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Measurement of C(7, p ) with Polarized Tagged
Photon ‘

I.Nomura, Y. Fujii, O.Konno, T. Suda, T. Suzuki,
T. Terasawa, Y.Torizuka, J. Yokokawa, K. Maeda,
G. O’Keefe!’, R. Rassool T, and M.N. Thompson 't
Laboratory of Nuclear Science, Tohoku University
TCollege of General Education, Tohoku University
TtSchool of Physics, Melbourne University

Measurement of '2C (7, P ) reaction with polarized tagged photon beam has
been performed at Er=50—65 MeV, 60p =30°—90°, and a preliminary data of the
analyzing power was obtained. As a polarized photon source we used off-axis
tagged bremsstrahlung with the detector target and back-up counter restricting the
direction of the photons and recoil electrons. This work showed usefulness of the
polarized tagged photon for the research of the photonuclear reactions at intermediate

energies.

§ 1. Introduction

At energies above the giant dipole resonance ( GDR) and bellow the pion
threshold the total photoabsorption cross section become small. In these energies
one-nucleon absorption is supressed by a large momentum mismatch and therefore
the contribution of two-nucleon absorption is expected to become important. The
experiment on (7, Py) and (7, ny) reactions has been a tool for the investigation
of the photon absorption process in this energy region and existing data indicated
that 2a) (r, py) cross sections at different photon energies and emission angles
can be explained by the same one body momentum density!’ , b) the cross sections
for (v, P,) and (7, nN,) are comparable in magnitude? . These results show the
predominance of the direct and the two-nucleon absorption process respectively, and

cause a confusion in understanding of the reaction mechanism. Recently it is shown
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that the experiment with the polarized photon can give additional informations to
that extracted from the unpolarized ones ¥ ¥,

The angular distribution of nucleon after absorption of a plane-polarized photon
(Polarization B ) is,

do (E, 6, ¢) =doo (E, 6) (1+5 2cos2 ¢) (1

where the first term is the differential cross section with unpolarized photon, ¢
is the angle between the polarization vector and the scattering plane, and 4 is the
analyzing power. The analyzing power is expected to reflect the nuclear structure
as well as the reaction mechanism. It is well known that the bremsstrahlung is
polarized at off-axis. Detailed calculations of the bremsstrahlung cross sections
showed that the polarization is enhanced by means of restricting the acceptance of
the recoil electrons® .

The enhancement of the polarization was confirmed experimentally by Illinois
group® . They set a special collimator in tagging spectrometer in order to restrict
recoil electron acceptance.

In the present work we aim at showing the possibility of using the polarized
tagged photon in the intermediate energy region. We tried to measure the analyzing

power of 2C(r, P) reaction with the polarized tagged photon.

PROTON ~ DETECTOR
DETECTOR TARGET

QD=

. ! 1
- | =
counrer ~ RoIAToR
RECOIL [t __PRIMaRY

ELECTRON ELECTRON
ELECTRON COUNTERS BEAM

TAGGING
MAGNET

Fig.1 Perspective view of the tagging facility showing the configuration
of detector target and back-up counters.
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§2. Experimental Set - up

The measurement was performed using the 150 MeV photon tagging system in
conjunction with the continuous electron beam from the pulsed beam stretcher of
Tohoku University. An illustration of the experimental set-up is shown in fig. 1.
Bremsstrahlung i1s produced in a thin Au foil by incident electron beam. Recoil
electrons are momentum analyzed in the tagging magnet and detected by the 32
channel electron counters set on the focal plane of the magnet. The proton detector
consisting of two 1 mm thick plastic scintillators (4E) and a 7.5 cm diameter by
5 cm thick Nal(T1) counter (E) measures the energy of the photoprotons from
the nuclear target. The threshold proton energy of the detector is 27 MeV.
The coincident detection of the proton and the recoil electron defines absorbed
photon energy. We have arranged four proton counters at scattering angles 30°, 45°,
65° and 90°. In addition to the standard tagged photon experimental system, we
used two special devices for the production of the polarized tagged photons.

2 <1 Detector Target

We used a set of plastic scintillators as the nuclear target. Since the photon
beam size at target position was about 40 mm in diameter, the detector target is
divided into long sideways five cells (DT 1 — DT 5 ), each has 10 mm width, in

order to know the vertical place where photoabsorptions occur (see fig. 2 ). Each

PHOT IPLI

U-BOLT P J
mm

™ 2 -

—— 3 =

/
PLASTIC SCINTILLATOR” \LIGHT GUIDE

Fig.2 A sketch of the detector target.
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cell is made of a 10%x 70! x 3t mm plastic scintillator (NE102A), an acrylic
light guide and a photomultiplier ( HAMAMATSU R1635). Five cells are set
vertically symmetrical to the photon beam line, where central one (DT 3) is nearly
on-axis, DT 2 (upper) and DT 4 (lower) are off-axis which include the photon
characteristic angle (8, = 0.225°) and DT 1 and DT 5 are placed outside of
DT2 and DT4 . '

2 « 2 Back-up Counter

Recoil electrons are focused by the tagging magnet only in horizontal space and
are free in vertical space. In order to restrict the acceptance angle of electrons,
a pair of back-up counters are used. Back-up counters are located just behind
the electron counters and divide the recoil electrons into upper and lower half
from the central plane of the magnet. Each back-up counter is made of a 50" x 600"
x 15 plastic scintillator (NE110), an acrylic light guide and a photomultiplier
(HAMAMATSU R1450). The photon energy region covered with the back-up
counter is E,=30—65 MeV.

BACK UP COUNTER

uP Biscl = BLIND SCALER
DOWN 8 COINCIDENCE REGISTER
=
[
DETECTER TARGET CoIN}- BLIND SCALER
DTI BLIND SCALER
: COINCIDENCE REGISTER
DTS Z
o COINCIDENCE REGISTER GATE (DT)
(@]
ELECTRON COUNTER
: BLIND SCALER
el vo & ©
) Z 0 [DLELAYED our COINCIDENCE REGISTER
e?29 (u? z——
= s COINCIDENCE REGISTER GATE(e)
: o TDC STOP
PROTON DETECTER 205
|
Pl AE1 =={CFD vD Q
AE2 CFD VD 5
. o TDC START
= ADC GATE (AE)
4 7 ADC GATE (E)
bl ADC
ADC

Fig.3 Block diagram of the electronics.
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Tablel Parameters of photon tagging system at this experiment.

Incident electron energy (E,) 130 MeV

Photon energy range (E,) 24.9~102.1 MeV
Energy resolution ( 4E,) 2.6 MeV
Intensity of tagged photon 1.3x 10° sec™

Using above two devices in coincidence with the proton and the recoil electron
detectors, the directions of the tagged photon and the recoil electron are specified
for each proton event. A block diagram for the data acquisition system is shown in

fig. 3. The experimental conditions are summerized in Table 1 .

§3. Polarized Photon

The differential cross section of bremsstrahlung of momentum K and polarization
vector ¢ into solid angle dQy with recoil electron into a solid angle dQ, is
6,7

given as

d3o Ziary" [ 1-F(g) V2 ps 1
d0dodr 22l & )P K
B

x {4 [— pz-e>——-cp1-e>]

. 2
—f[i(pz-e)—%(pl'e)]

2 [ q° _A__Az_j}
S R i e

{E2 1+Pp;?
4; =F; —P;cosf; P; - K= P;*Kcos 0; (2)

where P,, E , P, and E, are momenta and energies of incident and recoil electron
respectively. The momentum transferred to nucleus is given by ¢=P, —P, —K. 7, ,
a and F (q) are the classical electron radius, the fine structure constant and atomic
form factor respectively. By means of the angle, ¢ . between the polarization vector
and scattering plane, photon polarization is defined as,

p.= de(@+7/2)—de(9)
7 do(e+n/2)+ds (o) ' (3)
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The photon polarization for the present experimental configuration was calculated
from the expressions (2) and (3) by summing recoil electrons over the acceptance angle
of an upper or a lower back-up counter (Hereafter the calculations are shown for an
upper half of the back-up counters). The calculated maps of photon polarizations and
relative cross sections on the plane perpendicular to the photon line at the nuclear
target position, which is located 3.1 m back—streém from the radiator, are shown in

fig.4 and 5. In a real experiment, finite size (about 5 mm in FWHM) of the

CROSS SECTION PORARIZATION

Al <
50 | BN
100 g% %&%\ /(
) A\
DT4 — //fg B\

~_| 7 @;50/ &j

[

7700

0
%

Fig.4 Distributions of bremsstrahlung cross sections (relative scale)
and photon polarizations at the target position for an incident
electron energy of 130MeV and photon energy of 50MeV. Recoil
electron acceptance is upper half. Vertical positions correspond-
ing to detector target cells are indicated.

incident electron beam and the multiple scattering in the radiator (107 radiation
length ) modify the distributions of polarization and intensity. The modified
distributions of cross sections and polarizations of photons at the target position
are shown in fig. 6 and 7. In these figures, polarizations and cross sections are
averaged and summed respectively over horizontal direction and plotted as functions
of ay=1/ D, where [/ is the vertical displacement at the target position and D
is the distance between the radiator and the target. The positions of the detector
target cells are also indicated in fig. 7. One can see from these two figures that

the maximum of the cross section is decreased and shifted to the same direction
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Fig.5 Photon energy dependence of bremsstrahlung cross sections (relative
scale) and polarizations at the target position for an incident electron
energy of 130 MeV. Recoil electron acceptance is upper half. Photon
energies are 50 MeV (upper), 60 MeV (middle), 70 MeW (lower).
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strahlung cross section ( relative strahlung cross section ( relative
scale) and polarization for an inci- scale) and polarization. The dashed
dent photon energy of 130 MeV and line takes the multiple scattering
photon energy of 50 MeV. Recoil into account. The continuous line
electron acceptance 1s upper half. includes the effect of incident beam
Arrows show the positions of the size (5 mm) in addition to the multi-
photon characteristic angle. (dashed ple scattering.

line) ; In addition, the effect of
the multiple scattering in the radi-
ator is taken account (full line).

with recoil electron, and that the polarization is decreased, by the effects of the

multiple scattering and the finite size of the electron beam.
The polarizations averaged over each detector target cells are plotted versus

size of the incident electron beam (fig. 8 ). The calculation shows that at the

beam size of 5 mm in FWHM, the averaged polarizations of the tagged photons

for DT 2 and DT 4 are —11% and +20% respectively. It is also shown that

these values are relatively insensitive to a small fluctuation of the beam size.
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Fig.9 A typical proton energy spectrum. Photon energy is
63 MeV and proton scattering angle is 65°.
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§4. Results and Discussion
4 1 Result with unpolan’zed-photon
The 2C (7, P) cross sections by unpolarized photon were obtained without
using the informations from the detector target and the back-up counter. A proton
energy spectrum at B, =63 MeV and 0p =65° is shown in fig. 9. The differential
120 (7, Posy ) cross sections extracted from these spectra are shown for each proton
angle in fig.10. The results® of the previous measurement by unpolarized tagged
photons are also plotted in the same figure. The overall argument between these
two sets of data shows a systematical accuracy of the present work.
4 « 2 Result with polarized Photon
The angular distribution of nucleons after absorption of polarized photon is
generally expressed as eq.(1). The analyzing power can be obtained by measuring
an asymmetry of the cross sections comes from the second term of eq.(1). We have
measured the asymmetry caused by the two kinds of photons each was tagged by
either upper or lower part of the back-up counter. As stated in the last section,
the calculated values of the polarizations for the two kinds of photons of Er =50
MeV at DT 2 position are, on the average,
P,(upper) =—11%, F (lower) =+20%

The asymmetry becomes (using eq.(1)),

Y1/N1—Y2/Nz — (P;q_'P;»z)
Yi/Ni+Y2/N: 2+ (Prt+ Pp) (4)

A=

where Y is the proton yield from the target cell, N is the number of tagged
photons incident on the cell, and suffixes 1 and 2 are corresponding to the
upper and lower recoil electrons respectively. Y @s obtained from the fourfold
coincidence rate among the proton, electron, back-up counter and detector target.
N is proportional to the triple coincidence rate among the electron, back-up and
detector target.

In order to improve statistics, all proton events which have Ep =27 MeV
were summed up for four proton angles. Also, the summation was carried out for

all electron detectors corresponding to the photon energies from 50 to 65 MeV.



The results of the observed asymmetries for the detector targets DT 2,
DT 4 are summerized in Table 2 .
few, and we didn’t add them to the analysis.

the asymmetries for DT 2 and DT 4 are identical,
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statistical errors, and no asymmetries are observed for DT 3 as expected.

Table 2 Polarizations and photoproton asymmetries for each detector
target. Y;, N; and P; are proton yield, the number of photon
and polarization, respectively.

DT?2 DT3 DT 4
Y /N, (x107%) 1.96 £ 0.12 2.57 +0.12 2.2940.13
Y3/Ny (X107 2.73£0.15 2.74+0.12 1.83+0.11

P -11% +13% +20%

P, +20% +13% -11%
Asymmetry A —0.16+0.03 | —0.03+0.04 | +0.11+0.05

4 « 3 Instramental Asymmetries

This section discuss the possible asymmetries come from the experimental
irregularities of equipments.

(a) Detector Efficiencies

The proton, electron, back-up counter and detector target have various efficiencies
and threshold energies. Even in a set of the same kind of the detectors, it is
impossible to tune them to have exactly the same values of efficiency and threshold.
However in the present work, the true asymmetry is observed from the ratio of the
coincidence events among these detectors, which lead complete cancellation about the
individual characteristics of detectors. For example, the quantity Y / N in eq.(4)

is expressed symbolically as,

Y_PR®E®B®D
N EQRB ®D (5)

where P, E, B and D stand for proton, electron, back-up counter and detector

target respectively. One can see from the expression that Y / N is insensitive to
the characteristics of E, B and D detectors. It is clear from eq.{4) that the
characteristics of P detectors disappear in A.

{(b) Electron and Photon Beam Direction
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Since we had to use the
calculated value of the photon
polarization,  directions of 10
the incident electron and pho- S
g, & .
: + /i S
ton beam are very important. &
To see the stability of the 2
5
electron beam direction, sin- 9"0
o
gle counting rates of upper 2
and lower back-up counters 80 90 W0 To 120 B wo  ®o ‘160 )

RUN NO.
were monitored during beam
Fig.11.  Beamstability (1): Asymmetry of the

time. In fig.11, the asymmetry counting rate of upper and lower back-

of the upper-lower counter, up counters for each run (1000 scc.)
during beam time. Arrow indicates
4 N Cupper ) — N (lower ) the time when the incident beam course
e ™ N Cupper )+ N (lower ) (6) was tuned.

is plotted versus time. Averaged value of the asymmetry was A.=—0.008.
The stability of the photon beam direction can be estimated from the asymmetry

of the coincidence rate between DT 3 and back-up counters,

N Cupper )® DT 3— N (lower )@ DT3
N Cupper )® DT 3+ N (lower )® DT 3 (7)

Ap=

The variatipn of Ap during the experiment is shown in fig.12. The averaged vaiue
of Ap was only —0.0015. Small value of Ae and Ap suggest that the beam directions
were correctly difined during the experiment.
4 < 4  Analyzing Power v
The analyzing power, 4, of the ?C (7, p) reaction at E, =50—65 MeV,
6p =30°—90°, was obtained from the asymmetry of the measured proton yields (Table
2) and calculated photon polarizations. From the asymmetries for DT 2 and DT 4,
the ianalyzing powers were deduced as 1.15%+0.21 and 0.80=%0.34 respectively. The
average of these two values becomes, »
A=1.056+0.18

The value of 2 is compared with the theoretical calculation on *O (7, p,) by
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Cavinato et alf in fig.13.
It may be too early to ext-
ract any conclusion about
detailed nuclear 'physics from
this comparison, since our val-
ue of the 2 is still prelim-
inary in the sense that the
photon polarizations have been
obtained from rather simple

calculations.
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Fig.12 Beam stability (2): Asymmetry of
the coincidence rate of upper and
lower back-up counters with on-axis
cell of detector target (DT 3 ).
Arrow means same as Fig.11.
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MeV*¥ .
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§5. Conclusion

Measurement of *C (7, p) with the polarized photon beam have been performed
at photon energies 50— 65 MeV for proton scattering angles 30°, 45°, 65° and 90°.
From the asymmetry of photoproton yield and calculated photon polarization we
obtained the preliminary value of the analyzing power. The detector target and the
back-up counter, both were divided into several cells, made it possible to get the
differently polarized photons at the same position on the target. This method, the
tagging of the photon polarization by means of the back-up counters, lead to the
complete cancellation about the individual characteristics ( gain, threshold) of
detectors. Clearly, the use of the detector target is only for convenience, and we
can use other materials as the target. In this case, however, a plastic scintillator
may be used in coincidence with back-up counters for the measurement of the photon
intensity at the target position. In the present stage there is no applicable
polarimeter for intermediate energy tagged polarized photons. The polarization is
calculable, but it is necessary to consider the many complicated elements such as,
for example, multiple scattering, the effect of beam size efc. A polarimeter which

use triplet photoproduction reaction? is under development.

We wish to thank Professor L.C.Maximon ( N.B.S) and Professor J.A.

Ahrens (M.P.1., Mainz) for sending us their calculations.
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Table 1 Experimental Results on TbFe;.
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X - THEIHEE T AR AEE [ TE

INTENSITY INTENSITY

INTENSITY

(@)
o| @
(b) — 1 O
o~ o
-
N
~
o O o — =
N bt —
ISER=IERN N -
=
Jas)
(© S

27

0

100

200 300
CHANNEL NUMBER

400 500

#AK Ti-5at% Ni(500°C 20h Rgh#) o
ME T EPTRTE ((a) 160° %, delay 3500 s,
8us/ch, (b)60°5%, delay 3500 us, 8us/
ch, (c)30°5%, delay Ous, 8us/ch.)
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Ak 5 THI, Ith,

1% Tiy Niyg O XEREHTICE > TR O FE

fElbA DS FIE & FHEAE & o Holeo

EERFTER LI, 22T,

20 hkl dope A de A B LT DOAETORHE DS
36.60 110 2.455 2.454 HW D HHBERTIE, 3
37.72 221 2.384 2.387 BORME L o> T B Th
40.10 200 2.249 2.250 X, B 2HEE & 13T 7
43.30 211 2.091 2.089 oy TP D ORE
44.20 320 2.049 2.048 L BARAI AR L LT
49.25 310 1.851 1.850 BRI —RE T R Tur %o
50.00 322 1.824 1.821 H K LoBGTEEbs s
52.00 222 1.759 1.758

BI3RDLO I A, FE2FE

me, H+ 2K+ AL # Tn OBERFORM ©— 7 OEx, HFEHELIERV—HKERLT
Who LrL, H+ 2K+ 4L = Tn OEARNREINCEET S — 2%, @LAERT Y »
JADE =0 LEATID, FHETLI LN LV, LL, ToHTEH, QIDE—7R
(D =27k, BLESHELTWT, FEELLFERV—HERL TV 5,

Bk, o & —%B g+
Yt OPIESERD &, BFEHTHH
53 TPz TiyNiy DREFEFIET
NDFEERTRT T LT &I,

ik, Stk DML T

LHTETCH Do

>4
o]
o
> OO
A b
i 3 |
|

F5R  Tiy Niy, ® (111) Hrasrb R B FEsE
TIve KDL, B2 FOTIVA ML
o HE &L, TiET, BERTIEFLESR L
e NifiFo B2HBTFDONiIYA ML, 9XTNi
Téiof\ﬂ%o
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23k TiyNiy OFREE TV L OGRS Rkt TRET © — 7 5E,

hk 1 d (A) |7 /1, Tobs oo Lobstisoc)
111 3.515 1.88 5.28 m

211 3.252 1.88 3.72 m

210 2.982 67.57 (1.88)  100.00 *__

220 2.816 1.88 2.10 w

110 2.454 1.88 1.29 VoW

221 2.387 1.88 2.21 VoW

200 2.250 1.88 0.90 W m
113 2.198 1.88 0.78 w
312 2.129 38.44 (1.88)  14.72 *_
211 2.089 38.44 (1.88)  14.13 s
320 2.048 1.88 1.19 m
330 1.878 1.88 0.42 w
310 1.850 1.88 0.81 m
322 1.821 1.88 0.37 w
222 1.758 1.88 0.33 w
313 1.733 67.57 (1.88)  11.21 *
111 1.690 67.57 3.51 m

W o —FNL, T MY v AD -0 rEERERSTWBEE —7,
| FI2sED 5 » 23, h+2x k+4x¢ = Txn Zilifc & 7o\ E ORMHE,

#3% Ti, Niy, OEFEBEOEBEIIC T 5 FEERT OBR.

H+K+L=2m | F|? =67.57
H+2K+4L=7n

H+K+L=2m+1 | F|? =38.44
H+2K+4L#T7n : | F|2 = 1.88

n, miEEOEH, H, K, LidTiy Niy, DEHEH.

’

g £ X B
1) 7aM #, C. M. Wayman, ARk : Scripta met. 19 (1985) 983.
2) BEmAs, Bk £, AMEE  AAEeB¥S, BA60EE MK LHEENE p.108.
3) ESFIEKE, BRESK, BE B HAeB¥S, BRCIEE FIXKHEEOARR
4) WMERKE, FHFEE, HAGk—, Kigfeh @ bid. FEEEE p. 221,
5) BEmA, WA E, KMECE: bid. p.219.
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KIBEMEEBER LV 0 ) VKL A& RBEHEIC
B I 5 KL

W KALF R
INNAH, « JEF] 8 « WhEKRA

§$1. F

BRI B 5 R FREAEBIAE 5 SR T O%8E, BEO~ b » 7 2 & OMEERE R
RL, < OMPILERGFMHFC L VEELZT, TOMRTICIIERE X ORI H % 0
¥R ->TREY, ToleBmEtsy & DEHERICEBHE IR TOARVWET > THBE TRk L,
BUBKIRE T D SRS BT 5 1oy, BT R0 ThH bREERDICE D T TD
HIT O w ATB S TEXLLLERDHLN, TOFNRMD L5034 OESBAES A
FECRIE SNICREAERD OB D HTH D, EHEEHEERICE T 5L TIE, $Ek Y
TV e VEN LT LIZBBRONR L Sh, AALESECT = -V v ISR &£ OWT,
T OEHECNBTREE, BRBOBTRMIRENFRIN TS, LL, VFvys VidiEA
EETOGHE, B—D 7 nw AR L THELLLDTERL, BHEWOhD T ow 20%h
DOMOFERELTHODN D, ok ZIBBEREZTIRTN, TOEEEXT LT LE
£57n e A% LY, WHCHEEEXNLINVbOLr — VR ERID, b EDHFD
M EEEVEREEGT S T2, ALY - TMORBES TORTF2ERTS 7ot 2,
HHVIETERFERICE 25, REBIR & EBRO R TR AL RIE T e 2 A ETH S
M, VT vya VER, H5VIRBIOREBERYORERNE, ZhbD T ow ADE5EDES
WERFHIE T & 5 RERIB D\ COL S BLED DRMERYABLINE Y ) v I R &
KeWR 2 B LfcA A v VT T v T~ s VOERRS, BARAEZ HRGHDER T L DT
bhT&TED, HFEOHIE LT, Miller HIR LD ~FH oy §EkRERY A fo—#oD
KB L, RSB OWTE L DMRE AL LERDIALEELETHA 5, KT
ST LS KBEREGLXACLLOTIE, 720y 7 = vEMARETF LR, BRbLEH TR~
DHLEBICOWTORBEEDHIE SN T 50 AR TE, EHRSESEEN TORBE
BOMINC A L ThHETF 5 b DA ERFOMRA D S L, ZDBEOEDDRKIT D
NLELDERBIBOND LD R E TR L,

—RC, RBME¥ED 2~y bELTHOAIRIIARIHRE LTROZDOL&EABELSL X h
b5, $hbbH
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ORBEHRIC L - THE UL E RO < N Y v 7 2 ORIAbEsozci (R
ENVDEELALERELINT &,

@7 Yy 7 ARSI L TRETHDLZ &,

BEAENLT ) VERE I DOEEE LT LOEELLR, EET M T 7 2 2R T 4
v (BHRTPP) #EEIhEch LIZ LIERBMELE ORI RE & e - TE 1, AT
IKEW TOENBIRRDOIFE ICK S IolBmRE L ERE L L CRORBRMEA TV 2Y KE
WAL T o) ek, FORFTLHEINCERT, 7hI7FACA-N—AFLEY D) FL
T4V (BHRTMPyYP ) &,

H + ,CH
FThI(p—HnKhFov T, = 3HOOC

3
\/ J\\ /
WIYELT 4 v (BB TCPP) i

DB L OEAREEE LD |
Fho BIEE 4 MHOB A+ g: @/B

SEEF, BB AMOK A 4 i HyC+ ~+CH3 Hooc
GThs o EERL, Thb rupye ree

11l A VEESYE, & # 1K Structural formulas for water—soluble
2RI LIk 5 KB WE TS metalloporphyrins.

DR X A LML A bR - A BEORE AL EY & LT, ZhbE ML 2
—y MEFH LR OUTOC & & hie,

ORBKET D) 7 v 2 VBB TEG TR, Kk L, T80 BT hHTM 0D
SRH BB DRGSR TE 5,

@ (n, 7)FIETREHRD, KHIETILH, BHRSTORCHEBES, )T V2 VG
L BIRERS CRBCEL  RHTE S, |

@R —FEH O 2 B O HS DS BREOBB L TR AICES,

ATGETIE BEE A BORN (W 2 BRI HAT OO RIE L 70 5 7 — B % LB 1eth, &4
S A VORLSBEETH, H2WTHEHIC T2 TVE )RR LT, -hor Bk
SHRFAH 3 L OBeRPETIREHCHE LIz, 1 4 VAt d ¥ & LB b mia 47 - <,
£#E % TMPyP 86 TCPPEED 7 57 v YIRGY, hlh&BOBKIGK X - TER
U7 BB DS, T REROSEEDRLEEE LTRIN S B84 (ShAIE ) 2 M
FICL - TRDl, TRBLRLMERL D, KB, BHETORBIC >X, BT, KE,
BRIEOER L 15 LEHRIC b &5 SR ERL],




%2 Structural

3 ~ooc

[Cu(TMPyP)] [Zn(TCPP)]

[Cu (TMPyP)] [Cu(TCPP)]

formulas of samples.

65

Ccoo~

coo”
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§ 2. =% B2

2.1 HHoRH

w48 TMPyP 13 A ALEB 58D TMPYP /35 hL T v ALk VIR, $71-\EETCPP
i, BERIERBEOTCPP #BAL, 0% FHEM L, ECXBOIECHE, Zhbich
LE&BEEA L,

- Cu TMPyP ® : $&&E TMPyP & /JNER R B KR % K T 1 U SRR L, o8
FOBEEEEF F ) LRI T, BaD Cu TMPyP OMBERMEIE A i S €1, HBATE
8L, BT L, BUERE L,

Cu TCPPY : &8 TCPP &BEOMRE(I% , DMF sCk) 30 483 L1z, BH3
FOEFEML, BHEELES LD, 7 b RN TCu TCPP 2l S ¥1c, MR
T b VO Uik LRt S,

Zn TMPyP® : B CIXELI T AROBM ) LR HA LT 5 h, T & Tidfh & R
CiESE TMPYP # IV TAEL LTz, T b b, BFE OIS & SR TMPyP 2K
TR 1 BEE Liso B ARZ bADBHLEBOBEAL TR L, BEEOMBERR S LY
v AKEWE B I 2 CHSASS A A Th B S8 1e, WA IEAI L, ABERR S ~ Y U LB, T4
J —THRIE LR S8,

Zn TCPP?Y : &&E TCPP BRI O RIE(LEH %, DMF T 2 RFRERIT L 1. BK
A L CEREN < FCRERRS Licob, K%M T Zn TCPP OWEAEITH S E1, 8
Bk e L, AEEER L1,

[Zn (TMPyP)] [Cu(TCPP) ],
[Ca(TMPyP)] [Zn(TCPP) ],
[ZnC(TMPYP)] [Zn(TCPP) 1,

40 [Ca(TMPyP)] [Cu(TCPP)] ;

FEROFETER L1 Cu TMPYP 5L 0 Zn TMPyPiX W T h & @ERRBIE DT, CIF
o 4 VRHBE A TR E 2 oo, S HLIOHME S 4 vEBBIED 7 A1 &
LCHFNFENOKBHOKERE Lz, $1-CuTCPP 5L U Zn TCPPIE, 1M7 vE=
TKCHERE L, BERBREC Lz, RICBRORRHCHIET 5 TMPyP 856 & TCPP kD
BWh, GEhAEBOBRNEE ML L O LTRAL, LB LA, BIEHN X
FEWBELLOL, FRNEFROBRAEERNDHNET L TN T CEEEORB OWE % 1,
WL EODSEL L 0ED, WThd IMT YE=TKBLIOKTESBEBELIOD, Rk



67

PRI L - TRl LT,

TN ORBHT, HBBHBRIICE W TE TV 3 R 1 mic@dh, BT REI BT
FEAY 2 F L ECER LTRERS S Lic, B LEBEVWThoBE44850 mg T
Bt

2.2 R 5

2.2.1  HE B RS

FIBBABRANT, FICKF R FREEMEREHR D 300MeV BT 71 F» 7 2FH L TT -
Too RHEMT, A7 T x/0F —50 MeV, FIHEH~ 150 pA , 7SV AE3 usec, &
D3 LE 300 pps T, HE2 v =X —%FHL, KEREFIZIA+ —7~<7 %y MCIDE
% L, RSO, U, EERSEEY ¥ HC, WHREET 2 7V —kEIrh TEH S h
RERIWMEREDTAHI LRI ST, — 130 CEE T TAH I NIZRELE - T,

2.2.2 BhtE TR

BuhtE BT, EKFEREFOMEHNOTRIGA MARK I EEEZEW TR 2 R8T
S 12o BARHETRIZ S X 10" n/em’esec, 7HREREFIL 1.4 X 10° R/hr TH S, slEHIBS
FRT AT A ATEHERHER G .

2.3 t®5 8

G SN WThOBELBRT = — ) v IR <, (W¥ESEBOBERMETRI A 7
1 ATEHEERT 1o, FRBHIVLTh:

Samgle
H[A UHEET TMPyP#{& - TCPP soln.
BEhRDOTS v VEGEEI N, * 1
. Y
DFNEORERE % 55 3 KR, NE, form OH form
BAE L 7-UBb 2 59 20 ml O fE % & Cation Anion
Exchanger Exchanger
Lok LI ER2 B M Lis,
e LTiE, 3MNH,Cl AWw — < Cu?*,zn?"
carrier

IM7VvE=TK—xR)—=1D1
D1 2 0REWE AV, Bk,

+ excess DDC

filt.
#0.5 mmol/ 1 DOHALH: L OHEML l (soln.)
B DI, RBHERY E LT b v v
TCPP TMPyP Total
Vo 7 A7 L WEEE DI X fraction fraction activity

NAEGEILE, ThiRIGT5854% % 3K  Chemical separation scheme.
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0.1mmol/1 %#fkE LTMZte, fo&2i¥ [Cu(TMPyP)] [Zn(TCPP)] ORHH%
WOTEECE, HHh Uoiafkde LT [Zn(TMPYP)] [Cu(TCPP)] ®inx fo, sHHE
WoOR, £45ml ¥ERICE D, ROBORKOBSERNERSET S > Lic, KITHD S
ml ZERCIENDED, NH B LTH B 4 vAaHElE (541 Y14 SK#1)D
H5 AREDPICIE W, COHT AL 1IMT VE=TKT TCPPE#ES 4+ Va2 EHEL, K
BHERIE A ORBICE Ui, KiC, 73105 ml 2FEHERE, DIZnh &0, OH BokA(
F vAHEEEE (MC1 GEL CAO08P YD hJ AHF, A TTMPyP $fh 1 4 v & il &
B VREHEE L, CO%AIL TCPP k1 4 VI M H 7 AREKS, BHRRICHIC,
FRERY | mg OEALSE L OELEH A BARGE LS LTET IMT7 Y E=TKZMAT
Db, BEECHST 2 (110 mg DLBEICKIE ) ¥ TFAIF A NN VEEF LYY
LOKEWA 2 ml RINZ, WHEEDSE A 4 VA DDC#EE L CB S ¥, 30513 SHE L
THBEBREELEOL, BlE 7 7 A7 1 V2 —EEE AV TEBL, K% TMPyP&H(E
750 a vE LTHERABSEE L, 25 LTBLRI3 DOMEREHE, A4 ) -
BEHZLEHD—ERCARI N, REERERRRE Shic, ok, JOTBCHWEAA
VAR OB, WThi 20 ml Th-1o,

2.4 MEEERIE

SIBTHO R IRE OB TS 1 &, Bkt TR OB # 1% Nuclear reactions in
L 2 B THIST, hE PR bremsstrablung fradiation.
Rt 5. ZRLOREHEOWAEE, Ge (Li) ¥ #Cu(7, n)*Ca  (12.7h)

" 070 (1, p)eom .
BEE L2 LFF v v AEESHEYHW . n )®™mZn  (13.8h)
' Zn(r, n)®zZn (244 d)

AT bmi MY =L > THT 51 #Cu, Cu 870 (T, n)%Cu (62.0h)

DREEEIT, FNFN 1346 KeV, 185 keV D) 847n (7, n)%Zn  (9.13h)

By — R AGTRIFL, ®Zn, *Zn, ©™Zn O

. # 27 Nuclear reactions in

BOHBEIX, ThXh 597 keV, 1116 keV, 439 thermal neutron irradi—

KeV O & — 71T & T Uiz, BB RS 0mE ation,

I U, BB ~BHRIT -1, *rem—Ha 8CuCn, 7)%Cu (12.7h)

B BB 3 SORERENE, A—0WERTHE #Zn(n, 7)%Zn (244 dD
8zn(n, 7)®mZn (13.8h)

L

2.5 F—58H

B Tk e T W FhOBEOXE © — 7 OEEAHERC L 0Bl L, el —ED
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FAEREZNCHIE L EEZSHE LT, 87527 v a VEOEKNEY ke L DR 1,

%750 s VBT ARERE
Koy ORPERENC B3 B HdEE

SEARIER @5) = X 100

§3. g

B3~ ARCHDNIERLRT, B 3RIIHBBOHRRE, 8 4RI BT R ERIC

# 3% Complex yields.

Sample [Zn (TMPyP)][Cu (TCPP)] | [Cu (TMPyP)] [Zn(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP
Yield ©*Cu 9 + 1 2.8 + 0. 6 2.8 + 0.4 21 + 2
S7Cu 9.0 4+ 0.1 3.0 4+ 0.1 2.5 4+ 0.1 22.1 + 0.3
827n 2.3 + 0.4 3.8 + 0. 3 3.3 + 0.4 4.6 4+ 0.5
%7n 2.2 4+ 0.4 3.6 + 0.5 4 + 1 4.0 4+ 0.7
9mzn 1.5 + 0.8 3.9 +0 6 4.4 4+ 0.8 2 4+ 2
Sample [Zn (TMPyP)] [Zn(TCPP)]| [Cu(TMPyP)] [Cu(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP
Yield ®Cu - - 2.3 + 0.4 2.3 + 0.4
%7Cu 5.5 4+ 0.2 19.0 + 0. 3 — —
6271 2+ 1 5 4+ 1 - -
57n 3+ 1 4+ 1 - -
somyn 341 5 4 1 - -

Irradiation

:Bremsstrahlung ( Tohoku Univ.

Electron LINAC)

#] 43 Complex yields.

Samp le [Zn (TMPyP) ] [Cu (TCPP)] | [Cu(TMPyP)] [Zn(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP
Yield %‘Cu 9.1 + 0.2 3.6 + 0.2 2.4 £ 0.2 19.7 + 0.5
857n 2.4 + 0.1 3.6 + 0.1 3.3 0.2 2.7 + 0.3
69m 7 6.8 + 0.2 3.6 + 0.2 31 £0.2 6.9 4+ 0.4
Samp le [Zn (TMPyP)] [Zn(TCPP)] | [Cu(TMPyP)] [Cu(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP
Yield ¢4Cu - — 2.4 + 0.1 2.3 £+ 0.1
87n 2.4 + 0.2 2.3 + 0.2 -
89m 7n 4.2 £+ 0.1 4.5 + 0.1 —
Irradiation : Thermal neutron ( Rikkyo Univ. TRIGA MARK 1)
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INBLAERTHD, BEIVWThIE T T2 Ve VBT A EBEOEERKRTH S,
FpFR LB, AR EKRT A DDA EER LILDTHL, MTCLORE:
BB,

3.1 HIBHSREHE (B3IXR)

e L RER T B OEEOMCHRLEEOR K 55K,  [Zn (TMPyP)] [Cu (TCPP)]
&, [Cu(TMPyP)] [Zn(TCPP)] &2WTid, ®Cu kLU “CuDEEERED,
b ESANRLER T - 1ofll, THbbEAEETH MO 7T v a YEBWT, %
HTHEWElLE DA EWEE S ENEMNTH 5, BROARBCOVWTEL, 0LPDT7 T 7Y
o VA TORMEHRIIIZEAENES S TEL, $f, EDT757vavTh2~4%L&
B HIE - 7 ER R LT\ 5, [Zn(TMPyP)] [Zn (TCPP)] R Tk, ¢CuDEH
TCPP k75 7 v a VERH - TEH L, BfFiOEAKMEL, 2 TCPPHOKEKRLE LD
Thb, —F [Ca(TMPyP)] [Cu(TCPP)] RickiF s “Cu DKL, WHDO7 77~
a YIRBZESMm LT,

3.2 BPUFRHE (F4XR)

64Cu DEAIERICE LTIE, WTERORBHC B WT Y, HIEESHRBE 0% & L2 Rk
DEAE TR L. $hbb, RS OMESEOFLEE AR R TE, * Cu A HIHE
KOOSR % BT 2 E &I D, TR DB & DO NRIIHETH D, ¥ Ins*Mn
o OWTE, HERSHRBEOBE LR, WThORB T, &b LmfigEhThH -
FRIOE TS 7o vTIE, —HEC OZn OFEIER (VT Y v a VI D P Zn DR LD
%%m&ma)ﬁﬁﬁﬁ%ﬁ%%héﬁ,%&%&ﬁ%%f@otM®7iﬁyaymm%h
BRLIT, WThE3BEDETH5,

$4. F -3

4.1 BNFOERICKZ#EENFEDOE
HEBAHERS, Bt TRE O LT E W Th, BATIC & A8 EREDEL, D%

O\ THEEL HHbh T b, “Cu OFEIREIC >\ ThE, [Zn (TMPyP)] [Cu
(TCPP)] $4RICEWTIE TMPYP#sA 7 57 v o volini& <, [Cu (TMPyP)] [Zn
(TCPP)] $5tkR Tk TCPPEEA T 77 v a YORNE L, FCEED, $20% £\ 5F
LUV XM TH D, B, COMORBMEFEOMETE, VT v v VL EDORBIC
B2 LT, #ORELA RE B O F IR EC R D DB ENS D, ERDOLERTIT T
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SECRINER ARTE S WD 7 blIE, TMPYP 5 LOTCPP 8D 25075 7 & 2 VIcDWT,
FE 2 EORED M Cu DEEIR LB TG A, TOAPBIRIIEL bl ulic by,
FhiT Cu TMPyP §fk & CuTCPP kDR EEDOAPNERICHIET HETTHL, £TH
DEEEFERNC L o TR O KPR L TR D, MR OLREWR LT TR I D
HERZHAT L LI TER, JOHEE, mHEEOFOLEBES D, Mk LIc@iFE
FoTBRINOTWEDI, TAHEDT T2 3 v TO “Cu DERBELENWEEZELLHD
BELTHSH, WMETHY, BRINDAO IR IRBEE S L ied, T, &
hOERRBD 752> a v, $Hbb [Zn (TMPyP)] [Cu (TCPP)] ki) % TCP P
752 vavEEU [Cu(TMPyP)] [Zn(TCPP)] kT 5 TMPYyPEAE 7 727 v a v
TOEENEDMEIL, b &L EIEETHLATHAIC L rbDLT, 2~3%E5DEVE
ARLTWA, SO EE, KBt LIHETF T & AENEMNT EOEERXY) - TEUH LT
LI, BERYbTRESTHEE (WhPET7I43Y =0T Vya V)RERRPHE
<, EBID, HEEORLERY, HORMEFHAERTIEERL/NS VW EXER LTS,
BRISOMEEICK ST, Wh 1A TH5 [Cu (TMPyP)] [Cu(TCPP)] T®D *Cud
BERIRDN, EBHLDT 5723 VERBWTHEWEWIFEENIDZ EHLRL TS,
REEOBENMDE 2, MEEEL LT 0V VEEKRIE, FOREEYEENCRT DN
W#eTHHH, Falk & Phillips” i, EADHRLEBEY L OHELT ¢ ) VKK L, %
TER RO RLEBOBEAIEL LTEOREELYBE LT\ 5b, LDE L 2L,
TMPyP $&k T4 TCPPEATY, SHEEGOANHEBFHELVLILZETHY, ZOMREF
B L, COLSHE L REED, TOF FRMEEHICHIET 50 E 5 nik 21T
BEMOEALIATH b,
LIAT, EXBEDMCuDEH 2 DOFEBNERREY K5 E, [Cu(TMPyP) ]
[Zn (TCPP)] @ TCPP&EAE 7 57 v 2 VI 2> W TOWK ($920% ) OFH,[ Zn(TMPyP) ]
[Cu(TCPP)] OTMPYP 85675/ v 5 vTORK (9% ) L oD@ &0 5 M
DWTh, BIEENLEERBS L UERTIEROREE LBEERNHL0E LD, Thb
DREEVTIE, hLEBEED D\ VITEFICH— LSS, TMPyP $Efk& TCPP &EFD
MTRENICFNEEEN DL LFELZLNRT, BUED L ZAREFEDBNI D Z DFEBRER
DEHRFHTHOIRETH 5,

Rk UcHigh R T OBEIC OV TE, BT AR - Th ThfE SEMAIER LTy,
B TR BT % O Zn DECELA SN DL, KEMEMFOEV LS HDTIE
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l, RET AN F—DECLILLDEEZLNLDT, TDO I LIRHTEET 5,

4.2 REOERICKIHEEREONE

RL7527va YRTO, BEOERIC L ZEEIEROE VT OVWTEERET S,

HIBIH SRR OfSR (B3R OWThBE, UEDO DT TV 2 VNTOSE KB ERE, ©
NENOBEOTHRBICE &% o TELRLTE O CHIBIHSH RIS CIIEBRBEHED D Ly
fodh, EFHEENKE L, POEILOICRZAELE TN TLEHD, chbllizEtAERL
HERZONEYTHE ) AMEGRITR SN, 22 T%Cus YCulk >\ TH2 L&,
“Cul ®Cu(r, n) *CuDRIGTHN LERT HHETHLH DKL, Culd, ®Zn(r,
p) TCuDKIGI & - THEN DAERTIHETHD LV O mMNEH S b, Thbb, sk
PERLTVWAREEORLEBARRLS 2 20RCEWLTUL, REBREFHRLEBEHBALT
WEESHADER T O, “Cud TCulTRHRLLIDOTHYH, FThLbnbhbbTiHk
WEA 12D T 573 YVNTELRWEWIEEDL, RO EERBLTNS,

(i) ¥EETIE, REELESR T 20 EAEN, BT EDFEE% Y > TEUHT,
(i) SERREDIEALEDMZIL, —BEEOH LIERBETF D, BIOBITC S 58 E 0L

BErBEBRLTEBONLIREKTH D,

(i) —ELOW LIRBETX, AMUATHEALIE, TOBEYRIDLT, T toBECh

HREET, BRINAMAOSEC L - URITHR - R T, RBMERIGYE T,

(), (Ie>WTiE, & LE> ThiFhE “Cu & YCulk AMLEZENRH L Hh 5125 TH
D, FEEERIGTEIRBE T XV F = keV OF =X —TH O, {LFFREAD T 1L F —ITE~
TREBENPRKENWEVWH ZENDLAFRTELIETH S, (DERIICOHERICE LT,
[QﬂTMwPH [Cu(TCPP)] RicKF 5 TMPyP $ithk7 5/ v a v& TCPP $k7 7
e vyDUCuDE (ELhic2.3% )8, FhEh [Cu(TMPyP)] [Zn(TCPP)] %
TOTMPYPEtA 757 v a2 vORE (2.8% )&, [Zn(TMPyP)] [Cu(TCPP)]RT
DTCPPEGT I/ v 2 vOREK ( 2.8% ) IIHFTHIELTWAH EWH L%, [Zn(TMPYP) ]
[Zn(TCPP)] % & [Cu(TMPyP)] [Zn(TCPP)] Ric k> 5 TCPPH#HE T 77 v 4
VYO ICuDE (ZhEN19.0%, 22.1%) DG LTWEEWS DL ERFI D,
[Zn (TMPyP )] [Zn(TCPP)] RDTMPyP#K 7 52 & a v TD o Cu DK HILT
~& [Zn(TMPyP)] [Cu(TCPP)] ROTMPyP#E 7 57 v 5 v TD *Cu, “CudlL
RIS TRRMENMEL s > TV B A, THERMHO 7 57 > s Y ORERDE WD
LichDEEZDLZENTE D,
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WO SO DLW TIE, HBEDOKXMELHL®, (350D LEFVIIRELWA,

[Zn (TMPyP)] [Cu(TCPP)] %<&, [Zn(TMPyP)] [Zn(TCPP)] R KFS
TMPyP 5tk 7 5 7 v o VORTEEHMAMOIK ( 2~3% ) BRI LTwH T &%,  [Cu
(TMPyP) ] [Zn(TCPP)] %<& [Zn(TMPyP)] [Zn(TCPP)] Rickd% TCPP
BEKT 50wy VORBEBEONE (4~5% )G LTWAZ LD, FHEEIFHOY G
LIREAERLTHAHEBZEZLTINTHA D,

RICB TR OB G (B 4FE ) ICOWTEET D, $IC 2V TUIREEI OB R THER 2
DRAED 1 LR L VWO THEMNT X oL, BEICOWTE ¥ Zn & ®MZn BAERT
B0, RERIEOBEE LR, WThoRBICEWTE, b &b LMEAEETH - I8 ED
7500 a VERBWT, WThd OMZn ORERNE <, FMLEDRARLTVWSD, bebs
SEERTH DT T 7 v VTRRAMGEHRLA LR, ZhE DROZ LDHER S h
%o
ivi (n, 7)KIETE, Ktz x ¥ —puhXnicsd, “"Zn 0—Hid, REEDOBIC by

HAEERTILTIL LKL EE 50, HLVRYNATLEBCHEEELT, TOT TR

BETL,

(V) —EEEEY - ERBWE T LS BERRC R THERT, REBtx 2L ¥ —KEND -

THENBEDLIL L,

VEDWTIE, chET72ny 7= vk, 5857 2 =KL 7 1 v (TPP S
ICoWT, REDRMEDEIRE SR TE), Rz XV F—DELLLBRTHL LD
CEMEBEE S TS, SEOEAS TN EFE LIt bishie, *MZnB L0 *Znd
BARB T 2L ¥ -3 FRFR 190 eV, 480 eV THEY, ®Zn Tk, KHETFHH LD 5
FHEZEEF2EEE, O Zni#i N Thlhdicd b sE2bhL, Itk [Zn(TMPYP) ]
[Zn (TCPP)] R BT, MHDT 52 v VEEAMLKDRERLEALNRLH, PZnd
SRR, MORBORMEEDRELRLTCNET T2 Y3 VTO P ZnD BRE LD HE W
it > Tb, ZOBEWE, REROTHEFHLE, BHHEFEROHILLEDLDEHEZ
B, VIDZELD, —BCEPLATWELOI, ZOREEWTHREFETFICESHlhE
BEERIGIE, BFOd o8RBT R F —DEREIC L HBEFEELRET, NithELT
FUE—FREF CT > ThbRLILDTHSL I LR S h b,

4.3 KRIEOENCLBHEERREOE

HERERIRE (3 ) &, BhiE TR (F4E) OBREPHET 5, KBS &L BH
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WFHERISIC L DRk 3 v ¥ —i3, ThZh#+keV LHEeVTHD, KERENDD
Khhhbbd, AUEED S WER UTRICE T AREROSEENEY K45 £, Kicd
Nl B TRBENC RS M Zn AT, BEALBIE SRR E S TS Db,
O E L VI ORBICRCFER SRR SR, Rk 3 v F -0k DEVEELRHC
KE BTN ENbh D, Thbb, REETORKIGEGHIRE SN 5H DL, KBk
IR L FE - RE DAL IEICIT T R L ¥ — L~ TREM SN CBBIC S\ T THD & F
Zbhb, ’

44 FF & B

COFTI, ThETOHEMTHONC I - TEL, AR TE D BHIFIRITK T 5 BER
TOBEBHOLEGLEH L TADLN, TOMIK, ThETD, HANLIALDLOFERICEL
T, P DKBREENEA SN TWL LRI EbhsTErREL b, Thik, 4EIH
W A OREO B\, RWEBNCEA M ELY G 25 L0 M0k, Ttk 2 TR
Wl E OB CDFELIEVEWOIRETH S,

R IEEPTORBZERICA S CEEL, REWAE LTUL, EREREZRT 720
T = VEROINEF LN, BERCESPFOLEBEBD Y T Vv e VIER, o, FRREDK
i SR DL RT, 720y T = VRO LS SRR HE Sh TV A WE
R LT, Thxd L LEERPEDTH D0, AR THGERNISENL Lo GREL
LIcHWBETH D120, i RBIC DU TOBRITEECE Ly, AT R XEREHT Of5R
Dok, BELWThb 7TELT » AFOWEEEDAL D, 2T ZNCET 3#Em %
ﬁ5KE5f~&ﬁ&boit,ﬁﬁk#ﬁ%ﬁ#éki@:&%%ﬁﬁ%K%gLfvéﬂ
BEMEDAKZ VW L GHEB LT DBENRD LD, FRrED LD 2 TE—IEE s
TE<,

L EDOKBIRES Lic ETR&EDRIEXTT 5, SR -7 4 2DORICEWT, $fEoH
D&BE LUTRIE Sh g, 85 Rond X5, BRI X 2 4B OFIG
DWThDLEETE LD EELDRS, TNFROERILY, AOEINNCRTEL ST THES
&I TB, PR1~PRAET, RBEFHEMFEDEEZYILRNTE EOFFICLLE
L0, FRBUNTLEBCHEELTL LD FEHETLHLDOT, T THINDE
LTS5 1 =)=V Fvya vERES, RR1 ~RR4Z, RENEFHHZS EE LILEDFHL
SBEYBEBRLT, RO TV vavditd, VT vav - 0T7vyaVTHD, S1~
S4it, HE LR DITROBLEE Y BIRT 5 RBERRIGTHS, SS1~SS21%, KX
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% 5% Possible recoil reactions which compose complex Yields.

Reaction . Abbrev.
Elementary Reaction Process
Type Symbol
0 CuTMPyP ..................... Cu* TMPyP [ PR1 ]
P< CUTCPP ..................... CdkTCPP [PRZ]
ertmafy ZnTMPyP ..................... 7n* TMPyP [ PR3 j
eten
on ZNTCPP  cererevrereranenannes Zn* TCPP [ PR4 ]
@ Cu* for Cu in CuTMPyP { RR1 )
Renct Cu* for Cu in CuTCPP ( RR2 )
ReTzién Zn* for Zn in ZnTMPyP ( RR3 )
ctention Zn* for Zn in ZnTCPP ( RR4 )
Cu* for Zn in ZnTMPyP (S1)
(3) Cu* for Zn in ZnTCPP (S2)
Substitution Zn* for Cu in CuTMPyP (S3)
Zn* for Cu in CuTCPP (S4)
(é) " ZNTMPYP -eveeeeenneeeeeennces Cu* TMPyP {SS1 )
e
Substitution ZNTCPP  ceeeeererceccencannes Cu* TCPP (SS2)

# 63% Recoil reactions correspond to each yield.

Samp le [Zn(TMPyP)] [Cu(TCPP)] |[Cu(TMPyP)] [Zn(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP
8Cy S1 PR2+RR2 | PR1+RR1 S2

Cu S1+SS1 RR 2 RR 1 S2+SS2
%Zn’ %Zn .

— PR3+RR3 S4 S3 PR4+RR4
Sample [Zn(TMPyP)] [Zn(TCPP)] |[Cu(TMPyP)] [Cu(TCPP)]
Fraction TMPyP TCPP TMPyP TCPP

S0y - - PR1+RR1 | PR24+RR2

1Cu S1+SS1 §S2+SS2 - -
&Zn %Zn

somy PR3+RR3 | PR4+RR4 - -
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BRIEDBAECOLRDEBLLDT, (r, p) G L DHEEH N DHICE - I-hbEED,
b EDHFHICEEE STWHLDTHS, SEBLNIThZhOFERREDE, hbOR
RIEDH5HD 1 2H5 WL 2 20FEOME L THODLTIENTEL, FRAFHCOWTLD
KL% 5 6 KR,

2T, ChALERBORIGHE L ERCTET S Z ENTENE, REETOEEICK LT
ERMABHR AT OROL L ENMIF I NG, SEEEEREDEETCEEDLT, &
WSRO A A Z ENTER WD, FOHEREEE L TALIEIHERTHS 5,

9, SKIGIOWTIE, SHIGEFRES L CWAEEBRKLSHLNLENEEDE EX
EHERE LCTHVAE LV, 5L, RO 757 v a YIEED 5P REIGEDFEHKRE
AT, FRG U THELZ LEd e binwTsdb d,

Ko, PREBGERREIGICOWTEZS, Zhblk, Wh@db )T vy a YRGIKITNT
ARCEL LTWAEDT, 02 200G E L TR LIV, Thucly, TfROKRIERiE
O Fiesrh, BREZROTSEEOhLEBNR L IR &, ThrilE U 2kl 45 2 L
Lo TEOFERDORBELENTES, LE2E, 42fiTcshnicl ok, (n, 1) KIG
B TCIE P REEDFE A% PP zZn o kRE, —#& LT [Cu (TMPyP)] [Zn
(TCPP )] RO TCPPEEk 757 v a2 Y T6 9B TH-1cbDn, [Zn(TMPyP)] [Zn
(TCPP)] RO TCPPEKT 77 va VTIZ A S BRI T D, ZOZLFRDEIEHE 2
Lo EMTES, PREGIIRIGHAS BHEONTREETAHDOT, £ORIGHERIIFEEC LT
WBSHE, Thbh I DBER R 2T ZnTCPP OG5 FRIEHTAEIGL L THLD
FTREEP, RREETE, FORIGHRT, —ERATHDEOH LTESE LI BET O
BT 2EEE LTETNETH S, HAE¥ebIE, KB LEEFRICE~T, BRINLA
DK, FORBISS FETHEEZ DR LD THS (BREAEIAE L C
ERELTWD ), SSERIERIE, AR LB D 2 BB OREC 4 5, skl
SEROEGE LTHESh TV 50T, SEORCH LTEGRFA 26555, [Zn
(TMPyP)] [Zn(TCPP)] 2Tk, 400 EHbbhsb PRREDHFSIL, KE O
PRIIGOBRDYSTHDHEE 5 LI h, RRELOMERT, ELLOHETLEDE
FEANERC HObNS, 1P REEEZTHHOMMREFIERREIGHRT Z L TET,
XORKAMD 7 T 7 v e vOSgEKEERLTLE S FEFL RRESCEMbhIcWED L
RETHE, RABEMIND,
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100 YOD—PR |

= (1

Y DE=P R+ — RR )
wO—YOS—%PR

Q)= — «RR 2

Y S69=7 P R+ — (9)

E#EL, YD, YSit, FhFhad LEmgshohLeBrRR A 25k &, M URCE
FoA8EEIER, YOD, YOSIE, FhFnYD, YSERMUMDOT 57> a2 VIEET B8k
IR, P RIL, FIEIC L OV AR 24 U/ % P REISO#ER, R RIZRBELT
LU, L ORBERICH T 5 R REUGORHR,

(1), @RLORREMETS &
100 CYD—PR) IOO(YS—%PR)

= 3)
100—YOD—PR IOO—YOS—%PR

INEPRIOWTRL &
_100YS-YS-YOD-100YD+YD-YOS

PR I 1
YS—E YD+YOS—§'YOD~5O

(4)

MELH, PRAFEC L ->TROBND, RAR, %R0 [Cu(TMPyP)] [ Zn(TCPP)]
ROTCPPEERT 77 v a v P Zn DSEERINFEK 6.9% & [Zn(TMPyP)] [Zn(TCPP)]
FOTCPPELKC TS/ o5 VD M Zn DK A5 BH VT, PRARIGERR 4 RUSD T
REEHELTCHDE

PR4=4.9%
RR4=2.2%

LSRR EBLRD,

F1- SIS E S SEIEOMSEEL , ke ABCE LT, B LEEAIETHL, LiL,
C OB FE R EIRICH 5 1o, FHEEL K X BAED, APIROD L 5 CERIEL &
B2~ 3BREE ML EOBEBATFRShAHAEC, COHEYES D LEIFEIC
T THb,

Uil b2 T ot B L, CORERED, ©hE CORMCIES | THARICHE L
FARRIEORGHEE A H T RCR L TE o @ 0ETE5THEN, IS EOERER
L TORRICBE T, TS GPEDB DI &, B 7 EBRAHFIC X 0 hoic DEBNT 5
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¥ 73 Estimated recoil reaction probabilities (%).

Irrad. Thermal n (TRIGA) Bremsstrahlung (LINAC)
Nuclide #4Cu A M7 n %4 Cu 5 Cu *Zn
PR1 =1 — - =0 - —
PR2 1~3 - - =0 — -
PR3 - <1 =5 — - =0
PR 4 — <1 =5 - - =0
RR1 =32 - o =2.5 = 2.5 —
RR2 >1 - - =3 =3 -
RR3 - =2 =2 - - 2~3
RR4 —_ =2 ~9 — — 4~ 5
S1 =9 - — =9 =9 —
S2 =20 - - =20 =20 -
S3 - =3 =3 - - =3
S4 - =3.6 =3.6 - — ~=3.5
SS1 — — - - == -
SS2 - — — - = -

*7n=%27n, ®2Zn, *"Zn( supposed to be equal )

CERTFRERD,
SERIBLE D D, R IER, SRR S OO R EEN L SR, S DICEBEDS
WA AR5 T EHTES L ST, AFRDHBVIEEL LISRICE LT, Rk,
FOEBREODE L L TERICHNT 2R B0 535 THA 5,

AREH DD DT, BAOEHBEIHEE - 105 DS ACE BB OBLERT 5, 551,
HIB BRI OB ENYR 2 A TE BRSO AR T B 8%, MHARIRE L, &
B~ v I =T DN A, kb OCHRE Z#%, BERAEL, o8t TR OBRICH
B A TAE L o SE KSR T IR e At ORI L & D &4 5.
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roHa—iL-5h537=ATAY =g AHER
Il B ER e EN) OBIRARYES LS
Mg~ o H

i Sridloe
BARES - BB « FARHAR

§$1. #
LRI EARC B WCERY oM cBE (As(D), eBE (As(V)) oftic, PO A
FATY VEEE (MeAs(V)), YA F AT vy Y (Me,AsiV)) i & LTHET ST
LI T\ Do BHCAEMERRRD - b OIS DFEERIZ W T, FFHIBIL A
o OGN P ol

RRLESFEE, BRLEEOERNI EE, BIROLENS, Fio, RRRPLKER
HELFIND Z & BAHERED AL ), BEX K ERICERTELHIETHY, TOLD
FeAbFRE SR b# LIco ik &8 2 5o

I, R 450 v FALEE O « QBB R B 5 Al B A FRICERS L
BIRHI TS D S e CIe D W THRE LT A TR, ¥rfio—A(PG) —T 77
Lo ATAYV = A (TPA) =7 aakakh, As(VDICkR LCE M & BRI 2
S EHBWH LT WA, ¥fc, CobRE A As(V) OAR Y Bl O TR e
DR, B LTL2—v/nnz gy RAWLIEREST, KEROPCETERED
TPAR LD, As(V) ORELBMMEAFETHS Z LRI NTNDS

AR TIE, PG—TPAFRZALT, As(V) OFREBSERHICET MIRE S PG RE
E OB > WCHERICBRH T\, BEOBWARUESITE OB Y b, £LT, IO
FikE A BEOBRS B As(V) OBRIER, £ bOCERFOLZeROERICEMT 5o

il

§2. E B&

2.1 & x

TAS(V) BHE ; BOHERIAIE T As 1, BTERS & AR R TR K 0 BliE LT, AT
LtA%Q2mm%&§®lMNﬂMK%%L@mmmhtw%ﬁ@k%imbm%MZT
80 °CC | MERIMMBGEN Lok, AREEL, BELKCHERLTIOm BRE LI, ZOW
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WOOIEHE IR L, AU CHESL L AR LB RMERREC X TR T,

As(V) BEEEESHR © As,0,0.5 g ZFEFE L, MAs(V) B & RIBIC 85 LT,

PG 5  Fik PG CRDEMEE) 12.60 g % 2MBREE 100 ml IHEME L, I MBI & L1

TPABW ; AT I 7 =7 AV = A ()41 TImgh ,2—V /TR Y
100ml I L, 9.96 X 107 MBI & Lico Bk 1,2 -7 oo sy CRDEMEE ) 12, XK
< 3 E%EE LT '

ZOMORAEL, 2 TRRE IR FEERY 20 % AV, Kik, ZREZKE TS,

2.2 As(V) ORERHEHE

OB, 1.03X107*MD As(V) EBEOPG(0.2M) &1 1.6 MOFEEERK (5ml )
L, AR-EEDTPACYIBXI0P M) ZELL,2—Y/unTd YEKR(5ml ) %&D,
HlRT5oMiRE 58, BRHELO—EREM OB LT, Nal (T #FMy vFLr—v s vig
HER I L O BUHBE R JIE L 7o

2.3 BESAHOSW

KEELE LT, FARIE0FE 6 A 4 H, ZIIBARAREME TR LAY 4 a7 (FE3m
30cm) Ao BREUR, T T RZMMERE, BR L, FAEMCSCT 2MA — 7
VERE T 5 1

BIKICRT LS RO, Mo T, As(V R4 3 REMSEEYHGWTa Y
THDOELROERL T T B LIGRAR 0.5 g 770 v Ry ~icd v, BEAE D “As(V)
BHREASM 7L, RIEREBRB ML TEAL, +— 7 (150°C) T 2 B ma Lz,
BRETHILIE, COBRREZI= D E-n—BL, BOMBL TRHRLERSE, B
FHILTE S LT - IoMBR AR % 240°C TIMBGETR L1z TOWRBE T e — Mics 0, Fig
5~6M, Nal IMIZHB LTy Ev & 55ikRES L, eREHH L, ToXvEVSR
0.1 MFRfR & 5 iR E 5 LCe A dht L, 30 %M bKFEK %N 2 T80°C T 1 Ml st
B LI, BRRERME LI COeREEUEBLBOMBER LR LECE Y, 0.2M PG,
LE6MBIBRAR L s A L OB L, FEMEBEDO TPAREI L, 2—Y /o R Vick Ok
HafTole o, PRYBMB AT B oKEI, Filc TPA—1, 2 -2 /oo iy
BRI 2 O R R 28 0 L\, R R o

—77, REOGBEORT L LT, RBREOBOERE, BHLELI¥T, ThEARE
BEMH 2T - CTEREER DI,
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Seaweed ( 0.5g), decomposition vessel ( Uniseal )

spike a known amount of ™As(V)
add conc. HNO, (10 ml) and conc. H,SO,(3ml)
heat at 150 °C for 2h

Decomposition solution, conical beaker

evaporate HNO,

reflux at 240 °C for 3h

add H,O (5ml) and 5M Nal (2ml)
extract with C4Hg ( 6 ml)

/1
lAq. 1] IOrg. IJ
back-extract with 0.1 M H,SO, (10 ml)

Org. 2 Aq. 2

add 30% H,0, (2ml)
reflux at 80 °C for 1h

[Sample solutionl
extract with substoichiometric amount
of TPA in the presence of an excess of PG

Organic phase

7 -counting

% 1 Substoichiometric determination of total As in seaweeds.

§3 RRBREIEE
31 As(V) OFRBRHEHMB O TEEME

a) RESHHOEE
IX10¢MDAs (V) Icat L, PGEEX 0.2M, FRBEEY 1.OM, |,2—v /iy
> TPARER 0.96 X 10°M & L, fRE HB% 2~304 L2 LT, BRMICHE =
no As(V) BEZRD T FORBR, e HRHAN 24 T.63x10°M, 55T 9.67x10°M,
105C 9.70x 1075 M, 304 T 9.53x 10° M D As(V) piflith S TE O, 2§}u_tf+5}mz
WHBLL L TCWAEEZ LR, G, k& 5H?~}Fa‘10i_5’;}FaE]&ﬁ*Z> Z i L,
b) REBEORE
KABRO PG #EX 0.2ME L, BRERREY 0.4~6AMIZALET, 1.99x10°M & 9.96
X10°M®D TPA ok A REMEMI %17 > T B2BICRT LI, TPARED 1/5 0



L9IXI0° M T HRBMBREC X 53, —&En
"BONTW5, i, TOB, AEHEICHE S
NIcAs(V) BESIEMHIC 1/5 £lco T b,

wic, REERE1.6MT, PGEEX0.02~
0.8M AL B TRRY B 21T 5 foo 5
SRIRRT L5, 0.1MHMETIE, %40iF
LOEED B LDODIFIF—ED As(V) Hifhi &
h T35, 0.02MTlL, 2hof20% L hhht
Shieh ot ®- T, BARIFEIES PG
BEL, 0.2M THoThAZLhbh s o

c) FRHUEHMEOHEE

DEoBE LD, MEREE 1.6M, PGRE
0.2M, TPABE996x10°M, &L 5HFH
543+ LT, KiEFDAs(V)H1.3~130rg I
B T TRRMEME AT 5T 54
RioR$ L5, As(V) B in\LW#9 Tid,
nzfc As(DIZ B L THEBHEO

83

[HyS0,1 / M

2K Effect of sulfuric acid con-
centration on substoichiometric
extraction.
[(PG]=0.2M, Shaking time=>5min.
@ [As(V)]=1.03x107*M,
[TPA] =9.96x10"°M.
A[As(V)]=3.43x107°M,
[TPA] =1.99%x107%M.

HHEEN I L, As(V) D&EN
R EhTuW %, As(V) 118 #g
A A (MRS EDEMIET
%) &, BIm—EED As(V) Hifh
HInhTwbhZ Epbhbhb, £0
WA RE DX BR#EfRZAZ (RSDD I

1.0~

1 1 | l

0.52%T» h, BOTEWEED 0
Bohico MOBEMED ZIER L

0.2 0.4 0.6 0.8
[pyrogaltloll / M

foxz s, As(V) & TPA OKRIG
HaRL, FRT11: 1.0 &
7o As(WDIX, PG & 1:3008

# 3 X Effect of pyrogallol (PG) concentration
on substoichiometric extraction.
[As(V)]1=1.03x107*M, [TPA1=9.96x107%M,
[H, SO,1=1.6M, Shaking time= 5min.

Bt E &2 1ol rvicikbeErLbh, Thh, FEED, TPABI v E 1:1
DA VREBR L THE ZhTWbEELBND, Ik, BEDO PG B X 5 As(V) D



84

W7 vs)dRbNAT, 20D

=3
PG—TPAR % AT, FHH
Y
~OBEANVFRETHLLELZLR
g | ° o
% s y Mean : 2473 = 13 cpm
2 2 RSD : 0.52 %
d) & R 5
—EROBE DO AS(VD L 5
<, FHSHEOMO c FFE, =
As(ID, MeAs(V), Me; As(V % = AL L1 1|
FhFER 100 f2 B3 S B TR As(V) taken / ug
- o m o # 4 Precision of substoichiometric extraction
MBI 24T 1o 8 1 RIORT of As(V). .
ko, o vBlEBOFED [TPA1=9.96x10"°M, [PG]=0.2M,

[H,S0,1=1.6M, Shaking time = 5min.
BELPPHLT, BEAEE

B oMt As(V) B E N TR0, 2O PG—TPART, As(V) ok L THred TEnL R
WE > TWAZ ERDDbe

%1% Selectivity of substoichiometric extraction of As(V).

Diverse arsenic species ) Activity of
substoichiometric
taken / mg mole ratio® extract / cpm
None 6173
As (1D 3.87 101 6017
MeAs (V) 9.97 99.5 6158
Me, As (V) 5.53 103 6353

As(V) taken=29.10 ug,

[TPA]=90.96x10"°%M, [PG]=0.2M, [H,SO,J=1.6M.

* [Diverse arsenic species]/ [As(V) 1.

¥, MoFEITLEOPBER DWTUL, BRIC, Fe(ID), Cr(ID, Cu(ll) L5+

VM, PO, MoOZ™, SeO2 i b4 hEAR LW EAH|E ShTWw5S —7,
R EERBRICABECE TN TN D I TR OV 2fT- ok 2A, As(V) DFI36 5
BEoNal #{FE XL ENEYSED TPADOKIGERN 91.6% LIET L, HEIBD LN
L, 2o AV OBRTEAS LI TPA L1 4 YRAERR L L > THER I S
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LH0DEEZLND, HoT, BIROEBEAF— LD L5, 2 VbWhhitic X 5 i Bk
BHRT A LI LT,

3.2 ‘EEEHE~N0ER

BIKOAF— AT, 778 VRYNIEHMBAE L X OB OBRMEBRAAE 0 2 B 55
TG BET->TWaBN, Zhl, BEELERYF- T b,

F7RYRY N, BREEGOENR TR ESBT L LN TE, ERETTHROHERIR
Ko, HEHOERBICRBOGEITLE EWOBE AR - Thbe EEIR, mV A3V
THRBEWMSB LT Ve Ry RBTI50°C, 2KEMEAT S L, B 2V TS HLTE
BOEEONL, ZOBRICOWT, 2 Vbt X ART08R, TReYEMBE AT /s
5, EEMEIT, 5891034 1gg™ Thotloe EIAN, T7uVvRY XL LHBSBE, 2
=HhE— B L TR TMEER AT &, BoRIRT XS REBKRIME LN

2 2% Decomposition conditions of arsenic species in a seaweed™.

Conc. H, SO, Determined Ratio of As(V)
treatment value of As(V) to total As**
/ug g™ /%

— 5.89 + 0.34 8.43
170°C, 2 h 10.5 =+ 0.056 156. 0
170°C, 20h 65.1 + 1.1 93. 1
240°C, 2h 69.9 = 1.9 100

*  Laminaria religiosa Miyabe (Hosome Konbu ),

** Mean value of total arsenic in the seaweed sample :
69.6 £ 4.0 2g/g(n=3).

PRERALER % miR CTRIFRIFT S &, BVWERMBEIEONE ZLbbhd, &IAT, ZDPG—
TPARIAs(V) IWHERALRTH O, $ 1, BBKFLEORER, As(D & As (V) iK1k
ERTWAETTHED, ZOEBRMBEORWTL, &V 2 a2y ThichEle BeF@ErnFeEd
LLERRTEDTHD, 2% 0D, RBUELTHIRWEEL, 2 v 7hoFERL ENE
BE&h, IBAEAZT > h TABe RIEELI SR L CTER Ry, Tol»ic, &
A EWERENIEONILDEEZDND, RBAEAY FRE ( 240°CH T 5 &, 2K
TEB e REENTR2TBL, 2V THhDOeERXAS(V) KHIZD ZENTE, 2LFE0H
FERRDDHLENTE b, .
B3R, HV AV THOELROERBELYR T, F—0KMENLOKE0E LA OfER
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# 3% Substoichiometric determination of total arsenic in a
seaweed sample®,

Sample weight Activity from Activity from Concentration
spike soln. ** sample soln. of As
W/ g (ag)/ cpm Cay)/ cpm (COH***/ ug g™

0.5232 4951 2159 71.9
2207° 69.2
2261 66.2
0.5227 3841 1762 65.7
1737 67.5
1736 67.5
0.4665 3533 1642 71.8
16352 72.4

1561 78.8
17282 65.2

Mean value £ standard deviation : 69.6 £4.0 #g g™,
Photon activation analysis : 67.1£ 1.7 ugg™ ",
Laminaria religiosa Miyabe (Hosome konbu ),
** As in spike (M) @ 29.10 pg,

*¥*% Calculated from Cy=M, Cas/a,—1) /Wy,

a Successive substoichiometric extraction,

*

Lr—HLTEY, HELEOUENWZERbh b, FHHEIZ69.6+4.0ngg™ &t
0, UHERBOIEFENE TR L5671 1. 70gg™ T E X W—FKERLT WA,

§4. £ & B

As(V) iwxb 3 2 IR D B WA MBS T FESL L, WSS A Uic, BV O
MBOBERFDOAs(V) BRI ERBTAZENTE, BELAEVARRBOLETHAZ LAR
Lico ¥f2, CHEBBRBAETS k- TERCRLEZLZLNTE, ERFbOL
LROEREIT- 1

KRR EIT O BT, BHN % B - TORIKABL IR TR EER O /ARIE T B
B, BIARBBFE L7y v 7 - TOEBRCIR CERH T 5,
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P. Weigert and A. Sappl : Fresenius’ Z. Anal. Chem. 316 (1983) 306.

M. Stoeppler and M. Apel : Fresenius’ Z. Anal. Chem. 317 (1984 ) 226.

H. Miinz and W. Lorenzen : Fresenius’ Z. Anal. Chem. 319 ( 1984 ) 395.

N. Suzuki, K. Satoh, H. Shoji and H. Imura : Anal. Chim. Acta, in press.
WHEER, HARED @ SHFSBOFXEFTRE (1980) p. 462.
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NERHE T & BRI S AT
—BERBSFCBT D2, 3DEE—

1% HE Bt
PR - AKREH

§1. B

BELAFEE S TTRAREROFE L L TELSEEEORABOSIICEN Sh T/,
I Th, REEEARFOTRBEORIEMEYRET B, KEVEERELZRLCZ
el R X< T b, T BDRIHERE 5 fcd D FHE T LRI &\ RS EE & TERE
EHRBEREINLEDD, KECBWTLRARER, BH, WEZ LTINS W RFRIFTE 2
LhABREBERABHES LILERFELZHEL T ENREERbNS, L Lishib,
BEEABOSHOBETH - Th, BN MOEER A ER T2 BEIHOBE &
AUFECL > TWARARVWERCE D LEETH L,

LEO BT e dBREEL, BHEGEOEBOXEY TS, R CRERIC BT 250k
DER P RICEL SRR WSDTH L EDBEEND, i, TOBBRNIER LOAER
Fr T EREYE ZENTELLDTHL I ENHEETNL, AL - THFES hC
PR 13, ABRO< MY v 7 AR LR T L L b, RELPAECROMIEZ BT L
BEREWHETH S, 1o, LD MCERTE, LLRABERNIETHLE
WOKEIEMAR LT A, RWEEED DL 5 I RO B AR L TR D, B
fbot-doEEFHEE LTEBENE W2 H5DTH D,

BLic, B2 kT, FETHRE S W SROBSRBRERBO R n b, IR
¥A RO, NIRRT X ARBETFRE ST L - ¢, 108 OMEBEITCRORRFERDAIET
BHBHIERRLTE, ST, HERRBLIOKNREN T 74 7 v ¥ 2 BPHCAE %8 A
T 558 OREI DWW TERR T O TRET 5,

§2. %E ER

2.1 HBELURE

RKEHT TAEAFAD CRM Soil —5 3L O'NBS i SRM—1633a Coal Fly Ash %
BAE, Soil =5 2N —D ) THIEHLEREBS TER SN/ DTHY, Coal Fly Ash
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KEAROARKNBEEMCE W TESEBRICYL > THEINICLDTH S, Thbid, W
FTNLEZA — 7 Vi TI05°C TARBER I, BRBEZTALTh 142 BL00.1%
ThoTo

Ffc, BERINMA T O oD A EE BT ROBRERKIL, TRORT B T AEERK
(1000 #g /g) & LI, SMESEEICIRIDABRICER L —ERECHE Lo
Wite ZTOMORE, BEIZITNTRESTAHDO L D% M,

2.2 BHEAHAR

Hoh LoEE LIkl 1g ¥ FREIFFDE 0, T77a vy R L, B8 BNITEOE
R A BERE & 70D X O IWRA Lo b DR BHC—E&EHRM L1zs Soil =5 oW T
By AR ATV U ABIMES@RER (2 =y — L) it An, BIERI0ml #INxfcd 2T
150°C THRIME T 5 Z LIt k- THEBWELBS R LT, —B, ByAEILlob, 4
MBEBE 2ml BLUOT bIx2FAv ) r—b2ml ZMZTELEBR LI, 7947 v v aleD
WL, SREFICAMB#E 2ml KEXOT T ZF Ay Y r— bk 2ml AT BER LS
T, LY ohTRG, T4 -V RBIUMBE AR S0, 400°C DBESFH
T2 WFHRIR Ulce AR Lo RAR 2 58300mg % & - C, BRE10mm O XL v MR
ML, @mMET Vv =y 2EEE L, 70, RAE DR S RERCEE LT

2.3 BHEELUVHE

BEHIINE = %L — 30 MeV, FHENR 150 vA OB FHREZE L 2 mm O AR THIBHRS
WEHR L TT5 oo NV y MROBEHIAFREFICHA L, KGRRHE LV & — OB &RET
10~16 cn DB EE L, #n2n 3RERHE Ui, BHR, BUBNIF i 7 v 1 =7 28k
Bafl, BBHUEROF VA — i3,

BEBERE T A — 7 » 7 H8 Ge (Li) B2 ( FWHM 1.9keV, 21%14% 4 L <IZFWHM
1.9keV, ZE30% ) % HARRTFNEEE YY) - A FIF+ v Ry ) - X377 2~
NFF o VYIATFIAF—EHRL, <470 «ofy b2FALEBREEERY 2 Hu
TiT-too WA, 91 ~ 58, 3~4 8, 7~10H, 3~ 4:8HED 4 SO S 3THl
EREVRL, TEEMITEI AR LIEE L OB S5 7 #0° SN IR R T & 1o
HTOF— 22 ERBCAMAT AL L,
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§3. HREEBE

3.1 EREMTRERMASL

=B HWILEIL As, Ba, Ce, Co, Cr, Cs, Nb, Ni, Pb, Rb, Sb, Sr, Y, Zn B X U
Ir DB TLEREALLE . ChObDOEBFALIEEL OB T — 2 %8 18 (a) IR LT
KBTI, ERENTRY S CRETEUEND SN, EMR CHB ST A N2 T
LRI S W, BECEEINET BRI LS Do £CT, RERTEARE YY) H7
NIRRT OB L L b K — 75 R E DT LI L 1ol L, HEatpic >

# 1% Nuclear data on photon activation anlysis of environmental materials.

(a) Elements to be determined.

Element Reaction Half — life Principal 7—ray(keV)
As BAs (7, n) ™As 17.784d 595.9
Ba 136Ry (7, n)!'®™Ba 28.7 h 268.2
Ce 4Ce (7, n)BCe 187.2 d 165.9
Co $Co (7, n) %Co 70.8 d 810.8
Cr 2Cr (r, n) ®Cr 27.70d 320.1
Cs BCs (7, n)'™Cs 6.47d 667.5
Nb BNb( 7, n) *®™Nb 10.15d 934.5
Ni Ni (7, n) *Ni 36.0 h 1377.6
Pb 24ph (7, n) ®Pb 52.0 h 279.2
Rb ®Rb( 7, n) ¥Rb 32.9 d 881.6
Sb 18gh (7, n)'#®Sh 2.68d 564.0
Sr ®Sr (r, n) ¥™Sr 2.80h 388.4
Y 8y (7, n) ®Y 106.6 d 898.0, 1836.0
Zn B7zn(r, p) “Cu 61.9 h 184.5
Zr P7r (7, n) ¥Zr 78.4 h 909. 2

(b) Elements used as internal standard.

Element Reaction Half —life Principal 7—ray(keV)
Na ZNa (7, n)*Na 2.602y 1274.6
Mg ZMg (7, p)*Na 15.02 h 1368.5
Ca “Ca(r, pO)®K 22.3 h 372.9, 617.8
Ca ®Ca(r, n)*Ca 4.536d 1297.0
Ti “Ti Cr, p)*Sc 83.80 d 889.3, 1120.5
Ti ®Ti (r, p)*Sc 3.42 d 159.4
Ti ®Ti Cr, p)*Sc 43.7 h 983.5, 1037.5, 1312.1
Mn ®SMn (7, n)*Mn 312 d 834.8

Fe S"Fe (7, p)*Mn 2.579h 846.8
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WTIRETRY TR ~fc ko, WTFhoOTROBRMEE L FHEMENED 5 foo BERMAZ T
fo 4 SOREHC BT % EBRAE & PIEZEERGAE DA BUBET BEHLII AR ALIE DFURHT $510 5 A BURGH
BEHICH N T EDBEEREN 2 ~3FRE Do ol &b, BERNNE—ITbish sl
LD EE L bh, RERARCIAERY NG TN TS DB CEE LR LR
R LTI EEE RIS — T 2 7o\ I Shiclo, SENIRERIC X 5By MaRitd 5
il ‘

3.2 WFETHE

AR RS SN BEAEHCE= 2 — 3570, RBEETREARICE—EEh, 7
HRECHELUIELYERT D L0 ERSVEND L, TOBE, B—0 r RIEFAHATLE,
RRBEREGENTNTET RV EAEZLNL D, BTBETRANI bu A b)) —
DR RE X, BEARDOEERS THS Na(®Na), Mg(*Na), Ca(®K, Ca),
Ti(*Sc, “Sc, #¥Sc), Mn(*Mu) LU Fe (*Mn ) D6TLEREZFIATH Z LI Lz il
WITERTARETH S, BIR D ILINLOKT — 2 %R LI, & bDOBRREITAEMH
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H1 Gamma —ray spectrum of a ferromagnetic substance in coal
fly ash. ( measured 4.3 hr after irradiation )
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BB DEDA - F—DADETEEATE D, WTFhOBEMMICEWTE, BHEOD iR
RRERE -7 & LUTRIAT A LD TE TS

LIAT, 79547 v V2RI Fe Mo 40% L@V BETETh TS EHREZ AT
59 0%, S, BERMOBC 7 2F v ) A2 -7 R EBHETTLTAH, IchHD
HR THRRBIMR S IE E W5 & & DR S Wi * OMBMERS O—# (B mg ) % 4t
LU, ¥ ABBBRE LRI Y TR A Y MRS 1 RIR Lice DT, 22 Bicix
I 3RIRBED 7 T4 T v V2 ARID AV R AR bV EIR LT BRGSO A7 bob
CIL Fe tr R LTz SMn 0 # v < £ — 7 BB TH S Z & hibmde Ti CRET S L8
D TSc D 160 keV # v <HED £ — 7 R L Fe 5D 846 keV, St 5D 388 keV ¥ X
U'Mg h 50 1368 keV 7Y 7#f & — VHB & O Wb DEMERSG TE7 747 » ¥ 2RO
BN T20/U ELENEETFe MG TN TWA I Ehbnd, ThICK L Ti & Sr Dl
LT, Mg TS DI 5 BIET I e - Tl

OZEDD, VYN ARCE RS D NERB O O BRBEERS RIS 5 T

10° =
= S = = o %) [SY -] o C
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# 2K Gamma—ray spectrum of coal fly ash.
( measured 3.7 hr after irradiation )
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AH—LLT 7 v Y ROERCEWTL D BREC - 1osE 2 bbb, DI, *Mn
D 846 keV v < A PIBREEIC LT St B & LIcHA L, 4 DOBEERIMFRHIT B\ TAERR
BRI AE L<EB LT $ic, ThbHOEETIE > Mn D 835 keV /1 v R A NEHEIC L
T A T AAERBE L NEE LT 2D &1 Mn A Fe DM & A—Z 8% & 5 T
HEbTRIR, UTFTO L2 BHIEL 24D THS, NBSDEEEY 1T L MEMn (2190 ppm
BEGTNTED, EiRD7 Fe 5L 0 Mn A 50D ** Mn A BUR IS DR % & Fe D 9.4 %1%
Mn @ 780 ppmIZH¥M T4 Z LA LRBEAZ LN TEAME, **Mn D80 % b Fe v b
(7, MIRIGKE->TERLICSDEALILTZENTE S, ZOLIBBEHMLESEDT S
17 v 2 BBROF BT, "M BLO *MniZWEECIE I oL B S i 7
T4 T v ¥ 2@ BHT BT M *Mn % P EEEE ICFI 3 2 5 & 1l L EROs & R4
RETHD, RTAXF v I AL =5 —RFRETICBER cENOBBFELLLE LB,
TR ASRETTIRETHLELRD S D,

3.3 3

RELC BT, BRRIGR T ROHER O L AEDL, EBERCIEDREYE 2S5 LI
%o

BRILOTEL LT, CroflhEzrbhbd, bbb, Crx *Cr #FIH L TERT AR
T, Femrbd (7, an) IGBICE > THCr BEFTAR LPEL D100, TORERD L
_ LORDTREEWETILEND D, EROBER, AERTORHFME (2 v 13— 2 -#H510

~15 cm ) IHE T Fe DEEE 4000 ppm A Cr @ 1 ppmiTABS T AHE L 25 2 E Db h - 1o

BERBDFOBD r RO\ VI L HPEE LTL, £4 As (TAs, 596 keV ) B LU
Co (*Co, 811 keV ) DERIE TS Cambd PK( 594 keV ) & “"Ca ( 808 keV ) DE e
DIEBEZLONAD, REOWERZF - TERTAIENTE L, P&, Cs('¥Cs, 668keV)
B LONb (®™Nb, 935 keV) DHBAK, ThER 1 LD 1(666keV)IE Fe hbd 2Mn
(936 keV) MWIETHZ LELDLNS, F\, TALDOYHERBIER DO r @B T3
o, O r -7 #FA L THETAZENTE, 7747 v Vo, 1iis
AR ENT, TIKEAELZERTLILEI T LL, GanbERT S Ga b
50D 185 keV # v <5 Zn OERICFIH T2 Cu d 185 keV # v < EBix D&\ IHEL
b ENbhole 2T, ZnRBEIVUGaZBH L, “Cuk LU ¥Garth Fh T 185keV
L300 keV H Y VR OBME L ATE L, 300 keV H v v AFIH L CTHEAELT> &L
12
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34 EERR

2% IAEA CRM Soil —5 $hod Ni O EEMEL, THEI3RK Zr OEBMEREZRL
Fro CRLIEWTRLIEEE 354 BIBIE LEERA—lET Y v Ko7 — 2 2 CER
Lich DTHAbo

# 93 Concentrations of Ni in IAEA CRM Soil =5 ( #g/g).

Internal std. No. 1 No. 2 No. 3 No. 4 Av. Dev.
2¢Na ( 1369 keV ) 6.3 6.0 5.8 5.8 6.0 £ 0.3
BK ( 373keV) 6.8 6.4 5.9 6.0 6.3 £ 0.4
BK ( 618keV ) 6.9 6.4 6.2 6.1 6.4 £ 0.4
“Ca ( 1297 keV ) 6.8 6.3 6.0 £.8 6.2 = 0.4
®Sc (984 keV ) 6.7 6.2 5.7 5.5 6.0 £ 0.5
85S¢ (1037 keV ) 6.5 6.3 5.8 5.8 6.1 = 0.4
®Sc (1312 keV ) 6.5 6.2 5.6 5.8 6.0 + 0.4

Av. 6.6 6.3 5.9 £.8
Dev. +.2 +.1 +.2 .2

# 3% Concentrations of Zr in IAEA CRM Soil—5 Cug/g).

Internal std. No. 1 No. 2 No. 3 No. 4 Av. Dev.
24Na ( 1369 keV ) 213 221 213 209 214 = 5
BK ( 373keV) 231 245 233 222 233 = 10
BK ( 618 keV) 222 248 243 227 235 + 12
7Ca ( 1297 keV ) 234 238 227 210 227 = 12
8Sc (984 keV ) 229 233 209 199 218 £ 16
8Sc (1037 keV ) 219 245 223 217 226 + 13
¥Sc (1312kev ) - 220 234 206 211 218 + 12

Av. 224 238 222 213
Dev. + 8 +10 +13 + 9
AEC BT HEERIL

x=y/[(R*/R)—1]
B b Rbe CCT, v BRI, Ri3, RAIEORECOMEES Y <@ LB R A
St oD Y <O/ EHE, R HENBRTO €= /BRI T Do
2T, ETRABORKNDRERDIH LT, 4 DOBRERMA/NCOW T T
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R* #ROTERMEX B, DX T HE, EERMAH—IITHRINE > bbb
R,

19, ROBITIR LT ZhOWNEEN v 2B 52H - TELhEEEEROREIT 45
DR E B HRITCHE I LB DB — M0 H v <R & — 7 OHBEEL RT3 - L i it
bo B2, 3FLL, EOWNBIESN Y IBOBETH - THREL KX IRNIRD S ich
st 7T T v 2 EROBAD P Mn 2 % Mn TlE & DIREDK X o o foidic , PIEHE &
LOREY L S hichiP Thbo DX D IEEDHERE S v < B TRENK X 285
I, CONBEDLPRE—THH I E XKML CWEZ LItk s L, T XTONERET
REDPKEWHEIIL, EREMTROBERNAE—Clar ot o LR 5 DERS L,

g, FMOT IR LictnZhoRBOERERORET EE A LIciEE 5 v <
EEROHENSENBRT 5 L1085, B2, 3ELLERBTRETSBLUTTHY, HEE#E
DRERIC Lo TERIBRD b h 5l H2ED Ni OBAICIT ZDRECHNT, £78
BRI LIREDIZ 5 B9 2 R & 1o oo CHIZPUERE S v <BICHE<T, Ni OEE
AR LTS NI D 1378 keVH v VD U— 7 HREOFBEEDH A XL C L HER LT L
bo COLHE, BEONEELBRBICHMTHIZLC LT, ERDEE I A LIRS
EnmcEslidbic, ABOB—%, T L THEETE L ERBNITE &L BN CR—O4
i LTWAhEL R ERAEOERETIEON O WVERLB L ENTE S & &1 Bk
. Vo

HARITIAEA CRM Soil =5 DERFERLR Lz, TEMEDIFHOXE Cr& NbT10
BEEALLIINLS BUT TH D, WEIOREIC L ~THBMEHHE S NI L brDb, Ni
DEBFERIL TAEA DBEEDKI1/2 ThoToo TOMDTEETIHFMEOREAN TR { —
B Ll

B 5FICNBS SRM—1633a Coal Fly Ash DERMERAHRIE (BN IIEEE) L&
HICTR Lizo Soil =5 WHAT 4 DORBCOBRMIIFEICLR N 5T T, BRIFER L O
SEEDOR I NI P 2R S TRICOWT, KEBROERE LS DENER LR —HK LT
WHZEDDD D, ARAKBO LI Ba B ICERE T T hA5BA1IL, Bahb 8™Ba
PER L, 276 keV v < REMST 5120, Pb OERICFIAT S 279 keV # v <o v —
J R OFHEICEBE G252 Lt b, TDZEN, PbOERMEELFIEOT—HDER
Wz X o,

T7IA4T vy ARTIE, BEORC ORTHETROBHALON, SEIEE LT
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#43% Concentrations of trace elements in TAEA CRM Soii—5 (#g/g).

Element No. 1 No. 2 No. 3 No. 4 Average Certified
As 102 109 99 105 103 + 3 93.9 + 7.5 *!
Ba 543 507 480 528 515 + 27 562 + 53 !
Ce 60.2 63.6 63.5 58.9 61.6 = 2.4 59.7 + 3.0 *!
Co 16.5 15.1 16.3 16.3 16.1 = 0.6 14.8 + 0.76*!
Cr 31.9 28.3 35.7 29.2 31.3+ 33 281+ 1.5 *
Cs 61.8 63.3 57.5 57.5 60.0 = 3.0 56.7 £ 3.3 *?
Nb 11.6 11.1 9.8 12.8 11.3 + 1.2 C 9 *
Ni 6.6 6.3 5.9 5.8 6.2 + 0.4 C13) *¢
Pb 127 138 128 142 133 £ 7 129 + 26 *2
Rb 137 136 131 136 136 + 3 138 £ 7.4 *
Sb 15.2 17.3 16.4 15.2 1.0 = 1.0 14.3 + 2.2 *2
Sr 327 327 355 336 336 + 13 (330) **
Y 21.1 22.6 22.0 21.7 21.8 + 0.6 C21) *
Zn 375 393 359 370 374 + 14 368 + 8.2 *
Zr 224 238 222 213 224 + 10 (221) *¢

*1
*2 -
*3

: recommended values with a relatively high degree of confidence,

recommended values with a reasonable degree of confidence,

: non—certified values.

# 53 Concentrations of trace elements in NBS SRM—1633a

Coal Fly Ash Cu#g/g).

Element No. 1 No. 2 No. 3 No. 4 Average Certified
As 150 142 135 134 140 £ 7 145 £ 15
Ba 1410 1450 1360 1520 1440 £ 70 (15000 *
Ce 173 170 164 163 168 £ 5 C 1800*
Co 48.4 45.9 52.4 47.8 48.6 + 2.7 ( 46)*
Cr 209 198 194 188 197 £ ¢ 196 £ 6
Cs 11.3 11.2 10.9 11.3 11.2 £ 0.2 C 11)*
Nb 28.6 28.9 25.0 28.9 27.9 £ 1.9
Ni 128 126 131 126 128 £ 2 127 £ 4
Pb 62.0 61.2 59.1 59.6 60.5 £ 1.4 72.4 £ 0.4
Rb 131 129 127 131 130 £ 2 131 £ 2
Sb 6.4 6.6 5.9 6.0 6.2 = 0.3 O D
Sr 835 819 820 795 817 = 17 830 £ 30
Y 79.3 75.7 75.4 73.2 75.9 £ 2.5
Zn 238 226 202 236 225 £ 17 220 £ 10
Zr 228 217 229 243 229 = 11

*

Information value.
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LS U = Ga 7o EDTLHROE BATHEME AR & Rz,

§4. ¥ & &

Pk, AR NBERZ B FRAMEAFTIC BT 5 2 L1 k- T, BEISEERRGHO
HEITCR ORI ER A E N Lo AL TIEERABCERB E0 4D AFIHT 5 b B~
Voo 7 AREMBRTE DLV OFIED S B M, WEHREICHE T2 TR DB — ML fiE »
L0 r ROUEEENERERICK X LPBLE 25 2Ll b oD, FOREICITHE %1
TRELWZL 0 RERICEWTUL, BOMEETRA NS bo A b ) —OR#ALE LT,
BB 7T AP S TER Lh, BRO r@2FAT 2 L3R/ HBREL NI T3
52X THIHTHHEF TR, BEROH—HOMBEY M2 5 2 THHE 2 5,

e % X [

O

1) M. Yagi and K. Masumoto : J. Radioanal. Nucl. Chem. 83 ( 1984) 3109.

2) K. Masumoto and M. Yagi : J. Radioanal. Nucl. Chem. 100 ( 1986 ) 287.

3) JUKIETF, PERTIE - PR ®E 18 (1985) 320.

4) M. Yagi, K. Masumoto and M. Muto : J. Radioanal. Nucl. Chem. 98 ( 1986 ) 31.

5) NBS Certificate of analysis ( 1979).

6) K. Masumoto, T. Kato and N. Suzuki : Nucl. Instrum. Method 157 ( 1978 )
567.
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4B oMEREOLE A LD

ZHSE A, BE
HE B - BHE— - Hn R
ERAE - SRIEE AR

" Determination of low concentration of carbon in copper metals has been examined
by photon activation analysis using the'?C (7, n) "C reaction. After the sample
was irradiated with 30 MeV bremsstrahlung for 20min, carbon was separated as CO;
by fusion and combustion of the irradiated sample in an oxygen stream. The CO,
gas was then collected by passing through double traps containing NaOH solution,
and successively precipitated as BaCO; to measure the pesitron anihilation gamma-

rays. As a result, detection limit of carbon was found to be 0.052g/g.

§ 1. BL®IC

SRHBIEET BIRE, R, BEDO LD LBEILRIL, FRFho&EHEOEEICK
B E R LIETC LEERECmbRTL 5o Fhik, MEFEOE DI H LMD
WA R T D EABEL SR, BATERE (J1S) & LTRER TR T NOERIHTE
PEEIATERSY ChD0 ) bREOSIBEICIER LTAS L, BxDHEMNBRE SN
B LS BB R B o BVAE & SLICEER IR TnE L, RFEIX COLMEL Lo BT
2 LR EAI LT 5 o EREE - Tl Fhil, BEDRL COERIELCIDHETD,
K% 0.001% L EoREC O LBET EBATENAREA TS, LrL, B B 5 &
4 BAE OEERT, HRC\ BEORSWEERAER L, LRMICTIA LS
DB REDSHIEDR L FOM HEHSTETWE LV LD,

xS BEIEhOMBREOTEREEL LT, BECC (7, n)"C (20385 ) RIG%F
B LB FREHE A HE S L VBB h T3 2 &8, 77 ¥V ADRevel!, &5 11
Engelmann® 1€ 5 » TS, & U316 S 81% & T OSMPITRE b ¥ £ U Fedoroff b
FoTAH E CHEBIICE LB DRI SR TERS S IHMERE OB E R
D1, R & L E WO RN EIG LI b & BV 5 T LI & o TREMNC B
L, B CHEBESDANERE#I D LIl Lo Lo LK, 2Oty HRIFL LD
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AL L, TR S £ OB LR O RS CET S S 5 KA E THEIRT 5 T
Bt b iaho teo £DM, IR B 5 L5 A TESBOBILEREDHRT, SH
BERIESBDTH LV IREL L - TWDH L2 Lo,

Z0C, AGRTIE C 0 T BBEALE DG4 I8 o BRI OB THIHE A HTIC 58
FIC X B H B h B BBRICHT T 5 © £ BB B & LIC Lt

§2 £ B

2.1 HEBIURHHHORER

REEFREEDE L LU, BASMHSBGMEERR JSS—001-2% A e Th
7y TIRTEHE S, REFERIT 4TppméRINT W5, —F, HF&ERE L TEE
1 ROBFEAVD T LI L,

Zhb505HBAM( Bundesanstalt fur % & B R,
] . —_—
Material Prufung ) (JEFEE#EME » L Cfit _— o %
BENILDT, TORESEREISEME L ,
A A 4l 8

LT16ppm & XRINTWV 5, fgg (8mmo )

] - B B#gsR ( 8mmd )

PR3 mmB ey 2 —cUW, 18 c C 1 S
SENT T X 9 x 2mmic YT L, ST NS 2 D D2 S5
FhHHE LURE R E Lz, L L, Woh BAM W7

LHMERSICRETLD v 2—TUM L1k
®, TN LD RERBBERLTELCRET A0, bl 1 HWHB T2 oz yFv 7
Lo 2OX v F V7 THI0mORERE HRE SN, BRRIEFITECHRINEZ L DHED
btz =77, Fv 7HREHIM 0.5 g BEAFIL 20 % ¥ BEEE L TRV,
FREARINEAAETRHREE =2 & LTCO= v VB THRALIMTT LI =Y 44
TODh, ILIAEBETAN THEHTE & L1,

2.2 #HiEHEHRS

AE I NIEHRNT 1 7 S OKGRBH AL L —DAS 3 v A - 2—oHicERLY &F
I X V¥ — 30 MeV, FEEHA 100~ 150 #A O 2mm BEAS I L 5 HEEEH T205 /5
ORG Lic, OB, HIEMEES PR FRCBFINS L5EF £ — AFEER 5 mm IR
ST,
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2.3 REOLEZSH
RASURHT IR O Ze Kb REE H A L L AREHRYBRET S0 1 ¢+ 1 HBET 1R
G F VT Lt DWTHE IR LIzE TV FA— N 05g, MR, RE

I o

O
e 2896650
" -,

Qe ® O
000000000000

FI1XK REOFSBEE,
1) EE 2) 7TAIFE-F 3) BEWF
4) Schutze® (1,05) 5) EEKELE Vv
6) 77 vA 7) BaCl,&H#H NaOHREE LY

0.915 BEaHBF » 7 1g, EHIEH05g DIHCBHARML D LSCHAER, BD
CAERESFIARNT 1,350 CIES I (500’ /47 ) T 5 i€, ZZTH
WegE T T o 7 ADGEREEREPOBBRFEOBKEL LT, £ LTE LREOFEFBEC
B A ERRERE LTHAI A COBEKFHTOBREEC & > TRHEECO, H5DH W
E—CO & LTMESRTCSMEENLD, BEART5TCO L - THDHEDDIHIT
12 Schutze RHFE (LOs DY U AT A ba—T 4 V7 ) B LTELRCO, KAEBSET,

DU TR LI IR Lo N Y v 7 ATRB L0 T OB & TR ET 51D
G b5y TR LD H A, XHIT 70 VEER ARIC LA REBREL B L, FELL
CO, BRI 5% BaCl, &7 NaOHBW Tk 7 v 7 U Lico 5lfit & & & THER
L 7=k BaCOs (218 Btk 5 | Al LBUEERIE Akt & Lico

2.4 HEBERIE

{2y X - Tz Bt BaCO, B DOMEEEL, Ge (Li) HA Wik pure Ge B &
4 k BEW SR ES LGSR THE Lo 511 keVAE Y b o ViHE T v <& RAHE
TR0 5 5 S REHIE L, #MEEIBRERTEY Licd & S HIMEHE TROMEICH
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3.1 SEERHBOFHEE
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FRUERREMEEL JSS—001—2 23k & LT, AL s T 2 b o i@ i BaCO,y D

B EE DRI %, REHE T 20805
thir B9 2 BRERE Lice 2b i
FEFITEE 2SR Lico I & L
TiF 2045 DfED 2 Bhtfd, &
Mokl & R <—8 Lico —77,
H4e AR A DT ARG &
A&, ZDNIFERITE 2 Kicdtic
R LTco TOFEEIEIN L DNED
Stehd, BRI L LT20.5 5 off
BB, WIORbMBKHERET
ELFRIN TN T & DR &
Ntz
ThHDRERNG, RS HEEDE
BT, REZCO, £ LT
bY v 7 ATERER BT B
BETHERIND Z L7, BDHT

Radioactivity (counts/min)

I T TTTT I T T TTTTTI

UTTTT

I 1 1 1

T12=20.5m

1 | !

0 20 40 60 80

Time (min)

2R oy RSR O

O JSS—001— 2%

@ : Jie Ealk A

BWIETOM I NS ZEDEES N,

3.2 REOLFEHNE

100 120 140, 160

AR TH S BaCO; DBEERYWET S L LT, ABEMAY 7y 72L& L

THRWEET v 71 ghDREDLFEFIRE R RDIC, 2

BRIFFERITE 2 FRIOR Lo

AACE BRI LB RFEDFERIBERIL, SR ORBER
RBICL - TREE LT e DERE LD T &bl ot &
NIIBRREETORBERBOENC LD LD EHESH
Too TR, REORELC LEZERBLHIc > TUIHR T F

2k REDEEMIE,

FE&No.

LEERIBR (%)

Tl W DN

78.5
89.7
89.9
94.8
96.7
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v 7 AHD RFEOALERUE & Z OHERE L, WRMIETHREDNDH DT LD T,
3.3 HHPoORFROERE
EERG BT OREDERICEL D, KEREOBELR T2 10, BEGKMAN ]SS
—159—2 K MK & LTEDOEHREDER LRSI & OERICE L TR SRR
JSS—001—2 HEENEE LTHY, ThEDHETER LT, ZBNIAERIIE 3=
L7 »
B3E BEhOREOER,

[ t BEE (g) IBGRRFERCE (%) EEfE (ppm)

JSS—159—2 0.427 94.5 40.6
” 0.429 96.0 41.8
” 0.412 93.0 42.6

¥ ] 41.7+ 1.0

JSS— 159 — 2 DHEEGHEL 40 ppm LREN T 5, Thift, AERETEHERERC
BOBE THBREOERNEBTE LI LDDD 5T,

3.4 BERALBEPORREOESR

SRS B OMEBEREDERY LI FECRA e ZhDHOERCE L THSRHMIRIER
¥ JSS— 001 — 2 HiEMEE & LTHIV, TREDOHBTER LI, A DRHRIEF 4%
LT

KEB B0 S IEAEREDCFIRE AL ) BIFTH- 1o ZHUIBROWME DB
PRI EE 2 Dl REEE 1 ppm U T 08 & OERMECE, HTHRAENMETTS
EE DL DRt Lo L, FhLEOBEIImS CEICEBEIRENS Z Ehhn -1
Ak BAMIEUESHD REG A RIISEMBEE LTI16ppm s EREN TV HH, HASGHERE
(LECO#HSC S —244) T LIk 33, AERME LR 10 ppm sl OELZ D, KE
BHEOFEL RSB CGER SN,

MDD EESHHER Y R L CTATEEDORIBB AL KDL A 0ppb Lt SN
fro KEBICBT DMEHEIL S S TH-1on b, S HICRVEENE SR/ b IO
HERI—EHEINDL O LTINS

ﬁ%ﬁbhfﬁtﬁ%ﬁﬁﬁfu,ﬁ%%ﬁﬁ@<ﬁé&ﬁ%ﬁﬁﬂ57*,L#%R&%
EUMETE Z HRDEWHERMR LD SNTE L, ZhESH BT SREDOHRIEK
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Bak  AEHFSESOREDOER

AR EIRE (g EEREREK (%) EEfE (ppm) FE (ppm)

A—1 1.1747 87.8 0.19
A—=2 1.2949 96.3 0.30 0.26+0.06
A—3 1.1119 95.7 0.28
B—1 1.0323 98.9 0.25
B—2 1.1381 99.9 0.22 0.22 £0.04
B—3 1.1522 94.6 0.18
C—1 1.0218 97.8 3.84
Cc—-2 1.0546 98.5 3.59 3.75+0.14
cC—3 0.9815 92.0 3.82
D—1 1.0996 99.3 2.82
D—-2 1.1323 93.5 3.10 2.95+0.14
D—-3 1.1358 94.2 2.93
BAM—1 0.5070 96.4 10.2
BAM—2 0.5326 94.8 11.3 1.0+ 0.7
BAM—3 0.5024 92.6 11.4

OERTIEAVIEEZBR S, L L, BIHMESHIE TR RE GRS S h TR
ol b, BEOREHR S TEECHRETE DI, (WF5EERIE R b RE CGEBSID
P HIRABR LTS, EBEBRCEMEEEL SRV EWOIROLRIET 5, Thik,
AATEHKORESICET AMILEE, BEHESHCFIRIN AR, nigh TOBEMT
BRI ETIFONRBI LR, BE, IO LFAEESEROOLIELEINICENZ Do

$4. & U

B A TEB KO RESHC BT 2Bk LR THMES M A AT 5 Lk T, &
W& BROMBIREYBERS ERBTH LN T, JOEREINV—FT VAT 5
CITRIER L0 A NEDOTTHEL S22, MHHIELD I v R« F 2 v 7 PEEYHDOK
ECBD THS TR RIET 5 LE L DN Do
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Active transport of uranium (VI) has been studied by means of the supported
liquid membrane containing benzoylacetone (BA)  or dibenzoylmethane (DBM).
Uranium was quantitatively transported across the membrane from the feed solu-
tion of pH around 5 to the product solution of 0.1 MH,SO4. DBM of low solubili-
ty in water was superior to BA as a mobile carrier. Addition of tributyl phos-
phate to the - diketone carrier resulted in an accumulation of uranium in the
membrane phase ; it needs to employ a more high concertration of acid for comp-

lete stripping of uranium .

§1. #&
WBEI G B 4+ Of LWEEfEE S LTUEB SR, PV 7 V2 Lo L T5EHSE
B A Y OWEBERSE AR DN TE oo WHIRELBEHMINE LT 2L, ROF AT
B, F RIS AR 5 & LTHER S h b, JO L% COMMRAELGE A
FvoBXEks LTHRTE, 4 TERS MO T — 408, WHRIC L5281
* v OEECH BEHORECHERTH S Lam B LT Do

B 5 S VB R & 1 A SR AR B T, EEROBEBMOm A 2K ED
KIEETLEDE, KENOBERBROV N EDBEREND,

AWIETE, VI VOmMBAEM LS~V FVREDS BN L, HENSTEAKE OK

il

FADBEHE RV W EBPRLNY A AT Y ROTRY A AR ks LTH
&Y Y 5 v oW RIS A T,

TheD =k bV OREERREAE S L COMAEI DWW TR L, & DIcl —iHhic
BT LR B BREE Y p a5 S T DLW TN T,

§20 £ B
RY A NT 4 b (CeHsCOCH;COCHy) RO~y /A vt 2w (CeHsCOCH,COCs
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Ho) HFULH L DA Lico U VEE B U 7F 1 ((CHo0 )P0 ) IBABLF b U 7 £ BH
T, BT b Y A TELE LR L, AREEICIMBROBERERDT 7 0 v
BAD LAPT IRER LT o Y a Hv T, Biich~EREEL VY 7o k7
FP045 (ERET) R Hles L, HAEOT 0o B &R S8 CRIEE S L
YT 5 Ly 7 Y BRIIEFIEEC & 0 pHA 3% L, 10, it es LCR
B 0.1 MBREE & I\ oo SEBRIT 25 COERMHT 150 @ /5 TRE 5 L, ZUD 1 — BHEED
WEIC LD T Y OBB A H~Tc, |

§3 HREIEER

3.1 Rkt

G DB =T bV DPBEEMBICE S BB TERD, KEANGR LTV REITRAE
DEFEBAETITE LT el BEHE—KHEEOSEER Ko DK E <, hOMBREERK,
DNZVRERE, K pHEERIC BV TKE~DBERBRI DI L0 25, ZhbDA%
SEZ, =T bvnbERY AT Y (BA) — logKpe= 31 (RXVEV/K), K,

=8 THROIRY AL NALRY 3

(DBM)— log Kpg= 5.4 (¥ .1 {yoﬁ“ :"—"/:

EUIK), Ka= 9.2 HEARME J s

(I DRI £ LT A 120 r %ém,_
BARKIUODBM R LAY 7V _ of O/é/o

DU OWEH | R, 2| /ﬁ &f

WFRD A= U5 b Yo é Y/

pH DRIINC AL - TH AL H I3 K 21 ,// %

L, ERESOEEI2 LD, ¥ L /47//

7=, log Dy® log [ B -Diketone) ,LA{—A‘(QA/O

CHTB Ty kAR 2 DES o 1 2 3 4 5 6 7

Ll Do B THEEERIT UGN PH

- 1 Dt s of v )

UO% + 2HL 2 UO,L,+2H" 107®M acetate buffer solutions. (O) 0.1
M BA, (&) 0.I1M DBM, (@) 0.1M BA
(1) —0.1M TBP, (A) 0.056M DBM-—0.05M

TBP.
—7, Vi ~Y T7F (TBP)
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DEFE TS L HRADRC L OSEIEE LOERL, FERIZQKXTREh b,
UO%" + 2HL+S 2 UO,L,+ S+ 2H' (2)

fek, 0.1M TBPHMIC X5 ZOERBREKTOY 7 v OLSEHIE 0.01 AT TH 1o

I hBOW — R HECEE ORS R A & 18 LT, AR OREAI R O R RO KR 1 A+
VEBEYRETLLNTE, TOREARYEENE LTY 7 Y OERENAREL Do

3.2 B -U4 bUICKBBEERZE

ks LTBAR AW ERAWKKIE ( Supported Liquid Membrane @ SLM)IC L5
W5V OBERE 2KCR T, EE HMMEE & DI AHE TR LKA ((feed &5 ) DY

1 .0 §E=O\O\O\ 2 A-
K O>——='o:
D\\A / " A
\ - A

~__ —_—

. / e —
/.
I/A/A >.m —_—

0 — L 1 L An

Fraction of U
o
(6}
/D
(m]
\D)&
»
><

0 1 2 3 4 (0
t/10%min

#2X Transport of uranium across SLM containing BA.
Feed : 10°M U, pH4.7, 100 cm® ;5 product : 0.1M H,SO,, 10cm® ; SLM:
(O, @) 78%x107*M BA, (A, A) 1.3x107°M BA, (J, W) 02
M BA. Open and closed symbols denote the feed and product,
respectively.

IV OEEHED L, B0 TR Lol (product £ 95 DDV 7 v OEG IR Do
EREENE W feed DY 7 v OWA KD product DY 7 YV OBERKDEENKE (Tedo L
2L, BADKp ZRD A< felfed BA DB LBBOLHARD DR, REFHOHRE
5 CIREOMEINLETH 1o F2RIC 1 BREDHEDERHR LI LD, REFHEOIRE
5 L D EEMICY T ik product NEE IR TWAZ EDbrb,

BA L0 KpefENAE <, KHCHEFTCWDBM &L LISBED Y T Y DRAKRE
KR IRICTE T feed DY 5 VORA & product D7 TV OREIITIZIEFRANCEL L,
DBMODEEMNE < 7 558 feed 525 product ~D 7 7 v OBEHTE < Zto“CL\E)o 0.1M
DBMTi# 6 RefD#E & 5TV 7 Y IikigiE 100% product fl~ik 45 £ A TE 1o DBM
TREOH S DI <HEEE L LTBALD T Ch TR D025, TIT, feed DFEHK
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1.0 P——— » - @am—
O« ] /A——"""——__A—
O ./ A
%A \O -/ ‘/ -
o D\A ><O>/ /
— \ L] O. [ ]
o - A
505} wd \9
E / =] A, ./
oS T
A @ \ -
-A/./ ./ D\AD\A\A §
0 . | T il " O empe A
0 1 2 3 4 (1d)
t/102min
# 3K Transport of uranium across SLM contaning DBM.

Feed : pH4.7 ; product : 0.1M H,SO,; SLM: (O, @) 107°M DBM,
(A, A)1072M DBM, ([J, B 0.1M DBM.

i3 product DEREDI0{ZTH 5D T, product D7 T VIEET feed OFIHHERE D 1051 4G
TRTWbe 77 VIFBEARHES T E0flEX" Shb bbb, £, WK
M BNTE, 100°M DBMTO Y 7 VOSBRI LT & e D, 77 Vidiz & A Lhhih
IRV ORK L, WEBECE UMEEEARETLH ROV 7 Vg S5 2 LITH
BRYE, 7ok 2, #IRRT Lo, 100°M DBMT3RHCIRE 5 THISZ DY 7 ¥ 5
WL XN T b, CHITREBROAE T —RALEXSEAERTH D, B 4 V% product

HEaZ sicXb, REBERINLNT L E 5o

feed @l D 7 5 VEEDRE

DFERTEDLEN S, A/é—*A"‘
A"
-4
(U _ 10 %
lnEUJo_ kobs (3) -
» S
CZTlU)y BXO(URIE B &//
10°f O/

FhFENfeed D7 TV DHIHI ///
BER IO (sec)iEs

7 il BE 7 -6 1 ! 1 1
SBRDBRETD 50 10 107 10 1072 107

B OBt x5 In
(U),/(U)y DTy bD
X H S AT DOEEEH

[s-Diketonel /M

4 Effect of the carrier concentration on Rgps.
(O) BA, pH; 4.7 ; (A ) DBM, pH; 5.4



kobs 3R, HHEBREC L HE
L% 5 4 TR BERERED
WT & kops ST D, LD
MOEE TN E . BABEN
107 M5 0.1M % T 1,000
LTS ks fEIE B
BT E N T, kD
DBM & EARF T S Hic/h s
Lo

# 5 Kicid feed ® pHELD

k obs ~DOEELTRT pH w17
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1073
b
@ 1074
N
.5 1 1
1075 4 5 6
pH¢
5K Effect of pH of the feed solution on Agps.
0.06M DBM.

PEH/NEC, el xid, pH2 38 mb 5 AREML LT, ko fEIZ 355 EEE 5T D,
Thebb, (CFERSEEDHFF IV, BERBBEREDOTFFDORENC L2 20 Db¥E %o

3.3 93 VEREORE

FHEBE N ODEBEA & v ORI D 5 5B~ SRAR AR I T H1o > TUL
TEECR DA WIEEERCEHATE 2008 F Ly, DBMP KL LICHEROWT, feed
DT VOPEERI0 M 510 ME TEL IR TY 7 VOB EE~OEELH X, T

BRAEONIRT, V7 VRE
DI0™* MAT < & TUE kops lE—EfH
BEBD, Thh DR
Tk, WY T VRERETICD
Nk BIXETT2, Tibb,

fERN DL 7 T v iTs L CEE
CHDLGET—TELRBN, V7
VI LTRRT B ks DK
ThEsEELDRS, L L,

103
i —o—° o—o
~ _a| \
2 10 'O,
-5 \
0.
AN
-5
10 1 1 1 1
: 10°® 10°® 1074 1073

[ul1/m

# 6 X Effect of uranium concentration on Agps.
pHs 5.4 ; 0.0bM DBM.

YT Y REREDSE T, BREOELS YLD YTV A ERIC product ~EX% TS

EDTRETH - oo

3.4 TBPHETOYSvO&H:X

W B 5 BASRE VR EIRERCED LS CHETIN ML), FL— bR
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# . LCDBM, MM TFE LTTBP 2BV 3 REGEMARTOY 7 VOEER RN, LD
BAs TRIERT, TBP DEER#II X Th feed D7 T vV ORMITITK E TN

1.0

— et ]

Fraction of U
> ( )
N
|
\.

DND
lé'/. A O\A—O 5
0 1 1 1 B ——— 2 Ona—
0 1 2 3 4 (1d)
t/102min

# 7 Effect of TBP on transport of uranium.
Feed : pH5.4 ; product : 0.1M H,SO,; SLM: 0.05M DBM, O,
@®) 06x107°M TBP, (A, A)0.04M TBP, ([, B) 1.0OM TBP.

L# L, TBPEEDBMMI>h, product ~DYFYOBETE LD, 1 HIRESHETD
W 5 V524 T product ~NEIRETE 78\ FEEDOBISIEBA L TBP DB AHEARICE T
bED BT, feed DY TV ORWAEEIZIER U THLDIHK L, product ~O FikHHE
FTHBZ L, FOECHYLTLY 7 VIIREBRPCHETL LD, COWEERCL
T I VHRERTH IO, SMHOBEEY&ETHILPRELLDL, COLIIT,
TBP OFIME, WHBEOMLEL L, Wl 2R T2 2405, REBE~OBHFRMER
DISACIIRADR B HLEEZL DN D,

3.5 #@Bkhonv S v nENX

WAEEXC BT HNOS B 4 VICE LIcBELESI LI LD, LEDHEOHF T
THYRHEDHBES BT HRGE~NSHATESL EEZ DN S

HKH DO Ty DEREHA, FO—FIEESRICKT, Tihbhb, K&K (REMER
B EOERS 2 L AT K Fh FhPTUTA M 7 LT, V7 VREXI0*M& LIS
DBM & TBP DESHEMAEDH A DBMBIML H &7 7 VIHEEREINDL Z LHRRD BN,
AT TR0 EOREE 5T 5 VIZERIIC product ~BHET ¥ 12 55, KM T
PEEEEAVINE <, A0BERITH product ~DOBENTEGIUT TH Do Kelex 100 & 2 5 i AR
DAL, Y RAGEK T 08 TERMICHX S TED, DBM— TBP R THEXDEWR
RIZA SN T, SEROBRADBMBETH S,



111

1.0

0.5 ! o\

Fraction of U
>

[ ] (@]
\TZ\

A /./
./A.(
0 o T~ .
0 10 20 30 40
t/h

% 8X Extraction of uranium from sea-water through SLM containing
0.05M DBM and 0.05M TBP.
Feed : (O, @) sea-water ( Yuriage ), (/\, A) synthetic sea-
water spiked with ®'U. Product : 1M H,SO,.

$4. % @

B=27 NV DOLGTENPKE KMENOBMBIROV IRy VL LT+ bv (BAK
OoRy YAtz (DBM) 2 EREAEOHRBGRE U TGEY, v J v OWkERE %S
WNT2o. BA® D WE DBMERMRAEIEIC LD, 77 VEERCHEEBE~BXT 5 2 &0
T&lco BADHEIBEHIC L2RDOHIENRD bhteh, DBM Tk D Bk ik
_@@&LT%hTm5oﬂ—ﬁ&ry&UV@#Ui%»@ﬁé@%%ﬁvé&ﬁﬁm®mm
EEHE L, XL DEVREOR A LIS 75, KN SOV 7 v ORIR TR E
DETT A ELBEDBRI,

KTFIEIC 721, DU OB B 112 5 F Ui KB, BAREEIT i b0
LYY T N—TDh B LT 3,

Ik, KBHEO—MIT AR A HREMEIC L 7o FRLTHEZELE T,

e z X Bk

1) J.Stary : The Solvent Extraction of Metal Chelates (Pergamon, Oxford, 1964)
p. 54, 65.

2) K.Batzar, D. E. Goldberg and Newman : J. Inorg. Nucl. Chem. 29 (1967)
1511.

3) T.V.Healy : J. Inorg. Nucl. Chem. 31 (1969) 499.
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4) K. Akiba and T.Kanno : Sep. Sci. Technol. 18 (1983) 831.
5) J.Stary and H. Freiser : Equilibrium Constants of Liquid— Liquid Distribution

Reactions, Part IV : Chelating Extractants ( Pargamon, Oxford, 1978) p.179,

193.
6) K. Akiba and H. Hashimoto : Talanta 32 (1985) 824.
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§1. @BLsIC

2opu ORI LT, B TP Np ORBFE R L OEF O T /0¥ —25MeV T @ 4
L 1o 8 DG B s & DN **Np DEREIL DWW TDONT, AHRTEETO T R F—
HE 2 TPPunERER IOEERY £ L TP Pu &SRR DR D\ THRE
AT -1 ‘

2TNp (7, n) P Np KIS D 7 SIIXETOUBBSELER LTV 55, ©0%T &5
BE & ORIG X - THEFT 2P FIR LD ® Np (n, 7) ¥ Np RIE % #& CRIEW > Pu s
R AT o & HIC X DB PTNp DTS BV SRORASBERNIET 5o
T TEPuRBRIHETAIEE T - ZDOAFXHNL LT, 3EEOETIMERELEDSM TIC
BHANT 7T 97 2EBMTT I 70 ADWERTTIEV, Db T? Np O KB RIS DU
TOF % AT - oo

§2 £ B
2.1 REEAMOER
2.1.1 ®'Np O
A=y MERETH D P Np FUICIES < OBA PUDBMENE TR T A7), Hik
PP HB L IDIIE S =7 v FDOP N B3 IAERT 508 MRH 5. P"Np ORFFIIE 11X
CRTEA A v EEY Kk DT o foo 6 MANER TR L7cke 1 4 v a8#isiiR (Dowex 1X
8) %\, Pu, Pa, Am, Cm#& &1 Np (IV) D 6 MEEEEWK 725 Np (IV) & Pu (V)&%
BHXE, DWT 6 MIE% 400~500ml £ L Pa, Am, Cm%RE Lico ZDBRIZMEEER
15ml % L7c#%, 0.1 M NH,160ml CPu %5 Ce 8 Lo % - 7o Np (3 1 MEAE50m 1 CH
Moo DA VAR R LTV Np X 5 Pu OBHER A P Pu/ 2 Np = 7 X
07T Re s & TR LT,
2.1.2 “"NpDEE
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TYTNAY b

3

o

i

‘i@%

5

Np—1237 29.32Ci
(40mg)

1 ~2M HNO;
Pa, Np, Pu, Am, Cm

Ry bTU—b

2M HCl 10ml
10% NH,OH-HCl 1ml

6M HNO, ~5ml
Np(IV), Pu (V)

12M HCl ~15ml
Dowex 1X8 1
6 M HNO, (200 ~ 400) =3
400 ml 10 mm ¢ X100mm 12M HCI
r—-——-——-— (7.8 ml) + 0.1M NH,I ~60ml
Pa, Am, C NOy 1
& am.Lm tM HCl ~50ml Pu )
Np (V)
F1R ®'NpBEROFIH
Np & ®& 7ucCi/ml
H&ER
50miI E-#hA-
Ay b7V -bECTME
WHIX
—_)

0. TN HNO;, 200ul
4v7a)/-)L 22.5ml

11. 25ml Z#BHEEILEHK
340V 10mA 1. 5KH

H2X EEARHFROTIE,

B L% Np %8 2 KiCm LIcDUT
DFIECHE - TAL A1V EEFTEE L
R L 7-%"Np (13.5mg/ ml ) 0.2ml %

ASAZEELRN

-

BER (A1 hAL)
AF VAR

1w HK

BE,aE
Bif; PUIKRAN

% 3R Np EEIEHERA £,

o T L— b ETRREE L, Zhw 0.1 Nl 200 21 CBH@ST 50 BRE, 1V 783

J—n225ml iz, ZO5H11.26ml %5

SRR LEEEE VBT, /LT KREE

DU R LD OBER T2 5DT, BHBICPtif%, BBRICAL =1 L ZERL,

340V, 10mA T 1.5 WERHEE Lico wA M 5.3 cm? (26 mmé ) ICAfT7/aV 9 X 8mmic
B - 148, o BIER X DBRERDMZ 1T - 1o
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FEHIE TORBRSAFIAT 200, BB EOXT 71 v 22 BRMEL SFHET 5 &
LRRETH L, ZOtHEEIE (7, 2n) RSO »abhTn 2 Aus 7 5 5
IAE=2E UTHA LY Au(1.7mg / cm®) % Np BERK £ A —5HETRHL, KT 71z
Y ADFHili A T > 12o Fho, BIENBEHE & SFORRIE O RIS X - THRAET 5 FHHFRIT
RLCAunD (n, 7)) RIS EDERT S FAuLBESTL 2L LORDIce 7597
AEZR =L =7y b ER—ERBCY LI, 2= bEELIRAL R A L TaA IR
HOEELCANGE Y —/VCEE LEA L

2.3 BSEBIUHABD rRllE

FREHT25, 30, 40MeV, FIFEMB0~ 100 £A TH 4 1 RIFT e o 120 WFRDOEA S Pt
AYVA=Z2 (2mmE) DL E—LB EOBFI0 cmicE B AEE, FhHHAKTEELTH
Ho MK THRAUD T T 9 7 AE= 2 —& Np KB D r BIELFEE LITHAV, T X 0F—
EARIHIT XD ERBEDRE % T8 - 1o

§3 # B

3.1 BIENMS K OBE & hiEFE
AR E T B Au DIREIG DRI & 4 E1E 5 Rt Au DY K IGA B Au

T ! I T ] i I

Photon flux
(arbitrary unit)

10 20 30 40 MeV

Photon energy

- WSChiFfOR K Lo R E D)
o A, BE W AL ORMBKLORDIIE

HAR (7, 20) AL D RBIET AR b,
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1950y, Ay A BEIBIEDE D 7 T o 2 AR RKSE 4 RCR Lice HARO T3 5 bR
B Lt Au DESHEER & 1 kD TET, FIEF 5 T 5L F — 3 ) R B Bk &
LTWb, WFRDT R AF—EBWTH® Np (7, n) RIEDE LT x v+ — gk ( 8~20
MeV ) I B\\T, HIBHEGITIE 7 7 v g AT v s le D 4 KR L7 Schiff @
KRV EBEEME LB LT D,

F1o, BRUME L ORIED DRAET BRETRAKAE VB AL, PNp 0 b T
IGIC & D 20Pu AVERL L, il 2P Pu AB BRI < fho T 1o, SEIETPutk BICH
53 5RO A A (T, = 2.8d) DREIC & DFTis - foo B8 13RI PAu O 4 1

#F13E 8~20MeVOXFR & HHTH,

BIFOTxAF—  KFE (n/sece cm?) TR (n/sec s em®)

25 MeV 4.6x10" 3.0x107
30 MeV 5.7x 10" 3.3x107
40 MeV 1.3x 10" 5.2%x 107

1) ¥Au(r, n)Au ISR LDz bt 8 ~20MeV DX TR
2) ¥Au(n, 7)'¥AU UG LD, o4 5 9865barn, 0. 1,650barn& L,
rh i T IRR S ORI A AV 1o

%#%ﬁﬁbt¢ﬁ?ﬁ&%m%4@@%?l&ﬁbw#6(8~%Mw)®rﬁ¥%%%L
foo O 0T, B Ltorpit F B eh T SR A HIB B O TH— oM LT 5 S D LR
w L, PALDEREEFENHEE X —HT D,

3.2 BSHBERY

55 I ARG T 7L F — CORGEVERY OB RS % P Np £ KT (8 ~20MeV ) 1 fH
M CHE LTR Liso #7703 o MIFRFRIE S 2 & LTEMMIEY 217k - b D TR
HOOTRES, FITEER 1175 TOHEBETH L. £, 86 Kic'*Ba/°Cd DAR
<&%§E&%E%ﬁﬁ@mw¢onw@rmm>&%%ﬁlzw¥—@@ﬁ&LTiﬁé”
EHELUCR Lco BEtz 2 ¥ —D BRI OBa /Cd Hid/h &< leh, mrrrF—
T B AR DA T 5 DD, B THRIFBEHLA ST MNVTHLIOERITHREL L
TIHE AR & B (KT KL ¥ — g0 DAL & 7e D R % /L F —25MeV Bl BT
1B /1PCd HiRIZIF—E R s - T Do
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5 Curve of mass distribution of the photofission of *'Np for an initial energy
of 25, 30 and 40 MeV.
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— @ this work —
o C B
- N
2 L —
5 - O] h
o = d
s
oo © .
0]
10t O@ ® 0O —
C © e ° ;
; | I | I | ' | .
10 20 30 40 MeV

Maximum energy of bremsstrahlung
# 6 Peak to trough ratio for the photofissicn of
Z"Np.
3.3 PPuLPuDERE
26Np ( Ty,,=22.5h, E,=642.5KeV ) DBHEER D HRDI*Pu DA BTG %
A — ik URREHES TRAHRE CH 2 RICRTH D Th Do 1" PuDEREIZNp (Ty,,=

ok PPulPudipiE

BFOT % F— PPy (#Ci)  PPubREY (1Ci)  PPukmi’ («Ci)

25 MeV 1.5 x107* 1.6 X1077 1.3 %1077
30 MeV 3.4 %1074 3.1x1077 2.2 %1077
40 MeV 8.6 x107* 5.3 x1077 3.0 x1077

1) Np O SEERD HIE LB TR OE

2) P*Np @ 7 BIEC L HRDIE

3) H1EOFHFHEEP Np (n, 7)) Np DWiERE % 0y 5 176 barn, 0. 5 640 barn
DOFE L TRDIAE

212d) DT BAEC L DTl oteb D&, 3 RBNFRUTR & DB Lo b D% 2
EITR Lice & & CR8Pu DA R OFHIC (A Lo TRUSHIE R (3 b Tk & 3¢
A OE O Z AT bo WTHOBRH I X LF —DBETE P Pud A RIS
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HHEDFBELIEE L —H LT 5, Fio, Pu/ ™ Pudliiteitd 1 x107° LTI /2 -
TED, BB ML= &L LTRMBO P PunPBLER TELRETHL PRI L
1o

3.4 BEZOPuODSE

WS U 72 ®"Np fPic =5 L7 2Np D32 Puic BEE L7cs, B TRICR LIGFIEC LD Pu %

10M _HNO3
0.05M HF }30m

B mt|=—0. 5M Fe(803NH2) ull

0. 5M TTA/FYVY 13ml

(2m@)
[T 7 A s =) 1
Np
EREE Ry bTU—h
2M HC! 10ml

10% NH,OH-HCI 1ml

i
ohe

% @&
— &M HNO;~5mi
6M HNO, Np(IV), Pu(lV)
150 ml )
Dowex | X §
i (200 ~ 400)
Pa, Am,Cm 8 mm ¢ X 50 mm -
(2.5ml) 12M HCl ~10ml
NO3F

i

12M HCI
+ 0.1M NH,JI ~ 30 ml

Pu(ll)

FHIXN WBEHOPuEEFIE,

SEEEEL LT, 55 8 RUK25MeV TS LIS ADRBE LIz Pud aff A7 b ZRLICHD
Thbo PPuDERET 3.3 1R Lic & 5 CHSHER T Puicx L 1/ 1,000 LT TH 51
DARY MAHTRRETRU T D#ERIAT, *Pu b L —F & LTHSIMETH S
EDbD 5T,
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3) B.L.Berman : Atomic Data and Nuclar Data Tables 15 (1975) 385.
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FiHi=r PVDALAGTO 7 0 22 LOD
ER G EME RS IT DN T ‘

B
HAM R« HH  HKaE

$1. FANE

EH =Y bLDBVGESIEE T A DABDIMGEEIC X 5 TE UeXRE < 7 < I3IEE
CHWCR S DRFEE, KD 5V ITKBER SN L, hEREE A R#ICE > T\ b
T2 N BZRRAEORADBAD DI b OFRORERS TCROEREI I S, £ DRER
WAHWALH LWEHEENH T E, ERSLROED LIIFA—HARINCE TIZRETH
STLTRODEB L5 7 7 b= v ZIeBPTIC L > TE RS THR, Bicf v av_s g
TNTEROBEILEVD DD, ZREED O bEAIKC LY LT PEDWTASE, HRiE
HERE (MORB)DERAFETY MNTHREAL LIS 2 —ViZ1vav T €Y 71
DEVEREE O Lu® Yb 2L ZhD&EWK, Nb, Th, Ba® Rb ~aAHL - TEA L, —
FRBED & DI T AR D H 5o —FHTREEEKRFEDRICH 2 BIl-oREEZICHER T 5
IREBIT T NOOHBIL A 4 —vodicidR shd, —Ric1 v 2357 1 EY T 1 DK
WIEEE (Lu, Yb, Y, Ti, Zr ® P )IEMORB L DHE &L ZARHD, T vy
RF 4 EY T DEWTEED 2 -V iF AL— AT, MMcs- T b, FRcEmE
FTREDHAOF#IE MORB LH#g L7-& &, Sr, K, BaDIED K & Nb DRDEE %R
TIETHDo

IhbA Y avAT A TALKROERECOWTREARS TV — BT EEBHD 7V b
(Y Ty Y Y L) IERCE, APIASRERIEDBK, RIS s icds
FHEh T 5,

INETA YAV AT 4 TATLRDD BREE, T/AHVHEST LAV I EDER Sh,
T HOWEALEAIZEET 5 AREH - Tx il Ly LERTFMETHLN 1 4 v EED EHE
LK Z < 7s\~ high-field strength elements ( HF STEHK ) (3 £ h g KA e ST in
o ZZTHFSTTHEDHSH Zr 2 Nb 3 L~ v MDA DBABEDWThOEWICE T h T
WENEBH LM TSI, BT AR LE LB,

Z ORISRV T A B R VIR KRR, BN L OKFEED B~ v b VIEEUE SRS Db
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A DA, TEMBERIIANCE, BEA 7 ) A MEKIERBD LD TH 5o

§2. {fEF M K

2.1 WY Et

JRAAERLERAEZAE—100 4 v v 2 UFice &, KEREE, Frantz 8~ 7 %
CF 4D kS A =T Lte ZOBT S8R EIERR D B\ 26 TIAE T D M) OLERR
RE R I S RRE Lo RERELADG: , 0 S8 TRAAL ML, FC THCT
DM L, 59\ B CREBREL & AR s Do BE L 7o

2.2 Sk

FEC AT A X VEOER ST EH X —560S B INEOHERE (= xvF—5#E
EPMA DL -~ TEE Lo WEMBHE L LD DWTII0ORS v i, FLARBEL LD
DWTIH30AS v b EER L, TALDERFE L THHE & LT, ok 3 BOREILITH -
TERBERLISTEBLLLDTH b,

8 ~ 9 B DMER I FEILKFHETF TRHEENERZ B TET 71 v %FHAL,
30MeV IHEE T2 AW CEE FREHMESWEC L nEE L 12V,

2.3 SHFEEERK

B RCIHMTA VA EX VEOREM Y |, 8 2 B IZTh H>OREE DL, 53
FCIT TR L WERSDFEE R Lico ERFICOVTAS E, —fRIC B~ b UERK
DEEHADABED 70 L2 ERADM (3%, Nos. 1~8 & Nos. 9~12 ) ([ (3 AHE A
BHLN B, THbLIHEE TiO,, Cry0;, Fe,05 & FeO ni7s <, Al,O; & MgO 7%
Vo B e iR oW TR KRE TR D o

EE 7 MV A DABOEREDIIThE 7 + VAT T b+ VR Z 2L bE
EE+ /7L AR ADAERBERYD , TYAX A4 NIBEG L DENRS LV, It L—0DH
BO SO FOMBE ~V 8 ORHRA S — D AR R ST, <Y MUERDA BAEIINZ 55\ E
FRUENT VAT T4 bTHD, YEOFEEREI o 22XV EMHED 12121 Lesotho
® Lipelaneng ¥ v 3= 51 FNORWEEDLIBNTH > T VAR A b EEL, THITE
AL DS SV FEHBREREO—O BB O ANV IRRA +HEERED + HaEn + %
WANE + RS TH Do A HZ VA RDS B Arizona DAEF VT ER <Y bvinA BA
HOBEE, BARVERES L A— NOR, BSEEA A7 VA b ERIRET Lo BIKOTF
BURESE A ST ) A MRy A— NEBABRACT VT Y v AN YA ERCHER LS
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WEDL22 ) TORERD N5,

H1FE AECXLEOREM,

<V M VBERDA DA <V M ERD A DA

. ZBAAERNL, LY T1 b 9. susAEFN, £F14 F(TK=-21),
(69082401), —ORE EETE S, v

2. JBRALAERNL, LIS TA b 10, Z7BALAREXIL, N=Y =T 5 b
(72010809), —DHE (LL—03), Lipelaneng, Lesotho

3. JuLAEXNL, LIS TAD 1. ZuasAERn, &4~ (HU-01),
(72010817), —DBE Hualalai 1801 lava flow, Hawaiii

4, IO AAE X)L, LAV TAL b 120 7auaAEXRN, XF4 (E—-110),
(KH—-11), Kilbourne Hole, Charles Is. Galapagos

New Mexico

TR R e

13. F & VRS, [FANVE (690822
02), —OBHE *HI7VUAL

4. AxnL(SC—01), "M ¥F+1 b,
San Carlos, Arizona

5. JuAAERN, N—YN=T v A b
(HK61092801a), Dreiser Weiher,
Germany

6. VB LAEXINL, LIL)TAL b
(HK61092801e ), Dreiser Weiher,
Germany 15. 7 & VREEEYE, HmRILE, BKE, 45

7. PHARERL, =Y A=A b DT A
(KS73090611), Ndonyuo Olnchoro, 16, F & VR, MRS, ks, B

Samburu, Kenya DOEET B
8 JBALAEIRNL, LAV F4 h(SL— 17. 9 2 VEEEREL, MERILE, Bk, 8
11), Salt Lake, Hawaii OVRET Efl  KILA B
18 F & VEESRER, EEEAsEREAL S,
+RE A

19, F X VEBKEL, DA DA RN EEEER
g, BRI, I TR R

§3. & =3

EE v R VR B L OERE A DAE, TEMBEEE KA FOA EXVRIL LS v
J o L BESE— 7 v a8k (MgCr,0,— FeCr,0y, Chmg), AE R L=/ —vF A b
(MgAl, O,— FeAl, O, Spe ) WS — VLR A% ( FeFe, Oy — Fe; TiO,,
Mty ) RIIDEEED BB - T 5o £ LTI HOEBERIIOE G L Chmg — Spss T
3 Cr: Al: Fe™ & Mg : Fe? , #7-Chmg — Spss —Mtgs & Cr+ Al + (Fe + 27Ti )
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gok RaoltFEAB

SiO, 45.10 45.23 42.84 44.26 43.48 43.96 37.96 40.03 39.04 43.39 4897 63.99 5531
TiO, 0.13 0.18 0.10 022 006 0.15 010 003  0.09 1.21 2.40  0.78 1.12
Alp Oy 3.40 357 1.42 285 050 223 273 018 087 1951 1695 1577 17.25

Cr, Oy 0.38 039 042 037 039 044 .10 0.22 0.25  0.07

Fe, Oy 1.49 1.22 1.26 0.35 2.13 1.19 6.35 3.50 2.74 3.03
FeO 6.75 8.42 6.13 7.48  6.87 9.36 5.69 14.06 13.69 7.03 6.23 3.01 6.07
MnO 0.13 0.15 0.11 0.13 0.11 0.14 0.07 0.19 028 0.15 0.16 0.14 0.13

MgO 39.22 3800 47.51 40.28 47.20 41.21 46.35 44.60 44.36 7.25  5.50 .92 4.31
NiO 0.28  0.25 0.34 0.27 035 034 0.23  0.02

CaO 2.76 3.44  0.15 2.82  0.31 2.04 056 031 0.04 1329 7.35 5.37 889
Na, O 0.24 033 010 023 013 016 008 0.00 tr 1.03 3.80 386  2.67
K, O <0.01 - <0.01 0.03 0.02 0.03 0.03 0.04 0.00 tr 0.09 247 092 0.88

H, O+ 0.28 0.19  0.26 0.43 2.34 0.06 0.74 1.18 1.27 0.16
H, O— 0.05 0.08 0.05 0.04 0.22 0.31 0.22 0.68 0.08  0.34
P, Os tr 0.00 0.00 0.00 0.00 0.00 tr 0.75 0.14 0.13

Total 100.21  99.96 100.30 100.23 100.24 99.99 99.72 99.96 100.41 100.35 99.94 99.99 100.29

* BRI X $R T

TEREND, —WIC B~ v MBI ADAGRENTI LAY I bhD s LAY
% 100 Cr/Cr + Al + Fe*® (240 LAF, 100 Mg/Mg+ Fe'? (365~90, —JF/~—/3—
Oy A4 D EDDFNIT 35~80 & 55~T70 Th-T, Cr & Fe hi&l o 777 28
BEGEESESBERREASGOBERER Y, B~y bAERS T 1 POF V=54
MepD X AFRMABABED 71 LA EFLE Cr 3% <, 100 Cr/ Cr+ Al +Fe® 74& <,
35~80 THh-T, EB< v bR N =Y A=Y v bDLDIEAL LT %o
HIRACTE2ED LB Y MEREBLIOEBENLADAED 7 0 LAY Z LI
100Cr/Cr+Al+Fe® : 100Mg/Mg+Fe®? th& fURl, WO ASE 1 KBIIZAAD B~ Y
MR A DA — =Y A=y f b= LAYV T hE R Y PVEREFA h—T T
oA HEED A R MR Lo BT Cr DEVEAE XA b,
BT I—ATA b, PRCESIEETH T, XF A oy — I MR LET
BIEONTr B AR EFRAD Cr BB T 5, —D HE, Dreiser Weiher & Kilbourne
Hole ™7 o i A L3 /ME E =< v M AVBER DA D ABD & OOEFRICR/RS W55, Hawa-
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o ERE< v MEBNABAED I B AR XL
B:e HADEH<Y bUERNLADAE (N—Y"—U %1 b=
LS54 R)Dra AAEZR LY
o BAODEE=<VMVERBIABAR (XFM =71V T1 F)
— RO/ LAY

i D& Crickh Lo MghE <, ¥1-Kenya O b DIFIFEIC Cr @V ODRVEETH
2o —F, B2ELRERLEER~ Y PAEBRPADABD 7 0 A A XU LR~ Y RV
DA BAE =Y A= v A FOMBEBRIC R S b,

HORIIT LS < MDA SAEE 7 0 LA R0 Chmg ¢ Spss ¢ Mtss %8R LT
Wt Db BAD L~ v bR A D ABED b DOORIEE B~ v FARENA D AE
ERFA =T =T bDLDEER LI, EEB<Y bVBENAADARLEEIADA
HOLDEDOMICITARILELD > T, FIFTEEL D LMt 2P, T~10%LTF, #
FILREIOB AL D, FIFHE LesothoDdDTH D, ZHTIEFI Mtss Do,

KBRS C OV TR TS, BBSBILTEDS BV & Scid Fe,O; KHBL, A x
ST A DY, BEBRSRIC 7R 5 & BN Ao F NI 37 B a2 xRS <, MgO
CHBIT A, BBV TIRHEOBHRIE -Z D Litks Cok Znid A ¥ R /L EICIE
120~300 ppm , i 570ppm & 300~1030ppm & EN T 50, ELFFETHEHLD



127

Chm

‘2K Chm—Sp—Mt X,

@ L~V MUEBRNMLDABEDI o LA XL

o kv MEBRBMLALAEDIBALARALRIL
ARV AFT ) A B
FRVUBEGREL A H o) A b & KIEBE T & v Sk EE
BADEFH< v MR PADABRD 7 0 A AR LOHR
iﬁﬁm
o HERDLEH<Y MEBNPALAE (FFI b=V IT—01N7T

1 b)) —EED /LR R
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L & OMIIITHBIBRIEIZED St o Nb DA BABFDO I/ 0 AR X LRITHR EES
he, Bl b~y P ABRED LDODS TERRALT (<0.3ppm) TH Y, * EHK
BEOL DTS 44ppm ZHEZ o\ WSRO Nb (24D Nb @ECERESh, TAh)Y
FIIDEDRE L, —FHAN TAh VRO S OREN (HEER D) o Zr BhADAE
DD L DFA I, BE 6ppm LT TH D, D% <X 10ppm B2 7oV Lo LB
GREERO & DI <, Nb RS, FEEOMBICKE L, TAH U RFADEDIEEL, HILsT
LA VFRFIDE DD (HRES0.4Y Do Ce & Y KOVLTIEWThOEM S 7L,
B ST FOBBIC W TERTAZ SITE Ly,

HoRCR LELER <Y MBRIADAEILT 7 =/ A0 RN DKRE, KBELB
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BHEDLEDTH b, EHERFDFHDOLAY TA M AlO; % Cal 2% <, EHAHEIC L 5T

Pl b 10BLEDKRE 77 <& LD DHEBHHE < v b VRV ALFERARDO & DT

Hho CHNODILEME, FORD 7 oz Rz DR & T hT h OO XLRE DL

FRMENL DROL OB L L DA ENTE b,

1D E#= v MR DA D ABRDLERBUI AR, KR JOBIIRD S D DRICHEIIR D

BRI, FOHRD 8 AR X AOERS, BERARRIC SV T bR E AR
BHHRIL L o

2) By ARV YT NSRS S, NS v A2 R RO TiO;,
ALOs, V,0;, Fe,05 & MgO 13~/ <D BB L, Cr,0; & FeO X EMICEAF ¥
Bo BB/ 0 b 2R VDMBIE Spes & Mt KZ LS, Chmg KB (7 nsm—%
1P SDORET Do 2% D7 B AR X MIKRE Y7 <D Cry 03 DHE—DHHGIROIE
I T, Cr,0; FDLDIBEEL, T VAR hE T B AALRANLENT DG
bhanicEELbNRD,

3) JOAALZMIERETY MR LLY F1 MR 1~ 4%BETNT5D, V,0;,
Nb, Sc=®ZrDEIZIFFHLic <, ZRE I/ HhOTALDOILE OPHGEICIIE DB v

) Ff< YV hARER LAY S DI B LAERE ND & Zr B E b &, ZOfl
DY & L TRBEANE 2 DhDE D, Th OOTROEMEADHRMABIIL L AP E W
O THIRF T & Tiel o

5) KEESPEMZEAED Nb & Zridd i, B~ v g LY */‘\j% N D E SRR I
LOBBATE LKL D, TANVZREPEIHESEREOY LTI FDOI S hD
DIERDH S DIF 7Y MARRIFAEEZ N EFHBT 5L IR TH S,

KB TR Bic b, HILKEEET O/ RSB EE , #iATERELE b0 T 1
F o IRV I N—TDFH A, BIKEF A snbovR]I Y & —-OFARES, LFnE

+ 213 UDBE O H 2k BEE I 7t - 1o ToBAMZE D B3 4R #iH%8% ( Nos. 59
420015, 60121003 ) A L.

& % X K

1) T. Yoshida, H. Fujimaki and K. Aoki : Sci. Rep. Tohoku Univ., Ser. I, 15
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(1981 ) 101.
2) K. Aoki : Mantle Xenoliths, ed. P. H. Nixon (Wiley & Sons Inc., N. Y.,
in press ).

3) ] B.Gill :Orogenic Andesites and Plate Tectonics ( Springer, Berlin, 1981).
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L LE - FRB A DS Z R T,

§2. ZE-BEBABLUM-FILEOERFEMNHE

TTEHRE LY, RE-BEBOZTA T VECEHSEBEEHE L THI v 7 b VA
AERELONEHT, ToMICHRE « BEEENE L 27 T Ang * B TRER - BIgEIE -
F RV E N ST, ZOiT, ABEREEZONE DI VI MVBIETA YA MBA
b, ZOFA1 41 bOEMRAE e LARITBRA L GIER—THD RE-BEBEALT
194 NAEGBEEY E LTRAERES 5V IIBERERAE S $h, ThBDFT1 A
MEBOBLOTA F A N OFEAFEEBITEI S O OEF B DT 1 1 MEOMRY
LBIERLTKO KZLWHEEAF LD TH S,
DERABERELTD N —F/LETH LN, ZHUTH LCERIEREE DHE=C KIS
BFLRBRL S IHELAED, KO 201 BEHLBERUT LrEEk, (70 ) F
v V2RI A ERICA DN AT A DOEEIMEA—AE - I v 7 b vl -8
iy (RESREE+ 7 2 V8L ) T, ZORKE X ORE XA VEE CET 5, fhic, BIKE,
DA VIR EDNEBTET D, MR TR AR DML, 10X 40 mm B OHMKID A 3
VI N VBRIERE SR, F LA MEORBERTLIONE, FHTH L, IHIL, HhIvT
FYBIREIMATHRALY TV Y FRERCELLDONRHD, ZOBEEH I VI b vIEDH
REENTW5b, h VI b VIARBREZEL, fIRAEDO2T7TOMFGITIETNEZ Lkl
, BBz EB SNAZ E0db $io, FEMIBHEZEL, RIEOMERAD I TIRIT
EEnLH, IV NVIAEHRRIIEEINS, RV T LY FOESEEM O EE A I
THELDHD, ZDLD LD TH D, RRADREHEIRL DT V1 ~D
FhEERET, 27 0OHIE Angg A ETH D, FLEBIE Ang BE L7 -TWT, 2
7 &R £ oiciiE LVERBRARD b b, H 3 VT bvEIAD mg-fEiX 0.62-0.68
T, Bl Mg B0 BERTA YA NCHET AT N Mg RETBER A S5, +—
FAEL DI VBREDTA A MER CRABCRTERSEAER A E T\, T, LB
BCIHADNEERYEURANRDD, ELRIDEIBAATEILPERNIBALTF L, A
PRLSKRARY S L LN DL EHAYBRUEAITERICEA, SI0; KEATV S,

§3. FAYA MNEER - TA YA bEXY b—FILEDHEB(LZHERL
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#1E€ REOERDOERS B L OBERS OGHHRR,

1* 2% 3* 4% 5 6 7 8 9 10 1n* 12-W*  12-6 13-Wx 13-6* 12-Cum** 8-Cum
$i0, 50.96 51.96 52.11 54,93 58.50 61.13 61.14 61.64 62.99 74.14 77.92 63.51 72.83 70.78 74.34 54.87 53.88
Tio, 1.09 0.87 0.58 0.64 0.71 0.60 0.59 0.66 0.59 0.25 0.31 0.27 0.16 0.24 0.15 0.14 0.3
A1,04 22.95 16.09 18.98 16.09 17.71 17.89 18.75 17.58 18.27 14.90 12.50 15.19 13.84 15,77 14.95 2.60 2.43
Fe 03 5.34 7.87 8.08 5.37 3.30 3.16 3.16 3.47 3.08 1.66 2.36 1.67 0.41 1.45 0.87 - 3.58
Fe0 4.16 5.92 5.57 4.45 4.05 3.38 2.83 3.73 2.64 0.86 1.22 1.31 0.70 0.95 0.47 18.63 14.81
MnO 0.30 0.30 0.34 0.23 0.27 0.21 0.18 0.23 0.19 0.07 0.07 0.16 0.10 0.14 0.11 1.61 1.60
Mg0 2.88 4.72 2.67 5.09 3.19 2.30 2.36 2.43 1.90 0.50 1.00 0.89 0.31 0.69 0.37 19.71  19.62
Ca0 8.99 8.19 6.65 8.12 4.90 4.44 7.76 6.48 6.75 4.80 1.90 3.72 1.75 3.51 2.02 0.83 1.02
Na,0 2.98 1.84 3.57 2.04 2.54 2.45 2.56 3.28 3.01 3.15 2.63 3.42 4.18 4.12 4.47 0.50 0.30
K0 0.06 0.06 0.08 0. 0.05 0.06 0.07 0.08 0.06 0.08 0.06 0.56 1.18 0.63 0.93 - 0.01
H 0+ - 1.54 1.04 2.25 3.09 3.42 0.39 0.53 0.45 0.19 - 4.73 4,28 0.94 0.81 - 2.16
Hy0- - - - - 1.58 1.23 0.03 0.03 0.07 0.02 - - 0.23 - 0.25 - -
Po0g 0.29 0.02 0.02 0.03 0.08 0.06 0.12 0.14 0.16 0.08 0.01 0.10 0.07 0.06 0.05 - -

Total 100.00 99.38 99.69 99.35 99.97 100.33 99.94 100.28 100.16 100.70 99.99 99.53 100.04 99.28 99.79 98.88  99.72

ppm

Sc 10.3 43.2 15.1 21.3 12.1 3.3 7.9 5.1 4.6 5.6 3.8 37.1 58.6
Cr - 10.9 1.3 6.6 2.0 - - - - 5.6 4.5 7.6 5.6
Co 10.9 32.0 10.2 10.1 6.8 1.8 2.3 3.1 0.5 2.1 0.7 40.5 41
Ni 2.1 6.2 1.9 4.0 10.8 1.9 5.4 1.0 1.2 3.1 2.2 3.6 1.9
In 85 95 78 21 66 14 34 54 53 [l 31 289 324
Rb 1.3 0.6 1.0 (0.4) 0.8 1.1 0.9 9.0 18.7 8.6 13.3 (0.5) (0.4)
Cs {0.03) - - - - 0.03 - 1.51 2.23 0.93 2.00 - -
Sr 459 145 262 330 365 396 18 312 “68 272 195 8.6 (1.1
Ba 114 202 15 154 91 161 361 750 583 464 667 375 259
Ce 9.6 1.0 5.7 14.7 8.4 5.6 19.5 18.6 23.9 19.0 26.5 12.0 3.5
Y 12.2 22.5 15.5 29.0 16.2 7.5 31.1 22.4 23.9 17.6 23.2 47.2 120
Nb 1.5 2.2 3.2 2.7 1.9 1.3 3.0 3.5 3.7 3.4 4.3 0.9 1.5
Ir 25.2 27.9 32.9 35.1 41.4 36.4 122 87.6 71.8 72.1 771 72.2 15.0
F 163 319 292 185 91 121 132 148 129 831 1018
* XRF analysis. ** EPMA(EDX) analysis.
1. Ako-2. Cummingtonite-quartz diorite./I|EfETAM S, PICTERAE (HREEH).
9. Ako-7. Hornblende —cummingtonite— quartz diorite. JIIEHETAR® S, FIX THEA
j283
%5 (CHEER)D.
; . . . . w
3. Adachi-16. Cummingtonite tonalite. JIIFBTZE (EEA ).
. . ~ BLL
4. 84070304. Hornblende-quartz diorite. JIFET %2 CHESHR ).

5. Aobayama-3. Cummingtonite tonalite. MIAMHEIENL T/ 7% & DEE (AHA
).

6. Aobayama-5. Cummingtonite tonalite. fll&HEIEIL /v TEbEOBEH (ABEE
.

7. 84070303. Hornblende bearing cummingtonite tonalite. /1] Z5E —ARbEfH v
— BT (CEESR ).

8. Adachi-4. Cummingtonite tonalite. JIIEHT % CHESF ).

9. 8407030-0. Cummingtonite tonalite. )BT E (HEER ).

10. Adachi-7. Leucocratic cummingtonite tonalite. JIIEET%E CHEER D .

11. Ako-4. Cordierite tonalite. JIIBFET RS, P TEFAS (AESH ).

12-W. Adachi-2. Cummingtonite dacite (white pumice ), whole rock. JIIEFHTZE

12-G. Adachi-2. Cummingtonite dacite (white pumice), glass part. JIIEHTZE.

13-W. 84121501. Cummingtonite dacite, whole rock. JIEEIA®SE, P THREA

5 (ChESEhR ).
13-G. 84121501. Cummingtonite dacite, groundmass. JIIEBET AR, Pt THREA

B CHREER ).
12-Cum. Cummingtonite in cummingtonite dacite ( Adachi-2 ) .
8 ~Cum. Cummingtonite in cummingtonite tonalite ( Adachi-4).
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LEKILDDEE LIoaa >0 T, FerfBiiBRE R L0 —B e XREC L 05
Mt L?, ERGHH O EMEBR S 58 o\ T S EH 7210 HAL K B i R T B o
FERBRDOET 71 F v 7 ZHA L THEEFBEHMESITERC L - TT 5 7o FROWTIEA 4V
EEE AW, RENLELGOSMELE | FlRT,

TA A PEBAB IO T Y1 MIMEKICHRE LIBEIC Si0, 1867T—T2% %KL, &
FADFMPR Si0, L2 L<, K0 W ind 0.6 BRTH TR . BAITHENH MY ICE
BIdOH T ADIWGDRA, 1o 74 414 MIREDOES D H %58 « 5HT5E Si0, (Tun
THhET6ZHIE LD, HFFELL b, 10, K012 0.9-1.2%BE L%, Rb, Ce,
Ba 72 EDA v a v T 4 TATLRIMBOEIM T OEFHEIIO 71 54 kL i3ITRERE D
GHRERRTH, Zr 220 b THb,

b= VE DS OBBEIIR SN TV A B EIET 5, D, RS TETIE
Si0, B 51—T8% I l= b HHITLDIL, K,O0 DL BT R, Ce DA vaviiF 47
WTERIC b2 L <, Si0, DB LTHiF LA LB LW ETh D, ZDZ &
i, ChoDEAPRE-BEBRALEB LI/ <nbDF o A0, NTHEEVWIELT
FADBOL, Fio, MgO, FeO*, Co, Sc 7LD a v 35 ¢ 7ATGEL Si0, DN % L
T, RANIEIML, OBIBA T2, Mo v 5 4 TAEEROREMIT Al,O, DIEA &5t

% 10 PUMICE, DACITE 7
2
S~ e o e I e e e e e D T N RN e e e e - —— )
P
3]
o
o

o1l TONALITE 1
0.01 1 1

| 1 1 1 | 1 |
Sr K RobNbCe P Zr Ti Y

Fo2l FAHA4 MEBA «FTAYA FEBLO b= FUEDMORB T & A HE L
Z—v (v NUSITFEEN b —F Va0 ),
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JGLTER D, R boRBicks T 5/ RAD Fok EBRAEADHBGTEDT

B ) BOATIF— Ko
SGHHENTNEDTHA D £DE, A
Cum. P1. Mt. Im.
h 3 vU s VBIR SRR IR D, 3 v R )
5102 55.23 46.86 1.21 0.53
F 4 TANLREROBADE Llcb D EFE L LR Ti0, 0.32 - .64 38.33
A1203 2.49 33.87 1.99 0.05
50 Fe0O* 18.84 0.18 90.92 58.20
MnO 1.64 - 0.67 1.04
FA A NEBER T PELOR—F Mo 2001 - 057 1.2
Ca0 . 1.05 17.41 - -
WEBEOERS EHBILEDOMORB IC L 58 Na0  0.31  1.67 - -
. 7 K20 0.01 0.01 - -
At 8% — vk Pearce® D FBEITHE - THEL P05 - - - -
1o a , E‘ﬁ 2 %01/)\1\"(03: Zr, Y X LTK s Cum. :Cummingtonite in tonalite(Adachi-4).
P1.:Plagioclase in dacite(84121501).
Rb, St &<, Nb, TinZD Wl D ILEIC Mt.:Magnetite in white pumice(Adachi-2).

Ilm.:ITmenite in white pumice(Adachi-2).

B UL (B 2o 20005 2 — VIE B
KU CBEI T 40T, ChookiligEs B3R FHRICS o TRO TR

FEHEAE A VIV T AR LE T i

Ve B b, OHERIE PR 13 BT - 0
S b O TH L LR HRIR LT W E& Jﬁ JS
bo T, b —FEEOBEIKIER LR s o o
b, StERBE LD T Ty bz - . e o
BRLTW D, DE 0, KILEED S8 — v & go . i
W+ 5HE, TiTHC, Sr, P, Y T3AAL o, e ot
ML, £LT, Nb, Ce, Zr, Rb, KTl rore! e o
b= AR OBE L, KU TR . 019 .19
KK, RbigzL<, ThHDILENMED T v Z ]%w %m
DY RT  TATREBEH BRI LT D & E? E§
LD B

DEC, FAYA MTTTh DA L) 1 AEBELHREYE LS LIBE,

2 1 FAYA MERREBEME L L

v N VBIE, RRA, S8 EOERIC X e

ST h—FVEBRAEPMELBLNE D hE®E

5245, AECHVEERBLOEHDOT —23F 2RITR Lice T, Th LI it
R EDTITTENIVI VIR TA A b ThotcdTH TORR, TV M
T bh v VIR 20.7%, RIERT1.0%, Mgk 6.2%, T4 vEkEL2.2% D El &
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ey
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Rock/MORB

o
-

0.01

1 1
Sr K RbNbCe P 2Z2r Ti Y

EIXK FAHM VEBOGEBLIOTFA 91 OB ORDIE
BHEEAOHERDOMORB L 28 2 — v, BXO
BhF o a1 NEBROBERE L b —J s (Ako-2 DD
%{t/<§‘“\/o

THEBETHIRET I T V1 POREOEBE RS, 1, ABBAY <7 <& L TRk
CEETED I v 7 b VIR TS%, /RIRABS.0%, WEk#h2.8%, 54 vEk§h2.5% DE
ATEBTIIBRIIGERADH 7 ABTS ORI 50 ZOBEAEITEL iV,
T, DRSS, MEBRSEET Rayleigh fractionation model Ht->TEAL T &5
2T, HEWCE T LYY /B OFERE b S CEBHEADA v 2 v T 1 TATTRRBE Y
FE LAY, BOFETEONLEEY D5 HILE EBROB D DHEE L o EB5 B
LB TRLEDHHEIETH D, CNEEDMORB IL LB Hifglb 2 — v TERETH L5
SR %o 2E D, COFEMRTEONI A2 - VIZK, RbBIU Ce L PRPE
Z, TIIRZLWBARETA VA NORT A2 —viRRA, i v7 s viTA, $EmEn
ZHTERESTh—FNVED AR — VLB L EER LTV 5, EED b —F VETIREE
WREHANTRD, Nb RORELH N2 - VIBRBIZBER L EATELZ LW THH S, &
I, Farlbd bOBEEL IS BR-TWEED (Ako-2 ) ZOWTE NI D B —&KE R
T

§4. RE-BEELABKU M -—FILEEERDEREN

RE-BEBAR IO b —F VEEIEMENIC SMBETHEAR D, S SRA—~< 7 <RIETH
BLENMTFHMEND, $1o, EREIW L LTEENE6DE NI VI N YEDLTHE
L RERM ANERAICET D &S i HERER T H,O REATWEEL bR B ¥
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B4k HEOONERLHESIL —F 2 vEILOM

Tonalite(84070303) Dacite(84121501) White pumice(Adachi-2) Yellow pumice(84061004-1)
Mt n Mt n Mt n Mt n
5102 0.18 0.21 0.24 0.26 - 0.36 0.30 - 0.21 0.17 0.17 0.29 0.51 0.26 0.53
T’ioz 3.93 4.93 33.26 32.51 4.61 4.88 40.25 40.06 4.55 4.93  40.45 40.01 4.61 4.64 39.95 39.00
A1203 1.78 2.54 0.1 0.13 2.28 2.42 0.16 0.13 2.1 2.54 0.09 0.14 1.78 2.10 0.12 0.05
Cr203 0.13 0.22 0.10 0.06 - 0.27 0.14 - 0.22 0.18 0.22 0.13 0.10 - 0.07
V203 0.19 0.24 0.10 0.15 0.13 0.23 0.04 0.13 0.21 0.24 0.14 0.16 0.22 0.17 0.11 0.03
FeO* 86.87 84.69 61.30 61.47 85.57 84.53 52.75 53.33 86.32 84.69 53.97 54.12 86.99 84.80 53.24 55.73
Mn0 0.53 1.04 0.57 0.49 0.79 1.04 1.4 1.29 0.65 1.04 1.32 1.30 0.74 0.59 1.33 1.04
Mg0 0.57 0.74 0.91 0.86 0.72 0.64 1.53 1.38 0.53 0.74 1.35 1.32 0.38 0.60 1.15 1.25
Total 94.18 94.61 96.59 95.67 94.10 94.01 96.58 96.32 94.37 94.40 97.67 97.44 95.14 93.51 96.16 97.70
Fe203 58.91 56.07 37.01 37.73 57.56 55.67 22.62 23.42 57.90 56.07 23.49 24.01 57.79 55.81 22.67 25.90
Fe0 33.86 34.23 28.00 27.52 33.77 34.43 32.40 32.26 34.22 34.23 32.83 32.51 34,98 34.58 32.84 32.42

Total 100.08 100.22 100.30 99.71 99.86 99.94 98.85 98.67 100.17 100.22 100.02 99.84 100.92  99.12  98.43 100.29

Usp.mol. 11.9 14.7 - - 13.1 15.2 - - 12.9 14.7 - - 14.1 15.1 - -
I1.mol. - - 64.2 63.3 - - 77.9 7.1 - - 77.2 75.5 - - 77.8 75.2

Tonalite ( 84070303 ), Dacite (84121501 ) , White pumice ( Adachi-2) (X8 1 & D
7,13, 12 LA—% v 7 Yellow pumice (84061004-1) (ZRMHESEF, T H
DEEIAD HEREL

- A g=2" Y 3 Z_Z) e
o, ERALFRRDOIONIEICT, BE e e

KL A TI3 4 210 55\ T Fe, 05 /FeO I 8 %g*%t&%5®f%—ﬁ§
BN L, Ei, FAHA MBOH I VI VB °

F O MgO /FeO ko, EEHE I NTLBEID Temp. (°C) -log f0,
FTREROE S D THD, CHLOHET, B Tonalite(86070303) 876 - 850 9.8 - 10.2
White pumice 826 - 796 11.2 - 11.9

KIID < 7 < AEEAFEDTHCED 210 L% yellon pmice
(84061004-1)
TETLLDTHD, £ T, TNOHDEHAHFD  dacite(84121501) 831 - 796 11.2 - 11.9
HIET DEERIE & F 2 VEESLOLFER D B
Spencer and Lindsley® o #EIRE T — BFRE 5 AL T ERIC I T 5 TEY Ok
BEE fo, & RDIo NI BGE —F 2 VRILOFFHELH ARKIC, £70, RDONTAS
BRESRORTEENTHD, M—FLEThTNCPHEIRE S o, hm<, 7191 ME
BOBIUTA 1 MERTRIBIEE LVEGEIE DR, T, ZOBRMDLL, Rk 1E
BKILKE | EEh Qe EREOBRAEOSREN L ZEOHEEAD LD LRA—MKTH
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Stage i v

No. 1 2 4 7 9 12 14 15 21 25 26 28 29
wt. %

Si0, 53.12 54.69 56.20 58.03 65.58 67.86 57.95 59.72 61.51 64.45 64.75 61.79  64.36
TiO, 0.79 0.55 0.59 0.73 0.58 0.55 0.61 0.72 0.60 0.49 0.43 0.47 0.31
Al O, 19.19 17.82 18.16 17.33" 16.30 15.92 16.78 16.21 15.68 15.44 16.11 16.87 15.36
Fe, Oy 2.54 3.24 2.33 3.52 2.79 2.64 3.89 2.95 3.30 3.38 1.95 3.39 2.82
FeO 6.63 6.72 6.51 4.47 3.25 2.51 4.68 5.44 3.27 3.12 3.29 3.81 2.77
MnO 0.18 0.18 0.12 0.20 0.12 0.14 0.14 0.16 0.14 0.13 0.13 - 0.16 0.13
MgO 4.48 3.92 3.48 2.42 1.38 1.08 3.72 3.60 2.26 2.10 1.35 2.64 1.60
Ca0O 9.80 8.64 8.39 7.36 5.06 4.56 8.00 7.23 6.14 5.14 5.32 6.47 5.04
Na,O 2.21 2.33 2.73 2.67 3.13 3.28 2.18 2.31 2.81 2.95 3.04 3.28 2.74
K,O 0.25 0.21 0.24 0.33 0.66 0.81 0.49 0.65 0.72 0.90 0.86 0.54 0.92
H, O+ 0.50 0.79 0.57 1.93 0.56 0.49 0.50 0.46 2.75 0.89 1.99 0.29 3.90
H,0— 0.09 0.44 0.21 0.62 0.37 0.28 0.37 0.19 0.563 0.59 0.37 0.11 0.34
P,0s 0.14 0.13 0.11 0.08 0.12 0.08 0.11 0.09 0.07 0.08 0.04 0.10 0.14
Total 99.98 99.66 99.64 99.69 99.90 100.20 99.42 99.73 99.78 99.66  99.63 99.92 100.43
ppm

Cs PAA* 0.13 - - 0.99 0.35 0.45 0.17 0.67 1.87 0.92 - 2.13 1.80
Rb PAA 3.3 - - 6.4 12.6 16.7 8.1 13.0 21.6 23.1 - 12.3 16.9
Rb ID 3.3 - - - 16.4 - - - 9.1 -
Rb XRF 3.1 1.9 4.5 7.2 16.7 16.2 8.1 - 17.1 22.8 17.2 - 14.2
K AA 2075 1740 1990 2740 5480 6720 4070 5400 5980 7470 7140 4 480 7640
Na AA 16800 17240 20200 19760 23160 24270 16130 17090 20800 21830 22500 24270 20280
Ba PAA 111 - - 208 252 239 328 632 317 160 - 127 383
Ba ICP 95 106 110 163 266 266 165 246 255 355 240 230 254
Ba ID 100 - - - 267 - - - - - - - -
St PAA 256 - - 206 212 208 205 245 162 183 - 235 231
Sr XRF 262 254 238 209 219 213 212 - 204 192 232 - 241
Sr ICP 254 245 228 202 202 202 203 245 189 186 225 232 232
La ID 3.03 - - - - - - - - - - - -
Ce PAA 6.6 9.5 16.3 16.5 8.6 14.8 14.0 11.4 - 9.3 12.0
Sm ID 1.85 - - - - - - - - - - -
Yb ID 1.94 - - - - - - - - - - - -
Y PAA 19.7 - 25.3 41.0 40.0 22.6 29.8 32.9 21.9 - 21.6 25.4
Zr PAA 33.6 - - 53.8 82.0 90.9 42.0 75.6 87.5 85.0 - 52.8 61.5
Ti CLM 4740 3300 3540 4380 3480 3300 3660 4320 3600 2940 2580 2820 1860
Th GRS 0.4 - - - - - - - - - - 1.0 -
U GRS 0.05 - - - - - - - - - - 0.2 -
Nb PAA 0.4 - 1.9 2.6 3.4 1.2 1.9 2.8 2.2 - 1.0 2.0
Cr PAA 56.7 - - 5.1 1.8 - 23.9 24.2 9.2 2.1 - 5.7 35.0
Cr AA 67 34 17 12 7 7 42 25 23 15 - 15 17
Co PAA 29.0 - - 18.8 6.4 4.7 26.8 22.3 18.0 15.5 - 14.8 8.2
Co AAO 24 22 22 17 8 6 25 23 14 13 - 14 7
Ni PAA 19.1 - - 3.4 2.1 3.4 17.0 13.1 4.9 4.2 - 5.3 19.4
Ni AAO 19 11 9 4 0.9 1.1 14 12 12 4 - 4 6
Zn PAA 70 - - 82 84 77 70 80 61 63 - 62 58
Zn AA - 111 109 105 93 86 93 97 78 78 - 85  (199)
Cu AAO 51.6 64.0 41.5 21.2 14.6 12.9 51.4 - 39.6 20.7 - 29.8 8.7
Sc PAA 30.6 - - 27.3 19.8 22.7 271 23.3 20.5 18.0 - 20.0 17.1
F SIE 114 - - - 233 88 - 71 255 59 124 112 -

Sample numbers are the same as in Table 1 of Togashi (1977)Y.

*List of abbreviations for analytical methods.

PAA
ID

XRF
AA

ICP;

GRM; r-ray spectrometry® (Data from K. Sato and J. Sato,
personal com.)

; photon activation analysis?

; isotope dilution (Data for La, Sm and Yb are quoted from

)

’

»

Fujitani and Masuda, 19817 )
; X-ray fluorescence

3)

; atomic absorption (Data from Togashi, 1977Y)

inductively coupled plasma- optical emission spectrometry
(Data from Fujinawa et al, 1985%)
CLM; colorimetry (Data from Togashi, 19771 )

AAO; APDC-MIBK extraction-atomic absorption (Data from Togashi,
19779 ) .
S1E ; selective ion-electrode method (Data from K. Ishikawa,

personal

com. )
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Abbreviations for analytical methods are the same as Table
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# 2% Accuracy of photon activation analysis (PAA) comparing
with other methods.

JLFE A B #i A T & DEEE PAA &
(ppm) ST HEE (%) HXZE (%)

Rb 3 — 25 [Cilbar~: oy e <5 30
WO X Rk 15 30

Ba 50 — 400 75 X< RN 2 100
Sr 150 — 500 WO X fRk 4 5
77 X2 RNE 2 5

Cr 20 — 170 S & ot 15 50
Zn 60 — 90 BTt >15 30
Co 5 — 30 APDC —MIBK EF®¥: 15 20
Ni 1 — 20 APDC —MIBK FF% 8 15 50
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lonic radii A
# 92X Primitive mantle normalized abundances of the trace elements

for the basaltic andesite from Osoreyama Volcano versus
ionic radii.

Symbols for different valency are shown in the diagram.
Abundances (ppm) of the trace element in primitive mantle are
shown in the lower part of the diagram.
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Chugaryeong basalt

Cretaceous volcanics

Daebo granites

Gyeonggi gneiss
complex

% 1K Geological map of the southern area of the Choogaryong belt.

1~4 : the locality of analyzed samples.

J : Jeongog, P : Pyeonggang, K : Kimhwa,

C : Cheolwon, Po : Pochcon, D : Dongducheon.
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Cr Al

# 4 EPMA analyses of chromian spinels and titanomagnetite in
atomic percent Cr—Al—Fe?".

dotted line : compositional trend of spinels in the Misasa
alkali basalts™.
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2823 Major and trace element analyses of the Choogaryong alkali
basalts.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13
Sm. No. J-1-1 J-1-2 J-1-3 J-2-1 J-2-2 J-2-3 J-2-4 J-3-1 J-3-2 J-3-3 J-3-4 0818-1 0818-2

wt. %

SiO, 47.32  46.27  45.23  47.12  47.24 47.43 46.90 47.63 47.57 47.01 47.51  47.05 48.69
TiO, 2.00 2.02 2.16 1.94 1.88 1.66 1.65 2.04 1.97 1.93 1.75 1.85 2.15
Al, O3 15.41 16.16 15.74 15.63 15.91 15.23  15.35 1540 15.66 15.69 15.94  15.64 15.77
F@Og 1.21 1.99 4.44 3.05 2.54 2.74 5.38 3.63 2.22 3.27 3.64 3.83 2.95
FeO 9.21 8.76 6.46 7.77 8.37 7.69 5.61 7.44 9.03 7.32 7.34 7.23 7.61
MnO 0.16 0.16 0.14 0.17 0.17 0.16 0.17 0.16 0.17 0.16 0.17 0.17 0.17
MgO 9.56 9.38 9.06 8.53 9.24 10.16 10.38 8.40 9.18 9.09 9.05 9.22 6.86
CaO 8.17 8.04 7.18 7.97 8.25 8.33 8.10 7.88 7.99 8.30 8.30 8.08 8.28
Na,O 3.52 2.85 2.39 3.01 3.08 2.73 3.99 3.09 3.38 3.12 3.35 4.03 4.48
K.O 1.92 1.80 1.93 1.58 1.60 1.50 1.68 1.76 1.69 1.91 1.64 1.90 2.14
H,O0+ 0.43 0.99 2.96 1.39 0.43 1.01 0.18 0.86 0.08 0.68 0.16 0.16 0.29
H,0— 0.59  1.17 1.91 1.52 0.97 1.09 0.34 1.36 0.71 1.16 0.85 0.53 0.22
P,0s 0.39 0.41 0.40 0.34 0.33 0.27 0.28 0.35 0.34 0.36 0.30 0.33 0.39
Total 99.99 100.00 100.00 100.02 100.01 100.00 100.01 100.00 99.99 100.00 100.00 100.02 100.00
ppm

Sc 23.4 25.9 20.9 18.3
Cr 252 180 200 157
Co 52.6 48.8 51.2 41.6
Ni 217 178 192 123
Zn 78 76 49 78
Rb 18.8 22.1 18.8 22.7
Cs 0.46 0.25 0.18 0.31
Sr 474 501 543 481
Ba 275 228 394 475
Ce 35.0 43.9 40.8 47.9
Y 20.7 26.3 25.0 28.1
Nb 21.9 30.9 29.9 30.4
Zr 137 172 167 181
§6. & -3

6.1 FaHE7NLHIVXREOREBSLIER

F o AT H VEREE S10, OEACHEIH T HE RIS (45.23 — 48.69 wt. %) 15, MgO
(2 10.38 25 6.86 wt. % ¥ TEAL LTk 0 BEULIER DZ{LIBII A D IRV EBSTEHE D
Y O TTL T ik~ 5 28, BETLHEIZ MgO OBV L TR 4 — X iR 25
CEAL LT\ B MgO DAL, Ni, Cr, Co (334 L, Ce, Y, Rb 384 50 Zr,
Nb, St (X &FENT 50, %, T —EH5WEEL T2, COLSRBEBRSTEIRT
EHI N OOEANERENCEZCEELADTHD, BELL—HOHLERBTH S
TR RE LT A,



157

s9F  Si02 o
. °° CaO
L85 a o8° or
wh o <o : A ?
A
7.—
25F  Ti02
A
2.0F “g o° ° st Na0
L J ° o
1.5F bp o "
A
3r ° A ®0 e
2
17k AlLO3
ey
T, L e o 25f K20
a
15} 2.0F A:B
L4 o% .o
154 @
Feot
N o
11 ‘A.DO o° P20s
- ° A A -
A o o 0 . A.§° P o
104 0.2F
1 L 1 1 A 1 1 1 1 i -
10 9 8 7 6 10 9 8 7 6
MgO wt % MgO wt %

# 5K MgO vs. some oxides variation diagrams of
the Choogaryong alkali basalts.

A : Locality 1, O Locality 3,
@ : Locality 2, [J: Locality 4.
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% 6K MgO vs. some trace elements variation diagrams of
the Choogaryong alkali basalts.
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B 3% Calculated fractional mineral assemblages and their
ratios for the Choogaryong alkali basalts.

Parent Daughter |Liq.% | Pico. Ol. Pl. Cpx. Mt.

®J-2-2->]-2-1| 92.05 1.02 30.77 51.49 10.88 5.84
@J-2-3—>]-2-1| 87.42 0.01 37.44 34.90 27.65 0.00
®J-2-4—]-3-1] 89.73 3.83 25.22 56.29 10.29  4.37
@0818-1—>0818-2 | 82.95| 557 41.90 40.58 3.70  8.87

Liq.% : calculated percents of fractionated liquid,
Pico. : picotite, OL : olivine, Pl : plagioclase,
Cpx.: clinopyroxene, Mt. : magnetite.
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# 1% Major and trace element analyses of late Cretaceous to Miocene volcanic

rocks from the western part of the NE Honshu.

Ne. 1 2 3 4 5 6 7 3 9 10 11
Si0, 75.40  65.32 63.63 58.16 72.01 57.55 59.38 48.30 50.08 53.37 60.23
TiO, tr 0.45 0.46 0.80 0.21 0.62 0.83 1.09 1.08 0.62 0.53
ALO,  12.04 1599 16.8 19.17 13.96 1816 19.90 17.42 20.77 17.30 20.32
Fe,0; 1.54 194 1.50 212 1.09 473 0.9 273 58 49 236
FeO 1.09 2.8 379 4.5 052 1.49 411 515 379 3.3 1.25
MnO 0.03 0.06 0.09 0.13 003 009 010 014 019 017 0.0
MgO tr 2.11 1.60 2.24 0.33 2.38 ° 1.01 7.42 3.87 5.43 1.23
CaO 0.43 3.64 4.57 5.80 0.62 6. 93 6.36 7.9 9.16 8.25 5.41
Na, O 4.17 3.58 4.01 3.80 2.82 4.03 3.9% 4.7 3.4 3.41 4.40
K,O 5.02 3.11 267 1.81 6.74 1.48 219 0.9 0.41 1.30 2.47
H, 0+ 0.67 0.69 0.73 1.49 1.00 0.87 1.36 262 152 0.69 0.81
H,0— 0.08  0.64 tr  0.11 052 1.65 0.10 112 006 168 0.74
P, 05 0.00 009 0.10 0.10 002 002 0.2 023 001 002 006
Total  100.48 100.47 100.01 100.32 99.87 100.00 100.47 99.95 100.20 100.51 99.86
ppm

Sc 56 130 12.8 19.7 3.2 187 142 21.7 2.5 2.2 6.0
Zn 64 4 M 124 28 68 110 43 72 91 56
Rb 189 136 111 56.6 153 36.7 8.3 132 1.0 18.8 626
Cs 6.04 5.49 17.78 4.72 2.06 2.67 4.91 1.43 2.18 0.10 1.86
Sr 8.7 313 360 524 110 616 479 342 448 409 641
Ba 278 557 453 338 1363 164 520 129 223 236 652
Ce 74.6  42.4 488 4.4 7.7 2.0 459 183 133 233  27.1
Y 30.2 23.8 23.0 26.0 23.8 19.6 28.6 23.8 29.8 16.5 13.7
Nb 5.6 106 9.8 97 104 49 1.1 7.4 58 55 6.2
Zr 214 193 169 185 138 118 175  &.5 100 93.9 224
Ne. 12 13 14 15 16 17 18 19 20 21

SiO, 50. 17 49.18 51.3% 67.16 60.63 60.83 60.74 43.78 38.77 47.65

TiO, .16 1.03 1.57 0.20 0.63 0.67 059 1.56 0.42 1.13

AlLO, 1730 17.30 18.47 13.40 15.88 16.87 17.17 1570 8.82 15.83
Fe,0, 419 467 516 169 510 4.3 2.8 8% 3.0 504

FeO 5.92  4.41 4.8 1.00 1.85 214 315 543 923 586

MnO 0.2 014 016 007 008 009 013 018 011 0.15

MgO 675  7.40 228 0.38 1.75 1.56 167 7.8 26.08 5.04

CaO 1.61 957 424 1.62 4.8 514 513 757 3.9 7.92

Na,O 7.40 3.24 577 460 3.83 410 3.9 269 0.5 3.1

K. O 0.09 0.50 254 3.06 246 254 219 1.15 0.40 0.45

H,0+ 4.48  1.27 3.32 58 044 032 1.32 1.3 T7.49 6.14

H,O— 0.41 0.8 0.07 062 1.8 1.49 1.04 37 118 1.28

P,0s 0.15 008 0.33 004 005 006 003 003 006 020

Total 99.89  09.61 100.13 99.65 99.43 100.17 99.96 99.94 100.08 99.80

ppm

Sc 0.4 2713 250 1.6 41 135 82 3.0 161 33.1

Zn 29 M 34 51 65 58 10 45 156 31

Rb 1.5 5.5 56.3 &7 5.3 625 8.8 1.3 7.4 5.1

Cs 0.08 — 0.40 5.39 0.88 0.68 6.17 0.20 2.08 0.46

Sr 73.8 314 375 281 376 387 380 341 122 245

Ba - 137 777 80 673 6% 433 119 243 65

Ce 20,0 158 51.9 63.1 44.4 431 324 2.2 55 17.6

Y 22.7 18.8 37.8 229 535 248 204 267 10.6 27.7

Nb 4.7 48 127 126 7.4 59 50 24 1.7 3.7

7r 9.2 95.9 194 231 137 136 115 61.7 3.9 112
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1. Biotite quartz porphyry. Post-Asahi Rhyolites. Kitaootaira, Asahi-mura,
Niigata.

2. Biotite-hornblende granodiorite porphyry. Tagawa Acidic Rocks. Matsuzawa,
Asahi-mura, Yamagata.

3. Hornblende-biotite granodiorite porphyry. Tagawa Acidic Rocks. Namezawa,
Asahi-mura, Yamagata.

4. Hypersthene —augite andesitic welded tuff. Sumikawa Formation. Sumikawa,
Sanpoku-machi, Niigata.

5. Biotite rhyolitic welded tuff. Kitaoguni Formation. Nezugaseki, Atsumi-machi,
Yamagata.

6. Augite andesite. Wasadagawa Formation. Michiyukizawa, Asahi-mura,
Yamagata.

7. Vitric hypersthene - augite andesite. Ecchuyama Member. Arasawa -dam,
Asahi —mura, Yamagata.

8. Olivine-augite dolerite. Intrusive in Matsune Formation. Takajo-yama,
Asahi-mura, Yamagata.

9. Aphanitic andesite. Yunosawagawa Formation, Usukunai, Ogachi-machi, Akita.

10. Hypersthene —augite andesite. Okachigawa Formation. Kurotaki - zawa,
Ogachi—machi, Akita.

11. Hornblende -biotite andesitic welded tuff. Okachigawa Formation.
Nishimonaigawa, Ugo-machi, Akita.

12.- Mugearite, Saragawa Formation. Kuchiakazawa, Chokai-machi, Akita.

13. Olivine basalt. Hatamura Formation, Yokone —toge, Ugo-machi, Akita.

14. Mugearite. Akashima Lavas. Nyudozaki, Oga City, Akita.

15. Perlite. Shinzan Rhyolites. Kamoaosa, Oga City, Akita.

16. Andesite. Manaitayama Volcanics, Komata-gawa, Akita City, Akita. (83050929)

17. Andesite. Manaitayama Volcanics, Komata-gawa, Akita City, Akita. (83050916)

18. Andesite. Fukuyama Andesite, Fukuyama, Honjo City, Akita. (83051206)

19. Inclusion in Manaitayama Volcanics, Komata-gawa, Akita City, Akita.
(83050916X)

20. Dolerite ( boring core : 1074.5 m), Tsukida, Yamamoto-machi, Akita.

21. Dolerite ( boring core : 1209.25m ), Tsukida, Yamamoto-machi, Akita.
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