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SYSTEMTICS OF PHOTOPION REACTION - SPECIALLY OF LIGHT NUCLEI - (2)
Yasuji OURA, Hiromitsu HABA, Koh SAKAMOTO, Faculty of Science, Kanazawa University.
Seiichi SHIBATA, Institute of Nulear Study, University of Tokyo.

Ichirou FUITWARA, School of Economics, Otemongakuin University.

Michiaki FURUKAWA, Faculty of Science, Nagoya University.

Nuclide yields were measured for photopion reactions of “Ca, *Cl, ¥Al, "0, N, "B, and "Li to
compare photopion systematics obtained from heavier targets. It was found that photopion yields from
(7, ®® reactions of lighter targets seem to be dependent of target masses(As) in comparison with thoese of
heavier targets, which appear independent of A. And yields of targets(*N) in which the number of
neutronis equal to that of proton are very small than yields expected from a systematics. This seems to

suggest a new mechanism.
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Fig. 1. Average cross sections (uz b) of

7Be (open square) and *°Be (solid
square) in 700-1000 MeV as a func-
tion of ratio of product-mass to
target-mass (X = K/A). The solid
line shows the total isobaric yield
obtained by the Campi formula [5],
and the dashed line corresponds to
the yield from the second term of

E = 700-1000 MeV
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FRAGMENTATION PROCESS IN PHOTONUCLEAR REACTION AT INTERMEDIATE-ENERGIES
Seiichi SHIBATA, Mineo IMAMURA, Institute for Nuclear Study, University of Tokyo
Koh SAKAMOTO, Shohei OKIZAKI, Sanae TSUCHIDA, Faculty of Science, Kanazawa
University
Michiaki FURUKAWA, Faculty of Science, NagoyaUniversity
Ichiro FUJIWARA, School of Economics, Otemon-gakuin University
Hisao NAGAI, College of Humanities and Sciences, Nihon University
Koichi KOBAYASHI, Research Center for Nuclear Science and Technology, University
of Tokyo

The yields of "Be and :°Be produced by bremsstrahlung with maximum energies
of 250-1050 MeV in 0, Al, Cl, Co, Cu, Y, Ag and Au targets have been measured by
non-destructive y -ray countings and accelerator mass spectrometry (AMS), res-
pectively. The cross sections (x b) obtained by unfolding the measured yields
(1« b/eq. q.) for "Be and *°Be were analyzed by the Campi formula. As a result,
it is found that the "Be and 1°Be yields from fragmentation process are almost
negligible to their total yields at the studied energy region in photonuclear
reaction.
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Fig. 1. Mass dependence of cross Fig., 2. Mass dependence of cross
section ratio for Cu target. section ratio for Ag target. Data at

20GeV protons are from ref. 2.
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NUCLEAR REACTIONS OF HIGH ENERGY ALPHA PARTICLES WITH MEDIUM MASS NUCLIDES

Masaharu NUMAJIRI, Taichi MIURA, Yuiehi OKI, Takenori SUZUKI,
Kenjiro KONDO, Kazuhiro TANAKA, Masaharu IEIRI, Hiroyuki NOUMI,
Yutaka YAMANOI and Minoru TAKASAKI

National Laboratory for High Energy Physics

Formation cross sections of product nuclides in the nuclear reactions of
copper and silver targets with 20 GeV alpha particles were measured using
a ¥ -ray spectroscopy. The measured data were compared with the cross sections
of 12GeV and 29GeV proions. i
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Fig. Preliminary results of the Bi(n,xn)*'**Bi(x=3-8) reactions. The data below 38MeV are
from ref. 2). Errors are not indicated.
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MEASUREMENTS OF NEUTRON-INDUCED REACTION CROSS SECTIONS IN THE
ENERGIES OF 15-65 MEV I
Mineo IMAMURA, Tokushi SHIBATA, Seiichi SHIBATA, Yoshitomo UWAMINO, Tohru
OHKUBO, Shingo SATO, Institute for Nuclear Study, University of Tokyo
Atsuko KONNO, Takashi NAKAMURA, Cyclotron and Radioisotope Center, Tohoku University
Susumu TANAKA, Takasaki Establishment, Japan Atomic Energy Research Institute
Shun-ichi TANAKA, Tokai Establishment, Japan Atomic Energy Research Institute
Neutron-induced activation cross sections have been measured using the p-Li monoenergetic
neutron sources at JAERI-Takasaki. We report on the recent results on cross section measurements

including the **Bi(n,xn)”'**Bi(x=3-8) reactions and others.
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from natural Mg.
BE IR
1) B. Lavielle et al., Phys. Rev. C42(1990)305.
2) R.C.Reedy et al., Earth Planet. Letters 44(1979)341.

MEASUREMENTS OF PRODUCTION CROSS SECTIONS OF NEON ISOTOPES INDUCED
BY HIGH-ENERGY NEUTRONS - IMPLICATIONS TO NEON PRODUCTION RATES IN THE
TERRESTRIAL AND EXTRATERRESTRIAL SURFACES
Mineo IMAMURA, Institute for Nuclear Study, University of Tokyo
Keisuke NAGAOQ, Center for Study of the Earth's Interior , Okayama University

Production cross sections in the energy range of 15-35 MeV have been measured on the neon
isotopes based on p-Be semi-monoenergetic neutron irradiations and sensitive mass spectrometric
analyses. Using these data and those of lower energies from literature we estimate and discuss the
production rates of these isotopes in the Earth's surface and in the extraterrestrial materials.
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Fig. 1 Out-line of the gas-jet coupled ion-source 10.0 " v
system of JAERL-ISOL. o Cs(1100K) 148 pr(2.0m)
144 Ba(l 1.5s) 144 La(40.85)
152 Nd(11.6m)
Table. Some typical values of the gasjetcoupled jon-source & o
parameters for the operation with fission of actinides. & Pm(@679)

Aerosol material NaCl § Lo | R o Ent4dd)
Heater temperature 680°C g
Carrier gas Ar N
Gas flow rate 10 cm®/s STP g
Volume of target chamber 160 cm® 3
Target chamber pressure 5x10*Pa 8o (565)
Capillary tube 1.5mm¢ x 8m
Ist-skimmer chamber pressure. <1  Pa
Ionization chamber pressure <10* Pa o1 )
Capillary/1st-skimmer separation 5 mm : 2300 2400 2500 2600
1st/2nd-skimmer separation 9 mm Temperature (K)
Acceleratiopn voltage 30kV Fig.2 Overall efficiencies for Cs, Ba and lanthanide
ITon-source temperature 2450 K

isotopes as a function of ionizer temperatue.

Development of a gas-jet coupled ion-source system for the JAERI-ISOL.

Masato ASAI*, Kazuaki TSUKADA, Shin-ichi ICHIKAWA, Akihiko OSA, Hideki IMURA, Nobuo SHINOHARA,
Yuichiro NAGAME, Ichiro NISHINAKA, Yuichi HATSUKAWA, Kiyoshi KAWADE*, Hiroshi YAMAMOTO*,
Michihiro SHIBATA* and Kouji YAMAUCHI*, Department of Radioisotopes, Japan Atomic Energy Resarch Insti-
tute, Department of Energy Engineering and Science, Nagoya University*.

A gas-jet coupled ion-source system for JAERI-ISOL was developed for short-lived neutron-rich rare earth nuclei
produced by charged particle induced fission of actinides. The system consisted of a multiple-target chamber, a gas-jet
transport system and an ion-source. To measure the transport efficiencies and transport parameters for the gas-jet
system, off-line experiments using a 2*Cf source were carried out. In on-line experiments, we measured the jon yields
of nuclides around A=160 using the proton induced fission of 23U,
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Fig.1 Deduced Jrms of fission products
238U and 232Th systems

produced in 24 MeV protons on 232Th

S R
1) M.Tanikawa et al. Z.Phys.A. 347,53-62 (1993)

2) FHEL B3 6MBEHMEFERSE 1A08 (1992)
3) FHEDL B3 TRBHEMEFEFRSE 1A02(1993)

ANGULAR MOMENTUM OF FISSION PRODUCTES IN 232Th+p SYSTEM

Daisuke SAITO, Rie SAITO, Ken-ichirou YASUDA, Hisaaki KUDO, Tetsuo HASHIMOTO
Faculty of Science, Niigata University,
Manabu FUJIOKA¥*, Tsutomu SHINOZUKA®*, Masahiro FUJITA*,

Tohoku University Cyclotron Radioisotope Center *,
Until now, we have measured the isomeric yield ratios of fission products in 238U+p and

232Th+p systems. The obtained isomeric yield ratios were converted to the initial angular
momenta of fissionfragments by asssuming a statistical spin distribution. The de-excitation
process was calculated with a modified GROGI-2 code. The deduced angular momentum was

almost the same for the same nuclide in both systems.
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Table ._Isomeric yield ratios and deduced angular momenta

Nuclide  Spin(HL) _ ghish / glow Jrms (R) a0l X
Mgy (8-,54) 1.10£0.57 1033 +4%
gy . (8-44) 0.93+0.54 831 48]
12 (8-A+) 1854096 1o 433 "
1My (8-4+) 1.17+0.30 83 *be E
E

136 (8-4+) 3.58£0.40 06 *4$
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%#ﬁ%}‘ bf:o Fissfoning nuclcar mass '

Q=TKE+EL+E2 FFigure. The deduced angular momentum
E1/E2=A1/A2 Jrms of each nuclide plotted as a function
- A s s o of fissioning nuclear mass. The open
Z T, TKEZZEE LA NVF—T circles indicate Jrms in present work. The
HH . El12. ARIZSERFL, 20F# «olid circles are these for 232Th(nr.l),
ITANF-LBERTHE, ZDLD 2U(n,f), 2%U(n.f) and 2Pu(n,T).
ZIEE TR O NZFRE LAV F -3 R
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DURMARE S NS,

< BEILH> ‘

1) M.Tanikawa, H.Kudo, H.Sunaoshi, M.Wada, T.Shinozuka, M.Fujioka: Z.Phys. A 347,
53-62 (1993) ' :

2) J.Robb Grover,Jacob Gilat: Phys.Rev.157,802 ('1967)

3)N.Imanishi,I.Fujiwara and T.Nishi: Nucl.Phys.A263,141 (1976)

THE MEASUREMENT OF ISOMERIC YIELD RATIOS OF FISSION PRODUCTS
IN SPONTANNOUS FISSION OF *Cf
Rie SAITO, Hisaaki KUDO, Tethuo HASHIMOTO
Faculty of Science,Niigata University
The isomeric independent yields of fission producs were measured in the spotaneous fission
of *Cf. The initial spin distribution of fission fragments were assumed to be a statistical
distribution. The de-excitation process were calculated with the modified GROGO-II code and the
obtained isomeric yield ratios were converted to the initial angular momenta. The deduced angular

momenta were compared with those obtained in other fissioning systems.
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Figure 1. Mass yield curve (thick line) obtained
. by the TOF method in the fission of 227Pa at ex-
E 10 3 E citation energy 32 MeV. The circles represent the
< data from the radiochemical method and thin lines
'% A N show the isotopic yield curves obtained by a Gaus-
a1 S ‘ [\/ AN 3 sian fitting of independent yields in the fission of
2 i 1 227py at excitation energy 34 MeV. The dashed
S L ] line shows the mass yield obtained from the iso-
1071 b , A topic distributions (figure 2-b).
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Figure 2. Charge yields in the fission of 22"Pa (closed circles) and 22°Pa (open circles) at excitation
energy 34MeV. Solid lines are the charge yield curve for the fission of 225Pa at high excitation en-

ergy. a) The data are normalized at Z=51. b) The dashed line is obtained by the two components
analysis for the 227Pa fission.
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NUCLEAR FISSION OF Pa NEUTRON-DEFFICIENT NUCLEL

Ichiro NISHINAKA, Kazuaki TSUKADA, Yuichiro NAGAME, Japan Atomic Energy Institute,
Keisuke SUEKI, Hiromici NAKAHARA, Faculty of Science, Tokyo Metropolitan University,
Masashi TANIKAWA, Faculty of Science, The University of Tokyo

Fission phenomena were investigated by using a TOF technique and a radiochemical one for the fol-
lowing light-heavy-ion induced reactions, 160,*042%9Bi, compound nucleus being 22°Pa(N=134)
and 227Pa(N=136), respectively. In the previous work,!) we have presented that the contribution
of the asymmetric component is about 10% in the mass distribution and the isotopic dependence
of neutron emission process seems to be affected by shell effects of fragments. In this report, we
discuss that the enhancement of the yield at a heavy asymmetric side in the charge yield of the
fission of 22"Pa is observed comparing to that in the case of 2%5Pa fission, which is consistent with
the existance of the asymmetric component in the mass distribution.
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THE ISOTOPIC DISTRIBUTIONS AND THE EFFECT OF EXCITATION ENERGY OF FISSION PRODUCTS
IN 209B1+19F NUCLEAR REACTION SYSTEM

Keisuke SUEKI, Kanako Kobayashi, Shinya MIYAMOTO and Hiromichi NAKAHARA,
Department of Chemistry, Tokyo Metropolitan University

Ichiro NISHINAKA, Kazuaki TSUKADA, Yuichi HATSUKAWA, Nobuo SHINOHARA and
Yuichiro NAGAME, Japan Atomic Energy Research Institute

The heavy ion induced fission products were obtained isotopic distribution. We investigated
isotopic distributions of pair fission products (Cs and Rb) from Uranium isotope nuclei. Rb
isotopes have short half-lives, we performed to obtain Rb isotope independent yield by on-line gas
phase separation using He/Ar-gasjet metod.
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BRERISICI1T 2373 ¥ —FIR CORRMAEMTERER S &8RO EFHROmEL . K
JEDALF v IV & OBEED &3~

Table 1. List of the reactions studied in the present work with relevant parameters.
Reaction = Compound z.z® Ejap E% N" ERass®
Nucleus (MeV) (MeV) (MeV)
37C14209B; ~  246pm 0.646 170- 186 24.3-379 157
BCI4+209Bi  2Fm 0.659 176,195 34.5,50.7 158
BGe+19%Au 2ZFm 0.710 211-235 31.6-512 183
39Co+4+181Ta 240pm 0.882 263 -308 19.6-539 214

¢ effective fissility from ref. [1]
b excitation energy of compound nucleus

¢ Coulomb barrier from Bass potential [3]

2. EB ERIIEWS 7 AMERHRICEOT, £ 1LIERT LI BAFKF—7—4 v FROM
AEDETITo720 T T AFHHIF 3537CI, 5S¢ 1 5N 39Co DBFT T RNF I3 By TRUT
HBo BREHTEE op, 13 RIEBEMER oo, PSRBT TEATE 2R THS720,
Ofu ~ Ofiss ZRE LT BHRMER 054, ZRET S Z EITK D3RO, BGREBHOHEIL
286D x, y (200 mm x 120 mm) 2 RITALBERICEFATIR T /NS V¥ < 18 (PPAC) 2RV /B
RIZERIRERICE N TITo 12,

3. BREER K 1IT oipe DIRIF—EEUZRT . TS Bass A 3] 1ITHT CHRAHT
HEDFHRETH B, 337Cl + 209Bi RU BSc + 97Au FTIRY 773 ¥ —HHR TOWTERHE AL
FETH B, —7 5°Co + ¥1Ta RTHRBOBEL LT MBS N B0 HEHBORI—o v
REEEAMZ T HMIEROMIT/NE | BREERISHT ZHEMRITNTHE 2 bbb %, h
3. Tefr = 0.7 Ty COMBENELSENSFH [2] EFEL—FHULTHB, I O fiss DI
B zepp & EBITEILUTOEDOHEBREE, T2 150 + 28U D& 72 BAFENFM OB R
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- Fig.1 Fusion-fission cross sections for the systems indicated. The solid lines are calculated values
with the Bass model [3].
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SUB-BARRIER ENERGY HEAVY ION-INDUCED FUSION FISSION IN HEAVY ACTINIDES
Yuichiro NAGAME, Kazuaki TSUKADA, Ichiro NISHINAKA, Yuichi HATSUKAWA, Nobuo SHI-
NOHARA, shingo HAMADA and Hiroshi IKEZOE, Japen Atomic Energy Research Institute
Tsutomu OHTSUKI, Reiji SASAKI and Yuka AOKI, Laboratory of Nuclear Science, Tohoku Uni-
versity

Enhanced sub-barrier fusion and dynamical hindrance of fusion processes are examined by
studying the production of Fm compound nucei in complete fusion reactions with different target-
projectile combinations at close to barriers and sub-barrier energies. It is found that both processes
are closely correlated with mass asymmetry (effective fissility . ss) of the reaction systems and the
maximum fusion cross sections around Coulomb barriers are observed in the systems of z.; ~ 0.65.
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Table Main characteristics in this work and Ref. [3]

This work Ref. [3]
C.N. Ex(MeV) L(k) |C.N. Ex(MeV) L (R)
0Py 44.8,56.8 7.5~ 28.0 | 2Po . 76.6 ~ 130.0 34.8 ~ 56.1
‘ 24Py 84.6 ~ 110.9 45.4 ~ 56.0

18 — T T T T T T T T 13 — T T T T T 1
- O 2%y (This work) Og 1 L O 219y (This work) .
16 | A 206p, E - kLo 206p, 4@ ]
= O 2vpg DAE 1 _ O 204pg &
E 14 | A T % 723
G N S 11 & ]
b 12} . °
- o ] 10 o - .
0F 4 o © 1 o
O O
8 . L L 1 L 1 s 1 L 1 It 9 i | 1 . 1 1 | B
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Angular Momentum (1)) Angular Momentum (11)

Fig. 1 Angular momentum dependence of two distribution widths. Left part is
Mass-distribution, and right part is TKE-distribution.
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INFLUENCE OF THE ANGULAR MOMENTUM ON THE FISSION PROCESS OF
THE COMPOUND NUCLEUS 2P0 (3)

Masashi TANIKAWA, School of Science, Univ. of Tokyo

Keisuke SUEKI, Hiromichi NAKAHARA, Faculty of Science, Tokyo Metropolitan Univ.
Takayuki KOBAYASHI, Faculty of Science, Kitasato Univ.

Kazuaki TSUKADA, Ichiro NISHINAKA, Japan Atomic Energy Research Institute
Toru NOMURA, Institute for Nuclear Study, Univ. of Tokyo

The fission of compound nucleus ?'°Po has been studied to verify the effect of the
angular momentum (L) by TOF technique. Up to now, it was found that the mean-TKE
was not dependent on the L, and that the width of TKE-distribution decreased with
increasing L. In this symposium, it will be examined on the systematics for the influence
of the angular momentum, based on the TOF data (this work and Ref. [3]). Then it will

be also discussed on the difference o_f SSD and TOF data.
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T. Tachibana, et al.,

Mhan :
lzso.23su Target with an Al foii}

— Dissolve with conc. HCl

— Dissolve with 0.1 ml conc.
— Add 1 ml CH30H and mix
1 ml 0.5H HC1-S0 ¥ CH30H

— Add conc. HNO; and evaprate

HC1

3 nl 0.5M HC1-90 X CH;0H
0.5 ml 0.5 HCI-80 ¥ CHOH
L_1 0.5 ml 0.1M HC1

Resin: CA08Y

Anion exchange column: 1.5 mm x 140 nn

 EPE2® ©

Evaporate

— Add 0.5 ml 1M HNO3-95 ¥ CH30H

3 ml 1M HNO3-95 X CH30H

2 nl 1M HNO3-90 X CH30H

2 nl 0.05H HNO3-90 ¥ CH;0H
IO,S nl 0.5 HNO3-80 X CHat

Anion exchange column: 1.0 mm x 24 mm
Resin: CA08Y

Fig. 1 Purification procedure for Am isotopes

10000¢ - . T —
Fig.2 Excitation func-
1000 4 tions for Am isotopes
- E produced in the bombard-
i ment of the 238y with "Li
= 100¢ E ions. Solid lines show
the calculated results of
1ok J3n; 2423m) the Alice code. The
i ®:n; 240am calculations are
Osn; 240am normalized to the maximum
1 ! 1 J points of experimental
30 35 40 45

E(MeV)

data.

STUDY OF THE U+Li REACTION FOR THE SYNTHESIS OF 23%am.
Yuichi HATSUKAWA, Kazuaki TSUKADA, Nobuo SHINOHARA, Yuichiro NAGAME
and Masumi OSHIMA, Japan Atomic Energy Research Institute

The 236Am, unknown nucleus, is expected to be observed in EC-

delayed fission activity.

Production o

£ 236an was attempted by the

U + Li reaction. To obtain the synthesis conditions of Am
isotopes, excitation functions were measured. Based on the

excitation functions of

the

238

7 235 7 6

U+ 'ni, U + ‘1i and 238y + Ori

reactions, the possiblity of the production of 236Am, will be

discussed.
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Fig.1 The charge dispersion at Ex=17.9McV.Closed and open circles indicated independent yields and

cumulative yields, respectively.
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STUDY ON PROTON-INDUCED FISSION OF 238U BY Ar-JET TRANSPORT SYSTEM

Ryoichi KASUGA, Koichi TAKAMIY A, Akihiko YOKOYAMA, Naruto TAKAHASHI, Hiroshi BABA,
Faculty of Science, Osaka University, Kazuaki TSUKADA, Yuichi HATSUKAWA, Nobuo
SHINOHARA, Yuichirou NAGAME, Japan Atomic Energy Reseach Institute, Masato ASAI, School of
Engineering, Nagoya University

Fission characteristics of actinide nuclei with low excitation energies (spontaneous and thermal-
neutron-induced fission) are known to be different from those in the above 20MeV. The transitions of a
sytematic trend in the proton-induced fission of 2380 are expected to occur 14MeV. Fission fragment
yields were measured for the proton-induced fission of 238y at 17.9-MeV excitation by combining the
gas-jet transport system and ordinary radiochemical stacked-target technique with off-line Ge ¥ -ray
spectrometry. It was found that the value of the width parameter o of charge dispersion was 1.05 within

the error, the same width of various types of energetic fission.
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Fig.1. Formation cross sections of the prod- Fig.2. Formation cross sections of the prod-

ucts in the target foil as a function of their wucts in the forward catcher foils as a function

masses in the 1%7Au 4 3Xe system. of their masses in the 97Au + %Xe system.
Open marks represent the data for the most
forward catcher, while closed marks for the
second most forward catcher.

MASS TRANSFER IN THE HEAVY ION REACTION OF *"Au INDUCED
BY 3¢Xe

Akihiko YOKOYAMA, Kazuhiro TAKESAKO, Daisaku YANQ, Tadashi SAITO,

Hiroshi BABA, Faculty of Science, Osaka University

Eugene TANIGUCHI, Junji KURACHI, Atsushi SHINOHARA, Michiaki FURUKAWA,
Faculty of Science, Nagoya University

Yoshitaka OHKUBO, The Institute of Physical and Chemical Research (RIKEN)

Deep inelastic reaction is an important process in the heavy-ion-induced reaction espe-
cially for the energy region above 10MeV/u, where the other processes such as fragmentation
also have substantial cross sections. It is difficult to predict the competition of such compli-
cated processes especially of heavy systems such as gold plus xenon. We measured the mass
distribution and the differential ranges of the products from 7 Au with 23MeV/u '*Xe ions
by using a radiochemical method. The observed products are almost equally distributed in
the mass range between 30 and 200 in atomic mass unit. The products with masses less than
120 amu have long ranges and consequently they are considered to be produced via fission

process and multifragmentation.
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INCOMPLETE FUSION OF INTERMEDIATE ENERGY INDUCED BY HEAVY IONS
Kazuhiko MUKAI, Kazuhiro TAKESAKQ, Hiroaki KUSAWAKE, Akihiko YOKOYAMA, Tadashi SAITO,

Hiroshi BABA, Faculty of Science, Osaka University
Yoshitaka OHKUBOQ, The Institute of Physical and Chemical Research (RIKEN)
Atsushi SHINOHARA, Michiaki FURUKAWA, : Faculty of Science, Nagoya University

In the reactions induced by heavy ions, incomplete fusion plays an important role in the intermediate
energy. It has been reported that the LMT obeys Leray's systematics regardless of the target-projectile
combinations. However, we observed a distinct deviation from the systematics in the experiment using 40pr
as the projectile. One of the reason of this discrepancy is considered to be due to the angular momentum effect.
We carried out a differential range experiment in order to investigate competion of complete and incomplete

fusions.
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SITE DETERMINATION OF PROTEIN LABELED
RADIOISOTOPE IN A SOLUTION WITH INTERFERENCE EFFECT

OF ELECTRON-CAPTURE X-RAYS.

Yuji SASAKI, Yoshio SUZUKI, Tadashi ISHIBASHI, Isamu SATOH *
Advanced Research Laboratory, Hitachi Ltd.
* Institute for Materials Research, Tohoku University

We have measured the interference effect of electron-capture x-rays from the
radioactively labeled protein in a aqueous solution. Structural information about
radioactive atoms can be given by analyzing the measured interference fringes,
‘because the period of the interference fringes depend on the position of the
radioactive atoms relative to the substrate surface.
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Table 1 ICEFBNIXPR I 0BHO—HKE2RT, °°"Tc T—aVIVORENMIZ. I

Table 1. Labelling Yield and Properties of Aerosols.

Nuclide Yield* Washed-out Fraction (%) Anion Exchange Column
Cold Water Ag. HC1 Adsorption Water Elut. HCI Elut.

F-18 20 - 25 > 99 > 99 Quantit. Neglig. Complete
K-40 30 - 35 > 99 > 99 None

Cu-64 30 < 10 60 - 70 Major Part Neglig. Slow
Ga-68 30 - 35 < 15 > 95 Most Part Neglig. Efficient
Tc-99m** 30 - 45 < 15 < 15 Major Part Very Slow Very Slow
* For sweeping-out with 2 1/min argon flow. *% For both water-milked and

saline-milked °°™Tec.



WU TR KTChERTY, EEEETHE 0.1 an ULTCEBRAEELURMHE LEICE
AALIhE, NTFRELGDDLDEEZEIDZ L, ERTINVF VI ULESA, COWETHEN
LTWa 0 NaClRiF T, BED® °"TcTlri, KICEALTHS, BREHTIE.

ImPe I FHAEIC L Y FE V%G i Gt DNEBEANBEHLE., ELOEPIVuR7EBTR
$1Cu & °°"Tc OARY OFEHVHExLED, KMn0,-H.504 MNBIC L Y TS hTE
e ChHOEED, BAA U, BEMHIOBREZBRETI L, KPKBVWTERI
BRORECEET DL VWAD :'°F, BAAY; *2K, BAAY; *Cu, LU TRKRE
BRI T, —HEBA A Y %%Ca, FLLTHBAA Y, —HRMETFoF - 3EHELE;
°9nTe, IFLALLWRIBBATH (°*Cu SYILENICHEE) .

Table 2 & °°"Tc %, T—TYNELTHDBKICEBYVEBEESSEL, Tc0,” LTS
NWEyJUEBE#ED, MI BREGRHMBRICBT22HoREVWERT, —Bic. K

Table 2. Behaviour of °°"Tc¢ in MIBE-water shaking (%).

State of °°™Tc Ag. phase MIBK Vessel wall Interface
In aerosol-shaken water 15 37 26 22
Just milked as Tc04- 17 83 <0.5 <0.5

Aqueous phase: 2 mol/l NaOH. Quantity of the phases: both 3 ml.
Vessel: glass tube of 1.35 cm inner diameter. Shaking time: 200 sec.

CHEETIRBMAMTIE., KEEGLLVWEBHLRVEE L&, FECHAELEYR
BRORBCETIZ2HEANHEETH - E, LoMHZ2 LEZOZ#HLS, HUEKOHEFE
HICk 22 BYRLESS, MERKIBILE, £, AELERE, AEOKKE
BorhERFCBEKELE»E,

—%% 5 kV KHFBSEELE K, £ RPRBEEMEETR LIc °°"Tc =—aV Lo
WADKEZWLULRRICERTBNWT, REBNFABLCEVWTIHFBOBRZLFEERRT
STANI I TS 7B LR E, T, KRICEALUETc ERENETOr
A BE~ADOFHEZE, 257V VB Langmuir-Brochette JE GB¥2B) Ik v BB ICHM
LE, 2OMOEHAMRTE, AEEEBLEEN B S LTS, TECINEGAS #%E T8lE
LEBXOE#ZI—0VIEZ, Pv—H - ULTHRRCBIT 2T —aVIoEHICHT
LEBHRED, BEOLAMRICBEBWCEHELEEDOLS,

PRODUCTION OF FINE AEROSOLS LABELLED WITH VARIOUS RADINUCLIDES BY SUBLIMATION
FROM A GRAPHITE BOAT, AND THEIR PTOPERTIES AND TRACER USE

Tadashi NOZAKI, Jun ISHIGURO and *Hisashi MURAOKA. School of Hygienic
Sciences, Kitasato University; * Purex Co. Ltd.

Fine aerosols labelled with *3®F, “2K, %%Cu, °%®Ga, and °°"Tc were produced
by.a commercial apparatus called Technegas Generator. Their properties were
studied by various methods, before and after the particles were introduced in
water. The aerosols have been used as radiotracers for the study of particle
pollution of semiconductor silicon and for some other measurements.
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P73 F 1.2 anol & RhC1: - 3H.0 158 ng(0.8 mmol)% DHF 3ml & HTO 0.6nl DiE
SWICBEH L. 105~107 CT 11 BREMBA L. RISRO M T I FOSHE - BRET T
KHELEZEARIZTOY . RAROMERBH S v F L —va VBB KV ITok.
DFADIVFIARHE., BRERIBIZIEY M TI R oB4sOFEEREARL . Rt
EYOMVTIRLER L -BEROM THHEHES BT L X>THREL 2.
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Table 1 WHRLEHD MV T I FOLBHESE p- PV T I FORBHEERZ100L Uiz k
ED p- RO p-PUVFIFOBEROL. B N FUL0WMVARLERT . 28BHE
DHHEE (182 BT 209 MBq g™ ) D MY FDAKEHOELR, ~FD MU FIAKD
HHHEEOEIZERBIELEZ L7 FOLBHEER. rvn 1l & run 2 KB TEFOLRYHE
Do 3%RUATEHERINS:. FLEPLBEFOMOUKHEOLEDLS, o-, 0y p-
ML7IFDOWTHOBGEL D, H-TRHMEERBERIGIR 7 I FEDF L Mi TERMIZ
B, "NUEVRBEOAFNVETHREI D TORNILIPBRENR, RIGORIBHA
BEHEOHB o-ff B n-BRU p- MV PRI FTR2EA. oo MIFIFTRIEFRTHEZH.
Table 1 WARERB KD NI FULAOMD AHFLIEEp-HEOn- K >o-hDIHIZE L <HA

LTV E, UESROBTFEXSIIHELLSANS DI - MUV FIFD o- i 1EHT D
TDMUFILRYABRLERBLTHEEINLEY., H-TRBERGERC -8B &

DHERAFIELTIFEOEIEBEC -2V TBOTEIVELILK, Z0C-61]
RENTH p- M T7IFOC-BHIBITEEINBRIVELI R DTS, PEIFIF
BEREATAFNVERENAISHBC - 6HOBPTREREPEIS o- PL7IFD b



UF I LBV AHRLE. p-BEI S n-BDOC-6NOEREERTEBEDTHEL, DL
DHEREEXGTDLEDL PR~ n-RT o-BILRONZ M FULOBMYAHRLD
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R AFNEDGRHRIZKD -CONH.-RhCL: 30,0 DEUBRIEMED o-f7 IIHL T
p-HDEEDISIITHENEREMZLEIIEETERVZDEELORD,

Table 1 Specific activities of toluamides and tritium incorporation
ratios of o- and m-toluanides to p-toluanide

Compound o-toluanide m-toluamide p-toluamide
Specific activity runl 7.84x107% 4.57x10° 1.32x10°%
Bg mol-! run? 6.58x107 4.34x10¢% 1.14x10°
Tritium incorporation ratio** 598 39 100
per one position c-2 - 2 50
C-6 5.9 37 50

1) Specific activity of HT0: 209 MBq g~' for asterisked runs and 182 MBq g~!
for the other runs. 2) *% calculated by normalizing the specific activity
of HTO to 182 MBq g=*. Average values in duplicate runs
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REGIOSELECTIVE TRITIATION OF TOLUAMIDES -STERIC EFFECT OF METHYL GROUP-
Kunio OOHASHI and Tomonari SUGANO, Faculty of Pharmaceutical Sciences, Chiba
University

Hydrogen isotope exchange in toluamides with HTO was studied in the presence
of RhCl: » H:0 in DMF. It was established by chenmical degradation that the ex-
change reaction cccured with virtually 100% regioselectivity at the o-positions
(C-2 and C-6 positions) of all the toluanides. The methyl groupe was not tri-
tiated. The exchange in m-toluamide was strongly hindered at the C-2 position.
The exchange at the C-6 position was more strongly hindered in o-toluamide than
in n-toluamide. These findings are in accordance with the previously suggested
mechanisn that the exchange proceeds via an initial coordination of toluanide to

rhodiun{III) chloride.
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CHANGES OF o/p INVERSION TEMPERATURE AND THERMOLUMINESCENCE PROPERTIES OF
NATURAL QUARTZ SAMPLES AFFECTED WITH THERMAL ANNEALING TREATMENT

Tetsuo HASHIMOTO, Masayoshi KONISHI and Masahiro ICHINO, Faculty of Science, Niigata University

Quartz inverts from low(o.)-quartz to high()-quartz at 573°C, and furthermore, from B-quartz to tridymite

at 870°C. The o/B inversion temperature depends on aluminum inpurity, whose amounts influence appreciably
thermoruminescence (TL) properties. Natural quartz samples affected by thermal annealing treatment change TL
properties from BTL to RTL. At higher annealing temperatures, both RTL and BTL intensities are increased, along
with the increment of the o/f inversion temperature; the lowering o/f inversion temperature brought on the more

intense RTL after annealing treatment from weak BTL on original quartz.
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from 50 to 370°C using 3-D TL spectrum data.

PROPERTIES OF THRMOLUMINESCENCE IN ZIRCON AND QUARTZ GRAINS EXTRACTED FROM
GEOLOGICAL LAYERS INCLUDING BORING CORE SAMPLES'

Tetsuo HASIMOTO, Masahiro HOTEIDA, Chie NAKAMURA, Faculty of Science, Niigata University
Changes of RTL (red-TL) and BTL (blue-TL) properties were observed in quartz grains extracted from boring core
samples. Both natural RTL and BTL increased steeply from surface to 130m in depth. while its intensities were
decreased beyond 130m in depth. RTL sensitivities in artificially irradiated quartz samples are inversely
proportional to depth.

High-senéitivity TL measurement system for zircon grains extracted from zircon-sands has been developed.
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BASIC STUDIES OF TL AND OSL DATING METHODS APPLICABLE TO
QUARTERNARY LAYERS RELATED TO PRE-HISTORICAL SITES.
Tetsuo. HASHIMOTO, OShin. NOTOYA, Eiji. TAKAHASHI
(Faculty of Science, Niigata University)

A red-thermoluminescence dating using quartz inclusion method is applied to a
pyroclastic flow and tephra layers as successive strata related to an important
pre-historical sites. The recent instrumental and fechnical improvement maybe
approach to resolvesome intrinsic and substantial problems accompanied with
TL-dating. In this paper, the authors have compiled these problems and some
experimental approach will be discussed.
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DETERMINATION OF SELECTIVE ABSORPTION COEFFICIENT FOR ELEMENTS IN PLANTS BY A
RADIOACTIVE MULTITRACER TECHNIQUE

Shizuko Ambe, Tacko Shinonaga, Haruka Maeda, Masako Iwamoto, Shigeo Uchida, and Hiroshi Yasuda

The selective absorption coefficient for elements in plants was determined by a radioactive multitracer technique.
The multitracers were produced by imradiating Fe foil with '°O heavy-ion beam, and Au foil with “N by the RIKEN
Ring Cydotron. The Komatsuna was cultivated with water indudng multitracer and five different concentrations of
ingredients. The observed elements were Be, V, Cr, Co, Mn for Fe target, and Be, V, Cr, Co, Zn, As, Se, Rb, Sr,
Ba, Ce, Eu, Re, Ir, Pt, and Rh for Au target. The results showed that the selective absorption coefficients changed
depending on the concentration of co-existing elements in cultivating water, and it exponentially decreased as the
concentration of elements increased.
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MULTITRACER STUDY ON TRANSPORT AND DISTRIBUTION OF METAL IONS IN
PLANTS
Shizuko AMBE, Yoshitaka OHKUBO, Yoshio KOBAYASHI, Masako IWAMOTO, Haruka
MAEDA, and Minoru YANOKURA, The Institute of Physical and Chemical Research (RIKEN)
Transport and distribution of metal ions in rice and soybean plants were studied using
multitracers (radioisotopes of Be, Na, Sc, Mn, Fe, Co, Zn, Se, Rb, Sr, Y, Zr, Nb, Ag, Te, Ba,
Ce, Pm, Eu, Gd, Tb, Tm, Yb, Lu, Hf, Ir, and Pt). The plants were grown in a nutrient solution
and also on soil containing a multitracer. y-ray spectroscopy of different parts of the plants

showed that all elements were more or less taken up by roots, while appreciable transport to
leaves and seeds was observed only for Mn, Zn, Se, Rb, Sr, and Ba.
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STUDY ON DISTRIBUTION OF VARIOUS TRACE ELEMENTS IN RATS USING THE
MULTITRACER TECHNIQUE (1) - UPTAKE AND EXCRETION BEHAVIOUR
Makoto YANAGA, The Jikei University School of Medicine

Rieko HIRUNUMA and Kazutoyo ENDO, Showa College of Pharmaceutical Sciences
Shuichi ENOMOTO, Shizuko AMBE and Fumitoshi AMBE, The Institute of Physical and
Chemical Research (RIKEN)

The multitracer technique was applied to an investigation of the uptake and excre—
tion behaviour of trace elements in rats. A multitracer solution, prepared from Au targets
irradiated by ' N or '° O beam from RIKEN Ring Cyclotron, was orally administered to
Wistar rats. The uptake and excretion rates of various trace elements were determinined

under the strictly same experimental condition.
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Figure 1. Distributions of rubidium (a), zinc (b) and arsenic (c) in various tissues, organs and body fluids in rat.



FVELTWALEEEZLONS, 20D, ZORIND HPL,IliTh, HRERPERIND
EHichb7-o TiITbh Tz,

ZoidhPBe. B, BRI CERL T, Zn0RIUEEE LT TITbhTwa,
IO TEELERABETLEDND—2TH ), HMBREHBOBESLI00L LS DBEZED
EHRBICFE LT, 20D, BEOFETH 2 FFRICEVE®ER L, BIE
b IUL, InDREZFBGNLEEBERHA LRBOFRELERTAHZ D, Zn
RZKED T v MV F ML —H— %5 L TCEDILEDEB LT L T 5,
AsiZE DL BSMEF DO MBEFICE S EEFN Tz, ASIFE/ 7I Vv F 3T 58,
DNARY X5 =¥ &0 DBEZROSHEICREET A Z LML NTWE, T/, As
O ZMBEL LTHLoNTBY, BESHMIIFRNROBEERETH S, 20720,
AsIZIMERBRGHFICATHEITHEE L TR D EEZ LML,

—77. ReldWUfk, HRPICITe A EARPICHE S5 DANC, BEPICHREC
BERINTV 2, Bt ReldTell b A BEHERME UTER S, K4 2HFE05MT
bILTWb, KO R, OHL P2 L 912, BELIEE, £ OF&FICET2EE
FatEk, BWECHEEEL LTOFEHBERE L7,

Z DM, B TIXCo, Pt, Ir, g TidCo, Mn, 7S &Nz, /2. HEHHETHITRED
I QTIRENT, H&5%, et E Rt s hiz,

BHE | AR THEE R TERER. ARSI 2 R SIETTEOEE), BRBOBIZEII VT R L —
F—-OFfe (BEER, F—HE. 2RTTH, Serendipity’z &) Z2AMNCAEDTREDONR TH
B EFHONC R0z, Fo, HETTEIIMA RERELZEBT A LI2LD, ERY
R, BEIMTONRTHEY., ZOBRIEAEOEN-ALESHELZ L TV,
Z DHENBEDOFAETCRIZT 5180 TRV EREBRMICIE, BIRELEEHE R & EERES L
THED. TNODOFTICS VT L —F—EdSEICE I RFRE D Z LITRB SNz,

STUDY ON DISTRIBUTION OF VARIOUS TRACE ELEMENTS IN RATS USING THE
MULTITRACER TECHNIQUE (2) : METABOLISMS AND ACCUMULATIONS OF TRACE
ELEMENTS IN VARIOUS TISSUES, ORGANS AND BODY FLUIDS
Shuichi ENOMOTO, Shizuko AMBE, and Fumitoshi AMBE, The Institute of Physical and
Chemical Research (RIKEN)
Makoto YANAGA, Department of Chemistry, The Jikei University School of Medicine
Rieko HIRUNUMA, and Kazutoyo ENDO, Showa College of Pharmaceutical Sciences

The uptake and distribution of radioactive nuclides in various tissues, organs, body fluids and
excretions of rats were examined by means of newly developed multitracer technique. The %/dose
of 19 elements for collection were determined on the basis of y-ray energy and half-lives. Among
eleven organs, tissues and body fluids without excretions, high radioactivity per gram organ was
found in liver and low radioactivity in brain and testicles. These results indicate that when applied
to given biological system, the multitracer technique is a powerful tool to obtain information on the

behavior of trace amounts of elements in various tissues, organs and body fluids.
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(Beam: 40Ar, 40 MeV/nucleon)

(CuAgAu) EF ¥ vFv—&LT2umMAl =7+ EE  BEHEE &1L+
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/' nucleonD40Ar ¥ — A THj4055- 72\ L 1 K Cu 20 0.67 10104
SoRst LT, ¥ 1ICENSE L Bitstsr A 10 0.67 14177

Au 25 1.00 41749
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Table 2. Percentage of RI found in
Al catcher foil for Ag target

B PR WEE (%)
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(iR L £ %] As72 108d 36
AgFaFICAR L7 RO £ 72 & DI Se-73 7.16 h 35
2WnT, FELFY vy Fr—75 1V (AD) Br-77 2.384d 30
RSN ZE % E2UITRT. b OB Kr-79 146d 100
OHIIEF v v F ¥ —IChh ) DEHEREND Rb-81 4.58 h 29
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WCTRBAETETA ) BROMEICE S, ol Jceih oe
LA, K — ABRE L O MBS EETT 7Zr-89 3.27d 31
B, WSOPDOBFEIIOWTIEF Yy Fr—7 4 Nb-90 14.60 h 21
ANWVERTIVF L —H—OREICANTH S Ru-97 2.88 d 12
: Rh-101m  4.34.d 8
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Fig 1. y -ray spectra of Ag target and Al catcher irradiated with
40 MeV/nucleon Ar beam.
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PRODUCTION OF MULTITRACER BY IRRADIATION WITH AN 40Ar BEAM

Masako IWAMOTO, Shizuko AMBE, Yoshitaka OHKUBO,Yoshio KOBAYASHI,
Minoru YANOKURA, Haruka MAEDA, Fumitoshi AMBE

The Institute of Physical and Chemical Research (RIKEN)

Cu, Ag and Au foil targets stacked with Al foil as a catcher were irradiated by
40Ar15% (40 Mev/nucleon) ions. Radioactive nuclides produced in the targets and catchers
were identified by y-ray spectroscopy.
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SIMULTANEQUS ANALYSIS ON SOLID-LIQUID ADSORPTION BEHAVIOR OF VARIOUS ELEMENTS

USING RADIOACTIVE MULTITRACER

----- NON-IONIC MACRO-RETICULAR COPOLYMER AND ACTIVATED CARBON FIBER -----

Sadao SHIBATA*', Kazuo WATARI*', Yutaka NODA*', Shizuko AMBE*2, Masako IWAMOTO*?2,
Haruka MAEDA*2, Fumitoshi AMBE*?; *'National Institute of Radiological Sciences,
*2The Institute of Physical and Chemical Research (RIKEN)

The adsorption behavior of 42 elements on a non-ionic macro-reticular co-
polymer and an activated carbon fiber 1is studied simultaneously in chloride
solutions using radioactive multitracer prepeared by irradiation of metal foil
with a heavy ion beanm.
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Fig. 1 Tissue uptake rate of Ga-67 for mice 3, 24, 48hr after ip injection of
a multinuclide tracer solution containing Ga-67, Tc-99m, In-111 and TI1-201.
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STUDY ON BIO-BEHAVIOR OF 3B-GROUP ELLEMENTS BY THE USE OF MULTI-
NUCLIDE TRACER TECHNIQUE - PRELIMINARY EXAMINE FOR UTILIZATION
OF RIKEN MULTITRACER -

Ryohei AMANO, Jyunko KAWAMINAMI, Youko HONSHOU, Kaori MATSUMOTO;

School of Allied Medical Professions, Kanazawa University
A multinuclide tracer containing “’Ga, ®"Tc, '"'In and *'T] was examined to determine the

tissue uptake rate of each radioisotope for mice 3, 24, 48hr after intraperitoneal injection. A
multitacer method had some advantages over the conventional single tracer method. We discussed
here the characteristics of this method and the bio-behavior of 3B group elements.
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ANOMALOUS ADSORPTION BEHAVIOR OF RARE EARTHS
AFFECTED BY HUMATE-COMPLEX FORMATION '

Takuo OZAKI', Yoshio TAKAHASHI', Yishitaka MINAI', Shizuko AMBE® ,

Masako IWNAMOTO’ Haruka MAEDA? | Fumitoshi AMBE’, Shin TAKEMATSU?,

Takeshi TOMINAGA'

Faculty of Science The University of Tokyo', The Institute of Physical and Chemical R esearch’

Influence of humate complexation on the adsorption of eleven elements(Ba,Rb,Pt, Y, Eu,Gd, Tb,
Tm,Yb,Lu,Ta)on hematitewas studied by the multtracertechnique. The trivalentrare earth ions
were dissolved in the humic acid solution in the pH range where the ions were adsorbed on
hematitein the humic acid {ree solution. The pH dependence of adsorption of the rare earths were
similar to the dependence of adsorption of humic acid. Adsorption curves for monovalent (Rb) and
divalent(Ba and Pt) cations in the humic acid solution were identicalto the curve obtained for the
solution in absence of humic acid.
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STUDY ON THE ION EXCHANGE ADSORPTION AND APPLICATION TO
ANALYTICAL CHEMISTRY ON SUPERACID RESIN NAFION USING A
MULTITRACER

Naoya ITO, Naoki AOKI, Hiroaki HARAKAWA, Yuko SAITO and Kan KIMURA,
Aoyama Gakuin Univcrsity,.College of Science and Engineering

Shizuko AMBE, Masako [IWAMOTO, Haruka MAEDA and Fumitoshi AMBE, The
Institute of Physical and Chemical Research ‘

ITon exchange behavior of superacid NAFION resin was clarified in nitric acid
solution using a multitracer. The tracer was prepared with Au target irradiated
with YN bcam and purified from the target metal. Distribution ratios of alkaline
‘earth metal, Ba, and rare earth elements, Y and Eu, decreased with slopes of the
valence number on log-log plotting as nitric acid concentration increased. Data

suggest possibility of application to analytical chemistry.
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EXTRACTION OF AMERICIUM(VI) BY TRI-BUTYL PHOSPHATE
Mamoru Kamoshida, Tetsuo Fukasawa, Fumio Kawamura, Energy Research Laboratory,
Hitachi, Ltd.
Separation method of americium from nitric acid solution has been developed. Solvent extraction of valence
controlled americium is the essential point. Fundamental investigations on solvent extraction behavior of
hexavalent americium were carried out. Am(VI) obtained by oxidation of Am(III) with peroxodisulfate ammonium
and silver nitrate could be extracted by tri-butyl phosphate (TBP) , and easily separated from trivalent rare-earth
elements. Extraction equilibrium constant was apparently changed with oxidation conditions such as the
concentrations of nitric acid and peroxodisulfate ammonium. Sulfate ion produced by decomposition reaction of
peroxodisulfate with hydrogen ion was found to affect distribution equilibrium.
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2. 2 {EBEMOEE o
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3. B8

Table-1 RGHBEREZFRT. REBREX W TN H0.5gDFE % IMTRT 120 FERIBE L
RHBAEOERMETSH 3.

Lo AAVRBIur TS5 740 PhAAYVERE. PUA Y LE. AL S, Y, H L
¥, Cr,Mn,7Zn,Br, As, Sb EORPREHTH Y. LaFHikid. PLAVEE. LAY
+#. Ti,Fe,Co,Ni,Cu,Zr,Nb, Mo, Ta, EDBRF AN TH Y. WTFAH22Np KF2Pa
OHPRIZHOVWTHREREENTH S, Table-1 KFRL-LTORBPICRVWEEINT
MEBAMMTELSOEREE (v -enitter) TCONBBEETRETERVWEEL.
HEETOLZAROP>TWaRN, LPL. CORNEREZRRL. DERHEOBNEET
H32*°Np RUF?*Pa OBELEBENEZBL T, 1 0 TRBEANORETCIIVEE VIO
TOF )4 FxFELPalV) O£ TKkUFe,Co,Cu,U,Ti,Nb,Zr, Ta, ¥ED — B X IZ L THEE
ENn. BERBWTEN,Ir, Ta, L, IBRELRESHECELVWEAZRAL. La* ORME
L TNp(V) ZBRKRBTO727F /) A FREBREZINZ2FHEBEAL TV S, - T



Table-1 Summary of the Analytical Results

Sample Si0; Al Cq* Nb.0s* Ti%
EEEEW&E(MAP) | 3z2p 24N, s40y 93mNb’ 1827, 46, 47g0
DF for MAP >10°8 >108 107+ 107* >107*
Detection Limits [ U ~1 u  ~1 U ~10 U ~5 v ~8
(ppt) Th ~1 Th ~1 Th ~10 |Th ~2 Th ~5

% The results were not optimized.

EFOBARELTEBELEZL TS WO, N OBIEBOBBRTY MY vy I nHRL
TP oM T 2MEERE MAP) ORETH 2. BRBEECHREFTOBHEITML HND
DIVl THEEREZEABERALTVWSH. Np0*»oNp(IVVANOEELZB X HHCEART
HIEDOFICIEFe>* Lt RUXF I LTI VEBEMT A2LESD 5,

Table-1 IR L iR HIRAAE ¥ BAREIL. +2 CVLSIO A H ISR TEER L RV &
5. LAL. Nb0.,Ti OREBBRICEESHIC MPORESBTATHNC L OBES, £
. CuDZhiciE. BEPLSHEMBE - NELOBBRERMOEEBRRDOOND. COT L
. WFNLBIRLE-BREZET. BT v RBBEEANOBREE2E kv by 22T
FicHt@ECcHs. 1. 2OEREE. Cu,Nb OBARIE AT ATEEZARELLTHZENS
DEFIZ LY, 2°°Np,?**Pa ODIRBEHFDOLBVBREL LI R IIBEDROET.
Elz. TiTBTIOWRBEL A S ATOSct ORFORFEZPERIONS, CORZYURT
3201, LaF R FEOBRUY X LV EBHCHAT I L 2ARiIC. FEMCvInE
DTi,Nb HFT COLaFikBEAD?*°Np, **°Pa OHEBLEAEL 2o ZORR. Ahd~
Yy 228 RERARE T, WEBE2ADNL -2 BER (XEHB) COBBREHEIEL T
H23°Np, 2%Pa OHRIBFEEN THL L PHERTEL, COFRBETIE. RROLEHSE
BEORBELZOHROEAZRERL. ZXHIWTNOFEHOFHEMIT. Wi.0FHIZHO>VWT
KROBHACRET 5.

NEUTRON ACTIVATION ANALYSIS OF URANIUM AND THORIUM CONTAINED IN COMPOSITION
MATERIALS FOR THE FABRICATION OF SEMICONDUCTOR MEMORY.

A CONCEPTUAL PROCEDURE FOR THE SELECTIVE ISOLATION OF 23°Np AND 233Pa .

Toshiaki MITSUGASHIRA, Yoshimitsu SUZUKI and Makoto WATANABE, Institute for
Materials Research, Tohoku University

Fujio SHIRAISHI, Yukiko OKADA, Shougo SUZUKI and Shouji HIRAI, Atomic Energy
Research Laborator&, Musashi Institute of Technology ‘

It was proved that the combination of anion exchange chromatography and LaFs
coprecipitation is very useful for the quantitative and selective separation
of the mixture of 22°Np and 23%Pa from the neutron activated mateials formed

‘from various compesition materials for modern semiconductor memory.
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Fig.l OOBERIEZT > B DT HEBRRE C &I WORBRGRE % Table 1 KR
T, Table 2% 282 1EDLaFa Lk TD WOBRBELREAN10°~ 10°TH D,
239N R U2  Padd L EITITIE LN TH B DT, 7 9L s Y ¥ VEILERVRT
ek WoBRGEEARELSTAIHER LA, Fig.l W La(0l) Fikike &«
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ble 2 FDHEE(+) WHKHEETH B, |

Table 1 Décontamination Table 2 Results of RNAA

_factor of ¥ Concentration/ppb

Bach Stepe ! Total {LLD/ppb)

LaF -1 5x10® | 5x10° U Th
La(OH) -1 6x101 | 3)(104 NO.]. 0.43i0.06 [0.2] 0.8410.09 [0.7]
LaF -2 2% 10° ;' §x 107 No.2 | 0.33:0.07 [0.2]]0.45:0.08 [0.3]
Anion-Exchange 1x10® | 8x10° No.3 | 0.45+0.09 [0.23] 0.34:0.09 [0.2]
LaF -3 >1x10* | >1x10'* | LLD:Lower Limit of Determination

NEUTRON ACTIVATION ANALYSIS OF URANIUM AND THORIUM IN TANGUSUTENSILICIDE
Fujio SHIRAISHI, Yukiko OKADA, Shougo SUZUKI and Shoji HIRAI, Atomic
Energy Research Laboratory, Musashi Institute of Technology

Toshiaki MITSUGASHIRA, Yoshimitu SUZUKI and Makoto WATANABE, Institute
for Materials Research, Tohoku University

Ultratrace amounts of uranium and thorium in tangusutensilicide were
determined by RNAA designed with the combination with LaFs coprecipition,
La(OH) a coprecipition and anion exchange chromatograpphy. In this
separation proces, the decontamination factor of tangusuten was rather t
han 10",
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Tz, EREEHANORETRERRCL D r B — 7EBEORMIC DOV THIEET
ot, EREBHANORETIENANZ - NANT v TERETCEBNNZ - NALT Y
TNV 7 IEMMUIrBARZ Fa X Y ERWE, COEHRRRAr <7 b
22 FY? TlA20kcpsBEDHARRE THAZ L LERE IRV TERIZAIETE 5,
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TableliZ]JSS001 -4 BHMESKEEYEOBRED riBAR7 b X+ & RFEAKHIE
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Table 1 Concentration of elements in JSS001—4 high grade pure iron (ppm)

Element Conventional Anticoincidence Element Conventional Anticoincidence
1 -spectrometry 71 -spectrometry r -spectrometry v -spectrometry
Na 0.138=0.031 0.140£0.013 Sn <8.3 <6.7
Mg <7.4 Sb <0.0045 <0.0035
Al 0.080+0.023 Te <0.48 <0.39
Si <420 I <0.041
S <200 Cs <0.026 <0.055
Cl 1.94 =0.11 Ba <4.1 <8.6
K <1.4 <1.1 LL.a <0.0019 <0.0026
Ca <3.9 Ce <«0.13 <0.098
Sc <0.0029 <0.0048 Pr <0.0%2 <0.031
Ti <«1.9 Nd <0.32 <0.25
AV 0.038+0.003 Sm <0.00064 <0.00059
Cr «7.8 <7.8 Eu <0.0033 <0.0095
Mn <7.7 Gd <0.35 <0.41
Co 0.24 £0.02 0.23 £0.04 Tbh <0.016 <0.017
Ni <3.5 <2.4 Dy <0.0029
Cu <0.90 Ho <0.0050 <0.0039
Zn 5.6 £0.9 4.7 0.4 Tm <0.021 <0.016
Ga <0.43 <1.1 Yb <0.013 <0.011
As 0.160+0.023 0.153+0.015 Lu <0.0027 <0.0034
Se <0.098 <0.25 Hf <0.026 <0.049
Br <0.015 <0.12 Ta <0.011 <0.036
Rb <1.2 <0.69 W 0.23 £0.02 0.22 £0.04
Sr <20 <16 Ir <0.00051 <0.0021
Zr <30 <20 Pt <«0.19 <0.16
Mo <0.35 <0.27 Au <0.00023 <0.00019
Ag <0.13 <0.56 Hg <0.11 <0.086
Cd <0.37 <0.28 Th <0.016 <0.013
In <0.0011 U <0.0048 <0.015

X B 1) $HAKRERE, YFHMEE] : Radioisotopes, 3 8, 315 (1989).

2) 88 AREE, SEHMEE oW EFE, 41, 521 (1992).

DETERMINATION OF TRACE ELEMENTS IN HIGH GRADE PURE IRON REFERENCE
MATERIALS BY INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS

Shogo SUZUKI, Yukiko OKADA and Shoji HIRAI
Atomic Energy Research Laboratory, Musashi Institute of Technology

Trace elements in high grade pure iron reference material (JSS001—3, JSS001—4)
prepared by the Iron and Steel Institute of Japan were determined by instrumental neutron
The high grade pure iron samples (ca. 64—890 mg) were
The irradiated samples were measured by a conventional r —
ray spectrometry using a coaxial Ge detector and an anti—coincidence 7 —ray spectrometry

activation analysis (INAA).
irradiated for 2 min and 6 h.

using a coaxial Ge detector and a well—type Nal(Tl) detector.

- were determinde by these methods.

Concentration of 8 elements
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L - IRMM 528 Nuclear reference materials(1.00%Co, Al-wire), 530 (1.00%Au, Al-foil),
NIST SRM 953 (0.116%Co, wire). RX 602D (0.1124%Au, Al-wire) 3 & UF IRMM Au/Lu/Zr
test alloy (1.1%Au, 1.6%Lu, Zr-foil)

RSB O SRS | Co-AlFFHI Sl EFe-wire & & ) Hb¥, Co/FelgEHEEMD LN 1
— ARV FRABTHRA, BE Y T VICEHA L2, Av-AlBEHE SR Mot THA 72
3 2. AuUMOBEREEMO Vo — ALy VB CHa, BHH SR IVICHA LT,
RSt - CoBbBHE 7 ¥ N KBTI Thetis(250kW) D JFLER(Ch. 17, 3)y AuBEHI IR JEL 5
(Ch. )IZ BT, K400 HE L 72
HIE B & U CoRBHI B M EEFe-wire & & 12, AvibEHIMofE & & b ICERER L,
HERE L Lizo HBEFEIRL Y PO F LBRGMRBRICHIEZ AT o 720 HIEIC RN
19% D Ge(Li) ¥ 721338% DpureGelRHi 28 % iV 720 ¥ — 2TV 7 Midy v P RO
SEQAL % 7213SAMPOQ0 %/ L 72 BRETECREU TR 2 H W72,

wa(WRILX(EA) - X(@) @) xCF.

ZIT, wkallEEHWTEAT 72 IIABEETEROFEEL) B & UCHEBEAPEL) TD
EE ARG 7272 L, R 04 BUETRE L RA T 2 A ZZ 2H DRV y b
DEFIE e EET L2 LI L7z, CRIZBEEEOE CER, MEROIF A by —
% & ORIERT.

[ & Z %]

PRRHESL R IR AEBBSREOBIHEE ., Fily ML ANV F - EEHHBEDO 2RI
FEVbDEFEAN, Co. Au, LuNEFIZZFNENTCoMD1173, 1332keV y ¥ & PFe®
1292keV y &, PAud4likeV y £ & "MoD366keV y Fi. Lud 112, 208keV y i & *Mo®D
140, 181keVy MEFH L 720 _

EEHMTR LNEETROSHMESRO—CELBEML., 20BWE~Y(I /0K
Ry b TEKIC—EEMA, Ly FRICIERA L7 0% LBEE & Lo Luidk
%900 CTHIEL b DAV, EREFIFECIEBRARPOEEEHNITE LG




BLZEOEELOAZHAVNIT L WD, BEPOTLEEEZ RO TBLLELI LV,
Co-Al& & A E T v» 72Fe-wire(0.1mmd) ? Channel 17 T DEHMET I 0 B CaERR) R I

& HWIEREIZ0997 L RO Nz F72, Av-AIEEFE % & TH v 72Mo-foil 10umE)

DI —< )T 0 B CEBRSRIC X 2 A EREIL0.996E RFE S 1z,
HEDERDT A 2 M) RFEKFIC LW ELBI/NS (T 540, Bt S

529cmDMEBETHEL YA A PYB L Uﬂﬁpfﬁmﬁﬂiﬁti FHEIC L DR 72,
F 1B LU 2IZCo/AlL, Au/AISEIEHE

PR OZRMRLNLIe SHOBL %1 perermination of Co in Co/Al Alloys (%)
BB ERLY POEERELTHEDS NBS SRM 953 IRMM 528

NETHD. TNFhOEEFED 1 0.1175 0.999
=1zm . 2 0.1166 0.999
BERER06% L2 TH Y, EEER 3 01162 1014
DIREREZ ST CHETRECERT 5 4 1.011
b D LERTE N, EEREIZIRMM Mean 0.1168 1.006
s0EBRCC, RiEEL Be—geRL o TR o0
720 IRMM 530TH, ERVEICHN momrr 0110 100
33%&E <. BEFOER2#AESLTH +0.002 +0.02

%o WEBERZBROML THIE L&

B4 FREO BT b 1l % 2. Determination of Au in Au/Al Alloys (%)

. 3 RX 602D TRMM 530

KFPIIREE b [ CFHE S 2 720D, 3 1 0.1118% 0.1003
LT HRE=Z & — (Au/Luy/Zrdd) 2 0.1090 0.1031
DIRMMIZ BV CERMERTH 1 . TR i 8}1?2 8}821
*"I‘@b%}%\ i@-"fﬁ% lﬁﬁi@jﬂf’fgﬁﬁﬁ 5 01120 01049
L72o Aull oW TR 0EE., ¥— 6 0.1104 0.1043
PEAGERL & N7255, Luld 7% DiEHE(RE Mean fé %23% +0(-)183f7

2R L. 7[‘%5]—’(%7@&_ ‘t#(ﬁ}_ﬁ’oto %RSD “2'.7 - i.6

BB, FERGEEIH ) REEREEE  Specified 0.1124 0.100
DTELMZ BN TEL D, HE +0.002
BEOKREICEL-EEBEELB L
75“%%&3%" hf:o

CALIBRATION OF SEVERAL NUCLEAR REFERENCE MATERIALS FOR NEUTRON
ACTIVATION ANALYSIS BY K;STANDARDIZATION METHOD
Kazuyoshi MASUMOTO, Laboratory of Nuclear Science, Tohoku University and
Frans DeCorte, Institute for Nuclear Science, Ghent University

In order to calibrate comparator elements in nuclear reference materials, a highly accurate
quanitative procedure was proposed. Calibration can be done without the comparative standard
doped an accurate amount of comparator elements. This method was applied to analyse several Co,
Au and Lu references issued by IRMM, NIST and RX. It was ascertained that systematic errors
caused by self-shielding effect during activation and counting geometry, coincidence effect during
measurement were negiligibly small and the accuracy was within 1%.
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1. Loz :

ChETCkERIZ. LEFBELLIEB-RBIRELIVWENITQ)Y XA - KRS
BEZAVWAXBTHRMEAREREIZI VY ROEREZMAEL. AXE. BIETIET L
o EEHEMRBO 7y EOSRICHEALT e LRIVODTyREBMERSERT
X352 ramULE, AN, BHEMROAZSY, ERAENPREANL W 2EDIA
BLoEN. BRIy ROBEREIPELBREOEZ > TR 2RO HATEA
. FRART—Y2BHBI I PTRIIEZD. TOEERKEL,

LU, EERMFO7y ROFIICHEA L AZB A, 30MeV HIBIHAIC & 5 R TR,
HEFTEZFRYUTAMS 2%Na(y. an)'®F BREICED. EREICEOHEENEL S
enghrotk,

22T AEBTUHEBRERBOLUEWETOIRANF Ty BRBHEZTW, B2 MK
HEfToREZAH, BRFRERVEBOLEDOTRET 5.

2. ¥R

SR HAMBAENREGOERES J6-1, J6-3, JA-1, JB-1. JB-2. JB-3. JP-1,
JF-1, JF-2, JLs-1R UK EHB AT BENMOWHE L USGS PCC-1, DTS-1 ZHWE,

A : BEIEEE 200mg 2. HX 0ue OFHE7 NI YA T _BIcARL. &
Z 10mm OF ARV ICRBLER, REBEE -y — DV BLLBCREAAEE
AICERHFAL, KEBEFINVY-HOAGEI N7 —(FX2am)EHF 3~5ca OHHEIC
BELZ. BFIEIANF— 20MeV, EHEHRY 80l OBFREHEIION-Y—T
BEREICERL, 90 SHBHLE,

Lzl : Batik, EREFXY Y7279 IRTLTLLBEILS LTIV FHR
— FICHEE. 1000 'COBRBARIFICHAL. X1V Y RE{To%, Fv Y72k NaF X
& NBS SRM91. 7 5w 7 RiziZNa W07 A WE, 7y RiEE. KEREHMOBEAK S
(500cm®/min.) T 20 SMMMmT I LicEkD HFELUTCHBEUL., % NaOH BB THEL
o HHEBOT7 v RITMBHK. HNO:. 1IN La BROBICEML 7 v#£% LaFs L LTHK
By, ERMAOER 25m DAV T I 74N~ —CHRLE, 7405 —
BERVZFLoBIeHAR, RVXF LYY y—VACEELTRERERE L A,

M. 7y BOENEIT. REEHER TR, 74Ny —-2ERLERLTRDE,
BESEEME : 1°F AODOBBWFEEICHS 5llkeV HEBS MO MEIL Ortec #H8
Pure Gelk s (S MEEE ; 1.9keV, AN ZH3E ; 30%) ZNAIGMIEYY-2 MCAICBE L Tfio 2,
FERENOEE. BVELAFOEDIC, v 2upRy Ml 2EBMBELAFALEY,

3. LEE

BEBRKE 23Na(y,an)!8F OL ZWi#HlZ 20.9MeV THB, CDED. ChETOE
BTRBHIANF—A 30MeV TH-REDHEBRRROBELZT. FERECEO#E
EHUAERLBo2, BITSHEHLEAWHEMTO 20MeV TRELIHW AT R EZ 3.
BEBRLOVELAREAMTEZZLHDPo %,

BETINF—% 30MeV b 20MeV ITE T XV ABE. ERBHEEEDBH 1/2 2o,



TREETULE. LPALAENS, Nu 2T FiEO 106 LEDEREOERTHR
120.06 4g/g 22D, HRETEYT pon LRNOT7yROERICBEAEAZWZLESD
2 %o

ARKBRTIE NBS SRMS1 Opal Glass 2 HEEMEFERL LT Ty ROERKKIHT 21T &,
EELA Table 1 237,

Table 1 ICH &R & Si2. JP-1, JF-1 2B < 2TOHEREATRREL B —K L.
AENERROT v REERTIAWMEL UTHATHIZ L ARBLE,

Table 1 Fluorine concentration( xg/g) in GSJ and USGS rock reference samples

Sample This work Av. £ St.Dev. Reference value?’
JG-1 507, 488, 498 498 + 10 496*
JG-3 330, 343, 340 338 £ 335
JA-1 166, 165, 160 164 * 170
JB-1 394, 408, 380 334 + 14 393*
JB-2 103, 106, 96 102 £ 101
JB-3 276, 287, 282 282 + 6 295
Jp-1 2.5, 2.7, 2.3 2.5 + 0.2 10
JF-1 16, 19, 15 17 + 2 <10
JF-2 3.9, 4.4, 4.6 4.3 * 0.4 4
JLs-1 43, 42, 43 43 + 1 38
PCC-1 12, 9 11 13
DTS-1 9, 9 9 12

¥:Recomended values

Reference

1)K.Masumoto, S.Ushino, M.Mutoh, M.Yagi, T.yoshida : Laboratory Robotics & Auto-
mation 6(1994)21.

2)K.Govindaraju:Geostanderds Newsletter(Special Issue)13(1989)1.

DETERMINATION OF FLUORINE IN ROCK REFERENCE SAMPLES BY PHOTON ACTIVATION
ANALYSIS ’
Hiroyuki SAKURAI, Yasumasa SAYAMA, Mitsubishi Materials Co.
Kazuyoshi MASUMOTO, Tsutomu OHTSUKI, Laboratory of Nuclear Science,
Faculty of Science, Tohoku University
The high-sensitive determination of fluorine in geological materials by pho-
ton activation based on the '°F(y¥ ,n)!8F reaction has been proposed. In order to
avoid the interference reaction, 23Na(y ,an)!®F(E;»=20.9 MeV) from Na, which is
a major element in geological samples, irradiation energy was adjusted at 20MeV.
All results showed a good agreement with the reference values, and the deter-
mination limit was 0.06 ug/sg.



1C06
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1. LI

LS | ORI sbiciEly, U309 2 NAKEDI0' atoms/ecm2 LI F DRt
DALY, ZONMEDRRNED SN TV, DHEFHREHEIITREIIBE, T8k
D ETIHSEMTEDERLICERBENEED 1 DTHY, BESIE, 7/ \EAOREE
MTREED-ODPHFHREHEMTEDBRREED TS, CNETIC, EEEOPH
FRH CERELEENTTAELTRICH LTI, SHE CHBSHSS BN -85 DI
R, OITRMAREOFLOEREFCLY, BIRTERTE 10° atoms/cm?EB DERETHE
ELTWBY . —A, REROPHFBHNERICHELTRCILTIE, SHEREH
SABREFERLTHOBN, BEROBERE KUFHFEHEBICER TSI EEZONBE
2 (BIZESETIXI0 ~ 10'2 atoms/em? ) MBH o1

FLTEELF, NOOFLREERLHBEFEOTHEDEEFROELERS 2, U
vy o NEEEAEH? 2 hUFHREHES T ORBRSSRCIERAT 3 sl L T
=39, SEId, BEIELIU IV o NESWRBHCAO-REFHRE LR L Y,
Dz N\KEOH BERFEERLI-OTRETS.

2. &

2. 1 Tyavyz/ \OEEES

HERDCI-pRIZ Y3y 2N (100) DAL ESHETER OgEERm) AteEhR
Eht, BEIE NERERFCNE BXIFA (BHRSHER) T 3B0CTH
BERIMNE LA S B

2. 2 EEIRE

BELEIUIVY 2 NEISXImIZEICTIEL, BESS ZBRBBHRICANSL
NEAEZ(CHA ULEBAEE (85Eit) &b, RAEHS IBEICHAL, THFRB
StRARFE L BEREFHRAEFOMEREFFJRR— 3 - kAHEBSBHERL, 50
Fefdl, PHFRBEETo 1 'SIORER DUV N\EHEEE/ T v ILKERES BEEE
U VEERRTH IO U Ty F T, FERERYRGE ChCEEETRMUREE
vILKFEREAR TAR LU BREARMICE UBR CAREFRMES 7T LERS
B U714 R EHEECAR UgtestaEM & U

WEtRER AN, HFRBGeiR e EER L

3. #HRLEER ‘

3. 1 F2E0OBE

BIBRDOD  NOESREL, U /N\OHE AXBICREAMAILOTHY, &S
ENDI v F U IRDEALRONEN -T2 Ffoy 2 /N\OESIREIIFABINZAY b
AN HEEIEEY 2 /\OFARINZIRY FIVIZESFIOY 2 N\EFRE TS0E
WRRY MILWNEDH, BEIREYNT T HOY NEREEIRETHIEND
Wofe FfeDz\OESICE, Si-0-Si #HENBESLTWHWAZ &bEREIN —5,




Wt b L—YEERL, ERIRECEHITE EMTEOREERSO #$HEHCDINTI9.5
BLLEDINENEDNT. E-PHFRSROT v F U J(C k2 BEEENS DBEHNTHRD
Bk BELBRLET v FUITEMNGOD o/ \OFFRIIEATE, Lo ETIY
AV NREADBMETENEETEE ST

3. 2 TERZE

HKENTTEEHE LT, 350 CT2REREMBUIESI U U IV /e, BEEIT
b oY 2 NESREBICBOWTERESTEI T HREERICRYT. AIEOEEE,
HEOFEMEDIZIFV/IVUT &~z £z, ThET 10 atoms/cm2LL F OFEEHNHE
THHEICDONTIE, BERESICLYNMRBERRTI&CELY, 1X10atoms/
cm? FCOEENTRETHBIC EbbhoTe. CDLDIC Yy N\OEEESER
WRBRASLER, BB OBEELIRETY o/ N\OFEERLTEEATI &L Y,

DR TH SFEmDiF R

RBERETEIENTES. Table Analytical results of trace elements on
F - HABopERES LU silicon wafer surfaces (atoms/cm?)
hEFIRSHCRERT 3 &EEX

bNBERE, XD/ Element Bonded wafer Non-bonded wafer
S & REERIC P HEFIBSHERD

ITyFoFickYgERTES Fe 1.9x1p'e 6.9x10"
2, UV 2 NKED In 7.4%x10° 1.7%x10'0
BHETRODICED =S Co 1.5x108 7.5x108
R BERASEETH B 2 & HEA Cr B.6X108 7.7X10'°
hegEoTt

JRR=3 - KN B COERMBMCHIY, CBS, CHBELExE L
R AEF AR EFRRFR RO AR (£ COHRIFRIER0S 4 (LS 7 LE T

XK 1) KR OEEE, B 29HEF 42, 229(1992).
2) HIL R SR 60, 790(1991).
3 EW RS7 . BUOSTEPFERERESE (1993) .
4) FBF KR, HEE . BHEINFILETRSFERESE (1994) .

NEUTRON ACGTIVATION ANALYSIS OF ULTRA-TRACE ELEMENTS ON SILIGON WAFER SURFAGES
USING SILICON WAFER DIRECT-BONDIG TECHNIQUE

Masaaki KATOH, Toshio SHIGEMATSU, Hiroki YONEZAWA, and Tadashi OHROKU*

NTT Interdisciplinary Research Laboratories, NTT Advanced Technology Corp. *

The silicon wafer direct-binding(SDB) technique was applied to the sample
preparation for neutron activation analysis of ultra-clean surfaces. Using SDB
technique, the contamination caused by sample preparation and neutron
irradiation could be decreased to 1/10 levels, compared to our more conventional
technique already used. A surface contamination of silicon wafer was 10° - 10'°
atoms/cm? for Fe and In.
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1. IICHIC

SEEEN—BEAZL S | ILHEWTIE, RFHEHOEILOERE LB U VTIIN
KEDE. = w7l SHRVERESEBLSBETHENIENBICINTDE. TNOTEDEK
EREX10'° atoms,em? LTF(CIERT BDLEND B & XN, ERFEDBRFTINEDONT
WEHY RIFFCREBEEHLT 2HTEDERELZNINTHS. FNORITELEE
TRRICGEWLEETH Y., BIIINIHHEDERI2HRT A HICBLDNTEICLD
JORF v PHBNIEEXKERO=DTEDF £ v IHNEEICIRD.

CHET, &% FEIUVERBENIELRELS M —Y—FRERNT, RABEN
1013 ~10"atoms,/cm?$EIR DRI AT AEEA M OERIRMHE X B O— MAICK YRR
LTBH, HTHEEEREN 0B LL T ORKEEALMNC IR TV AN . ZITE %
THSHEHERZEMN 0% LU T OBEARHERIRMSC OV TRETEED T
2. &

P L—HiER DTS : _

S9F e, 4CuURkU®SZn bL—H—iFRIIATERY LRIRRICTAR LT
U d vy TNOSEEULIE -

YA UICZ-pBIBEESTEREN 15mmo® (100) ADYTNER . HERE
ILIBEZFE T wEEERIC L YRE LR DHCI/HL0./H,0 (1/1/5) k. 80°CT 1 R
DEEILIIZH B (MIQINHNO B R CREEITIMER L
PL—H—FRORAE Y I—F 4 45 EHEtEestal

AEV3— ML 600r pmT2WEEERC FL—YBREBF L, ¥FTH0r omT
WREEEI . TORTVINEITMmOH B MI0mmICIERL, 7O A8y &
S R2n-AR70—-H9 vy —CHEHREERE LT
3. HRREUEBE

ZEO— F ORI

PL—H—i®RERAEYO— b LY INOREEENTEREN DS, T T/ \ORISRLE
AEENERICE. RABEOTRICH/>TT v FESEROITHE (15mmzH)
HBMI2NE Q0mmRE) OFHIREEEERNB&C L mOWTERTE L
—H—FROI~im | Z# F U TTFOREBEEEROIAMECELZ R, DEDEET
Z 2.0mi®DkrL—Y—AKEFRAL

KEDHTRAEEAHOEREEN

HCI/H,02/H,0 (1/1/5) i&#&H, 80°CT 1 EHRIDBLIREIT > 72U /20 1~40p p

MDD F e RU*Cu b L—H—iFR 0.01~04ppmDe*Zn bL—HY—BKEREY
J— FLTELNLENEND D TNOFIREEE & EH LICRRREORIRER 1 (C

TRY. ETo. INHNOS(C20BELSE AT 2 T/NME%F e P L—H—ABBKEEREYI— |
LTEon#HR () bEHLETRTN, MBEERNLS LTS, EMs10'3
~ 10"%atoms,“cm? $EOBF TEEOTIREEED T INE{ERITEBE L ENHM 3.



d. HOI/H202/H0 (1/1/5) iR, 80°CT 1 BERIDEL LAIE AT - f279 T/ \OHXHE
HEREZI0~19%DTH > T=hY, INHNOSIC 20BN EE T -0 T/\Tldb BERTH Y
H—I B OERNEIRETH o o i, (B3R FABESHIEIOTNEFOINTHER
MZEEDIT~63%DEERLTW N, SEOERTRIEVERRSNGHI T

DEO#ERES &S, 0.1, 04K dp pmDC uiBKAREREVO— L, BHEF
WEHEST? THEEE L. BoNRATESE L —Y—ZOBREERT 2 St
[ENROERIEEDEE TR LA 5~ MSOSHETH Y, EEIL—BLEEWR
5.

10 "¢
Y f
1013_r
ol 1N HNO,

O Fe

[m}

Surface density (atoms/cm )

10"
_ HCI/H,0, /H,0"
10'F * Cu
E ° Fe
[ & 7n
109 s s aaaaul FENPPTITY PRI B R AT S ST
.001 .01 A 1 10 100

Concentration of solution ( ppm )

Fig.1 Dependance of surface density on
concentration of solution

SE 0
1) KR, B, % 3 EmsH bFe RS mE TR 0 202 (1993)
2) KR, BESF, BBFA: ML, 42, 229 (1993)

FABRICATION OF STANDARD SAMPLES OF IRON AND ZING ETC. FOR SURFAGCE ANALYSIS BY
SPIN-COATING

Toshio SHIGEMATSU

NTT Interdisciplinary Laboratories :

An aliquot of 5%Fe, ®*Cu or ®%In tracer solution was dropped on rotating
silicon wafer surface which was oxidized by dipping in HC!/H.0,/H,0 solution or
in TN HNOs solution. The average surface densities for Fe, Cu and Zn were pro-
portional to the concentration of the tracer solutions in the range of 10'%atoms
/em? to 10'3atoms/cm2. The relative standard deviation is about 6% for the wafer

which was dipped in IN HNO; solution for 20 hours.



1C08

784 FERIEADHE LD

(BAT « RAEFF
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[#E]

EOFOMBREMBEEANRSL I LG, MRBFORBOLLDHDICBEERLFRTH 5,
EXRF LB AROMBLOEH ., MHEAKOMEBHICHTIHERELEX 3 HITHE
HEED TS, ChETREARECTEFNIHFLHATCKFOERITIE. BpiETHHEL
AENAVCONTE 2, EERT ICP R4 T (ICP-AES) 12 E D D & R 247
BRE-oTH->-TRDOONDDH B, LHLAEHS ICP-AES Tid. BRICEK - THE %
BBTAIENRURTHD, FEUEBBEICSEINASHENRSDOERN, Ak ER
5, BEETAIHERMICISLTAHANPEEZBRIZIENEZ LN, EITELTULLES
TREV, FHREZETFERITE. vy PRABIWHO ICP-AESEB A SNTH
h, A—FHBH 28BS0 P T BSHE 53 (INAA) B & O a6 3 0 P F st L 23 ik
(RNAA T L. TOEEZREZUBBRH T LI ENTE S, 3 5ITE RNAA TR, I
EWENICP-AES IZL L > THBILITA S, FHETRE, EMORNLIHBTOT /N4 b
(EKZ Ca10(PO1)e (OH)z) #H—BELT. AWMTF— S OLBERS 2, X FFLE
DT NZA PTiE. MmOEBEVRBOT/NF A PITHERTEL, TOHERE. INAATRE
M ZRHA L EZICERT 2 MmOy RO VT P Uy EELMMEOBBEOKR LT
ElL. FELHRRCBOTHREZINABOBEELB Lo, LU RNAA TRV D00D
DIEERNERTE I,

[E5k]

[ 1. 1CPRNAHHT]

WALSH "V S DO FER > THH Uic, Ealrosg ZBIMBICHEM LU, BREB L 72,
AERGEEB. A2 INEBICABL, smIEBF L, ZORBIZEF+ )V T7T—-ELT
TmZMA. BAT o RERIEAH S L (BHF DOWEXSOW-X8, 14cm ¢ X 19cm ) IZH U,
RISZOHA T AIT1SNIERRE 00mlBE U X HFTHETH S Ca, Mn, Fe L EEZHER X E 7,
O ANEMSom 2 UTHLIEARZAEL. COXBEZAREEL T, LM
INERICEBR LU, ImIXERF L, COBRBEATABELUTICPRAESTTH LE R
ROEBBEEIT -7,

[ 2. INAA ]

EAAM 0mg LU SmgZ2ETEHL, REXREFHERFF - EQ#H 2% Pn-2
(#:n:28%10"° nfem */s) BL U Pn-3( P en:23X10"° n/em 2 5) ICH WO T 15 470 L 60 5
RBH L, BHFELEERO  RZ G B AREBTHUEL. HELEREEEE L,
[ 3. RNAA ]

EAEE 1mg 2 EVIKHAL, RBAERTF - EX®ZEE Pn-3 T30 7 MEH L,
REKRTH,. F<KERBEF VT 280 REB ImRKAERL. 205 50 05ml



o

EFRAA VKBRS L (B DOWEXS0W-X8, 14cm ¢ X 12cm) KE ALKk, 2D
ETISNEREZ OmITM L. HETHETHSNa, Mn, Fe B EEZBM L2, DEIZ 10% Bk
TUVvEZVLE3MB LR, 5272 VBT v E LA 0mE L. HLEAREE
MU COBBDmEED, GeFHEGREBTYMEWEL. HLELREZERL
oo £l ZORBAA URBIIBLTOFTLHEAEORNNERELE IS 7 a vPOF v Y
T—OEEREICPRASW THUETEIZEICLDRD I,

[HR] Table 1 Determination of REE in apatite
Table 1 i~ 3 BB D F T HEICT & 34N (localized in Northem Vietnum) (wt%)

MFALAETNSAL MPPIREENZIHLER Element INAA  RNAA  ICP-AES
ROGHER (ER%) 278F. 7394} Sc 0.00009  0.00008
POFTHELCRIREBLITEMBIZZ Y ND ND 0013
DIFREENEITBE I ENERMICELID La 0.003 0.004 0.0048
SHTVAN, EBICERBLICERIZTH Ce 0.001 <DL 0.0028
ZhoOAHBFETCRVE-S TS, 2 I T Pr ND 0.0008 0.00082
ICP R TIT DOV T, SclidBREBRZIFK Nd 0.002 <DL 0.0037
Lotz FloTmZB A4 R8I Sm 0.0007  0.001 0.00038
BLTHF+ VT —EULTBRIIMAIID, Eu 0.0002  0.00008  0.00004
BEET> TRV, ThTNOAWMALE Gd 0.002 <DL 0.00041
DWW THRHFT S EL INAA TSRO H Tb 0.0001 ND <DL
W ML EDPH B K> TRETEROHE Dy ND 0.002 0.00061
AL, RNAA TIE INAAITHA~XTEZ LD Ho ND 0.0002 0.00007
BEEARIEENN BARBEIIHTZHK Er ND 0.0009 <DL
BXRBZI T, AHHICERENTHE, Bt Tm ND ND
HBOBE2HWPTH, XOHBNL IR FEE Yb 0.0003  0.002 <DL
A3 LENH S, ICP-AES TR, HF1LH Lu ND 0.0001 <DL
TBEOEERBENEL.. SFEBOAVROIH ND: Not detected
TREBIZIIPOHE DR BEN T, <DL: Detected but not determined

Reference: 1) J.N.WALSH, F.BUCKLEY, I.BARKER: Chem. Geol. 33(1981)141-153

RADIOCHEMICAL NEUTRON ACTIVATION ANALYSIS OF ROCKS CONTAINING
RARE EARTH ELEMENTS
Akira KITAMURA, Yoshinobu KADOTA, Masatoshi MIZUTANI, Kazushige NISHIZAWA, Tadashi
YAMAMOTO and Satarou NISHIKAWA, Faculty of Engineering, Osaka University, Research
Reactor Institute, Kyoto University

For the simultaneous determination of multi-elements, radioanalytical activation analysis has
been taken over by other high sensitive instrumental analysis, for example, inductively coupled
plasma - atomic emission spectroscopy (ICP-AES) in these years. However, ICP-AES requires to
dissolve samples completely. The analytical results of rare earth elements of rocks were compared
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THELU, & Fig.1 Prompt and Delay y-Ray Spectra of Na® ClI.
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ISOTOPE ANALYSIS OF CHLORINE BY NEUTRON-INDUCED PROMPT AND DELAY y
-RAY ANALYSIS
Hideaki MATSUE, Hiroyuki SAWAHATA', Chushiro YONEZAWA and Michio HOSHI
Department of Chemistry and Fuel Reserch, Japan Atomic Energy Research Institute,
"Reserch Center for Nuclear Science and Technology, The University of Tokyo

Isotopic analysis of chlorine by neutron-induced prompt y-ray analysis (PGA) and neutron
activation analysis (NAA) have been performed with using cold and thermal neutron guide beam.
The isotope of *Cl was deteced by the PGA with doble peaks at 786, 788 keV(Fig. 1, upper). On
the other hand, isotope of ¥Cl was deteced by the NAA with peak at 1643 keV (*Cl 37.16 min)
after the prompt y—ray measurement (Fig. 1, below). The calibration curve to determine the ratio of
»Cland ¥Cl obtained had a satisfactory linearity as shown in Fig.2 .
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Table 1. Results for JSS 280-1 standard steel sample
Weight Chem. Yield 3!Si Activities Specific Activities Si Content

(g) (%) (cpm) for 100% Recovery (mg/g)
0.5154 - 88.7 10,590 23,160 0.621
0.7159 86.3 14,480 23,430 0.634
0.5592 73.8 9,930 24,070 0.667

: Av. 0.641

Determination of Silicon in Steel Samples by Radiochemical Neutron Activation
Anaslysis

Hiroyuki TOMURO and Kenji TOMURA, Institute for Atomic Energy, Rikkyo University
Silicon in steel is detamined by radiochemical neutron activation analysis,
interference by fast neutrons. is eliminated by double irradiation method in

which one sample is irradiated in Cd case and another is without Cd case.
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nah, REBEINTHEY, Fe/Th-Sm/Th EUUAOHFIEI L O, WMEBNXSICH
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BRI D EELII B Lo CLTHMBEE LHEI N, ERORBIZ L 3F/IEEIZ
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LTWAZEREHCHEL & 5o JhiT UT, BB V BIZMME &/l MEE, EHRE
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Table 1 Typical--Results of Chemical Compositions of Archaeological Obsidians
and Their Origins ( ppm excepting ¥ for Fe )
ARES Sc Fe Rb La Ce Sm Hf Th U BEHE (FEXH)

1 132 230 19.5 7.50 17.4 5.82 3.75 1.07 mE (B
2 10.3 1.91 39.7 12.0 26.7 7.30 6.39 3.38 1.26 Ak (k)
3 9.68-1.90 343 10.8 245 6.90 595 2.76 0.51 Ak ()
4 3.06-0.63 141 14.2 38.2 570 3.29 9.40 2.55 FEHE (EHik)
5 2.92-0:60-136 131 27.2 6.43 3.13 8.96 3.04 FTHE (Fiid)
6 3.20 0.70 55.5 17.5 28.9 4.22 1.94 3.83 1.52 #hiEE (#@S)
8 2.18-0-87-97.3 20.7 36.5 5.06 3.46 7.43 1.65 ZEHEif (FH)
12 3.63 0.75 629 184 321 473 2.34 4.69 0.93 #HEE (MRS
14 14.5-2:11 20.8 7.66 19.7 T7.77 4.13 1.24 0.29 M@ (&RA)
15 15.2-2.12 23.4 8.837 20.1 6.8 4.68 1.42 Mg (ERA)
18 14.4--2:00-21.4 7.43 18.5 6.00 4.30 1.25 0.37 BB (&HRA)
19 14.2-2.06 3.61 6.84 20.6 6.66 4.40 1.32 0.27 #ME (HEB)
20 140 223 10.3 8.13 19.4 6.50 4.53 1.48 0.08 #HE (HRB)
21 14.3 249 159 T7.48 18.1 7.02 3.89 0.97 0.37 4HfE

22 16.2 2.79 22.2 8.27 19.5 6.91 4.55 1.49 0.19 15

24 15.1 2.43 3.23 6.93 20.5 6.48 4.49 1.20 0.15 H7F

40 155 2.44 23.0 8.44 18.4 519 4.95 1.03 0.38 HHfE

41 877 1.70 49.4 12.4 28.0 8.48 6.15 3.26 0.93 #

42 312 062 149 154 291 6.52 3.44 10.3 2.22 Eie

44 303 0.59 133 14.9 321 4.57 3.73 9.55 2.23 Ehi&

53 2.31 0.85 102 22.4 40.0 4.93 3.27 8.36 1.40 EE

59 7.42- 1.65 37.8 9.87 20.8 6.28 503 2.54 0.90 Ak

60 9.02 1.65 45.6 11.9 24.6 5.17 6.23 2.78 0.75 HikE

Source Identification of Archaeclogical Obsidian Samples Excavated from DOTEUE

Relics in Numazu City by Instrumental Neutron Activation Analysis.

kenji TOMURA, Satoshi KOSHIMIZU, Nobuyuki IKEYA and Akihiko MOCHIZUKI (Institute

for Atomic Energy,- Rikkyo University, Cultural Properties Center of Numazu City,
Numazu College of -Technology)

Archaeclogical obsidians were analyzed by INAA for their origin identification.
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REACTOR NEUTRON INDUCED PROMPT GAMMA-RAY ANALYSIS OF ANCIENT GLASSES
Takeshi TOMIZAWA, Faculty of Literature, Keio University

Tatsuo SASAKI, Faculty of Letters, the University of Kanazawa

Chushiro YONEZAWA, Japan Atomic Energy Research Institute

Hiroyuki SAWAHATA, Research Center for Nuclear Science and Technology,

the University of Tokyo

Yoshitaka MINAI, and Takeshi TOMINAGA, School of Science, the University of
Tokyo '

Reactor neutron induced prompt gamma-ray analysis can be successfully
applied to ancient glass beads because of its ability of rapid non-
destructive simultaneous multielement analysis. The analysis of samples
provides a clue to estimate provenance, raw materals, and manufacturing
procedures. Based on the contents of B, Cl, Si, K, Na, Pb and Ba, ancient
Japanese glass beads could be characterized.
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H content (ppm)
= ol

Table. Analytical results * of H, B, S and Cl for carboneceous chondrites.

sample H(%) B(ppm) S(%) Cl(ppm)
Orgueil 279 £ 0.04** 243+ 0.04 5.08%+ 0.14 1036 £ 54
Ivuna 2.83 +0.04 6.78% 0.18 541+ 0.16 1169 +74
Murchison 1.88 +0.03 6.10% 0.08 2.57+ 0.08 588 £35
Murray 1.97 £0.03 443 £0.3 2.34% 0.08 277 £23
Allende 0.022 £+ 0.003 1.06+ 0.24 1.89+ 0.05 523 £28

blank 413 pg 26.1 ng --- 353 ug

* blank-corrected.

*¥ due to counting staistics (16)

PROMPT GAMMA-RAY ANALYSIS FOR METEORITIC SAMPLES (II)
Mitsuru EBIHARA‘, HiromasaOZAKT', Hiromichi NAKAHARA!, Chusiro YONEZAWA? and Hiroyuki
SAWATARI?
'Faculty of Science, Tokyo Metropolitan University, Japan Atomic Energy Research Institute, *Center of
Research for Nuclear Science and Technology, University of Tokyo

Applicability of prompt gamma-ray analysis (PGA) to meteoritic samples was continuously examined.
Hydrogen was reliably determined when its content exceeds the blank level of 50ug. In addition to hydrogen, 15
other elements were determined. Thus, it was concluded that PGA could be used as a routine analyncal method
for meteorites.
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BCL “Ca, *MnEER L 2o BB TIZ-RSRILT 24BBE, 1~20M%
Wk, 2000800 y HEE L. Br, “Ca,  Table1 Result for NIST 1547 Peach Leaves by INAA
K, "La, ’SmEFEE L, & 51220~
30H FI% R 30008 RIE L. “Co,
SlCr, 152Eu, 59Fe, sst, “SC, 169Yb, 6szn

Element n Peach Leaves
This Work Certified Value

PEELS, Brug 4 109+1.4 an
i b . Ca% 5 1.57:+0.10 1.56+0.02
[ERB & U%‘_,zfs] Table 112 NIST 1547, Clug 5 33418 360416
Peach Leaves®D I8TLEDEBMFLRTo B Copg 4 0071002 (0.07)
b7 EEE IATERERZE 10% DTk Crpg 5 1012011 )
- o T e Euug 5 0213005 ©.17)
b R E XKL —HE (Co ptd D oo
Sr,Ti) KOoWTiE, HREESL LDy B k% 5 240+0.08 2.4340.03
9T, MOBEOY -2 0B EZTIT TER lors 4 8981030 ©
e s , i o e Mg% 5 0439£0026 04320008
» ﬁx_ff%)‘oto Table 21227 R J FEDHPIE Mnjpg 4 95819 0843
FRERERT . BWPLRML 722 2/ RHED  Napg 4 284230 A+2
Co, K, Rb, ZnDEEMEDIEL D&k ko Rbpe 5 187%11 as
] i e o Sc,ug 5 003920001  (0.04)
K, NaDEEEDE . La, Eu, SmDEEED Vg 4 038+006 0.37+0.03
IEERASE, & Tz ' Yb,ug 4 0.21%0.02 0.2)
Znpg 4 150%1.0 17.94+0.4




Table 2 Result for Camphor Leaves by INAA
400 |- .
Element n Average Min Max  Standard
300 . ' Deviation
=
5 . % ° Br,ug 34 548 114 138 310
% 200 - o * ° Ca,% 27 159 064 220 040
g o o R ClLpg 25 493 91 1130 300
= Co,pg 37 0077. 0028 0160 0027 °
100 |- L L Sw, O Cr,pg 23 091 031 214 050
8¢ Eu, ug 19 0018 0003 0059 0017
0 L L L Fe, ug 35 190 95 372 730
0 100 200 300 400 K,% 25 830 545 100 2ll
' Tron, ng/g La, zg 25 0192 0054 0731 0.140
Fig.1 Relationship between Tron content and Mg, % 19 0252 0.124 0542  0.116
Manganese content in Camphor Leaves Mn, ug 22 190 48 522 127
— Na, g 30 158 31 367 109
Fig.1lZ Fe &k MnOLEEEDOMRE Rb, ug 22 662 18 141 337
RYo BENDZ A ) XL Fe>Mnh Sc,ug 33 0038 0012 0100 0020
~ e Sm, ug 25 -0.056 0.009 0295 0067 -
WiETHL (OF) o L2l ZEE \A ,,l; 34 0515 011 140 0350
DL VEEOW % EGRES R VL Yb, xg 18 0329 0062 109 0357
FIICEFLTWAS Y X 3 Mn> Zn, g 26 185 105 285 427

Fe & BEEOMEN 254 &1z (OF) o

E OIERAA IS A S PEE SN BEF R L BEMA D 2 2L P TRV, O
I BHBEBRVELTS, 7 A FRATFERRILLAHBLTEY ., KEAFHE
GTHE, DD, WRWBEROLLZ VB TEFTLTWS 7 X FETHFE Y
177 218, HEYEHE R L L CERITE 2RSS 5, 474, 3 5 ICHlE g i 7,
AEE L L TRE L2V EZEZ TV,

INAA OF CAMPHOR LEAVES CANDIDATE REFERENCE MATERIALS

Takeshi FUKUMOTO, Shoichi KAWAMURA and Shizuo FUIIWARA, Faculty of
Science, Kanagawa University

Kenji TOMURA, Institute for Atomic Energy, Rikkyou University

Camphor Leaves were neutron iradiated in TRIGA MARK II (5.0X 10" n cm™s™) for
5 min and 24 h, and the contents of 18 elements were determined. The observed contents of the
NIST Peach Leaves were in agreement with their respective certified value. In ordinary
Camphor Leaves, the ratios of Fe content to Mn content tend to be greater than unity. However,
in heavy traffic area this tendency was reversed.
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Fig. 1 Elemental abundance profiles for representative elements in Selongs, China.
The relative depth was based on the deepest sample. The P-Tr boundary exists
in a layer between TS49 and TS50.
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NEUTRON ACTIVATION ANALYSIS OF ‘
PERMIAN-TRIASSIC(P-Tr) BOUNDARY LAYER IN SELONG, CHINA
Yutaka MIYAMOTO, Koh SAKAMOTO, Faculty of Science, Kanazawa University
Wu MINGQUING, Institute of Geochemistry Academia Sinica, China

The elemental abundances of Permian-Triassic boundary layer in China were determined by
instrumental neutron activation analysis and ICP-MS. The elemental depth profiles had anomalies at
P-Tr boundary, and REE pattern at the boundary normalized to shale was different from others.

The P-Tr boundary may be occurred by the changes of the terrestrial environmental conditions.
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STUDIES ON DEVELOPING A SENSITIVE FUEL FAILURE MONITORING DEVICE BY DETECTING THE
DAUGHTER RADIONUCLIDES OF F.P.-ORIGINATING RARE GASES CONTAINED IN A COOLANT WATER
Tatsuo MATSUURA, Shu A. HAYASHI, Susumu HARASAWA, and Kenji TOMURA, Institute for
Atomic Energy, Rikkyo University

Studies are now being made for developinvg a routine fuel-monitoring device
by sensitively measuring ®°Rb and '¥*®Cs, the daughters of FP-originating rare
gases, which are effectively purged by passing nitrogen gas bubbles into a reactor
coolant water., OQur present conclusion is that the most effective method may be
the sampling of the purging gas into bottles, washing the gas with water, and
measuring the radiocactivity after standing for a definite time; this procedure
should preferably be done as automatically as possible,
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