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Measurement of the “O( 7, n) Cross Section at 60°
Using Tagged Photons with Energies up to 100 MeV

G. J. O’Keefe, R. P. Rassool and M. N. Thompson, T. TerasawaT, T. SudaT, I.
NomuraT J. Yok'okawaT and K. Maeda

School of Physics, University of Melbourne, Parkuville 3052,

Victoria, Australia

TLaboratory of Nuclear Science, Tohoku University,

Mikamine Sendai 982, Japan _

ﬁCollege of General Education, Tohoku University, Kawauchi,

Sendai 980, Japan

To further study the effects of short-range correlations in closed-shell nuclei,
the *O( 7,n) cross section was measured at 63° using monochromatic photons from the
Tohoku Tagging facility. Preliminary analysis shows a cross section to the ground and
first excited states that is consistent with estimates that can be made from the r‘neasure-

ment of the "C( 7, n) cross section previously made at this laboratory.

§ 1. Introduction

The main thrust of experiments using the electron tagging facility at this laboratory
has been to try to resolve the importance of short-range correlatins in the nucleon-
nucleon interaction. In the first instance the C( 7, n) cross section® and *C( 7, n) cross
section have been measured. The evidence so far indicates that the quasi-deuteron model®
accounts for most of the observed data. However the reaction machanism is not well
understood®™®. Even quite recent data on the O ( 7, n) cross section® has failed to
differentiate between the various models.

The advantage of tagged monochromatic photons with energies up to 100 MeV is
that they allow a much less ambiguous interpretation of neutron spectra, since the contri-
bution due to the lower energy photons in the spectrum of bremsstrahlung that are

traditionally used in such experiments is not present. The data presented here are a good



example of this, with the groups of neutrons decaying to the ground-state and the 6.18
MeV state in O being clearly resolved.

This paper presents preliminary results of a measurement of the *O( 7, n) cross
section, and it is anticipated that data on the *O( 7, p) cross section will be presented

shortly.

§ 2. Experimental Details
2.1 Tagged Photon Beam

In order to perform coincidence measurements, a high duty factor photon beam is
required. The cross section reported in this paper used the tagged photon facility of the
Laboratory of Nuclear Science, Tohoku University. A 130 MeV pulsed electron beam was
injected into the stretcher, which then provided an extracted beam of 809 duty factor,
and an energy spread of 0.295. This electron beam was then directed towards the tagging
spectrometer. The details of the pulsed beam stretcher (SSTR) and the tagging spectro-
meter have both been given previously. The tagged photon beam was collimated so as to
provide a beam of 40mm diameter, 2.2 metres downstream from the radiator. The sample,
a cylinder of 80mm diameter and 180 mm length, was placed to directly intercept all of
the beam. Regular checks were made of the tagging efficiency, and this was found to be
0.46 and to not vary by more than 5 % during the measurement. Throughout the
experiment, the detected electron rate was maintained at 5 x10° e,”s in order to ensure a

relatively low accidental coincidence rate .

2.2 Neutron Detector
The neutron detection system consisted of 4 cells of the NE213 liquid scintillator
arranged to provide a 48 cm square, which was placed at 63° to the beam direction at a
distance of 2.4m from the sample position. This flight path was chosen to allow the
detected neutron energy to be determined by time of flight (TOF). Plastic scintillator
“veto” detectors were placed to cover all faces of the detector. Signals from these were
then used to discriminate against unwanted pulses due to photons, electrons and cosmic

rays.



Identification of neutron induced pulses from the detector was provided by a Canberra
2160 PSD module. The four analogue outputs from each cell were summed by a linear fan-
in /fan-out module (FIFO) and fed into a Pulse-shape Discriminatiom (PSD)
module. To assist in later analysis, a coincidence register was used to identify which
détector cell had fired. The thresholds of the Constant Fraction Discriminators (CFD) fed
from the neutron detectors, were set to a neutron threshhold of 8.0 MeV. The detector
efficiency was calculated using a computer code called TOTEFF. The efficiency is very
“threshold” dependent, and so regular checks on the neutron detector thresholds were

made throughout the experiment.

2.3 Data Collection and Analysis

Information for each event was recorded by the on-line OKI computer. In order to
minimise the data-collection system dead-time, the trigger for an event came from the
valid neutron detector signal. This signal acted as a start for the 32 tagged-electron TDC's.
The tagged electron signals were delayed so as to occur after the neutron signal. Each of
these acted as a stop for a TDC, associated with a neutron detector cell, thereby providing
a measurement of the “time-of-flight” (TOF) for the emitted neutron. As well as the
TOF information, and the pulse-height information from the neutron detector, a signal
from the PSD module was recorded. This was used later to distinguish neutron events
from electron events. This signal is necessary since the pulse shape of electron and neutron
induced outputs in the NE213, which allow the PSD to function, are energy dependent.

Conceptually, a tagged photon experiment is quite simple ; tag the photon and detect
the neutron. Unfortunately, the associated computer codes are not so simple. In order to
avoid complicated re-writes of the analysis code for every experiment, a dynamic on-line
program has been written. This allows the user to define the experiment in terms of
CAMAC modules and their location at run time. The on-line code then configures itself
for the particular experiment, with no data acquisition code re-write being necessary.
Another problem with event-by-event data is the huge amount of data collected.
Sophisticated data compression techniques have been developed, allowing the amount of

data to be compressed by as much as 70% without loss of any information.



Complementary to the on-line code, a suitable off-line analysis code has also been
written. This gives a user all of the functions described above, plus extra features such as
definable spectrum generation and angle definitions, as well as rejection criteria and
parameters. In essence, all a user must do is toxdgfine the experiment in terms of a set of
logical definitions.

The analysis for this experiment was performed in the following manner. Firstly,
PSD peak positions were determined for each detector at regular intervals of 20 minutes.
Software corrections were then applied to the timing, and the data cut to reject the
majority of the unwanted events, predominantly from 7-rays. A TOF spectrum was then
generated for each detector, at each tagged energy. The sum of these spectra is shown in

Fig 1. Three distinct features of this spectrum are the onset of the hard timing gate, the

electron channels 1| - 32
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Fig. 1. The sum of all individual TOF spectra. The sharp edge indicates the end of the
103 ns hard gate. The broad peak centred around channel 1450 represents the
correlated neutron events. The sharp peak at channel 1800 is due to direct
7-rays which have not been eliminated.

broad peak of correlated neutron events, and the sharp gamma peak at~ 1800. The
timing resolution of the system is 1.8 ns and the signal to noise ratio (SNR) is1.6: 1,
The cause of this poor SNR has been attributed to the use of the FIFO module to sum the

analogue signals from each neutron detector into the one PSD module. Some distortions
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to the rise /fall times of the signals were introduced, resulting in poorer separation
between 7 and neutron induced pulses. A revised circuit has been designed to eliminate
this problem. The next step in the process is to construct the missing energy spectra for

each tag channel. A typical example is shown in Fig. 2. This spectrum is indicative of
Elactron channal 27. E, = 35.80 MeV
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Fig. 2. = Missing energy spectrum for *O( 7,n)*0. Both decays to the ground state and
the 6.18 MeV excited state of O are clearly resolved.

the excellent resolution of the system, the ( 7,ns) and the ( 7,n:) peaks being clearly
resolved. Finally, the differential cross section for the reaction *O ( 7,n0 )0 was
calculated by integrating the missing energy spectra in the no region. This cross section is

shown in Fig. 3.

§ 3. Results and Discussion

The differential cross section for the *O( 7,no) cross section at 63° (Fig. 3) is
consistent, in the energy region of overlap, with earlier measurements by Phillips et al’
and results from Mainz carried out using a bremsstrahlung beam®. The absolute
magnitude and general shape is also in good agreement with a previous measurement
made at this laboratory using a heavy water sample®. As the data presented here is only

preliminary, no comparisons with theoretical model predictions will be attempted. 1t is
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hoped that the analysis of additional data taken in the latter part of 1986 will soon be
finalised. As well as supplementing the current data at 63° , additional information at

40° and 80° will be available for both ( 7,n) and ( 7,p) reaction channels.

160(y.n,) differential cross section at 63°

e M A L A
5

1021 '}f -
L + i
I +++¢ ]

o |

: | W |

Em‘

P NI RUUURN RO N N R I
20 30 40 S50 80 70 80 S0 100
£, (MeV)

Fig. 3. The differential cross section for the reaction *O( 7, n.)®O. Triangles - this
experiment, squares - Suda et al. Error bars are statistical.
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¢ (B, X)=Kv¥ (E, X) (5)
CEBLZENRTE, ThEBRRRATSEE,

E
As (X) =KNJ; o (B)v (E, X)dE 6)
th

Eltbe CORPDOBNURHYICHEI VS —FRALEBTFREXDOTERKHKRED, (5
REAVWTEOMETD ¢ (E, X) BRETEHIENTE S, OV (E, X%, BHEIX
F—KEYTHAB2—-FEGS4Y ZHVTCHEL, 2—47 v b2 Xy 7 ZMETOASNK
FRIEE»RDTo
COFTETI, BHERYEERT S L5 EBAENEHLYRE Lo RBA Y F v L,

REEL YT AOBERX TN TNBHERTHVG AR ERAT2.36, 294g-cm@ &L, 52
Mz 7T L 5 S SREY RE Lo AL IV A= 2B E—7 v A&y 7 DERIT
W 18mm T, AL 2V A2 1 mmE, B&A VA —&, 2=y PAX Y JHEOHEREIT
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26.8 cm, X—47 9 NRZ vy I7DEEIZ20 cmThd, ATV =4, Z—~F 9y bAXy

I USAOBRTL, STROBEIDIHEZR L L.
Pt

H
|

189

258 L 200 R
T |
mm])

e

F2X Calcul.ational geometry of the SrCO; and Cs,CO; irradiation

experiments.

HETIL, BFIT30 MeV 1213 60 MeV OEB T RV F —%E - T, A& v =2 Dl
CEEICAS T 5 HEHHY Lt vy -2 2 BATA2EFII77 %y bTRIIEh AR
DIZ, 2V R_A—=R%@BORTIREETEEIKD, BEERIFKRICEZ -7y ALy 70T
A L7

A& v =2 TRA LCHBRHE XL, 2—7 v bAZy 70uEE L0 2 cm Hf&IC
REOLNICHHEOARTIHTCE=2—3h, TALDOMETDAXRY PAREHINELD
ic Lo '

FHET, &RV F — WSRO AREHEKE ( HITAC M—680H ) % AL TiTie-1,
APEAIE LT3 RUE AR KRBV 4D 20 cmEL2 —7 y Mk - THESh:, 30Kk
V60 MeV XARD T RV F — AT bR FETRZE LR T . EHOERIT 2 v =2l
B LE ( X=0 cm)To, FHOEHILRFHE ( X=20 cm) TOAXI fATHY, H
VA= REFHN UEAM LB, =2 —HEx@BAT I TORE L THEL T 5, Tt
Be A b Y —BfThor —24105 & Lo

RSB LAy — AL ET X LF —PHI R LVF —FHERTIE, -7 v FRZ
v 7 FREM TOARY VOB AZIEVCHRD DN EH, IS TEERI —
0MeVAETIEART b DdnsE DAL LT WO BRI L AT
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§ 4 EERBERLER

41 EARRICERKELS ZOSH

Sr (FFfEM - *°Sr 86.2%, *'Sr7.02%, ®Sr 9.84%, ™Sr 0.56 %) & Cs (fFfEH
D 1PCs 100%) pBXBERUGIC & - THER L 1o T O RER ST R E & 7 o #EE 4 BU% G
T, T A LEBRBIRICRT H3, 4D LB LRI HERH XD AT b
VT, AR ROV GBI ETF RIS CDORDRISD QIEA 10 MeV gk & HEAY

B1E RRD Sr RO Cs OB BUGABLE & HEE S h 585U,

B & R EATE (kev ¥ =2 S Q fE(MeV)

8Tmg ¢ 2.81h 388.4 (82.3%) #Sr (r, n) - 115
&mg 68.0m 231.7 (85.0%) #Sr (r, n) - 11.7
¥Sr (r, 2n) - 20.2

®sr (r, 3n) — 31.3

®Sr 64.8 d 513.9 (98.0%) ¥Sr (r, n) - 11.5

Sr (y, 2n) - 19.9

8sr (r, 3n) - 31.0

BSr 32.4 h 762.7 ( 30.0%) #Sr (r, n) - 12.0

%Rb 18.7d 1076.6 ( 8.76% ) ¥Sr (r, p) ~ 9.42

®Sr (r, pn) — 20.5

- ®Rb 33.0d 881.5 ( 75.3%) #Sr (7, pn) - 20.1
8Sr (r, p2n) — 28.5

2Cs 6.47 d 667.7 ( 97.5% ) $Cs (7, n) - 8.99

eI e S

S (r, ) (r, p) RIEHABEED TV ELDEBbRE, D5 % ¥Sr (1, n),
St (r, p), WCs (1, p) DERIEIE &> TARTS T %Sr, SRb, ' Xe 2EER
PAED D, FLTBSr(7r, p) KIS L THERTA R IZN—ZREOBIC r 8% Ik
HLawicd, ThEh r AT MG AR EBROERBIRAETH 1o T 12
“Sr (7, p) RIGIC Lo THRTH BRb 0 1 E— 2 bHRENIH, BEHEOBRT
DRBERMST (1) n )L » TAR Li ® St ORBIC L 5 b0 & Wl LA A SRR
brotoo Lin LT BOBBRIETIE, ®Sr (7, p) BUMIEE LI PIK DL % 2
B B rosh, AL L s 5 B A S IUE, FRUE I8 ERIEC 7 T kB2 B
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#5, 6KiL, 30/&060MeV OEI B XA RBA ba v F Y A B LIcBICAERT

10°
107"k
10-25

1072

FLUENCE (counts/MeV)

10"45

! !

40 50 60
PHOTON ENERGY (MeV)
# 3 Photon spectra at the incident surface, X=0cm, and at the exit
surface, X=20 cm, calculated with the EGS—4 code !’ ( 30 MeV
bremsstrahlung incident on Cs; CO;) ’

10°°

10°

T T T T

107k

10 2

Ll

FLUENCE (counts/MeV)

107 : l e
0 10 20 30 40 50
PHOTON ENERGY (MeV)
# 4 Photon spectra at the incident surface, X=0 cm, and at the exit
surface, X=20 cm, calculated with the EGS — 4 code ! (60 MeV
bremsstrahlung incident on Cs, CO; )



L fED, BAIEE, BARRY O OERE
B, E— L EORBA Fa vF T LADEER
DB E LTORLIKERIERTH D, ¥ Sr
BosréoMTRRRALE
WEEZBL THB. —7, B TRIORV
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IhH—EDT T T hHE 2 HER,

@ HBHS XBORAT 2 VF —DELL
THERBEOAERBESAMBEOEEIIFHBER
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286 X Axial distribution of measured

saturated activities of radionuclides

produced in SrCO; bombarded by
60 MeV bremsstrahlung.

29
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THICKNESS (g/cm?)

25K Axial distribution of measured
saturated activities of radionuclides
produced in SrCO; bombarded by
30 MeV bremsstrahlung .

Th, KBt D LR Lt v
Vo (PRCOHRUKBA o v F v AdicE
B LUT-B A bo v F A (¥mSr, 8mgy
¥Sr, BSr) OFERRSAMHER O,
RIS AERED TR ITIF—ERR TIN5,

Ch BT, RIS & - TR
DRy, F BB X R ER T R
F—OMEBTLEYEZLDL L, BREL,
—f&IZ 10~ 60 MeV O T /L ¥ —FHR Tid K
FOHEBRGRBEOEIZLNTH S, &
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- THIBBS XBBOF KT RV F — DL
LTh, =47y bAX 9 IV TORTFD
BEOREFIIHE DBED W EEZDR
o T3, AMIRLICE S, KX
I B e T L — Gk (408 ~H925
MeVOFH ) THOAXY b, BE
L > TRE LSBT 5 2 &3 BB
o E LTWATcd, ZOL D iR
nEshrcdb0EBhhb,

® WREEA SO VF T AR AR LS
LUy L (%Rb, ¥Rb) IZDWTHE,
60 MeV 1T b~ T30MeV TOARRKRITIE S
M/ E L BRbICHANT#RbITd - & 1
DNE o THITEE 1 Eh B BhvinkRic,

Rb HAERT AL, (r, pn) ®
(r, p2n) E\vofc— QA 20 MeVLELE
DEWRIE LS, TOL ST xLF
—FERTIIE 3, 4R LIc@D, 60
MeV T H~30MeV DBEIHFEM TS
BEAIECHBTH B, PRb DF AT
¥Sr (r, p) Kt (— Qf 9.42 MeV) &
DdSr (7, p2n) KIS (—QfE 20.5
MeV) REREBRRIGTH S Z LILE 5D
DEBbh B,

B8, IRMIThThKBA br VT
LROREE £ > 7 ARICRATCBAERED
1D DEHEE=Z - KIF5 P Au DA
WHEEER, 4—7 v FRZ 9 JDBEIDE
BELTRLLEERBERTHL, ThHO
75 7 ChHHBOODOREICH T X )VF —T

SATURATED ACTIVITY (Bg/mg)

s T

o MWgs (Cs 60MeV)
& Cs (Cs 30MeY) |

10 20 30 40 50 60
THICKNESS (g/cm?)

2 7K Axial distribution of measured

saturated activities of radionuclides
produced in Cs,CO; bombarded
by 30—and 60—MeV bremsstrahlung.
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- CALCULATION
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410 7 +

(ELECTRON)

4107%

4 10»29

10 20 30 40 50
THICKNESS (g/cm?)

28X Comparison of measured and

calculated saturated activities of
196 Ay produced in SrCO; by 30—
and 60—MeV bremsstrahlung.
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4.2 EEBRELHEEOLEK

B8, IRiiE, BIRNBRDBITI0,
60 MeV HIEhHST X #% st Lo, R
BA SO VT LRUKB LYY AFRDOR
XK 2 1 Au OEIFIHEGTEE As (X)
DHMEER TR LT Wb, 12 LTT7
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10°

T T
o %Ay (Cs 60MeV)
& ™Ay (Cs 30MeV)

~ CALCULATION

_10-27
o

(ELECTRON) !

_10-28

E|
1 L 1 1 1 j
10 20 30 40 50
THICKNESS (g/cn?)

9K Comparison of measured and

calculated saturated activities of
1% Auproduced in Cs, CO; by 30—
and 60—MeV bremsstrahlung.
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- . e
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— »
= i \
o 160 < .
(Y &£ k
u 80} r " 4
n
“ radl S,
o 0
w T(y.n) T(y.anl (y.JAIT
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5 10 5 26 . 25 30CHeV )

#10K Single photoneutron cross sections of natural Sr and '**Cs 2.
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X As(X) /KNy & LTHEZ R TR YD, KIZBAREMD 2 v — 2 AS 5 ETFHICH
YT LEH, Npid SORTRTH 5. H-CIofEid, BF LENASI VA A—FICAS L
B, AU E T AN PAUREBRINAHEEREZ R LT B,

11, 2B, 0RX0o (B) & LTEIORIREhDA b YFIaL Ly LD Sr
Cr, n)RUSCs (7, n) RIEOBEEH o5, (B, ocs (B ? %ML 13t EEL R T
1RO "t-Sr (7, n) KISOFFEM@EE, (7, n) GO > b TRHERBEDOL L ¥ Sr(7,
n)¥MSric k% YOSt O MOERESL, FFR2RO ¥°Cs (7, n) RIGOFHEMEIL,®Cs
(r, n)'Cslt k3 '¥Cs DHMOERME L MBI T 5,

10 8 F T T T T 107 T T T T T
F 410 -26 12 V) ]
o g 60MeV ] o (s (Cs 60Me
s (s (Cs 30MeV) 4
o 5 30MeV - CALCULATION | o
Y Enws
2 {107 e
e : =
< = ° d10% ¢
B T
[ z =108 \ 2
> S ) . &«
= 104 s = o
— 28 3 4 =
O 41072 © = * L
< ] o o
B o z 410>
= = ]
< = 10
D
< 103
@ 41072
] 1072
103 L L L 1 1
0 10 20 30 40 50 60
- CALCULATION THICKNESS (g/cm?)
102 ! 1 L 1 .
0 10 20 30 40 50 #12K Comparison of measured and
THICKNESS (g/cm?) calculated saturated activities of
132 -
. s produced=in Cs, CO; by
omparison of measured and
#1IK  Comparison o 30— and 60—MeV bremsstrahlung.

calculated saturated activities of
87mgr produced in SrCO; by 30—
and 60—MeV bremsstrahlung.

ThoDT I 7hbROT DG 5o
D AERBSESROERES £ <AL L5 A (7, n), Sr(r, n), Cs(r, n) R
RKOGFEMBES, EZORIHSMOBNLLTE D, 130 MeV & 60MeV & D5 DfH
BHIZEALRALTH D0 ZOFE (1, n)RGOERBEEDR S 5L T DR 2
o ThizE AEETET, 8~25MeVHEHEDOKTRICKFEL TNDZEERLTNT, £
BOMEREST T 5,
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@ feril, EBfEAs OO LFHEMS 0 (B) v (E, X) dE LOEEFIAE<ThTED,
DT 60MeV IH~NT30MeV DFHRE LB KE V. ZOTHOFRERIILTOLHIC
Ezxbhb, EBEOERBIIE 2 ROFEI AV ICEAIRAEED X 5 Bt Lo FeitE
TREFZ YA ZOFLICEECAS T8, EEOBTFRIILBLVEHL, A& VA
— R EFETLUMCEZEL 7 b OB PEGTOMIELL % 5,

TORER, HBHEH XBRIARI Y A= ZDA LTIV -2 T2 BRI N, &
BADOHWAN—FTLRELTELOBFHBRE LR TWB LD L FHEEN D, ERECEE
DT O DETREDOENL DECHTHSH LW OFRE, v— 28K LTEARDL L S XBEH
AHLTWBZEBRRT D, EEEOTINOMY OFDBBEETH D &1, BT R LF
—DETIEREWAEOMHEEROBEOBEANKE { E— 2R 00T W E WD & &7 KBk
LTWwb, ELICREEA hr v F 7 4130, 60MeV D X 5 RE LcBEOFHEFL— LM
BZEBLLHaT7E=2 —(ETHT0 LA L ZIIFELVORD, ESMI/RLILLHIZ, 60
MeV & 30MeV TD X =%y hAZ v 7 ABHEICBD 5&BEE= 4 —DOHEEDE, Thbb
AT 5 XBROBOEDNGTEMECENEREOHRL DA L-TRY, ALV A—4K
AS LIcBEF B30, 60MeV TRIgAZ EhfA LN, 2D EMDLEBFHRE — LD
DOHED I D2 b0 UED LS CEBEOBFHROIEL ) PHEMH XBRORERY, HE
EOBRSET 5 C EDIERICHE oD, COXSRTRDBELLDTHS S

DlED#ER, EREAs (XD LFHEMES o (BE) v (E, X) dE L OEERIZITHhAESD,
ORECRTEHKEZRD, Thhba VS — AR AH LIeBETFELRDD 2 L3 TE <t
oo ZZTIDKEREIRE > TEMTEK (XD &EF2, "AuDKSEDREE As (X) M
ZONIBEBCK (X) %R, OREONFRREEES (£, X) #RD1, MidLick>
R UG BB e = XL F —§HI8A 8 MeV 125 25 MeV THAH L &b, TO B TS L1-
EHFHREE 0 (X)

25 MeV
2 (X =j;Mev ¢ (E, X) dE (7

RDTIo

BHICO (X) THBAL Lo U AR EDERER As (X) /0 (X) ZRDT, 13~
BRI ZORERLZEIXOBEKE L TRT . ZDfEIE 8. MeV ~ 25 MeVD T R L F —DL¥F
W 1ME/ cm? 71 mg ORBPTHEME | HLERTEHRE LTE2 bR TR, BERK
KHYTLHDTHb. IhOLHLNLEICIOEREIRIOTIZEAE—EDELFH -
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2815K Transmutation rate of natural Cs
by 30 and 60 MeV bremsstrahlung as
a function of target depth, in units
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Thbo Z IS EE 7L 8 MeV~25
MeV D T % L F —DIF AT b O,

COFEBIMHER L1c L AEI0BR (~60
g/cm? )R TIHIZEAEEL LT T &
REHR LT 5, F 2RI ORERES
Lt 1B LIDERT®Sr(r, n) ¥Sr

I ¥ St B RED o RETE T, £ 0
PR R
85
R )= R(Tmgp x XS g

R (*™Sr)

EEBPUTHERE Lico 2% H ®Sr & ¥Sr T
FHERRE & R RRETOERROEFIXFE L
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B2FE RARDSr RUCs DXBRIGIC X BEHREK,

B E B K R (Catomemg™/ (7 » cm™@) )

R R FE 30 MeV 60MeV 60MeV / 30MeV
gmgy 8Sr (7, n) 1.02E—7 - 1.23E—7 1.21
8gr (831 E— 8)* (1.02 E— 7)* -
8Tmig S (1.85 E— 7)* (2.25 E— 7)* —
smgy ®Sr (7, n) 1.L19E—8 156 E—8 1.31
[87Sr (r, Zn)J

8Sr 9.69E—9 1.29E—38 1.33
83r (r, 3n)

85mg S 216E—8 2.85E—8 -

8gr #3r (7, n) 9.21E—10 1.30E—9 1.41

8% Rb ®#Sr (7, pn) 1L.OTE—9 3.05E—9 2.85
(sr (7, p) )

8 Rb ¥Sr (r, p2n)  3.19E-11  5.00E—10 . 15.7
(¥®Sr (r, pn)) ,

12 3BCs (7, n) 394E—7 3.71E—7 0.94

C ) BRI RIS
C D*: YSrIREDLHAUETEILL-DT,

- 87m R *Sr)
RSt =R (19Sr) X g
EHPIUTHEE Lo
R L

ZOEPLRDZ EDHER IR 5,

@© 60MeV &30MeV TORDHIZST (7, n) KIGOBEABEELF 1.2~ 1.4 Thbe & D
TEMLENSr, BSr AR *Sr (7, n) REBLDONRKMS % EDSE &, 1-%Rb
XEDRDEAN2.85 L REVWIENLE 1 RIAT—QEL DHEEILT®Sr (r, pn) AE
AERRIGTH D, *RbXHAMA16.7 £dboEREVDOT—QMELD ¥Sr (7, p2n) REhk
RIS TH B EBHERTE Do
@ RCE™EGSr) : R®™E&Sr) : R®Sr) = 100 : 11.7 : 0.50 ( 30 MeV )

=100 : 12.7 : 0.58 ( 60MeV )
THbo ThHHREREST (1, n), ®¥Sr (r, n), ¥Sr (7, n) RL-TERERDZD
T, REZhH320 (r, n) RIGOMEESE LW ETHIEZASIE®Sr,®Sr, #¥Sro
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FERCELL 2R TTHI, COFERDHELRDTAHAD L

8gr : %Gy @ %Sy =86.2 : 9.84 : 0.56

=100 : 11.4 : 0.65

Ll Bo 30MeV DHBED R (T™ESr) & R (P™EST ) oL ®¥Sr & ®Sr DFFEHICIE
LAEELS, R(BST ) ¥SrofERE DI E{k->Tl 5, 60MeV DHE ITIE R
(EmAE Gy ) L R (B™EST) DM BSr & B Sr OFEFELL hAEFLOE, ¥TEST B4
BT5 (r, 2n) RIGOFER b cfeb bEEShD, O EnL®Sr (7, n) R
0®Sr (7, n) RISOMEEITZEFELL, ¥Sr (r, n)KEOWERKIZCh X D920%
INEL T TWBSDEEPN D, 8Srs , %St IKHNESre XHEFHEADVIDT
HH 5 Do
® ™t Cs(r, n)icLBEREL " Sr (7, n) KLAHHEREDHIZIOMeV TR 2,
60MeV T 1.5 & 720, # 11, R2RICRTHEMDOA 1.75 (30MeV, 60MeV &4 DTk
th—B LT\ 5,

§6. ¥

FHRDCs, STHRRTOERI LD Cs, St OMERICETAERIL bl LTOMR
FF Y D OLEHREIT60 g/ cm® EDERTIRIBEAE—ETH D, KFROBEITHSI LT
AT B END o too 1o LREDER 1A T2 Y A= AR AHTLETFTORNTAT,
ULind E— A 3kht - TOCEHEE S & - Tl

HE - FEORERT- CHEBEDRIEY T4 1OIITEFY ) ORERELZMDL Z &
BRETHY, ZOLDIIFEFEIEE LT hilleblici,

SO 63 EECIIEEROIA Sy VRE LW E— LT —A%ED, TV AA-ZTAS
TEBIRA—T 9 M AT ARFREABELCHETEL IO LTERYED L TET
H5o

AREOEFFIC B 1 O EFERIC T BT 1072 1 BB RRI B I R < RGHE L £
To

RS EBR DB BRI e 0§ L ALK MR TR EH R MR O /AR RS KCREM),
BARZRL <Y VI —TDF4, $1:Cs, STDL =7y bR Xy JERI B
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W IR HACRZE GBI R AT AR ER R O EHBRICHE S B4R L BT 3,

F7EGS — 4 2— FOFE» £WEANCEE) LT 108 T XL ¥ — YR FeR o SF L
%%ﬁm%&#%@%btti?ﬁk%ﬂ,%%KﬁﬁLThtﬁbtﬁ%k##%ﬁmhm
Ve TIVATAY b= Ty 8 - HEHREERRO TR b B8 L EF £ 3,

e % X oy
1) H. Hirayama, W. R. Nelson and D. W. O. Rogers : SLAC—265 (1985).
2) S.S. Dietrich and B. L. Berman : Atlas of Photoneutron Cross Sections Obtained with

Monoenergetic Photons, UCRL—94820 (1986).
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TEFUTEbF I EEERRICBT S
fepr o C & 0 RS % "Be OSERIR
D FEE M

RN AE S
BE WA B ERA

§1. #&
SAROERICE TS by T bafbETR, hOLEBOERCER T 2560500
BT bAERT SRy T b ADEE) D ARCEE D LRETH L, EEEDOT V- T TR
LIFTE 0, HESRERT % & Db B A HIEEHRBSH £ 1T\, *C (7, na) Be RIET
R F O 2C 2 AT 5 'Be MRS L 0 EohLeBE L 2BRERL, BEA D
f— Uk kVEKICOWT Y n ok AR LT AR SEEIC LD, Be b%ﬁ&l&%%

RDOTELD (F1R) o FORKE,
S R LT B RB TBe 0 B s, 1
SERIR 1, fhoSBEEICE T 5

o

Sample Yield (%)

BEC BRTERECR W &Y '
; ) Be (acac ), 11.8 + 1.3
ALt L0370 MERCRD S Al Cacac ), 87 + 0.8
B RS 4 1o, APIE T, Cr (acac ), 16.0 = 1.4
BEMDORLELLWTEF LT D Co (acac ), 68.9 + 3.7
FhasUL RO LE & D B, Co (dpm ), 40.3 + 2.3

Co (dbm ), 36.4 + 2.9
FORRKDE, EATEF /LT b
Fhasn (M) OFOEEL acac = acetylacetonato
_ - dpm = dipivaloylmethanato
= 5 BEND, %%%ﬁ@ﬁ%ﬁ%&to dbm = dibenzoylmethanato
§2. £ B

21 0

MBEIC LT 2 F AT M F b 300 MEEK: Co(acac), &Co (acac), * 2H,0 X,
WERL AR OTER DS DY, MELHR LI ETHEM L,
% 4= ©Co o *Co (acac ), i3, L3¢ Co (acac )y BB KFRFNIEMDOTRIGA
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MARK — {7 TR& %, Co** HEAD /7 n oV ARERL, BHETAIFHILHBLT
Co(acac); D7 77 va vokd, BREPEFZIETHRE, BHERAR L LT,

22 B & '

HEHEHRE, FAEETRBETR BROBT 71 F » 7 T, Bl v/ i—s—
BAE LTk % F—50MeV o BIBNECSH 4 JR8 L oo SBSHRSRIIE 8~ O BERIC, BuAy
HREBRS e, RBELHERKM T T—100°C ITAHH L HRH 2175 1o F/o, K
BRETIA -7 <7 %y N hBREL, BETREBHICID2DENEL DR 12, Ak
ERZIK 100mg §°o% 7V IR EARSHTH L foo RS L 73RN BEBA AT &
T, ZREBT == )V VIR CTed K4 T4 At ffReE Lico

0Co o *Co (acac)a ERDIDD, SIBKRFERTIHER TRIGA MARK -1 {7
C 3 B BSHE, F AL TRRICT 2 BT - oo |

2.3 {L3os
- FB&HEUEH (Co (acac ), 5Z>L\0i Co (acac ), « 2H,0) KL G LKA LIc D A F ok
HRALT I N (DMF ) RBMRL, BT FHILREML, K& Lz DMF THEBERT,
Be (acac), 75/ va Y %8 BEELTE, £1mMDBe?" 1+, Co®* 14V
Be (acac ), &Mz, XHIHTD /30 MEFL L 5HAT 2mM OBRE & L,

BONLRERRBNL, WEHCNTEIF A M) -2 252518, A—HoRSBFAGK
B AR Lo

2.4 MSIEEAIE & IREHE

B BERIEICiE Ge (Li) FHEABRHBEYALFF+ VX AEESOWEY AL, rBx<s
fa Xt MY =L 0T — X BT %AT - 1o

Be OS5I Y IZFRORD bRD I

Y (%) = 2L x 100
A

Ay @ Be (acac ), $8(AFGICE $h TV 5 "'Be DREHAE

At ROBEORKBEBE PIE Th T\ 5% "Be OB HE
e BB ONIEOREL, 1 0 TRLICA, ChiZBHEDHERZELBRVELERCL TS
DER S HERLTHEEL T
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§3. HREEBER
Co (acac); & Co (acac), » 2H,0 »4|EistiiiEst L, DMF K& @ LIED, Bbh

12 "Be D8RI & DMF ¥ ic Nz 14852 58 2 RiCR$o CORL D, R ILF MR

#23% "Be —complex Yields and Carriers.

Sample Complex Yield (%) Carriers
Co (acac s 90.2 =3.6 Be?*, Be (acac),,
Co?*, Co(acac),
Co (acac s 35.4 £2.5 Be?*, Be (acac ), Co?*
Co (acac ); » 2H,;0 94.5 +9.8 Be?*, Be (acac);,

Co?*, Co (acac ),

(I B DMF i Co (acac ), HEEET 5 8L, 90% LlLED Be DI 1S b &
EMBTENDs 2D EiE Be () & Co (acac ), D Co (D) & DEIDREEDATREMEZ TR L
oD T, DFRART LS RHET N - TEREZRAA

ThebbRES D Co (acac ), * 2H,0 BFIC, "BeCl, ® 0.1 MBMAE (1.8 X 10®
Bq/ugBe) % F—7'L, BiR TEE Licob, BEEE & MO E5EE% 175 C, Be(acac )
757 v a VRO Be OBBHEELRIE L oo TOER "Be DG AEIZ4 T Be (acac ), H4
KBHE AT, 202 &k, Co (acac), @ Co () & "Be (I LDMIITW-ThmDBRFET
TS T2 ERR LT bo

COEBREEL ST LT, Co (acac s KHF 5 "Be $EEIEN, MOFEAC HNTRE
CEWERNMEONLERIGD A H =X LB RDESEZ T

O st 2 RT Co (acac )y Hi—# Co (acac ), &7t 5o

@WFhh BT (BT, BRFESHER D2, H5WIELOWHLE W TH),
Co Cacac), B> Co (I & Be (I) & DRI Z&HAED , Be (acac), BAERT 5o

Co (acac ); PHUHBEIEIC L - T Co Cacac ), 755 2 LIKBLTE, A&/ — VBB
L7- Co (acac )s i©%Co @ 7 2% MBS 35 & Co (acac )3 O—Hi Co (acac ) ITELT S
LEOHERI L IATLEY s L LABRIZHRMRHATIRCERTSD, BH $HRKT
FLE—50MeV DEIBHRE B DT, DR BERTHID, AKLI®Co B * Co (acac ),
% FARED & CHBIBEHRBSH L, Co (acac); mb Co (acac ), BVERT BHhE 5 hHERE
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17 > 720

%0Co TEE# L1- *Co (acac ); %1t & DKM THEIBEH RS L, Co®, Co(acac),
AL LTE LA AL DMF ¥ ML, SP—Sephadex C—25 (Naf$%) ® 5 J 4% FAWT
Co (acac ); (@ v F&?‘&% )‘é: Co Cacac ), (FRBAVIFERD ) LS LT,
$5&Coacac), 777 v+ Vheho 6.6 %D *Co DESRENKRIH I NIz, ZDZ &
1% Co Cacac )y O—HBEHE R B L D Coacac), KEIL L2 & HRL T35, ZLL
CEIEE, “Co DESHLFEMEENLSHZDLEbFhRL S5 THEN, Zhit<x/ g
Co (acac); WELLI-EIERHEETELDTHLND, £BT 5 Be &< bRAT,
K FOCo (acac ), FFHRPCHLET S L LTl bo
- HED#RE D, Co(acac); T'Be OFERELMMOFMKIC < BRTEV DT, B
ghEIC L h AR LTz Co (acac ), MEEL TW5EE X 5o |

R L& S Co(acac); iK1 ¥ 77 Y b SRIKBEOSEEIRK D, MOEEDOBHA N
THTRIen e KERBERZ EHHDDHE LT, B 7V (U08) L& BT £F LT R NF
MEGADBRERABFHTRE L, AR I OBy 5 v bERT S PRu BT EF LT
NP NEROFOLE BRI DEEERDEBEND B, & DH|ETHTIL Co (acac ), M
DA AN TIEHICK X ISR &R Lo B & LT, BEHPNIC RS 5 SRS 2T
LT %0 AMRDOREREZDBIDOFRR L TWDHEZARERTASLE, ZOBRIDBAKL
b BEHBRBIRIC L > TER L Co (acac ), ONEREEIRDORE L THREUHTL %,

APRICHID , BEHDZH -1 OFH 2B BHOBEET T, HIBIHG i RS
DB NITZ R e RALKFS BRI AT O/ \KES #3%, [ U  BEROM ANHE
&, BE <Y V- T 0T 4, bOREFREAE, BRMEL, $BPRTREO
BRI BB IR TR A ST BRI F ISR O Bk & 0 e %o

& % X ik
1) 8] 8 SULBRT, NIA, o e, MEEL  SEZHE 18 (1985) 91
2) E. Kalecinska : J. Radioanal. Nucl. Chem., Articles 97 (1986) 31.
3) H. Meinhold and P. Reichhold : Radiochim. Acta 11 (1969) 174.
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Y T LR OMBRR O LR FBU LT

=3ESBIRT, R, &H
SO e Bkt — e JILE R
TR - pARnE T . ksl

Determination of carbon in gallium arsenide has been investigated by photon activa-
tion analysis using the “C( 7, n)"C reaction. Chemical separation of carbon as CO: was
carried out by the combustion method in a high flow rate of oxygen stream. The CO: gas
was then collected by passing through double traps containing NaOH solution, and finally
precipitated as BaCOs to measure the positron anihilation gamma-rays. As a result, it
could be proved that reasonable precision and accuracy are obtained in the above determi-

nations.

§1. [FU®HIC

B RERERRER S UTER SN TGRS Y v 4 e RPOREAMIIL, 77 €7
SR E LTEERINTE D, £OUEBMEOHENENSN TV S,

REEZECH ) U L FFEROFNBINR R bricid, b FETFREZER L KROR
TEREIE — Fic L AN Y — 7 558Bibh, ThMSRRBE T E00, 7)Y L eRER
hOREEREE LULLAHEENTVS, LAL, IONTEREAREEE TS5, Ik
RS RRIEEE AR B 1o DI BIBBEREIC & - THIES Wi U3 5780, C DEERK &
LTRAN—2 1 & VIFEBMTEIC & B RRIBERAIEZRHL E L7z Brozel 512k 256D
Wb BN, EEETOMESEESERFTSNIVEPSHELENTV S,

— R OB & BRBRFDERANHEE TH 2RAROHEHLE L TR, HABBLY
MFRIC B B REOERIIESER SN L 5o T OLHEHMEATE R BERIRICE T 2R
BERLRBIBRETE, roRfhoRZRIBEHMES W TERE 2T 5N 50T, HHrElEH
o SIERGHHERES VL SER L CHERBRICAMSEELEI BV LV FRE LD,
T D& S BHEHEAITIC & BMBREMTICB VTR, FERFBRNTB X OB THEM LS
W OBSEH SN TE o 7Y v A RPOYBRRERIBLCHK S, BEEFL LT
B OBEHMLETHRA SN TVWEY, BEIC L3 ZNERB 2Lt 3, IiERK
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JEAERD TLIB W EDREE b ZOBEANF N TV S,
SEYBEhOMBRBEREE LT, “C(r, n) “C (20.38%)) RIGEFAT 3 HETFHK
FHMEDHTED, FMEBRFRIGERIRT 2 HELDENTVS 2 EMBELITRevel’dH 5 W) [3Engel-
mann™ic & > TS N, THIREIHE XTI & 2 OREZEE 5 8 £ UFedoroff Sicdk - T
BRI SN TE LYY, —F, FE O RBATERKB(LE VL2 EEBhOMRBRE
DHBEFHEHMEATICER LY, < OSEIGRESHENES TEBRESEBD THL &V
IFEND BT EEFSHIT L,

FHHFICBOTIE, FlfR & LEEEATEREBLEDO ) v 4 L REERTOBEBRIOLET
BEMEA T~ OB 2 BB R L, £ 0ESEMT~OIEA %R % & & 2H AT,

§2. £ B

2.1 s LUuEsEEOES

PRFRE B R EAEYE (3 H Akt 2 RISk MIEMESUEL JSS-001- 2 36 K TFJSS-003- 1 ZH Wi,
IhoRF v 7RTHIE S N, RESERIZ0.0047H5 L T0.0011%TH %, 7Y ¥ & b RKRE
BHABTLEREGS T ) v & e RERTMEEMERESY SEA S Wik e b bunic?,
NS RBRRBESIORMEICXSENTEh, ENIBATEREFICIOFARNS v v FoE
VRIEBTIE OIS DTH B,

PR A v & e BRRHZ LEORAASEETX9X2 (o) UL, Bl — @Btk Ex v
F V7RI X 0 BEBEGERE LB & Ui —7, SEESENIZ h 2 hid0.5g % 7
BL, zo@HEEEE L,

EEERHI VTN LRI ENNETFREERE =9 — & LTO= v ¥ VI THRA KR TEMEE
T2y LAETAS, S OIKAREIEALTRHEERE L,

22 B g

AR S BT RB—r ook ARBHEF VS —POR&a v -y —DBRFEEL, B
FHREIE T 2V F —30MeV, SHGBHHI100—130 w AD 2 mEH ST & 2 HIBHES T205 5
OIS Lico 1 DR, HIBMERAREhREICBFE SN S XD BTHRE — A ZEELN 5 m
WG & 7o

2.3 REOLEIE

7YY A e RRERENE, EShoRBY 2k ZERERERET S DTKRTI v F v
T Ultzo DOVTHEIBUTR L& D7V 3+ F— McPA=RaL800.3g, MRETREL, KEE- YY)



44

v £150mg S 5 I PA=B{LER0.5g DIEICBEFERI A h L B LS IcEAaER, BREBEIFICA
N TI3B0COBESHRT T 5 AREERMREX S, DS, BREREIZS00nEHITHE - 7o
T THOWAE=EALS 3RS LT, RBRYY v 2o BkFEoHEEE LT, £
L THRE NS B T 2EBNRAER & LTHV b hic, BRIFHTOBRBEC X - TIRE
K COs &5\ I—H CO& L THESHIAMES N3 A, COLM>TW%bDDRDIC
& Schutze HEE (1,OsOY Y Ay WV EI—F 1 ¥ 7) ZBLTERI COITERE ¥,
SV CARAER ICRE Liew b Y v 7 ATEB L U2 OBt 52 ichET 5100, B
Bh 5y Ik A AYHE S D107 7 m VMBS X ATBEE BT, RS
72 0O LIRAEI (2~ R0 ) & AEHKBLS N U 9 AEETIHE Lo CC TR
U7cpRB N ) o AEBIGE B2 AL, BURBERIEREN & Lic,

24 msRERIE

DEEARN S NI KBRS Y v ATRBEDIESTEE Ge (Li) & 5 W id pure Ge RIS 2 B EK S
SYNTERICHEE U BRI CRIRE Lo REHE T 20502 SIRBTIHIY ~ <#i% 5 STRIHIE
U, SREMGBHETROBEICHE Lich e, &5 RERBEHE LELHE L7

%ll PRI DSBS
B 2. TAIFE— 3. BEN
4 FHEY -7 4 V¥ — 5. Schutze®
6. WilspEr >y 7. 7o VAR
8. BaCl:&% NaOH R v 9. PbsO.
0. BaCO:  11. GaAsz¥

[y
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§3. RRLEEE ‘

Revel, Fedoroff 51z & b HEBFHEMLAT coaihoBRIZEOEREVHRIT &, B
WE & L= R e & A LBIFSAIRESZ ShTWw 3, —7, #U v s e Rk
S W LARMRBEO A BIAE {, & BT ISERMEE LIS oo, HETBIMRHIE R L
BT R EITIS o Tco ) v &R, H=BNE X TR YY) v 5 ORA¥HRERHTD
WTHBE TRES S BOBREDFBREBIRE L RiTR Lo

F1E GaAs BBk 2L¥HREE/ .

& E CO 500 600 800 1200 LA E
Pb3A3203 — 7 — 7
PbgAs,;03
GaAs Gay0, -7 -7
*Aszos —> % 7 — %/
Pb3O, *GaAs —ND
PbO —> 7 — 7
BaCO, *Pb —>* k —ND
*BaC03 —ND ’
*BagAs,;0q —* / —x
+0,

|H; XS O+ s AR xx  HE ND; AMRH

#9600°C &\ 5 EHYEIR TRIBERUE S B 0, HY I AeREKBR NN U 4R BEFEEFI
DRESH, EEREY, BNV UL, BRIET Y Y LLEBBET LD T, TOTERTY Y A
EFic0 LTHERABE OIRFITH 5 T &, TREB N v A 0RFOHEEE L THE
MTHBEIEERLTVWS, L LBBSEBRORBBEIRTH 5720, BT 50, 50
BIRBEREEE T AREND b5, AL TIREEELBARLY, TOBETH LR EERETK
JEHHE T » TV B T &R XBREHr o THERR & v,

3.2 HEERFEOEFL

SREMIERESNEL JSS—003— 1 BRUAF Y v & e RiEH» 5 X SR ERY T b % KRR
)y AHETEEDERHIARIE U, % ORI 2RITR L, BEDOFHEERRDPIL/NED -
fods, C OB L —BiLlco Thb SHRENBERICBVWTIE, KRIZCO.LLT=
MY w2 ATERSICHRT B HEERETERI NS LR, BOTHVMETHHEENS
T EDBEIEE NI,
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3.3 HUDLEFRPOKE

DEE

7Y 9 A e RhORROER
&, SkemEEESE JSS—003 —
| 2EEEE E LTRV, 2h
LOHBTER Ui, Bohi

BREIE2RITR LI,

EEEBEIBY TRVWERME
2RUK, RECXBEBTR
134 1 x10% atoms,cif TH -

720

(cpm)

Radioactivity

-
o

—_
o
W

—
o
N

20.4m

205m

1 1 { 1 l . Il i

Time (min1)O
2 SYBEERTE DR o
O : JSS—003— 1 5k

@ : GaAsH¥
Fo2E H)ULeERFOREOHRIELSH (PAA) DFER,
2 E ' ¥

AR & ( x 10"™atoms/cm?® ) ( X 10%atoms /cm® )
IN—1 1.13 £ 0.25
IN—2 1.07  0.24 1.10 £ 0.25
3IM-1 1.77 + 0. 33
3M—2 1. 46 % 0. 22 1.74 £ 0.33
3IN-1 1.99 £ 0.25
5M—2 13.4 +0.8
5N—1 143 £0.7 13.9 £ 0.8
5N—2 140 +0.7
TM—1 3. 41 + 0. 54
7TM—2 314 % 0. 60 3.06 + 0.60
7N=-2 2.64 + 0. 41
5M— 1 3.54 % 0. 54
15M— 2 3.92 % 0.58 416 + 0.87
15N — 2 5.03 + 0. 40
2AM— 1 51.1 £3.0
21M— 2 47.9 £2.1
21M — 3 51.6 +2.1 5.8 %46
21M — 4 56.4 2.5
2BM-—1 7.29 % 0.72 o
23M — 2 8. 40 % 0.63 7.84 £0.72
2BM— 1 <1 <1
2TM— 1 3.7 £ 1.6
27M— 2 349 +13 363+ 1.6
29M— 1 146 0.9 :
29M — 2 150 % 0.8 148+0.9
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3.4 REFHEMEANIC & DRFRETERE L FRIANRIEEE DR

BT v & e REMORBRE OFEE L RTINS ¥ v F o &V RIED 5 DFRARINGER
BESEESE & OB 3 iR
L7zo THp 5 Lambert - Beer 5850
OERNCHE S BB Z b h
5 EMBPIr-Tc, F712 Brozel
Itk BHMELH AP 5/ O5ND
BERREEE 3 MR Lo &
TSR TR RBU B RS
WIGRE (1em™2) %47:01.4
x10" atoms i TH >z T
D13 Brozel & 23345 L 722.4

Cx10"° (atoms/cm3)
N
~N
(8]

x10*% atoms,cii®d 1 /1.7CTH- 0 2000 4000
v (FT-IR) aA(cm?)

%3 FEBT AT & 2 IRBIRE & FRARINGEREE D

)

§4 ¥ U

HATERE DRFENTEICS T 2Bk S B THIMEAMT AT &ick-T, #
VA EHOBBRELBERERT A ENTE R, FLFABINETON Y v A%
HORBERICH T 2MERBMBHE R Shic, AOTERNV—F VICRIHT 512id, REL
LU+ ORTHEND 555, tOEEDI oA F = v 7 PEEYEOREICE, BHT
BT RET 2 b0EEZ NS,

& % 5 ik
1. M. Brozel, J. Clegg, R. Newman : J. Phys. D, Appl. Phys. 11 (1978) 1311.
2. T. Nozaki, Y. Itoh, Y. Ohkubo, T. Kimura, H. Fukushima : Jpn. J. Appl. Phys. 24
(1985) L801.
. K. Shikano, H. Yonezawa, T. Shigematsu : J. Radioanal. Nucl. Chem. 105 (1986) 1.

w

4. G. Revel : J. Radioanal. Chem. 3 (1969) 421.
. Ch. Engelmann : J. Radioanal. Chem. 6 (1970) 399.

[$2]
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11.

12.
13.
14.
15.
16.
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. V. I Rodionov, V. N. Samosyuk, B. A. Chapyzhnikoy, G. Revel, M. Fedoroff :

Radiochem, Radioanal. Lett. 18 (1974) 379.

. M. Fedoroff, C. Loos - Neskovic, G. Revel : J. Radioanal. Chem. 38 (1977) 107.
. C. Loos - Neskovic, M. Fedoroff, V. N. Samosyuk, B. A. Chapyzhnikov : Radiochem.

Radioanal. Lett. 45 (1980) 185.

. M. Fedoroff, C. Loos - Neskovic, G. Revel : J. Radioanal. Chem. 55 (1980) 219.

M. Fedoroff, C. Loos- Neskovic, J. C. Rouchaud, V. N. Samosyuk, B. A.
Chapyzhnokov : J. Radioanal. Nucl. Chem. 88 (1985) 45.

A. Yoshioka; K. Nomura, M. Takeya, K. Shimura, K. Masumoto, M. Yagi : J.
Radioanal. Nucl. Chem. 122 (1988) 175 : BZEERFHIZEHE, 19 (1986) 98.

JIs, G—1211 (198D).

JIS, G—1228 (1980).

JIS, Z—2615 (1979).

BAETFTERERGAR BTMHEHFERFOBEMEREE 1 (1987).

M. Yagi, K. Kondo : J. Radioanal. Chem. 36 (1977) 247.
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§1. BL®IC

BRE M ES T AR ESHEEO BRI AREL T, ARTT rYAkE e b BREAE
FMEDOGE BT, 88, STROFFEEEE LTHL LR TS, B bici3Z b
FIED (n, 7)) EHFIAIN S Z 0 E0H, #Na, *Mn e SO < MY v 7 2o
VAR INE I, MEOHBTR? DD 1 OB NRETH - 12 D BAFHFOR AR
CHTEMBLEDT, BHRHEREEBALZ LIIEHETH D, HFLART T oV VBEDE, K
TREESHCECTERINEH 7 ABHMET « L2 =%, TORGH B BAL, 2Si, Mg,
#Na I DBEBIAERTLDT, ZD7 4 L EZ—DFERZBG KFERLbR W SITES
MTH Do MOMOKRIGE L CETHEMES (L INAC) L85 R 5 5B  fic &
D(r,n), (r, p) KEDRIGK & - THEMLAT 21775 &, Bvrhbk T e > 8 A8
FHh, BRGASFEL DB L T RE K EER (FR O EEYE Fly Ash X0
Urban Particulate %ﬁﬁb\‘(%l%@_é}ﬁbcmﬁi Lico BT 4 VA= LTRT S V7 EN
K<, BRI L » MEIERBTE LMDV AT 74 L E=2 AT L& LT
BTN THE L KKT T 1V /ueD0T30 MeV HIBMES 7 $1C X 5 BSH LW Te &, 4
s L DR ESBITHR % IR R LT, |

§ 2. BEHBLUERE

AR BERTAIEINCRE Lo R a— 29 V7 I - L - THBRE2 H28A LY
3 A3 H (Z&~K) ORI 1200~ 1400 m® DZE&KH 20x25cm D3 YET 7 4 LZ -3
H256~31%/min THRGI L TERM L1 881 KX U2 3HRHLEE L 8BELE, 31HA
JEAEHE FREAHELFERL S (6 BECRLWTHBLRILLDTH D, 71 LA —
1230 X 30 cm ( AAWP 304 )D>— h 13 520X 26cm% 4] O Bl THIV oo EER 0.1 #m 2 £ TD
ITaVNPEETE S, REBEORBEZEL 71 v E—% 25 L, &4 % MERE L THER
10mm, EX6mm DXLy bELle 77 VZRARENT 1+ AE—DBELLAZZDR
Uy MEREs oo HERRHZIZ Fly Ash » %\ ) Urban Particulate O—%E 8% A\ Foo
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SRS : 3R L0 T v 7 ORI SRR BB, AR B BEHE

BrsHbs: © Bt AR B R OB IS, 30 MeV IEETF £ — Ak B HI B RS 7
$§, 2 V8 — & — B OKE BN B

FBGH 4 1 $910° R /min OB, 4 BERIMES

EHsE . MISRDR15% £ 1-(330% Ge (LD B, 4096 ch WA HTEE

HELIR B ES~ 1 H

FEFE 7RI AAF— LR X SRR, ¢ 2 ERIC & 5 Bk

§3. BRBKIUEZE

3.1 ERKE

(7, n) BLO (7, p) KIEH30MeV DT X vF— FRTOERS DT, EROBRREN
Bl 3 (r, 2n), (7, pn), (7, @) ORIEHEI 5o KETTr Y NLRBD T #RA
Y RAEREL IR Lo 81 BICAERME, MRER IO T F-2rR Lo B
BIEBDARY MATIR T 4 L E—HEIRS &3 50 2 UC OHBMST (11 L5 511keV)
REBEbhL, EHGKENBETALFIRCRLLBLALDE- I bh b, Ca
BIOTI BEhZhBAD T Y=/ A LHOT, ThbY NERERHETE S0 Ti
DEBICIT TSc BB H, ©Ca (7, n) ¥“Ca ORIGIC L > TH U S ¥HM4.53d0 ' Ca
b BHBIE L > T Sc BERTADT, CheEBTIRLENRDS.

3.2 BELLUHE

#1 BB T ERBEE— 705D, ELEROERCRLBE LI Y-/ LthEFIALL
B DRGE A4 2 BICR Lico MERZHMETS €= 7RED S /N HARAK & e 5 & HRHEIC
BT Sy 2 75 Y KO S HEHRED 3 5 ( 30, BEE>®%) YT S
e s ERY S B TRBETERE L L, ThHIIAK 500m’ HMOR BT WEY
30 MeV HIBHHES 7 5% (70 #A £— 4 ) T 6 BERIBE L8, HIx#hE15% Ge (L) BRI CT#E
AN P ARHIE LEBEDETH bo AR LD, B—0RKMD As, Cr, Pb, Sb /&
DEETEE LS T% < OTRBELIEWBERIC KDL ENTED, LT, BMEPb DIER
IR E R IO T E TR REETH - T, REOHH L\ 2 5o

SF, RTEECHEL L AGRIEE L0 OBREY Bat Ui, BRMWED L > M
RO 2 TR AR TS RO LE AR & > T ©— 7 OF ) pd BV HEDE
Uteht, &M BERITC L » CRIRTE T, LL, ERCHETIHEE A—okiED
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B1FE A MRBEDIABKED T XL F— & RIGEHK.

Nuclide Ga(r;l(g]\?jray Process Nuclide Ga(rr(gl\?jray Process
¥Cu 93.3 ®Zn(7,P) 5Mn 847 sFe(T,P)
57Co 122 +5°Ni( r,p) . 8Rb 881 BRb(7,n)

SNi( 7, n;8%) 105¢ 889 TTiCT,P)
SINi 127 8Ni(7,n) L' 898 8y(r,n)
$°Co 136 Ni(7,P) w07y 910 0z7r(7,n)
$Ni(7,n;8%) 92mNp 934 ONb(7,n)
¥mTe T 142 1000Mo( 7 ,n;87) 52Mn 934 SFe( 7, pn)
15¢ 160 ®Ti(7,P) 2 Th
+‘8Ca( 7,038 (228A¢) 970 Bg
139Ce 166 HoCe(7,n) 48Sc 983 OTi(r,p)
48Sc 175 OTi(7,pP) 120mGh 1023 12Isp(r,n)
$°Cu 185 8Zn(7,P) 48Sc 1037 OTi(r,p)
120mSh 196 12i5h(7r,n) 8Rb 1078 87RL(7,Nn)
% 219 #4Ca(7,p) %Zn 1115 ®Zn(7,n)
B¢ 239 MBr(7,2n) 103c 1121 TTiCr,P)
228Th 132Cs 1136 18Cs(r,n)
(212Pb) 239 Bg #Sc 1156 #Sc(7,n)
75Se 265 %Se(r,n) 120mgl, 1171 121Sp( 7, n)
209ph 279 200ph( 7, n) 1 uAs 1204 BAs(7,n)
226Ra 22Na 1275 2Na(7r,n)
(21Bi) 29 Be Ca 1298 #Ca(7,n)
T"Br 297 "Br(7,2n) 48Sc 1314 OTi(r,p)
51Cr 319 2Cr(7,n) 132Cg 1318 13Cs(7,n)
1smIp 335 WIin(r,r ") 88y 1325(SE) 8Y(r,n)
Fuecd( 7, n; p) Cy 1346 sCu(7,n)
226Ra 2%Na 1368 BMg(7,P)
(214Bi) 352 Bg SNi 1378 BNICT,n)
SR 374 HCa(r,pn) 52Mn 1432 54Fe( 7, pn)
126 386 2y n) U 1460 Bg
8ImGy 388 8Sr(7,n) H6mIp 1505 15In(n,7)
K 394 “Ca(r,p) 2K 1524 $Ca(r,p)
2027 439 29T1( 7, n) 26T
Be 477 (T, an) T 1593(DE) Bg
132Cs 484 WCs( 7,1 ) Na 1732(DE)  *Mg(7,P)
41Ca 488 “Ca(r,n) STNi 1757 $Ni(7,n)
Various 511 Annihilation 226Ra 1765 B
TBr 521 ®Br( 7, 2n) (24Bi) &
H5Cq 530 1eCd(r,n) 22Na 1786(sum) 2Na(7r,n)
52Zn 548 “Zn(7, 2n) 6Mn 1810 STFe(7,P)
122Gh 564 123S5h(7,n) 88y 1836 ®y(r,n)
HK 591 “Ca(r,p) 84Rb 1897 BRb(7,n)
TAs 596 BAs(r,n) 57Ni 1918 S8Ni(7,n)
ﬂGRa 228Th
(*MBi) 609 Bg (TD) 2104(SE) Bg
3K 619 HCa(r,p) $Mn 2113 . 5Fe(7,P)
MAs 634 BAs(Y,n) 3mC| 2130 BCI(r,n)
120 667 12777 ,n) 3BK 2170 WK(r,n)
132Cg 668 138Cs(r,n) 220Ra
125} 693 1295p( 7, n) cuppy 2204 Bg
228Th 727 B 2!Na 2243(SE) “5Mg(7,P)
(212Bi) g UmC| 2280(DE) BCI(7,n)
l26] 754 1277(y ,n) 2¢Na 2754 SMg(7,P)
226Ra 768 B UmCl 2793(SE) BCI(7r,n)
(24Bi) g HUmC| 3302 BCICT,n)
82Br 777 81Br(n,7)
41Ca 808 8Ca(7,n) *Bg : Natural background,
58Co 811 %Co(7,n) SE : Single escape peak,
Mn 835 5Mn(7,n) DE : Double escape peak.
%6Co 846 $8Ni( 7 ,pn)
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Hok ERCABHESRBERY

Product , . Gamma-ay Time interval Pracﬁca{lhnﬁ
Element . Half - life for measurement of detection
nuclide used (keV) after irradiation (ng /m®)
As TAs 17.94d 596 10—15d 0.4
Ca 8K 22.4 hr 374 1-24d 85
Ca 8K 22.4 hr 619 1—2d 110
Ca “Ca 4.53d 1298 10—15d 140
C 13%Ce 140 d 166 30—40d 0.5
Ce %Co  71.3d 811 30 —40 d 0.6
Co  dCr 27.8d 319 10-15d 36
Fe 5 Mn 2.576 hr 847 2 — 5hr 85
Mn *Mn 303 d 835 10-154d 2.5
Pb 203pt, 52 hr 279 1—-24d 12
Rb 8Rb 33.0d 881 10—15d 0.6
Sb 1228 2.80d 564 1—24d 1.1
Sr 87mg 2.83 hr 388 2 — 5hr 0.04
Ti 3¢ 3.43d 160 2 — 5hr 5.6
Ti B3¢ 1.83d 1314 - 1-24d 72
Zn ¢ Cu 59 hr 185 2 —3d 20

FETR D LRI L > THERTED D, TOHEORE YRS THIET 5 LELRAT 5
FABRARIRIG L PEORELYE 3R —IE L UR LTco EFTOD Effect of interference
IMERE 7 A TESE D— BB R FRICES L L TRDI L DT, EROBRER LET 5 D LEK
TRBEOHTRDO LIS DTH S0 FEMPICR LIEIT L RKIGDOIER & FTFHS & OBfRL
LRELSIETHL, EEOPERIL, COHEPETROLAFERICLI > TETSLN, L&
¥, NBS © Fly Ash ROVWTIDBEERDLLFIRDLOIcho ek Fly Ash B
L0 Urban Particulate DFETCRBEIISTRME® 10 L > 7o Ce DERMBINT LK M BD
PiEPMn ODLhERNT 5 Fe hoDHiENE LLWOT, ZOMROBRBTIIERERER
IR
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$3Fk TRBERIGLPEORE®,

Etloem];e:t Nuclide Major competing Effec: of i;’rﬁirrlfgfll_nog
determined measured reaction interference (Fl;lozé}{%
As "As %Se (7,pn) "As Se/As = 5.5 x 10? 2.8 %1073
"Se (7, p2n) ™As
Ba 15mBg 0Ce (7, an)!®™Ba  (Ce/Ba=9x10?) (5.9%x107%)
Ca 8K $Sc(r, 2p) ®¥K Se/Ca= 7.2 x10 8.0x107*
Ca YCa ®Ti(r, 2p)¥Ca (Ti/Ca=4x10") (0.4)
Ce 139 Ce 4 Ppr(r, pn)'*Ce (Pr/Ce=2x10*) —
Cl MmCl 3K (r, an)*™Cl K/Cl= 3.9 x10* 91
Co %8Co ®Ni (7, pn) *¥Co Ni/Co= 7.2 X10! 3.5
Cr S1Cr %Fe (7, an) *Cr Fe/Cr=1.6%x10* 2.9
Fe 5Mn %Mn(n, 7) *Mn Mn/Fe= 2.8 x10° 0.3
I 126 | 128%e (7, pn)i®1 _
K BK “Ca (7, pn) %K Ca /K= 4.9 x10° 37
Mg % Na 27A1 (7, *He )*Na Al /Mg=2.1x10? 3.3
Al (n, @)*Na
%Na (n, 7 )%Na Na/Mg= 2.3 x10? 7.9x1072
Mn % Mn %Fe (7, pn) *Mn Fe/Mn= 1.2 X10? 51
Na % Na Mg (7, pn)#Na Mg /Na= 7.7 10} 6.8
Al (7, @n)#Na Al /Na= 1.3 x10° 3.0
Nb 2mNb “Mo (7, pn) #™Nb Mo /Nb= 1.7 x10* —
%Mo (7, p2n)*™Nb
Ni S"Ni None
Pb W3ph None
Rb 8Rb 831 (7, pn)® Rb Sr/Rb=1.1x10* 0.1
Sb 12gh 1BTe(r, p)'#Shb Te/Sb=2.4x10° -
124Te (7, pn)'#ShH
Sr simgy - 8Y(r, pn)¥™Sr Y/Sr =5.9 x10? 7.6 x1073
Ti 3¢ Sy (1, @) *'Sc V/Ti = 2.4 x10! 0.1
®Ca(r,n; B )"Sc Ca/Ti = 6.8 10 8.5

3.3 T4N5—BLUT7RVILPHEOSITESR

BB IR T 7 4 A E — 3R E LB L SN EDTT 7 v I fEHMEN LM
SYET T4 NE— (- XTE7T— ), BRI OWT

%VC\%%O 7§X774/§'",



55

BEHME U TR, SUVRTI4 A2 -—DRBEEELZ N T VIEDKERYELE
KLl D7 4+ VE—=Thuy NBRRLDLET I VI DEIEEHTLHDOT, REHEIUC

HWESDERL T4 VE—DNWTT 5 Y 7R RDTELE N oo

FTAF IVRT T4 E—

$£5% AKITeVAOTEEE(ng/m?),

DITLHREE,
SIvE keV ng/cm? JT#E  keV Aok 1 Akt 2 W]
Ca 374 87.7 As 3.4 4.1 1.9
619 85.0 Ca 374 6440 5820 3740
Cr 5.96 619 6340 5800 3420
Fe 12.5 Ce 1.6 1.2 0.8
Sr 0.49 Co 2.3 2:3 2.8
Ti 1.61 Cr 9. 12 2.4
Zn 3.16 Fe 4250 4110 2920
- Mn 38 35 12
Pb 9.6 11 16
ST HERIIE AR LUES & Rb 1.9. 1.1 2.1
ERLicEBDTHS, Pb idH Sb 0.4 0.8 3.2
WFEOBRL RS TR THE O 16 15 12
Ti 160 351 329 246
n, KEFHET L UTIERE 547 984 346 341 270
NESHTHh, Br BEOE T Zn 30 35 45

7 u VREOSE TP

TIZ ¥Br HKEICAE UTHED As ORZEX LT 50, XBFETIHEL Xl M
BROBEHT Sr, Ti DRBECHABEIBENLEENE o BRTREELED T L— 2 LHRD
RTFRTEBCEBTE, BH, sHAERHD DL TR, ABOBRICH > HR<
BE, by 72ABREGSTMBRS & 50 FETIHLESITICE T DR IFCH > HRD
BEILEORBERIIBRINTE D, B—DRB1 L As, Cr, Pb, Sb s X DBEEHRMTHE
E UHTROREZROBL LV OFRD D50

KR Bl ) BERO INBEE LR, 7B B X O 20 BI 3%B ot AR K7
BORTY VY IN—TOHEEER, "MAYV 2 — YV S5—DFERCSYEFREAEL Y X —
BEOH 42 BRI & IREHHOELFRT 5,
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1) C. Segebade, ‘H,-P, Weise and G. J. Lutz : Photon activation analysis, ed Walter de G
ruyter (1988).

2) T. Kato, N. Sato and N. Suzuki : Anal. Chim. Acta 81 (1976) 337.

3) N. Sato, T. Kato and N. Suzuki : J. Radioanal. Chem. 36 (1977) 221.

4) K. Masumoto and M. Yagi : Res. Rep. of Lab. of Nucl. Sci. Tohoku Univ. 19 (1986)
80.

5) T. Kato, I. Morita and N. Sato : J. Radioanal. Chem. 18 (1973) 97.

6) T. Kato, N. Sato and N. Suzuki : Bull. Chem. Soc. Jpn. 50 (1977) 1930.

7) T. Kato, N. Sato and N. Suzuki : Talanta 3 (1976) 517.

8) E.S. Gladney : LA—8438—MS, Information report UC— 4 (1980).
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PO+ Y REFBIOF L — L RICBT B
BRAEED v 4 (1) OB H A

B
BAREF - WBESE - FHAA

§1. #

B SETRAEARDEETHD, MELOIME, FRECHEL TEROBULAFE HhT
Who ESROBEMIEE ChETIC b5 < O RAThR, BHBCLE EHORATLS
PUD, C R TR OBHALEE I B AR R e 120D, B AL 35\ T b B 7 005 o
Rh (D) BEALTFRBRIGA S TR <, HeBEodchis il Lic (UERTH D, RETO
RECHHITE L E Z TS, LaLhb, MHREC KW TKER - Rh (M) o1k
SETAC k> TEOHBEENE LRI C &RV ShE,

X IT, ABERTIE, KEBHD Rh(D DA ~+9 77 78 (Rh (H,0%*) «©
S, BRMERIA L LT, b2 o ofg (HTCA), <Y A5 A7 Atn4s & VR (HP

il

DFO ), v(2—ZFA~Fv)DAB (HDEHP ), 2—-F /4L YT AF T & b
v (HTTA)) %, ¥, fFH#EMTELT, b U‘ta%wnﬂx74 Vi F v K (TOPO)
A\, Rh() 0RBE coORE B> THREL 20

§2 = B

2.1 = o

Bt Rh (H,0)3 B% ; BMiESBRhIC, A¥BEF 51 F v 7 h5bD50MeV ISR
BHEABE LT, '®Rh (7, n) '®"Rh, %Rh (7, 2n )!"®Rh ORIHIC L h 101m,102mp 2,
B Lie £— % v MR BBRERC B ARG, KERLT b ) o MK THR, AR L IoKE
(LA 260% BRI IBE B L, RSB A 7., ATARLT, 0.2M i@t
FRKBH & Lo BAF» ATRRINASZ MR LD, Rh(D O~FHT &7 8ET 55
LERHRLIY,

HTTA ; fiORE ( AELEPIRT () ) 2 EZREC X DR L 7o

TOPO ; HRORE (AIALEPIERT B ) Z~*4 VML, 05M KRRLF bV Y
LDK AR = 1% BABR TSR %, KTHEHE L, ~FV Vv2BELL, REK,
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ARt v ECEZEGE Ui
FOMORE ; V€ VITBEEOHETHEREEL T, ISk L CREEEL LD
¥ AU oe KITHERBKE AT
2.2 e
a) M) unEBREBLORYEF AT FAF T R VR
BELBZ, 0.10—1.0M +Y 7 o nEkletE (TCA) XL 0.010 —0.025M DY ZFH T v
Fno+s & vEtE (PDFO )KEK ( 5ml ) &, 0.010—0.10M D TOPO <V V&K (5
ml) %H 7o, pHIZARILT bV Y AR DFEE LI, Thic, KEPTOHRED 81X
10° M7 & 5, Bt Rn(D B x A8 (1960 #1) Zinx, 26°CT 145505 3 KR
L5 Line BmODEES, M b—EEROEL, Nal(TD HFEYYFL—Ya VR A
X O REHERTIE L, Rh(D) OFELH ( Dy ) %Rk, Fh, HIABEE AV TURE S
#BoKkHD pHE BIE L.
b)) U(2—IFANFUNL) DABRBIO2-T /4 VY 7tk rT 2 bR
0.10M HDEHP i} 0.10M HTTA & 0.010M TOPO #& LA (5ml) &£, 0.1 M
BERREABE (5ml) 2550 U5 SHEiRE 5 Ll KHFOFREA 8.1X10°M &
fe 3 Lo BEHE RnAD BR AV ENZ, 150 5b3REIRE 5 L, MHEOBHEZHE L1,

§3. BRELEE

3.1 MUY DOEERR

1.0OM TCA—0.10M TOPO % I\ T, WA Al pH KK AHERTO Rh (D) OHlih
PR T, 1 RiRT L5, TOPO A LAV E Rh (D & <HEEhiLal,
0.10M TOPO OFAETF T pHO LR & & i Rh (D) oxkHixsEmL, pH45 725 5.5
T1299% Ll b Rh (1) pifli ST 5o CDX S ko pH #EFEH T, F ##HHo TOPO
k5 HTCA o LBIRNH D, pH O FEICK W UIFEHEFTTOPO LHTCA
paspEn, Rh (D OMBMEFT5b0LEL N5, ¥, pH33 & 38 KHLT,
B L - TESRA-ARHESY RhAD %8 2 7cWKHE ( Rh D #inx S 2Ty, &
Shi-dd) LiEL 5L, Rh (D) ok 2E % i 7co TOFER, Wk o4 Bl i3 IEH
Hobor—3L (H1K), 05 UPIchH HFERR D2 LW O EETNERERIELN
tro 2 R FHH R X O IC 510 iR E 5 RIHIOE By R4, ERETERE 5 150
5, FMHETIES > 5 ahb—E0SREIELR, T HTCA-TOPORILKT 5



Rh (WD) i i G D TRETH 5 &
ERHL TS T

3.2 RyFHINFOF I VER

5 3 KK+ DPDFOEE% 0.010M
BXU'0.025 M, A#tHFD TOPO BE
% 0.10 M & L7cBso> Rh (I O H 2 H)
®7To Bk HTCA—TOPO % & Ak
i TOPO DZhRIIFFHEICKE <, TOPO
72 Lk RhD i2& < #hl Shinn ol
L, TOPO %z 5&, pHS 26T T
9% LA kD Rh (I A~y ¥ VIR S
hTw5b, 72, Rh(l) o4EHIC R
% pH 04, HTCA—TOPO R L
LT3, FFHHicRd 5iRE » R O#

59

log Dy
o
T

-2

# 1 X Extraction of Rh () inthe HTCA
—TOPO—benzene system.
8.1x107°M Rh (), shaking time 30

&% 0.010M PDFO—0.10M TOPOR% min
O 1.0M TCA—0.10M TOPO
(pH 5.6 — 6.0) X AWTHNIEZ 5, O 1.0M TCA
@® back extraction, 1.0M TCA —
BES 1505604 % T Rh(D) Dlog Dy 0.10M TOPO »
2 -
doo—0——0 o
= -
(=]
S 0ge—e ® o
-2
] 1
0 1 2 3

Shaking time /h

% 2 X Effect of the shaking time on the extraction and the back
extraction of Rh{) in the HTCA—-TOPO—benzene system.
8.1x107°M Rh D, 1.0M TCA—O.IOM;I‘OPO,
O forward extraction, pH 4.01 —4.05
@ back extraction, pH 3.27— 3.28
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b 4
2 2 ©
= =
(=} [=]
2 2
2 | 2L
o
- 0 8 o |
-4 | | | | | | -y | | | | | |
2 4 6 8 2 4 6 8
pH pH
 # 3 Extraction of Rh@in the HPDFO 54X Extraction of Rh{Din the HDEHP
—TOPO —benzene system. —TOPO—benzene system.
8.1 x107°M Rh (Il), shaking time 8.1 X10°M Rh (), shaking time
30 min ‘ 30 min
O 0.010M PDFO—-0.10M TOPO O0.10M HDEHP—0.010M TOPO
@ 0.025M PDFO (P 0.10M HDEHP

@ back extraction, 0.10M HDEHP

>

19 2.3 T—RI i 0, - HPDFO—TOPO FRIZH\Th Rh () ot b3 JEEic i &
THDH I ERbro T
3.3 S(2-IFNUAFVI)DARR
% 4 K 0.10M HDEHP %5 L0 0.10M HDEHP — 0.010M TOPO iz & 5 Rh (I D#hi
EBh T MIRDHINE VEEF S LT oDR EIIR D, BikkEH THS HDEHP B
TH Rh (D) (EABICHE S ATV 5o 72, TOPO %1z Th Rh () OHRHIIE &
A EZELET, TOPO DBEIZALRIcH > To —F, 0.10M HDEHPRIZ K\ T Rh (D)
DM ESHBEOHB # T 25, HARKRTL > CEEDOFRLIT L, 2ok
THRSTHEFECET 5 E0bh o oo RIZ, EMEE IOHMEORE SR % 1 5
hb 2 B E TEL IR THDOPEL R, B KR T oK, Bl s bicikeS 1
G b—EDOSEENMEBLNATED, O HDEHP R Th 1 FUAMBFECET S &
Db o To _
3.4 2-F40 b UTNFRTEI IR
&6 X 0.10M HTTA 5 10" 0.10M HTTA — 0.010 M TOPOIZ & 3 Rh(I) D2



BErT,

Z DX T% HDEHP % & kR,
TOPO D%FRILEL A BN T, B
Prebh i HTTA 3% Rh (D
PR XN TV, L Lisdib,
ZORTIE I E TR~ ohl R
X Ry, R SHRE DS
eI —% Lich - 7o (6D,
Hio, EHs X oW B ORS
5 Rl % b b H24ARFfE & TEML
SR TEOHBRYRAN LA,
BTRRT L O, EH, i
& S IIEE R <, 24D
&L > ThhEFETEL
TN ERbD o T,

3.5 HMEBOBFRIRINRY

()

Rh(ID #BRE% 2.2 X 107°M
&L, 1.0OM TCA—0.10MTOPO
(pH4.30),0.10M HDEHP (pH
3.38 ) 3 X0 0.10M HTTA (pH
4.07) X AWTHE AT, Th
FROXYEVHOBRIARS b
NERET TV IR LTRIEL
too &5 8 Mic 0. 8M BB
D Rh (H,0)¢" DB ILART b
& &b IFTe HTCA—TOPO
% & HDEHP® T, Rh (H,0)8"
B DAY f L& REZDDR
Re—2spnihbh, ThrEhok
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1 2
Shaking time /h

#5 X Effect of the shaking time on the

log Dy,

extraction and the back extraction of Rh() !
in the HDEHP —benzene system.
8.1 x107°M Rh D), 0.10M HDEHP
QO forward extraction, pH 3.50—3.57
@ back extraction, pH 5.56—5.60

n

-y I

6 Extraction of Rh I in the HTTA-TOPO

—benzene system.
8.1 X107°M Rh (), shaking time 30 min
O 0.10M HTTA—0.010M TOPO
@ 0.10M HTTA
@ back extraction (shaking time 60 min),
0.10M HTTA
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B2 - 6nmHUAT—H LT 5,
D& DB ART S DL,
Rh (I D8 1 BLA7EE b3 i LT
BRELEM LIV ERTRRLT
\who %7, HTCA—TOPO % &
HDEHP % T3, 15 LI i F8g
PR DL > T3 H, RhD 138
DTEBHERERETHY, F 1 EME
DEAA D3N E T EHE B T
HEEE LV, BEDZ & X
D, Zo=>0FTIE, RhdD &
FATK 2 fRFe Lo g A & 1 A
VEEEEFEL, v ¥ VI
HEhsbosE2Lbhb,

—7%, HTTA RTI, gD
XVEVHERBWERELD, TD
A7 ik Rh (H,O)$ BB DA
R MEFEL BT (8
8D, F1, TOFR T RhAD
ORI HEIEHIERIES , BiL, —
B IS L H3EAET
EhhofocZ &L, TTAIXRK
(D EFZERML LTS D & FHE
INbo Ifil, Ml DEED Rh
(I o4fetkst, Rh(TTA); K
HLTTFHRENRAELD HITENK
B, ZoX5l b ) AEEDER
EZ BRIV,

l‘_
S 2k o
2
0_
-2 | 1 |J)§|
0 1 2 3 24

Shaking time/ h

# 7K Effect of the shaking time on the
extraction and the back extraction of Rh
(II) in the HTTA—benzene system.
8.1 x10°M Rh ), 0.10M HTTA
forward extraction
& pH3.71-3.78,
back extraction
@® pH 2.10-2.15,

O pH 5.30—5.37

€ pH 4.68—4.69

0.8

Absorbance
o
=
L)

300 400 500
Wavelength/ nm

# 8 X Absorption spectra of the Rh(D
extracts in benzene and Rh (H,0)J* in
the aqueous solution.
a:2.2x10°M Rh(H,0)¢* in 0.8M HC1 0O,
b:Rh{D) extracted;1.0M HTCA—0.10M
TOPO, pH4.30

¢ :Rh{D extracted;0.10M HDEHP,
pH 3.38

d:Rh{D extracted;0.10M HTTA,
pH 4.07
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§4. X & O

A#3ecit, HTCA, HPDFO, HDEHP, HTTA 5 XO'TOPO # A\, Rh (H,0)¢*
DRV ~ORHIE O\ THES Lz, HTCA—TOPO %, HPDFO —TOPO%, HDEHP
FFLTHTTARKEWT, pH5 FIETI% L ED Rh (D) & _vEy i 5 2 &0
T&, ¥i, HTTARLUAORTIE, | SLUARCHEFHECET S &bbhoTe ZDX
57 Rh(ID OFEEML, LrdREsmbil, ARRETHOTRVWEIhTLDOTHY, B
BREREGRBAS 4+ v OBRIHERIC S LD LR S b,

KRR EATD D10, BT - o RIS TR TR BRI Ha kD A28 B3
B, BARMBZRNTRO Ny v A— TORECE B 5o

& % X ik

1) L. M. Gindin : “Solvent Extraétion of Elements of The Platinum Group,” in “Ilon
Exchange and Solvent Extraction”, Eds. J. M. Marinsky, Y. Marcus (Marcel Dekker
Inc., New York, 1981) vol. 8, Chap. 4, p. 311.

2) S.J. Al-Bazi and A. Chow : Talanta 31 (1984) 815.

3) FRARL HART, $AER  BAMHILELHEICELHBHESE (1987) p. 801

4) Wayne C. Wolsey : Inorg. Chem. 2 (1963) 463.

5) H. Imura, T. Kiba and T. Honjo : Bull. Chem. Soc. Jpn. 52 (1979) 2563.
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BELRKPSDEAFTA MITKDB
vy Ll borFy aDRRNEBE

2]
=R e I BKER—

§1. [FLHIC

Fo DR AR P AR L BB Rk O MR EE L RE TH 5. Bl
19790 TM1 2 BEOREFFEE T AR OBHERAIE U, F0F B GH: O/ B
XHTu By TCs & NS B ELEBRAORRE L LTIE, REEMEE, 1 4 I
BLOEFTA MEABRE ST, FHEHEROR D\ fFEl, SBOKYES b
Y4 e kR E O, THEGHEMESAEE L, €471 MEOBAEMSER S T3
TM I EHEROMBR B\WTE, €474 bXAWISDS (KkrbfiEsEE ) & EPICOR
—0 VAT ADBRETH -1,

L L, BHRECIZZ DL > hEHERAOMERCBETIHRMIFTEALRLS, BRVAT
ARV EEET SRTW e COLHKBAND, Y471 MR LLRAERA ORS
YA SIS o 25 BB REC RS L TR S EREETH S, APRTIE, TDLHOIERE
s LT, #ME4 T4 h~D Cs & Sr 0SB ¥, X LRBERHRANHLOR
BEFTAMCLD Cs & Sr DBRIBREI D\ THE Lo

§2. £ B
21 EASAF

BEREATI RELT, A, X, Y (SK—40, /— b v#E) BXOEALTF Tk (Zeolon
900Na, SMEBET, /— b VB AV, ABIUXEA 71 bid, Bk ( Baylith
T—144, W—894, /M T LB BIUBERRK (A4, 13X, FHREZRHOOLOXMEML
tro FREA A ME, v+ 94 F (IE—96, C&BES, Vv FE), EL7F 1 b (E
WEJETE, NMEBT ) BLO )/ 7FuJ4 b (KARZYIHE, CP LTI 2H
Wihto 1T, ALY A T4 FOREE, (LR, Si/Al LBX U Cs & SO
BERTT, WThd NaBcavFsva=v /L, BEKEY —EBRFE LIS OZER
AEA LT,



65

# 1% Chemical composition of various zeolites.

Zeolite Type Typical Unit Cell Content  Si/Al E¢”  Eg™
A Baylith T-144 Na,, ((AI0;);(Si0;)1; J27H,0 1 223 552
X Baylith W—894 Nag ((AlO;)gs(SiOz)106 J264H,0 123 262 419
Y  SK—40 Nass ((AlO; )56 (SiOzDise J250H,0  2.43 185 290
Chabazite 1E—9 Na,( (AIO;),(Si0;)g) 13H,0 2 207 390
SM  Zeolon 900Na Nags(C(AlO;)e.7(Si0)s.5)24H,0 4.52 196 218
NM Kawarago Nag(CAIO,)5(Si0;) 4) 24H,0 5 166 65.6
CP  Futatui Nag((AIO; )5 (Si0;)5) 24 H;0 5 133 172

*) Ecs; lon exchange capacity for Cs (meq/100g * zeolite )
*) Fs.; lon exchange capacity for Sr (meq/100g *zeolite )

2.2 SHEER

Cs & Sr DHWERIT, Ny FELIOUTOFHETT Lol €471 M2 —TEKERF
L, 25CRBRFE LT Cs & L IE S B 20ml KGN T 5o 24R5RIHRE 5%, WHEEED
8 (3,000rpm, 1043 ) L, 7HEEERLIOFE pH #BIET %, ¥Cs (BETIY b—7
BEXOBA D) BIO®Sr (FILAESER LINACK L WBHEE) 2 hL—9—- 21T
v, RI BROKBHEIIHN 10724Ci/ml THhHo FEAH (Ki) BLOBEER (R) &
DTFoRic L hEH Lo

Ki={(C;i—=Cs)/Cs}V/m (mé/g) (1)
R={(C;i—C¢)/C; } 100 (%) (2)
Ci, Cr  WHOWMR X OFHEHD r BhtHE Ccpm )
V BB E (ml)

m:t¥+714 hEE (g)
ok, —EREBCREO—ERY YV TY VI L, BROSEEE, TO¥E pH BI O T
HEXHE L, BRERORKEE L ANTFHIEREZ KD,
2.3 EEEFRK
TMI HRAKDIHEMAR V2% & L TBRIRRERAKE AR L 1o A7 (H,BO) BLU
H BT b)Y A (NapB,O, ) WA EA L, Na* 3L U BEE% 1350 ppm & O 3870 ppm
I Lo Cs BXU SrBERZFAFN 1ppm 5L 0.01ppm & Lio #HL, St D4
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BYFARIBEEOALBEREE DR H D Sr BEIX50ppm & L

§ 3. BEBIUEE

3.1 WEERE

S ETEOERESE RS 1o, BHEYA T b~D Cs & St OEER O BERIEL % -~
fro 1IN, —FIE LTREDRERAXEA T bt $5 Sr OBFEK (Rs,) D HIZE

ItxRT, €474 b~DAhF
v ORBBE IRATEBEETH
5 Ehb, REDHEAIHLL
Sr MERE (ZET 5 @A HH
bhi:?, LKL, WThokE&
DHDTH 8RHEETAMNT |k
FEICERE L, ek, AEL S
1 b TERI0R R CPEIEL T
50, HBERORLPAE VXTI
~BEEETRETWERIMELON
teo —77, Cs BMEREL Sr &Y
L, Yy YA b, BEATS
1A MREO2Y /) TFrT1 ME
B TH 5 R CPEICE L
3.2 HEHLOEER
SEARE ( Kq ) KB (V/m)

KAEEKETHID, FORK
DKy %525 V/m % BHL
TELRELRD D, F 2T,

SriTEREDHLA, XBID
YE4 71 MBI S Sr D Ky

(LIF Ker EBETD & V/m &D
Bk AR To Ksr ZLThot+
4 MEBWTH V/m 300~500

Rs;, (%)

100

80

60

20

O —O

"

[ 32-48 mesh o

48- 65 A
L 65-100 o _
2
I 1 I 1 Il 1
o 2 a 6 8 10 24

Time ( hr)

# 1 Effect of shaking time on adsorption

ratio of Sr in X zeolite.
(V/m 300 ; pH;3.03~3.10 ; 50ppm Sr ;
25°C )

] 200 400 600 800 1000

Vim (ml/g)

# 9o Effect of V/m on Ks:.
( Zeolite 0.02~2g ; Solution 20 m#
; 50 ppm Sr ; pH; 2.82~2.92 ; 25°C
;24h)



67

TBAELZ R Ll V/m O WERTO Ky OET +5ERAIT, P4 pH A 7vh ) IR
CETABMICERT DL, IHIC St OTPHREMET LPERER I Lz L0 X 5o
—%, V/m OKECERTOETIE, Sr ORARERICET L RRTLLELLR
5o Tek, CstE#RﬁOD‘,%Lw)wWX N, EAFFL MBIOZ V) 7F a4 v EAWT, B |
B Cs @ Ky (LI Koo KB ~0 V/m OBBETE~I1-E 5, V/m 300~1000 TKes
10 U EDBIS—EEIE ORI DEDZ &b, DBEOFEERICE VT V/m% 300,
R SR 24 B RICRE Lo

3.3 CshBLUSrEBEOESR

V/m 300 T Cs & St BEXBL B, LOBEE TR Ky #REL> B, i
BHEYAKFBD Cs & St DBEHETO Ky BT TD, Kg CRIFT Cs& Sr BED
BB o\ TH~ T SrBE% 10~ 1000 ppm ¥ TEAL & B 188 0 Ko; OEALREE 3 K
~%o Sr 100ppm ¥ T Kg, (3 10*
PEOBUERTA, ThEBE | | |
TRABCET T 2EANRD D X g et

v5 TN

Nico Sr OXWAR T HF IEL Y AA a

107 ’ -

A¥+ 74 FT552meq/100g
THhHo AEBROFERN D, Sr . Y
BIEH 100ppm LI, $7cbb® '} \ B
Ho Sr BEHRBERBDIZITI0ON CN
LT ThhiTE St BRER pGE
BT&%, ZOfEMIECs DBE
bRARTHLA, 471 O # 3K Effect of Sr concentration on K.
Ky DT Sr 0 BE T H PR (V/m 300 ; pH; 2.79~2.93 )
KEWERIMB O,

3.4 HETEINa'ELUBREOXE

BERKFDOERSFTHS Na* KL UBRED Cs & St DS B KIFTHEL AN,
TMI HEFER+FD Na* 5L O BEBEZE % 1200~ 1350 ppm ¥ X UF 2000~ 3870 ppm D
e shw2Y, FERTIREBEAYED T, Na* 5L BRE% 500ppm 755000
ppm FTCELE BT Ky 2BE Lo FARE, A, XBIXUOYEATM bEHTS Ky
RiFd Nat BEOHELRT. Na' BEDHEIMCH LW Ky DETHERD LI, KRY ¥

Ks. (ml/g)

2 1 1 4
10
1 10 102 10° 10

Carrier concn. ( Sr, ppm)
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~ 10~ A -
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~
7]
S n, ¥
T \ _
H A
™I \As
102 1 1 1
o 1000 2000 3000 4000 5000

[ Na*] ( ppm)

# 4 Effect of Na' concentration on Ksr .
(V/m 300 ; 50ppm Sr; pH; 2.85~3.24 )

+ 14 F TEBET Lico Zhit
ABLUOXIHAY €471 hDSr
FBREAMEWC SR LA EEZDN
%o 1k, TMIBERF® Na© BE
FHTIZ, ABIOXEF T MR
LT Kgr 13 5X103~10* TH -
feo —F, Cs DGR BWTIE,
EAFFA MEY ¥ AT PRES
2V 7Fas4 rOETHHELL

-1

Koo CRIST BEEOHELYE S MR T, BEERX Cs DA LA LHELT, Ko

Ke, (ml/g)

10

10°

10?

T T T T T
. SM
¢ 3 ,Ce .
- %MF§W§<:Q i
- o % < Py
i
™I
1 1 1 1 1
1000 2000 3000 4000 5000 6000
[B1 (ppm)

# 5K Effect of B concentration on Kcs .

(V/m 300 ; 1ppm Cs ; pH; 3.12~5.39 ;
HSM=H formof SM)

12105 BETHHVEDCEWVEL TR LI, StOSELRAKETHS M, SrED -+ ppm M
ETiE, 2~3 A%IIE Strontium borate ® HEKBOERIABE I, St OV RE
DETHRED b, UEDZ Emb, Cs & St DHEICIE BREX D& Nat REOKEN
KE<, Cs DRECEEAFFA bBLOY 494 |, St OBREICZABLOX €471

FEBEEZ DN Do
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3.5 HEBEFLAMNSODEBEEFSA LB Cst SrlkE

KEOBHERADD Cs & St #RBICBRETS b, Cs & Sr &4 K LTERED
Bt 71 NEAGOERIBEN TH D, AERTIT, BEESEHAK CHALW &8 9)%
HAL, £#@E+ 71 MEABKRTS Cs & St OFEARAN, BALBARSLUBAK
LWHEF Bo KEBRTIE, Cs & SrHicA U Ky TRE LS 5 BAK % BERAHE £ 47 L,

Cs & St DHEHBOR mhbRD T,
%6 ixRERHRANLD X/C,

X /SM, X/HSM B&E4+7 1 b~D

Cs & Sr DHBEE AR T, CsiBREDE

. o A —~ B § 2.0
WY A YA RREATFA ME, BT o 7 \,‘\
i Koo 7104 BEOEMERTRTH, X E % AL
s

YA T4 bW Ko 12 BT
ET Ltzo —%, St OB EBEHTH
CHETHD, BELBOZMHER Ky D
BARRED bR, ZDZ &iE, Collins?,
Komarneni ¥ 5 X U'F#E 9 & HhBLI#HE L
TWB X5, ScHBEH L TRE X
LHEFENLHRI Ebh I bDEEZL DR
%o HHEBEROIK AT Cs & Sr BRI
BELSBREETHD, X/Co ERK

108 4
/ XIC [Ye)
Q XISM aa

l X/HSM vv

L 1 1 1 1
o 20 40 60 80 100

X zeolite (%)

# 6K Effect of mixing ratio on Kg
in simulated HALW.
(V/m 300 ; Zeolite 66.7 mg ,
32~48 mesh ; HALW 20 m#,
pH; 7.96~7.98 ; 25°C ; 24h D

# 2% Kg values at optimum mixing ratio.

Mixed zeolite Mixing ratio Ky
A/C 59 /41 5.4 X103
A/ SM 48 /52 4.5x%x10%
A/HSM 45 /56 4.6 x 10°
X/C 48/52 7.0 x 10°
X/ SM 46 / 54 5.5 x 10°
X/ HSM 35/65 5.1 x10°




70

48/52 DEART K3 =17.0 x 10° (BEFKI6% ) 18 bt OBEERH ORKCREE
LHERDE 2RCTFET, ARKARX 4 74 M S LRAROHBPPE N Ky fEZ AL,
B X/CRIEDLREREEL DN S,

§4 #& W

A T4 b~DCs & St OHEFHEE, Cs T5HH, Sr T8~10KMT &) LV
#cE L, WEK V/m 300~500 TKq 3RAELET 5. Cs & St OGEIALT, BR
BEZIRE A S B L\, Nat BEOHBKC S SRARE (Ki) 3P 5. L,
Na* 38X OB EEV-Fh$ 2000 ppm LI FTHNIE Ky fEX 10* L E (BERIOBLLE) 2o
Lo BEEHERANOREEF 71 ML D Cs & St #BWERRIKRETE, XLy Y
1 PORER (EEBH48/52) TKy=17.0%x10° (m&/g) pEbhikb@mMERZR L
WODERIT, BEE4 1 Mh T 20X DEFRKABERTROBE, H T 2FTEHCRTS
EpF— s L LTEEELEL DR D, '

EFROEF S0, BEL R RR L CHEVG L ER TEIS W LSRRI R
LEdo 5k, *H%@—%&Kiﬁlféﬂ”—?@?%%ﬁ%ﬁ ( 61780260 ) &M L1

& % X 23
1) E. D. Collins et al. : IAEA TC—51814 (1984).
2) H. Mimura and T. Kanno : J. Nucl. Sci. Technol. 22 (1985) 284.
3) S. Komarneni and R. Roy : Sci. Basis Nucl. Waste Manage. II (1980) 411.
4) =R 1, KiHgth, BEEE IR 16 (1983) 110.
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§ 1. [BL®IC

B HEBE MBI DM L5 I B\ T, B ERREOBIE % (35 5 e DI Bk o BB i
ALY 7 & LUTREM DEE Sh b, SEHCE, BUVRERNEE 75881 + vtk
ELT, @ E L b LA T4 MRLDBERMMO—2ORBEFLA TV Y, €451 hC
x4 D BAHEREOSERRHICBIL T, BEKBEIRTWEN? Y, ZTDEAERKRR
EXA 71 MNERTHEDTHY, $1o77F /1 FEEEREE LIBEI v, Lk
RREXLT T4 NIXFEEID L2 &L, BREL > TL ZOBREBFEHRI RS BRI L%
XY, €471 bOBEBLOBRSEBLER L ISR SRR ALETS b,
ARRTTIF /1 FEREELTY I VERRCEDEF T4 MADOERBEREM LT~

§2. £ B

2.1 €454 b

AMETERLIERELORREL L 71 FOILFAREORELYE 1 RCTRT, Wih
b, Nafld LI HEHEZE L, SMNHCl BEROA - BHERP THREKE » —ERC
BRELELORERICHEA L, 7ok, NaBA€+51 b4 L0MBBAK T2 ~3 BAL
BL—#HE LiAE4+514 b ((Na, H)AEBT), LU NHY €451 b % 350
°C T 24R5MIBER L 7 v = TESREIC X DB LI HY €4 71 b A LT

2.2 SERER

SEERI ANy FEECEI DU TOFETT 7o Y471 MYO1TgRFEL, PU %S
U7 VERS0mE CHRMT b, 2T, HHE 01M FEEERY AV T pH 2 5R% L,
V/m QEERL) ZER 300me/g &L, T 5 VIBEZ 1X107°M & Lz, 25°C T 248%
ik 5> L, WHO—EE %R OB (3000 rpm, 54/ )%, WHD r BEtER X OpH%
WEL, KR XDBER Ry BLOSERE Ky 2R 1,

RU=—£Li—éA X 100 (%) (1)
1
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A — A 1%
Ky = ———A—f-f— x — (mf/g) (2)

A TIRBIR O v RETEE
At IR E DB OBEWD 1 ST
V o BEE, 50ml (—E&)
m : AB0ESE (g)
feds, hL—H—& LTALWERU X, HItAEEERE FREEMARRO LINAC &
e X 02U (7, n)®URIGTHEE L, TBP Mk L0 7HERE L1

# 13 Chemical composition of zeolites.

Zeolite Typical unit cell contents Si/Al Particle size
Synthetic Zeolite (Mesh)
A (Atype zeolite) Baylith T-144 (Bayer)  Naj((Al0;);2(Si0);2)27 H,O 1 . 32 ~ 48
X (X type zeolite) Baylith W-84( ~» ) Nags{(AIO; g5 (SiO)106) 264 H,O 1.25 32 ~ 48
Y (Y type zeolite) SK-40 ( Norton) Nags{CAIO, s (Si0)136 1250 H,O 2.5 48 ~ 65
L (L type zeolite) (ToSo) Ko ((AIO,), (Si0;)7 122 H,O 3 Powder
SM  (Synthetic Mordenite) Zeolon 900Na(Norton)  Nag((AlO;)g (SiOz)40)24 H,0 5 32 ~ 48
HSM (H form of Synthetic Mordenite) Zeolon 900H ¢ ~» )  Hg((AIO, )5(Si02)40) 24 H,0 5 32 ~ 48
Natural Zeolite }
NM (Natural Mordenite) Kawarago (Miyagi Pref.) Na‘s ((A10,)5(Si02)4 )24 H:O 5 32 ~ 48
CP (Clinoptilolite ) Futatsui (Akita Pref.) Nag ((AIOQ)s(Sioz)ao]'Z“ H0 5 48 ~ 65
Eri (Erionite ) Pine valley Nevada (UCC) Nay ((A102)(Si02)z )27 H20 3 Powder
Phi (Phillipsite ) Pine valley Ncvada (UCC) Nayo ((A102)4,(Si02),2 J20H:0 2.2 Powder

§ 3. HRBKIUEE

3.1 BEAOREFELLUILE
AREBNEDEREERR LB LD, VT Y ORE~ORERLORMEY v 7 ) V7
PIEDELFEEC L B IEDE 2 bR, CRSIEEFO pH & 7 7 v O LERICEEIC BIR
L\ Bo RBFZETE, BiEs X007 /1) ) SIS TR B~ OB E B L O DA BEC L 5 TERE
PHERRH L, Vv 7)Y/ LTROSERE S L OMBEC L hEBOh - K fEE, ¥
+54F (AELFT1 F)RBEEBCEE LEPU O 7 BEELEENE L TR LA KfE
%, BoRRT.
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2% Ky and Ry values in the acidic and alkaline regions.

Region Procedure Ky(mé/g) Ry (%)
Centrifugation (3000 rpm, 5 min) 28.20 9.05
Acidic region ” (10000 rpm, 10 min) 26.05 8.41
(pHeq=4.17)  Filtration (millipore filter, 0.22 xm ) 28.60 9.16
Zeolite 27.39 8.94
Centrifugation (3000 rpm, 5 min ) 45.62 13.64
Alkaline region ” (10000 rpm, 10 min ) 38.49 11.60
(pHeq=10.81 ) Filtration (millipore filter, 0.22 #m) 44.60 13.20
Zeolite 28.74 8.51

Bk, 740 EGTROBRBICKEVTh, BOOEE SIBEC X 5 K Ei@iE—3 L
TR, BOSEBCLE Y7 VOBOEEBIIZ AL ERGD 5, Lvd 0.22um B
ORI TR ARERNTC B 5 LI\ E LB o T £1, ¥4 T4 FERRIOHSEER
ENORDIEBERLWA Y v 7 ) v 7 HOROIBERT, BUEEETIRIEFELVR, 7
Nh )R T % R EERRD DR, VT VOBRE~OBRECLLLDEEL LN D,

3.2 BELOEEEBREXE

WEL (V/m) 35EER (Ky) 10" E— . ' T
DEHRCKESHETL EhD, T
V/MPK 2 Ll WY RVGH L
T, HERERLFTOVLEN DD, H1K
IR Ky RISV / mogEriRd, K
KEATIE, AEF51 bRFERAL BK
B —FRLTCEA T VEREXLT

O 0.1M Buffer soln.

10°

® 1 M Buffer soin. 1
(') pHeq

Ky (ml/g)

-
BN

V/imuBB I, o—
4.2) 4.1) @
V/m=300~500 o B TIL K, fEIX o PR | . ,
. . o] 100 200 300 400 500 600
WEEIR T Ky IS8 HEm L, €
81X Effects of V/m on Ky.
* T4 FEHEINT S EEEEN BV Zeolite A,m =0.11~2.01 g, pH; 3.60

»d, pHpE#ERICE TEAL,
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U0 AR EFFIE, v 5 VD FaF LSO T 1IN B L UBRE~ORE D
SR E D, BT LKy EREM L RIS, vk, BEREEY IM& LB
THRABEDEABRDLNLM, COBARCTFBICIDAEYL 71 MHEI—EBERE I T
K0, K7 A BIRFCELTHORBELLEMLTVSEELDN S,
vﬁﬁﬁiifb«@ﬁ?y@%ﬁﬁﬁwﬂ%ﬁﬁ%ﬂétb,W?V@&%%@ﬁ@%k%
FR oo TORER, WThoEd T4 Mk LTHRIFURMTRERI—E LD, R
FEECETDE LD DD D UEDTZ &b, KR TIE, KyhV/mKE Lic WK
V/m=300T, #R&>ERE%2URHE LTUTOEBRETT -0

3.3 SHEABOLE _

CA A MHTEY T VOSEEH (Ky ) 2L O0BENDBNY , EREHENER
S>TRD, H—WiHHIRETHL . RAEMRBECETERT -2 2B 51D, KX
BT}, £EEF I AW TA—&HTHRERYT 1o HBEL T4 M5 Ky
& Al EFBLOBGRYE 2RIRT, AlEH
B U4 T ( OB L RORRTHE Al RTF o
BOKTHD. DI DIEL2ERXHHbDD, Al -
EEENKEVEE Ky ELHEINT 2EAIED S

W
o
T

H Al SHROBLKE VWAL T T Ky= gm: |
30.4 (m€/g ) HEbLhlo Itk BE<DELF 2 | ]
T4 MEDOWT Al GHBLA 4 VRBER OB o} - 1
HBABIRARD LN TWDEY o ZDZ &b, K - @EML 7

ERROFERIY, €A T4 DT =IO —UF 3T %2 4 & 8 10 12 14
Al contents (%)

¥ Y RNAHNUO A 4 VKRB LT\ B &

P L TWB, # 2K Correlation between Ky and
Al contents.

3.4 FEHrHOEE

A1 bNDAF A VOGEITFE pHIC KEKFEL, SfirA viaEEENRKEL
ZEREmbhTVWA, A, X, EAFFA P (SM, NM)ixd 23 Ky OF#E pHIR L AE
bA&E IMILRT, AERTIE, BERLAVT, WBBEROATpHARELTY 7 VDh
BafE~Nlo WTFThotE+51 bekWTh, VI VOSERIKRIETFE pH ORBIZ K E )
E pH TR UO DA 4 VBB E LR EE L bR, pHOETIH WKy [Z28UC
ET Lo —H, TAHUBERTO Ky DIETIXMKGBEIGHET LicZ SicBRLTE



D, €471 FMLEBEHNOIREE B
ATRE Te K G FRAER IV AE L TR D,
o DR TEREADEE B L OV
BrEE2bNS, UEDZ EbEF
74 bAOGEIT R EEE AT
(pH6~7) KEWXEXHET LR
Boht, ik, HEL IITERECK
3% Ky &F# pH L OBFREFAN, &
AR % H 3 5 SRR ZE TV
bo oL, BKATD Ky H% HET
LEEFTA MDFM 1~ 2HE\ED
Bohis,
BARE, 1A VEEY—EL LIS
EONa BB IUOHBE YA Z 1 MAT
5 Ky © pHIKIFHZR LIS DTH S,

-
—
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10

pH eq

# 3 Variation of Ky with equilibrium

WTho¥E+ 514 MeBWTh, FpH & Ky

OficiIEx 1 OEFERIRD bl HE
A A BRI BT, BHF A VO
BENECFELEE, SRERS pH ORI
BERBIRL O 2% G, FOE S FEARNC
FHFAVOBRC—BTH I MBI T
508, A%EBo pHEE (pH3~45)
Tk, UOL DA # VAT ISR &% 2
BhAA, v VBEIRI0MEhis ) &k
EThold, HEZ2L0NIWEERZRLE
bDEEZLN A,

3.5 MEFER

v YDEATA Mk D REREIL, ¥

A T4 MEEDEK RO Y T VLR L EECE

FRLTED, ChaeMBT5 LREETHS

pH.
HNO; solution.
10* T T T T T T T T T
Naé\ o
103—- '\ -
- 0 /(Na,H)A
= i
E w2t 4 4
< m
HY
(u]
L o
10 /é .
1 1 I 1 1 1 1 1 1 1
(0] 2 4 6 8 10
pHgq

# 4K Variation of Ky with
"equilibrium pH.
0.1M HNO; —NaNO;.

(o]
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A¥FI4 MeRT 5 U0 DRESRE S

TN, 85 MR o SFERE DRI 7

VOFERER ML, SEHEOHH S Langmuir BEE EEZ 5N b, Lungmuir D%

=W
max (Ceq )
Goq = 21 : 3)
1+ K(Ceq)
deq * THEEE
(mg/g )

Ceq ‘BEFDY 7 VDO

BE (mg/€)

K, gmax : LangmuiriE
THEIND, ChWEEBTHE,
Ceq 1 1

= + c
qeq quax ( qmax ) “

(4)

—~

qeq (mg/g

0.15 T T T T

0.10 - 7
(]
005 ]
O
o

0 1 1 1 1

0 1 2 3 4 5
Ceq (Mg/1)

# 5K Adsorption isotherm of UQOg*

in zeolite A.
pH; 3.64, pHeq 4.15~4.25

E18Bo Coq & (Ceq/deq ) HFEHBBODI 77T By b LTERIELNS LT,
BRAMNBHTE S0 IHI, YHEEZDLD ( 1/ Kdnax ) & ( 1/ qmax ) BRED, G max

EKMHBEHTE %0

HeRIRTLOoR, A¥EAFTA b
IR 5 UO, 2 D # B D Langmuir
plot KREBWTEKRBEGRIERDONIC
Emb, AEFTA bDay —URDY
—BAE YA hABS TR U0 DR
ENETLIEE L BN D, Langmuir
FEEEKE LV gmax (BAFIREE ) X
0.414 5 X1 0.15mg /g b i,
¥, AEFTA FOKBERILSS
meq/g THhHZ EMBY, BHTRE

R AEMBEERIZ2.1 X107 LR

Ebhbdo

Ceq/ Qeq ( Q/1)

50 T T T T

20 o/ =

10

0 1 1 1
0 1 2 3 4 5

Ceq (mg/l)

# 6K Langmuir plot of UO.?* in
zeolite A.
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§4. ¥ W

YA TA hAD YT VOB, WEH (V/m) 300~500 TRIF—EDDBELHREIE (Ky)
DL, UM TRANT L FEREET S, £EEL T POAL SEELV I VD Ky
2 ORI ZRITERBSARD bH, Si/Al KOBENIVALFTA P TRLEL Ky
lExTTo €A T4 bADY T vOLSEUE pH iICAE KA L, @3FHtE (pH 6 ~7 ) TKy
EOBAMNED Shio BUEFKRTOHME LU Na B ¥4 7 1 MeRd % Ky & pHORICIZ
FIFEE 1 OERBERARD bR, U0 0ar —vRBIUF v v XV NOIHBREAE HISTFLH
EEZbRD. U DX#B T Langmuir BERRICHEL, ¢/ — Y ANBG TRICEE
NETT2EE L 5N, Langmuir EFEK= 0.414, gmax = 0.15 mg/g BB S hic,
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Large Solid Angle Detectors for Medium Energy Protons

I. Nomura, O. Konno, K. MaedaT, D. McLeanﬂ, T. Suda,

T. Terasawa, M N. Thompsonﬁ, Y. Torizuka, and J. Yokokawa
Laboratory of Nuclear Science, Tohoku University,
Mikamie, Sendai 982, Japan
TCollege of General Education, Tohoku University,
Kawauchi, Sendai 980, Japan
ﬁSchool of Physics, Melbourne University, Parkville 3052,

Victoria, Australia

A proton detector with an acceptance solid angle of approximately 1 sr has been
built. It consists of 4 E-E plastic scintillator and can detect protons up to energies of
80 MeV in experiments with tagged photon beams. The design of the detector and prelimi-

nary results of its performance are described.

Recently, experimental investigation of a wide range of medium energy photonuclear
physics has become possible with the availability of tagged photon beams. However, both
the photonuclear cross sections and the intensity of the tagged photon beams are low, so
‘ it is necessasy to use a large solid angle detector to observe the photoreaction products.
The detectors described here are used in tagged photon experiments at the 150 MeV photon
tagging facility at Sendai. Hence the proton energy range of interest is from 20 MeV to
80 MeV. It is required that the detector cover a wide angular distribution and have a large
solid angle, of about 1 sr. The main sources of background in ( 7, p) experiments are
the electrons and photons produced and scattered in the reaction target. While sodium
iodide scintillator has good energy resolution, its sensitivity to gamma rays requires the
complete shielding of the detectors, to minimize the photon background. However, the
reqirement of large solid angular acceptance severely restricts the size and effectiveness
of detector shielding. So the other requirements of the new detector are insensitivity to
the background photons, and good discrimination of protons and electrons.

Plastic scintillator has a high charged particle detection efficiency and good timing
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characteristics. Although its energy resolution (ref. 1) is a little worse than sodium
iodide, its insensitivity to gamma rays makes it more suitable than sodium iodide.
Additionally the fast response of the plastic scintillator allows a fast coincidence between
the 4E and E counters, so that the usage of a 4 E-E system offers a good rejection of
background electrons from the foreground ;)rotons.

Figures 1 and 2 show the geometrical arrangement of the detector. One unit consists

of one 4 E and three E counters. .
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Fig. 1. Geometrical arrangement of the whole proton detectors.
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Fig. 2. Configuration of a single unit of the proton detector.
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Cylindrical plastic scintillators, each 3” ¢ x 80mm', are placed horizontally as thick
total E counters. These are directly coupled to 3 ” diameter photomultiplier tubes
(HAMAMATSU R1911—05). The ‘photomultiplieritubes used provide good pulse height
linearity for up to 100 MeV protons, allowing accurate determination of incident proton
energy. A thin scintillator strip, 80mm"” x 300mm* x 2 mm', is placed vertically in front
of the E scintillators and provides the E element. Light is detected by a 2” -¢ (HAMA-
MATSU H1611) photomultiplier coupled to the scintillator by an acrylic light guide. The
photomultiplier used for the E element has a high gain and fast response. The plastic
scintillators are wrapped in thin aluminium foil to collect light not internally reflected.
The thickness of each E detector is sufficient to stop protons of up to about 80MeV. The
lower limit on energy acceptance is determined by the thickness of the E detector and
the settings of the discriminators, and is about 20 MeV.

The angular range over which the detector can be used.is limited by how close
individual units can be placed to the incident or outgoing photon beam, and by space
restrictions. One proton detector unit, when the E countrs are placed 30 cm from the
nuclear target, gives a usable solid angle of 150 msr. Ten units have been built that alto-
gether provide about 1 sr solid angular acceptance when arranged as shown in figure 1.
This detector system, with a total solid angular acceptance of 1.2 sr, was used for the

i (7, p) experiment, where the angular distribution of photorotons between 30 degrees
and 150 degrees was measured.
The gain stability was checked using cosmic rays over a period of two months. During
this period, the fluctuation of the gain was less than two percent.

The electronics used with the proton detector are shown in figure 3. The coincidence
between E and E detectors decreases the number of background events. The separation
of protons from background electrons is achieved by the standard technique of measuring
both the particle energy loss in the E scintillator and total energy loss in the £ counter.
A two dimensional plot of E versus E can then separate the protons from the electrons.
Quality of separation relies on the energy resolution of the AE and E detectors, which
determines the width of the proton ridge. Light collection in the thin scintillator is

relatively poor, since the light signals in the F elements are small and are considerably
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attenuated along their path. So the E thickness, 2mm, was chosen to be as thick as
possible consistent with detection of protons down to an energy of about 20 MeV.
Inelastic scattering also occurs in the scintillator and these events produce spurious
features in the analyzed data. In our proton energy range this process affects, at most,
about 8 9% of proton events at 80 MeV (ref. 2 ). Figure 4 shows data from the *'Li
( 7, p) reaction. It can be seen that the separation of protons from electrons is
extremely clean.

In summary, a proton detector featuring large solid angle and a usable energy range
of 20—80 MeV has been constructed, and has been found to work well in tagged photon

experiments.
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Cu 9 ©0.02 0.01
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Cr - 0.01 Trace
Mn - 0.01 Trace 0.79
Ni 10 - - 8.27
V — _ —_
Ti - 0.01 0.01
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0, 5
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HZ2E (BAY—D) AT 4 MAFISHTEH(QMS ) IKEOBIE T 50 Akt 2l L o B FH18
HINTE Y M ERH I NBEERNOKIE A AR LB GBI LLEL DL, £ L
T, AHLEEFHAABL@BL “ - 2MOB LB (500, Ti=50xm) " NHHLEE%
AHETRD 5,

3, BHEELIRBONE TE O WRICT 2B ERH 50T, BRERAROEME LEE
HTEOBEE LTEE L,

Al Cu C Ni Cr Mo Fe SUS304 SUS316L

BHE: 240 1229 427 127 149 9.8 13.8 13.9 13.7
% EF: 269 893 225 885 7.20 10.2 7.86 7.93 7.93
AR D g/cm?
# E:g/cm®

&, MEDBBEBRMOBE It L$hE, HAT—F Vv 7 —DOLEBII L 5IEHD
AED 2 FHH0° >12

<02>=%<¥%~>Zt

Bs=21.2MeV

E AHBEFDOTRNF—
THz2 b5,
RK0 B EDEGFECENTHVCEE T, SEHEHILORNYE S FE, Hoadleiesn,
TR ERDRICIDHET S, v+ T —DIER DO >hHLEFDOHY AGM (0 )%

_ 1 -
f(ﬁ)—ma e” 53

AL o? =<6%>
FoT 60,=0=<0, TIHNIETOMEEPIT

Oy
P—leﬁf(ﬁ)

AETI

A= h<2;> (N%?")
02

V<>

B=
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ERRBLLT, BT ORBHERP &

LU B
P—j; dx m e 2
L TEHE LS
COFEREREALT, 2B LB hOEFAHTUTCEER) %, HE LT X
/y:\f—ocomfi LD 2RCRTo 4, MBS,z xA ¥ —13, BEEELRET S
BIDAE & ¥ — L BIROEE #ZR L C50~60MeV & L 7o,

RO THE LSS
Ba4 a8 Al, Cu, SUS304,
T RILF— 50~60 MeV

AU b OBEEICYE S FIRTHD “ ©—2BOH LA ~l:87 5E &L 3mm/E ZDAITH0
%, Cud SUSIX 1.5mmDE X THOES~T5%ITTL 5,
) RARHC EFR A RS LRt BEo Do 7 A BRRBEMOE T LKA v TRD
FEH#% ( Through—put &) OB HABAYRE L, HNAGEDOREI AT 1 A L2 -8
BRSO (QMS DRI VBB LZDT -4 %34 /unav/ s — 2 TRBELET %,
N BHBHRECBEIZIRLeft 3 —2AD “ £—2BMOH LA KT a2 T7E=4%—
REDRE LI 27 E=2 —(3BEE /L 2BRAYBE L TREL - 2BERAEETE 5,
i, E—ADMBLAEZTBORT LD E=Z2—-LT W5,
=) BHic X5 AROREERL, AROBTF -2 0458006 I5mmBENFTC s o
AL TV A VBER A O CTHEAT O TRIE L o

U EDEETRARN DA AR EY S &9 5o

2.3 BEEXEHEHRGEDIEE

£JE13 Through—put ¥ (MEBE DK L HHETE, TOHRNTOREL, build—up T
RIREIC 75 B S e A DEBA~DBREST — v OBSIEREOH ELZZ T 5F e, £
BOBERRGEVIRE TR 7 AR ZRAIE T2 EA KL,

B AR (EYIRBE LSRR EDOEIIA Y 7 0 A (3 /s ) ANT, TOMADED
#FHB—AF — it & D BIE L Through—put HEIT X hR D1,

PRATEBII A A A B A E 2 A DI BT R Al A& TRIE L, 150 “C TR ~30/HHH]
DORH AR L DB LR EEROBE # AKL P=2.6 x 107" Torr » 1/sec+cm? Thbo T
DOEH (B A AB)RIBEHASE #HE T5 DB 3 o= A7 40 2 —BG5HE
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(QMS) #FBX 1RO’ > HAKHENE L (1.8Xx 107 Torr+1/sec =cni), FH
DENTERT D, LorL, BEFFERERD RADEINTQMS DOFF BRIt ~T 10° &BE b
AT5DT, QMS #EBIXBRFOBELZHC LT, 47 b2 ORE LRRNC RS L 1RO E
NEDLBH A BERD I, ¥, AR~ORHPILEEDORELT TR, RARHCHEZZRA
S R B HASEE S QMS THIEL Tus Ao

24 Z2490AVEL1—FFRACL3LERUSEDRE

ChE oS EORMERETIE, BEFEACE—Om/e > RIEHF2 @210 0 HEE HIRE
THO, L RLERRDOBCHEEZRADGTEEE L L0DBE L ZOREDORER
ETE, BTRIERCBSIEY v /7 E0RZERNTE L ZBEET H5 W IIBEHEI K 5%
W@%ﬁ&&ﬁ%ﬁ@ﬂﬁﬁ%aqu%bméwtbo%ﬁ%&ﬁ%%ﬁ%@ﬁ%ﬁ%ﬁé
BHLHCLD, MEBREERTOBEE IhETE 0 SEECERIC, Lo bERERETRL
LEMNHMKD, £F L5EOREE, TEROEZ (GI-Nb: HARHEZE) LHESHTEH (QMS
tMSQ400: HAEZE ) % 1 /D3 1 /unava—4 (PC—9801vm2: NEC )T/ HHIH
L, BIgO—HE2dE LW THD, ZOREREAERTLHIC LD EERADOIBIEND
EE) & T Dy ER ERECHET 2HENHK 5,

1) v AT AHER

SE L HSEOMEEBOBRNLE 3 KR T, EREORHGEEDOM QMS DRF &
FU—Z — LGHERVERLHAREL, Z0IEEH» HHI50 mBEN BT QMS HIfE EER,
DC—AMP, RV UL a— A —RUORI/vavt,— BBl EELTELXRIET %, &
B — TN EBEBLLOKIEBEDO I TV E—F /A AREBTLARL, &7 v Ly —
VR =TARFERLTT -2 ORAADEBEEY S D

2) GEORHE

BESWBIEER m/e IKHIET5 0~ 10 VONBANEBRH LT, &1 4 VEROHES
PELNLRRI s Thwb, T4 70a Y ¥y, —ADIER—- FKDAa v/ =& -+ AD2
VR— B — kG, BESWBEOT e/ AN EERTIEIL ), FEBCHIGTS
1+ VBWRE A+ —TTED, LIEL, A A VERDESIDCT v 7 %@L TADCIRAN
LTHhh, 74782/ E.—2DFT VAR EIND DCT V7 D74 Y %#BEXLLNALRIT
o Tuwb, QMS ORIEEIIE 4 IR T8O T, m/e=1~400F TOERDOEEH 100
BETOTLELFI0seclfd (NVALT —2DBR I > TIEVESL ) THEL TV A, &
m/e DE—J7HBRIEZFLE -7 D3rbE D% 3E, b TN %3 EOEE 6 BICS T CTHIET
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L EOPETIIEBRBEOEE S5 m/e=1~100, HEER= 100sec, RIEEH = 250

Quadiupale Muss Anulyeer

(MSQL00)
| RF-GENERATOR
current
107 ~-10°° A l
RECORDER DC-AMP
£
._Dn LYoy bho-
o Ca TTLES
‘ F N
AMP
& § E‘ f:z m /effF _
m/e digital
(MSQLOO) y J PIO-16/16
_ HE * DA
MAIN-CONTROL o TS98-06A
out AD EH
TS98-05A
B*A Gauge 5V
PIO-16/16
trol
(61-N5) =222 PC9BOL
£ iy digital ZY - al- bl
= ==y,
EL\ [‘(‘_i_.'
\j B-A Gauge
i‘— '_“l ORIFICE

L (LN | o
A=y

’-\:} l\./“-‘—': ‘

FIN SEROGEIERORE KN
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0S:N88

BASIC

MA I N. BAS]|

WOy s AN

[ [ l

avsvay| [wervezt | [2E. HE0| |REHEO ||datad
b MSQAO0MI MR | | MIsESpE DataZrify KBRS
% Ve T7 AN | T7A4L
| [ [
(e 2 )
i 52 74 2 4 n/e=1~400
(100 AT
WEL VY 1074~1079 (A)
WERBMNE 81~32767 sec
(WS & B)
Wl 5 w5 B 416 min(100sec/datad® %)
BEXEEHD LR 1073~10719 Torr
R 1073~10"'3 Torre1/s+cm?
WIE RS (REEC/) | ~1073

BAR T us T o005 BIESM.

LAF, BlEBEmEE=10"°(A) & LTHE L1

3) ZEDORE

HEHANLDTIVANAMEE (V) %2 a2 —ZDPIO (PI0-16/16 : CONTEC# ) T
BuA &, B HABIREBRCE S FE 2 B0EENNOE DR LENDOZEEET T—
E7oy¥—FRAIRANT, BIEKTHICCRT 7Y va—tH &b, M, 260K
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HTELNAENREEIEEINEBEEC CRT LT VE—R Y T AL A THIZ
na,

SEDRIE T35 Eo RIE R & [ CRRER (100sec) TF — 2 #E01AA T,

4) WE7Tal 7 L

787 7 L3 Ngg—BASICIR L B A1 v« 70/ 5 4 (MAIN. BAS ) & BIES&MHAER 7
7 10 C SETING. BAS—condition set ), m/e 7Y+ Ak « 7 71 /L (MSQ400 DHEH
EH : ADJUST. BAS—m/e adjust ), MS Q400 D& A%+ V4D Data #EEH D Data
WE¥7 >4 ( DATCONV. BAS—file convert ), &5 —42 74/ (FILRD. BAS—
measurement )M bitb, ZDT 0T T ADRELME L BERE A E 4 KR Lo

-1 BEFEORE

SHEOBREBIL T 0T 7 L HRBFIC, A =2 —HRTTbN, £FE&FEORECLIEL

NRIA=FBBEXH > TWwb, BlIEIE
HELY (1070"A)
Rz Ref o fEl
P2 R

[

RIEEEDHBIDBEIEND EREBARAED LR 52544 F 19y 70 v IR
5 Mo &EHETRIENATHhN 5,

Ll EDBR LI Th LOEDMESEGEX AN T 5, ZOHEBRED EICHK b EE
ETHbD, TDIW|EXIT O HIC QMS # B TENE I CHEHBDORE N A « AX7 b
FRELRY Va—& —kKiE&ET 5, WELIE—27Dm/e é’\' AXH —TCHERT 5, 2D
HETELNI-m/e [EOESHD v~ 7 ZPERFID m/e DEIEE L L TFEMRT 5,

T, BRI m/e=2 4L 18D -7 #RLIET, i, EORFAHAMETHONL
BADOE—2 T, m/e=18 b bBNT-Y'— 7 2IFEL XD v — 7 » FHBERBICEI 85,
ZOWENSBONICE -7 ORfELYEC L TEE#WMO X+ ) 7V —va VAT -2 %H6A
A, EEOEBRTHONICEEAXZ PO m/e DERRD 5,

INODOREBCFEARND 7o —F v — b I VBTN, £FELHEXRER, X HER
I RIERG SE LT AHENTE 5,

4)—2 T—EZDOFER
BE & N7 — 2 3BEFD OKI-RDOS EO=RTGFERL—F v 2EALTHER Lo ©
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DHIC, Ngg—BASIC LD F — 2 HRELFER AL TOKI-RDOS KIREL Tl S0
5) QMS DEIE

7 — 2 DFGA IR % EHEAT 5 Al QMS DEIEATRAIRTH 5o AKIZHEZZRICEKAE L 75
LE S ARRRESE LAERORR AT ORETHLN, BEFHRHRRVENTH 5RE
Bt A ABA DRI T SRV, 22T, QMS BED HHEDOUE & B A 2 & AT\
Fie 5 BEORESH A (N, He, Ar, Kr, Xe JRL BT A« AXJ bV DBRERTT 510 £
DR, QMS OB B - REIHERC X 3I0AATHBIR 2 LI WELS ) 5 T

6) BIFEMHREMER
SERUOSEDOREIIERC X 2BAA LAY L2 - X -k IDEFEI LT 5D,
ChECOMBTRAENEERLAE STIC, $¢7) Y b« 79 b T5HR o THIEA
LTty UL, EDOEEE, BEL Y2108 (A) B EDORKE CHRHERD 7 —
AEEORAIsET T Y UL MEPCEBL, AK FETHHEm/e i 1~2x107° AD
HENTD, BFXIED B IOBREZIRSNARVOT, BHFED /4 X (BN A+
V) DEBRSTENZILAETR VLB SV LI L —TORBRBICERE &
S/NHEOBEFETHESBED S 7V FLXLVOEBITR bR,

§3. REQAEER

BEFRABEE—L71 VDB LLREBTERES - v - KETRERHS L, ToROS
ExHIE (AEBRTITL 7 NRE LFR) T5, ZTOHK, ©—L 2B ELRNOEREN A%
BET 5, Kic, BRtEe—251 VIBALESE (m/e=1~100 ) ZEFEANHE L 7
ZFROBEA ST bV QRO P RHBIC £ L0585 K B 9 BRI,

1) EFET LI =4 (99.99%) (F5K)

R BHTIT 50 MeV, 96 uA, £ —AFEHH 3 mme (RKIORE 1560°C ) #MSH L foo Al
T3z L EBEHEINIAAGELZD E— 7 ERE D0
2) A6063 CEEFHLE LMMIH ) (B6X)

SHEHTIZE0MeV, 851A, b — LA 5mme (BURIOIREE 140°C ) IS L oo K& A
L LT $ 54k, REOBLKERE IMTROEERCKIEOHROFE DI &
nico
3) A6063 (H5ZHR LM LINTH ) (FTR)D

RBHTIT 50MeV, 85 pA, E—oBE N H4mme (FRIOIRE 140°C ) #MREs L7, #LHBL
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CO;

ESAEETAIER (88.8870D

ERFE

SRE AL B CERFHE D OB TR EEO B 7 2 S 0 Bl R,

<
=

#E5K

T {
w =)

ot

x|0 (A}
10

BIBRFC 7V T 7 A LSRR A H A L O LU LIS 5 o ZORIH B REBH D 1<
BHEBCSED H AREASRII N 55, B Lk 2ERNBAT 50 M. ZOMEHIA
H (KEK ) HAB8ERE A, TRISTANKEALAKER WERAE T 5,
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CO;

A 68 0O 6 3 —TS6

56 B IR L LINTH (A6063 )ICTETFARIFAS! L A-REm B 77 A S FE MRS R,

T T 7¢

(=] =1

x 10 (&)
20

RN IE

4) SUS304 (8K )

SURHCIE, BT O L BEER A ER L, 60MeV, 504A, ©—AfEAHI5 mme (HEE
600°C) #MH Lio BIESNESEARY ML OKE L L Tm/e=56 (Fe ? )LD & —
D B I BRI S hic, W OREEMLA IMAIC L DA LI SR, ST LD b
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C02
co
H,0

6 O 6 3 — T & (BHEH)

TR FBE LH L~ OB TFRBIRRO B 7 2 5 OB E SR

10700

20 -

T
(=)
—

Wil

Cr LFe DA DR I Wi
5) OFHC (Z£9M)

ARHTIL 60 MeV, 60 2A, € —ABEHK 5 mme (FBDIRE 130°C ) AL 7o R ZE
R L CRHL &R EROFRIV BRI NI HAGE LD,
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I
*/p (Sec)

SUS304

BFHRMIIC 5 SUS 304 DRt 2 5 FED Bl #552,

58 X

T r f6'

T
el u> (=}

BB E

-§
x10 "(a)
159

$4. & =
HZehORBICET AL EF —BF -2 %#BHL R, TORNOHTAGEYHET 5%

2, BEAEFORE (SHE~ORAL) &/ 1 XOBMHETIE Vs Lrd, QMS O
BB & TS OB 50 m BE LB (BSBROFEBY#BI 25D 0560, MORAILT - £
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Pd
/0 ?55':}

(-00

o~
o
(é8)

X

FE R X £ (OFHC)

HON EFRBEIC L 5 MR H 2 5 B ko

T 1 ¢

A o

LAt icy

X IOQE(A)

10

DA XVRABEECH - o WK THICL 2 — & — DR LB LR T, -7
B REN I /A AURAER DALY 7 b TBETHEIVWELRG 5 o X, &
DHAGEERFEXRABICHESTS 2 Lic X0, MEOEZEME L hETL 0 L ERICRT
EHHIEARRIC 7L 5 1o
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Fie, ZOREEIMERD £ — 2AHXERRE TR ZHELE OB LA RERETE
AORIE PRRE A AONE, HERAOREDHED =2 - L LTAHTDH o

§6. £ & &

IS AR 2 I8 - TEBROMBHC T L 3 =7 A A SR ARIC I 5 TE D,
CHUTIEROEZRBICA T Y VARSERAL BE, RINEEL, MBI ARE, #
ERREE DREENMEE K AN D TH D, CHLDOMBECH L TT VI =T AREHTHS
AR TALERD 5 oo T4 =T LRI NE TEIMOBALEIEE & BB IGRE DR D
BRI L LCRA X THSL EINTE T, UL, BARIIRO SR, Mo Rm 2 E R
MBHR\IMTEREZ 2HEC L D AT VU AME D & B2 NSRRI, £, 9B
DREEI B & 7 OEENIREN B H AR, BRE AT AGERCED L5 BT L%
HWNLDCENTH D E G A Y TORBLIFFLCEILOTHHS Yo

M D EZe R L TR T~ E AT, 1) B 7R EAD 00 2) RIS
M TRCER T 5%, 3) ERESEORENEVE 1) IERBRCRVFEL L
FHRDo ABFETIE 1) OB OEZEMRBRIEC DLW TR~ hiRENT TV S =7 A DO KIE
MBI DWTRRE TFETH 5o

AT A D 5 ECIREN S% L CHV B AR, FLEHOME LI LThh bRE#
HLET,

AP0 HHEREEO BRI N L TRV ABFE (RABWEL Y 2 — ), SAEFEO
BRI O b HREEBL £ 75

WoEBOM%E, RBOSW, REORMESIH I L CHE I AAREZKK, M BHKK, 8
7L = aKK, ANBBEETLOLfCH L TOhbRESHEL £,
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BMe2EE = v v &

BBy v Iv—-7
FIRSE - WR%— « /NUHEESE
LG - BBEM - RERRE
RERIE BF
B
IA F o 7 BAIEECEREOCTHERE -4« T2 - DREXIID- 1o
IVRERBMEBODCY — K E— 2% L 0, ©—2DORMERZERI—BHE I, L
nl, FEEROFHCHEAROET & b ic-> CTREGRMNFEE L, RO Pl OBk
HOBNET -t IBRREARIIBETALO LT 5,
<V VEBIEMARBRPTH BT Y Y TECETIRNEOREEZT-> TR TH 5,
< VVERBELT, 2hABSTHOBHIE MO BEZRA L EEZ T 5,
¥ 1, MEOREELETELLHIEAT L HHERL, SHIRBRAYIWFCERT S
2oV FHE I S T At 0D B R SR T B,

2LUH A LERKR

LB, WAEEROS RO RS %4 E BRI 2 THLT X o & DIC6ISE
AR NG L LT2 o7 FBER Ll <> Y41 AOEHRIEE 15 GERABEA~)
B,

R

e B LT

FEFIGLEEI2A A b MREROEZR b T 7L, M6 SHERSE M TOKKEL 7 +A
HOBNREREHB LI, 4 ADTHETIE, €—2 « 47 bOXH, SEMBIxLF—F
ZA—DOEROAL EF I PROER LT -1 4ABAKR, TV VIR, E—h+TA+%
NI N E—ATEZEDREIADNILD - o

JI4ARNBY Y —DEBERFTORENLE L, RWKELTFvr—IV T« F1AF,
Fy =TV e Fa—l, vrV ke Z{F— RO — AWM ~DOBHEH LB LT,

J54 A Ray e v — (KP)#1, #2 O IVRERBEED DCH —RE— X (LLAR, KP#2
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O IVREEBEEB D + — 3 — 7 v piEE S ) ERERCFHR > oo 2O IVREZ10 AR L
SR T & L ARBO— BB H LY 2 — MERRD b, IVRAMIEE -5 —
LR > TR D, NRTEEARE TS &, BREECRWEENNE LS, 4~/
T EID DI - T L HEE I NS, IVRABETIEFRCERE L T\ 5,

J54ARRY « S =D AR Y I NOMRITK DOBAMRRE L, RRIE, RES
FAA PO YESBLRVWTERALTE LD, OV VI oHsT / — FEOBNRIZ LS
BKTH B, BIEZEORETIO) v/ OLH|AI08 THEIT, 7/ — FBTORKIZ, 774
A hovoFadn LHEL 2 AKKBRTEY L,

AR, BEFERALTE R —Y v/« 27 —DOKRN EBERBOESRENFE L, 7
—) VT s -3BMNCHD, HE RILTIAF v 7 ) OREFIC L55LnE L (#
AT\ Do BTRBIBL M 20 5ERAR L T\ b, SEFERCLTMOEEN S b, B TH
BAE, BEEY, FENTE, vvVOBEARINBCTLIENTE L, L2L, S&D
L0 kS RIBRCEIBT DRIV E e, EHRICIERCEEOR X S, FHERIC

TOLERDD,
B TEOE LAA
3AT=H

JI4A MRV =1, 25O KL Ve BYTEHFEEMORFLEY
ot 771 AMAY <230 — 1 BEDT A T b o v, MEEATTY V7 aq
NBES EFEOY -4 v AV T M rdE
4 ATHE

E—L X7 NIRKBIE, MRA7 Y-V E=2 X,

6 A LE

I 54 A bn Y ERER ("M KL V) BEERE B, 25 A T bV bUA
— IR CEEAAL) o TRAT )~V T8 =Ko V74 ARV VT — 1%
B 25EoIVRa Y bo—5%DCH —RARKCES /71 AtrY sy =25
B 55EYA T o VYR,
8ALHE

PIA AT S — e 5V T AT R, IEET 5 — 2 21 VR
B, BF #v 71BHE,
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10T
JIAARRY L — 2 SENLE BRETO 2 LI XBABEOO0 ) VI KB, U
FAAMBYEACIOOVa VLY MERTHE, 73Ix7 714 -D 71 V2 — (HH
ROZH,, /74 A ey 00— 1 ML SEE CORBIEAMEICLS PFN
T,
NATIHE
IRAIY) =V =2~ ITVORERE, /71 Abnv -t —1587 » VX
Dftide 771 AMRY <y — 3 BEORBEMAEEC LS PFNEHHE, 7714 A
Fa v/ = T xr—h A2 VERRE, BKEY T « 4 VR —ny s HE, HR
Bavrrvy b —HRHAKETEFLE, MEE7 » —h A a1 VER (AL, Al2
A HBEY 7 b ABZ, & —F# vV THERKE,
2ATH
LAMAD I 74 A~ v &/ 3y — 1 SEIROAT, ECSHZESERM 3 dB A
v 77 3BRMH, MKBERBEFEE TR —RRY THIRDEMH, €—LA+Fy
h DY EDRRAAE,



130

H1E BME2EE <Y v &1 LERRR

- - _ i) 1 % 1] P62 4E & R
SEEES AR -
rz (JAH) 194+1* 19 8+1* 9 | 27+41* 28
rr (B0 85*| 85| 4 4 | a+85%| 12.5
rz (LLUE) 2% 2 Vi 2
Tag (FFR) 8 8 16 16 | 24 24
Tag ( Thompson) | 16 16 4 4 20 20
Tag (RTH) 4 4 4 4
een (FREE) 10+8* 17 8+1* 9 | 18+8* 26
ee’r (FEH) 10 0 10* 10 10 10
e,e'p JIE) 7 7 7 7
e,e’p CER) 4 4 4 4
e,ep (EIL) 10 10 |10 10
o (E#D 6 6 4 4 |10 10
rF (Aruuda-Neto ) 9 9 9 9 :
ND 24 12 | 17+12* 21 | 41 39 | 2v7 MR
RI - 4tk 23 15 | 22+8* 27 | 45 42 3o 7 Mg
rmag (IUE) 2 2 2 0 4 2 27 MER
rz (FEH) 2 2 2 2
INUEANC S 1+2* 2 1* 0 1+2% 2 1 &7 Mgt
MWPC CEE) 4 4 2 2 6 6
=0 JlEss ( EE) 1 1 1 1
BaF (@iE) 2 2 2 2 .
SOR (/ILIE ) e |2 g |2 %g@%mb
& # |130+21.54 1185 119132: 146 2491%};.?* 264.5 | 8 o7 Mg
* RS ** RISEER b 5
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P p LR RS

BEMETES V-7
KIBEEL « B « REETLR

B &K%

62EED T — A EEERE OBBEELE | KT T,

* 754 VEREE L TEC—BETEMH 5> TWHO0KITAC—50V /651%, & 2 RKR
FTEORFEALTOERENEL T 5, S, KGFHEICE L TRl aRHEENED bR,
FEHENKNIBCHEL DX 5 BT RESE (BT 6 A ), FAEY (BT 2 A5 b),
BRT « A0 BB (BR800 A A1 b)) OBERBBEC - TL 53D EBbhb,

4 1HBIOKITAC—50V /65 DAV —=TFT 4 VT ¢« VAT AL(OS )DNRR—T a3 V% 3.
2075 3 21 CEE Lic, BRAETERRLR-TcL I ALK IEN,

) 1% BEFNG24ERE » ﬂ@iﬁﬂﬂﬂfﬁ%@%o ( E:'i"‘f\“_L : ﬁﬁiﬁ)

@ OKISAC—4500 OKITAC—50/60 OKITAC—50V /65
A £ Koo B EE S O E B R gE YT R [ B [ &
4 15 0 9 24 217 0 7 224 158 922 104 0
5 82 0 0 82 413 0 7 420 708 1439 414 0
6 0 0 0 0 643 0 0 643 219 1215 171 3
7 65 0 5 70 270 24 0 294 271 1301 132 0
8 0 0 0 0 584 0 1 585 147 684 157 0
9 0 0 35 35 486 0 3 489 249 1736 226 4
10 49 0 2 51 505 2 1 508 260 1473 210 0
11 0 0 0 0 174 0 33 207 369 1743 280 0
12 108 0 0 108 204 0 0 204 260 1447 260 6
1 135 0 2 137 271 0 0 271 486 999 260 0
2 42 0 0 42 150 0 2 152 161 660 73 0
3 94 0 0 94 680 0 0 680 132 996 198 2
& i 590 0 53 643 | 4597 26 54 4677 | 3420 14615 2485 15
ERZ=] 49 0 4 54 383 2 5 390 285 1218 207 1
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Fok BELFRICKT B AR RREOHES
(OKITAC—50V/65).

CEAAL : BER)
Bk | L - | CPU
4 £ BB | FIRERME B R
59 330 453 59
60 308 592 66
61 337 1119 106
62 285 1218 207

EHEE

BE, AVIMveave,—2 L LTRTFEERTIZOKITAC—50/60, HtkFIRETIR
OKITAC—4500 2{f > T 50 WThLIBWEETH A OBEDRBRABTICHIETE
Bl loTETC WD, 22T, GBOF VI vV T—RABEER L D\ o AR T 5D
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