA project).

Above photograph shows platinuu-group alloy recovered from the actual insoluble residue in

HLLW by mean of iquid metal extraction method.
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Photochemical Study of Actinide Elements
in Nitric Acid Solution
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We have been studying on photochemical technologies as one of high-technologies for the effective
and simplified separation of actinide elements and reduction of producing wastes. As the prob-
lem before us, the experiments of photochemicaly adjusting plutonium(Pu) and neptunium(Np)
valences for separation or co-extraction were carried out and the mechanism of the photochemical
reactions were evaluated. From the experimental data, it was found that photo-excited nitric acid
ions, *NOj', by UV light from Hg lamp, have strong oxidative ability and they easily oxidized Pu(
III ) and Np( V') to Pu( IV, VI ) and Np( VI ), respectively. Then, we could photochemically
adjust Pu and Np valences, in nitric acid solution containing small amounts of reductant and de-
composing reagent of HNO,, to suitable valence condition for separation or co-extraction, Pu( IV
. VI )-Np( V) or Pu(IV . VI )-Np( VI )(Fig.1), respectively. Furthermore, we discovered strong
dissolution ability of the photoexcited nitric acid ion for the first time where UO, powder was

easily dissolved by it even at room temperature(Fig.2).
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High-Gradient Magnetic Separation
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We have proposed magnetic chromatography : a new technique for continuous
separation of ultrafine particle (i.e. < 1,000Adiameter). This technique is using
field flow fractionation, and the separation results from differences in the magnetic
susceptibility and volume of the ultrafine particles. Magnetic chromatography is
done by applying flow fractionation to the concentration distribution in a channel
from 5 to 50 gan thick and using embedded ferromagnetic wires from 2 to 20 gun
in diameter. Theoretical analysis shows that high-gradient magnetic fields gener-
ate very steep distribution of the concentration of Nd fine particles that have a
susceptibility 3.5 x 1073 and a diameter of about 100 to 150 A. A simplified nu-
merical simulation of magnetic chromatography technique suggests the potential of
separating very weak paramagnetic materials (e.g., Pu and Nd) which we have not
been able to deal with through the conventional high-gradient magnetic separation

techniques.
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Computational Chemistry
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Now. we are investigating clectronic structures and chiemical honding of actinide
compounds using discrete variational (DV)Xa molecular orbital calculations. Gen-
crallv. it is conusidered that most of the microscopic structures. functions and changes
of materials are due to their eleerrical states. Threfore moleenlar orbital methods
cau be widely applied to all industrial fields. When molecules are composed of heavy
atolns such as actinides. relativistic effeets are remarkable in eleetronic structure and
chemical bonding. From the viewpoint of quantwm chemistry. the significant dif-
ference in electronic structure between lantanide elements and actinide clements is
derived from the behavior of f-orbital.  Taking full advantage of the techuiques
of reprocessing and producing of nuclear fuel developed in PNC. we have studied
the advanced computational method in electronic structures and chemical honel-
ing of actinide compounds. aud the properties of actinide compounds using hotly

caleulations and experinents.
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Separation and recovery of light isotope elements

Exd, L-¥FIeREM L LTHC - BRI TE O FEINRIF RN N -2 RREL D 726 | R T
KR RKFE., EBELE) 2RO BEIEERORBEERL T, L—FIZX B AMES
SEEOYFEIE . ABEMICEWI SRS ONAZ LIZH Y, SEEROSELER—INA i LT
WiFshTtwit,

KBRS HEFFICH L TIE, TEA-CO L —F 2 LIEEYWRIC7ur 2 2 HwT'C o
TEHEEHBE LLFERERERBRE T L, TOME. RETHOSAK1700. MR 1%2HBT
L7

ZXRAMAESEMEICEHL T, PN 2B E LB ERRBRYiTo TwE ¥, BE. BN 24
BT HDIEHELE CW-COy L —HFEHCHEORABRAREERL T ET, SE,. T €
ST HAEEEDEICER L, IRBIBIHEIC L 2WEMTEOECEFALZL—FF V7 METT,

FTmAH A EE
K WAL CHRRE—E Spec o snslraer Sample gas
7R RYem® MY O Y 208 5%) |_?
Table.1 Decompaosition rate and separation coefficient r Resction ecl @ o
WPV - L evHAR RBES) L_
54> (Tom} { ‘shar) LA X
3
9P10 8 | e30x10¢] 0532 Q-mass system
P20 718 148X 10! 31
P30 785 691X 10 "7 Vacuum system
CW-CO3 laser
9P36 69.3 3.86x10% 1673
@1 L= Y7 bR R

Fig.1 Experimental arrangement of light-induced drift

We have been studying on isotopic separation and recovery technologies of light
clements (for example, carbon and nitrogen) with use of a laser for the recovery
of MC -radioactive isotope and for future nuclear fuel of >N -nitrogen compound.
The laser isotope separation has the potential of high separation efficiency, and this
method is expected to advance in separation technology.

With respect to carbon element, we have experiments on isotope separation using
Fron22 doped with MC by irradiation of the TEA — CO, laser. The maximum value
of separation coefficient and decomposition rate were obtained to be 1700 and 1.5%
were obtained, respectively.

With respect to nitrogen element, the basic experiments for separating N isotope
are carrying out by the light-induced drift (LID) method of the CW —CO; laser using
ammonia molecules as a functional material. This LID was induced as a result of
the variation in the transport cross section after excitation of the vibrational states
by absorbing laser.
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High Performance Optics for FEL
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The new high power and variable wavelength laser. FEL has been expected to be applied in
the field of nuclear power. studied as a part of Cross-Over Research on Underlying Technology of
Nuclear Power. PNC takes part in this study,and takes charge of R&D in the high performance
optics for FEL. No optics is avairable now for practical use. It is impossible to produce the optics

for FELusing the standard methods and materials. Therefore, we are carrying out following R&D.

(1)} Creation of Diamond Like Carbon(DLC) film as new film for short wavelength
Experiments of the creation of DLC film was carried out using ion-deposition method. Then.
following results was obtained.

(a) The DLC film .thickness:100nm and index:1.92 - 1.95. was created on various substrates
(S8i0y.CaFse.t.c.).
(b) The damage threshold of DLC film created on SiO; substrate was 1 ~ 2.J/cm?,

(2) R&D of new method for thin film production:ion beam sputtering(IBS) method and chemical
vapor deposition (CVD) method

The IBS is possible to produce the lowest loss thin film among industrial method of produc-

ing optical thin film. And. the CVD can produce fluoride thin film which has superior optical
characteristic. It is difficult to produce using IBS.
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Fourier Transform fon Cyerotron Resonance Mass
Spectrometer

T2 RN F A v o oL LSRR A4 L OB (m/e) &L K
BRI ME RE 2 SHES D TO A S A 2O b O S AR (v) SAR L T, shAIs G %
) THETT e ZOTRIIR MR 2 JEATEREL LTA L TH Y L IEH TR 5 00 250 1 2 Tt
THLEELTHON T T, WA, N % 28.006 ama (B -FL4L) . COt % 27.994a.m.u.
EMET AL I, A4 OF R e FHIOHEICMETE2 4501, 140t F0B g
DARNHPIERD BN TET T, FO1OZOWEIL ., IR EOM B BIN#H * %
RBLEANRLGEEDVEDL o TwE T, 72, KAl 44 > OMEE & IEPEDME R &2 b4
CIERID e T,

e st DH 84

80 ]

10 J

Abundance (%)

20 4

0 TTT =TT T T T T
1006.00 1008.00 1010.00 1012.00
m/z

AL Ao 28 b T SRR iz Cxi 57 OB SRS R

Fourier transform ion cvelotron resonance mass spectrometry (FT-ICRMIS) is a
techuigue that effectively converts ionic mass-to-charge ratio . m/e . to an experi-
mentally measurable jon everotron orbital frequeney in a static magnetic field. FT-
ICRMIS offers potentially uitrahigh mass measurement accuracy as well as precision.
If the mass is measured accurately and precisely: for example. NI at 28.006 a.a.
versus COY at 27.994 a.mu.. the chemical formura of an ion may be determined
directly from its mass aloné. Therefore FT-ICRNIS is one of the indispensable tools
that support our material research activity. It is also applicable to connect the

gas-phase properties and reactivity of ions.

Lunovative Technology Development Section



