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1. The Solvent Extraction Behavior of

Ions in TBP-Hydrochloric Acid System

Tomitaro Ishimori, Kenju Watanabe and Eiko Nakamura

(JAPAN ATOMIC ENERGY RESEARCH INSTITUTE)

This is a comprehensive study on the solvent extraction
behavior of more than fifﬁy chemical elements (Na - Cm) in
“the undiluted TBP -~ hydrochloric acid system. The variation
of the distribution ratio was studied for each element under
various acidities of the aqueous solution. The distribution
ratio was determined radiometrically using a radioactivé indi~
cators. Some of the indicators were imported and others prepared
by the neutron irradiation in JRR-1 with subsequent chemical treat-
ments. The radiochemical purities wers checked by gamma-spectrometry,
decay and/or beta-absorption with aluminum foils. The speci-
fic actiﬁity of these indicators varies from carrier-free to
10% cpm/100 microg.

L though in some cases the‘chemibal species of'the
elements to be studied could not be defined unambiguously, the
most common species were chosen as far as possiﬁle.

Distribution ratio values thus obtained show a regularity
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to a certain extent against the Z value, atomic number, at 2,
by 6, 9 or 12 M acidity.

The comparison of the acid dependence of distribution
ratios between two given elements gives the convenient acidity
for the mutual separation of the elements. In a similar way,
many group separations‘could be discussed by comparing distri-
bution ratios. |

Some examples are given for the separation of a few

couples of eiements.

2. The Solvent Extraction Behavior of Irens

in HDEHP-Hydrochloric Acid System

Kan Kimura

(JAPAN ATOMIC ENERGY RESEARCH INSTITUTE)‘

Bis (2-ethyl hexyl) orthophosphoric acid, HDEHP, is cne
‘of the dialkyl phosphoric acids and has been used as a solvent

extraction reagent for many elements, particularly in the

uranium recovery system.



In this paper, the distribution ratios of nearly fifty
chenmical elements are determined in HDEHP (50% vol. toluene
solution) - hydrochloric acid system, in order to find out the
fundamental data for the solvent extraction separations.

The HDEHP used was imported from the U.S5.A, and was puri-
fied according to the ANL method. |
The distribution ratio was determined radiometrically

usingja radionuclide, Namely, activities in the aliguots of
each phase were directly measured with a I -ray scintillation
counter, after hydrochloric acid solution containing the radio-
nuclide were contacted wiﬁh 50% HDEHP-toluene. When a given
radicnuclide is not a ¢ —emitter;'the aliquoté were evaporated
on dishes, and B -activities were measured with G.M. counter.

Some of the nuclides were imported and the others were
preparedAEy'the neutron ifrédiation in JRR-1 folloﬁed by chemi-
cal treatments.‘ The radiochemical purities of these nuclides
were checked by the éeday, { and/or g -ray energy.

The radiocactive nﬁclideS'were taken in a high specific .
\activity as far as possible, in order to keep the concentratibﬁ
of the elements low, The maximum.concentratiéﬁ was abouﬁ‘lOO
microg./ml. in the,initial hydrochloric solution and the mini~
mum specific activity was about 10k cpm/100 @icrog. In somev

cases, the radiocactive nuclide could be used carrier-free. The
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ratios were studied in acidities ranged form 107° to 1N,

Generally speaking, the distribution ratio increases as
the valence of cation becomes higher, and the acid dependence
is inverse power of the valence.,

Possible many group separations will be discussed.

3. The Radiochemical Separation between 957

and 95Nb by Tri-n-butyl Phosphine Oxide

by Hirockazu Umezawa and Reinosuke Hara

(Chemistry Division, Japan Atomic Fnergy Research Institute)

During the course of study on the extraction of 957¢ -
95Nb_by organophésphorus compounds, it was observed that»95Zr
and its daughter 7°Nb showed a similar behavior in the extrac-
tion by n-alkyl phoéphates, whereas the extraction by phosphin-
ate or phosphine oxide resulted in the different Kd values
between these two species. The present study was initiated to
follow the behavior of 957¢ and 7°Nb in the extraction by

tri-n-butyl phosphine oxide (TBPO) with carbon tetrachloride
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diluent, and the possibility for the mutual separation was
investigated.

The stock solution of 2 M HNOS containing 95Zr and 954 at
the radiochemical equilibriﬁm was shaken with 0.0L M TBPO to
extract the species. The organic phase was repeatedly washed
by 2 M HNOB pre~equilibrated with 0.01 M TBPO, and the agueous
phase was also washed by 0.01 M TBPO pre~equilibrated with 2 M
HNO3. The organic phase concentrated the species whose Kd
value was determined to be ~~ 100, whereas in the adqueous phase
the species with the Kd value of ~ 0.1 was collected. Thevde~
termination of 2 ray absorption as well as half lives identi-
fied the species to be 957y in tﬁe organic phase and 2°Nb in
the aqueous phase.

The distribution coefficients of 957r and 95Wb in 1 - 13 I

HNO3 by the extraction with 0,01 M TBFO are listed in Table 1,

Table 1

HNO3 957y 95Nb

1 1 102 , 5 1072

2 1 107 7 107
A 1.1 102 1.3 10l
6 1.2 107 2.4 107t
8 9.5 10 3.5 1071



Table 1 (Cont'd)

mos - Pr 95
10 5,5 10 L7 107t

13 " 1.3 10 9 107t

The solvent dependences of Kd values ab 2 M_HNOB are also

shown in Table 2.

Table 2

TBPO (1) 957 R 957 ~ 95
0.001 2.2 107t |
0,002 5.0 . 3.6 1071
0,005 5.8 10 1.0 1072 5.0 107%
0.01 1.3 107 7.9 1002 7.5 107t
0.02 1.9 10° 5.1 107% 6.5

0.05 2.6

0.1 4.0

The complete separation between 7°Zr and 9°Nb at the
radiochemical equilibrium should give the activity ratio of
1: 2, from.which.the.optimum solvent concentration was deter-
mined to_be 0.005 M TBPO., The figures in Table 2 indicate the
Kd value of 0.5 at 0.005 M TBPO. Below 2 M HNOg concentration,

the hydrolysis of zirconium must have been encountered, thus
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the exﬁraotion below 2 M HN03 was avolded.

The operational procedure is outlined beiow:

Bqual volumes of both 75Zr - 72Nb solution in 2 M HNO3 and
0.005 M TBPO ~ CC1* were shaken in the thermostat, and two
layers, the agueous and the organic, were separated, Zirconium
was extracted into the organic phase, while niobiﬁm remained in
the aqueous phase. |

The organic phase was washed by the equal volume of 2 M
HNO3 pre-equilibrated with 0.005 M TBPO, diluted with CClh, then
the scrubbing of zirconium was made by concentrated HNOB. The
same back-extraction was repeated, and the scrubbed sclutions
were combined. The yield of 95% was obtained. The scrubbed
solution was then washed with CClA tovremovevany remaining TBPO,
The aqueous phase containing niobium was first washgd with
0,005 M TBPO pre-equilibrated with 2 M HNOg, then with CCl, to
remove IBPO., The purities'of 957r and 9°Nb thus obtained were
confirmed by the comparison of Kd values with_the>reference Kd
values obtalned on pure 9571 and 95Nb, as well és by the de—v
termination of both ﬁ- ray absorption and halfmlives{

As the solvent TBPO was quite sbluble_in water as compared
with other solvent such as TBP, the scrubbiqgﬁéolution must have
been pre-edquilibrated with the organic phasé.. The extraction

from HC1l solution was tried, but both 957y and 9°Nb showed a
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similar K4 values as indicatéd in Table 3, thus the mutual se-

paration could not be achieved.

Table 3 _

HCL (1) 957r - P
1 0.2 0.18
oo 1.1 L.
8 11 11
12 19 | 1

L. Separation of Thorium and Rate

Farths Tracers by Azines

By Kakuzo Tada, Noboru Ol and Yasuko Tsuge

(Matsuda Research Laboratory, Tokyo Shibaura Electric Co. )

1. The excellent extraction separation of thorium.and
rare earths tracers in ammonium.nifrate salting~outed adqueocus
medium can be accomplished by the use of azines (RR'C-N=CRR!)

Azine,_the condensation product of ketones and hydrazine,

was used as the additive to metylisobulylketone (hexone).
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2. TFrom several azines, metylisobutylketazine, isophoro-
neketazine and dibenzalhydrazine were selected. Theborganic
phase was prepared by mixing the desired amount of azihe with
hexone, The agueous phase which contains thorium (O_- 0. 5M)
and amﬂmnium!nitrates was extracted by this mixed sclvent, and
distribution ratio of thorium and rare earths tracers (lthe—
lﬁAPr, 152“4Fu, l538m, l7OTm) were determined.

3. Although the addition of azines causes the increase of
rare earth distribution ratios signifioantly, ils degree is
considerably small compared to the enhaﬁcement of thorium ex-
traction. Accordingly, large separatioﬁ factor (lOO—l,OOO fold
larger than TBP) was obtained.

The concentration of azine in hexone should be less than
20% to retain the extraction of rare earths below 2%. But even
in this case the extraction of thorium.wasvfairly good, TFor
example, the distribution ratio of thorium between aqueous -
solution, 0.2 M Th (NO3), ~ 7.5M NH;NOg, and hexone was O.02.
In the presence of 20% (Vol) meﬁylisobutylketazine this in-
creased to 180.

i, The order of extractability of rare earths tracer was
Ce 7 Bu ? Sm. Fission products was more extractable.

The distribution ratio of rare earths decreased with in-

creasing feed thorium concentration and were practically
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independent of.the ﬁixéd rare earths concenﬁration in the
adqueous phasé.

5. The example of the distribution ratios of thorium and
vare earth with several solvents were given below.

Tt seems to be evident that ketone-azine type solvent is
effective, especially in single contact analytical extraction,
for the separation of thcrium and rare earths.

Table

. Separation
° Th (NO3), 0.1M-NH, NOZ7.5H Dy, Dg,  Factor (Dqy/Dy, )

TP (202) CCL), (80%) ...c.... 8.5 0.38 C23
Hexone _ R 0,02 * o
Mesityl Dxide 0.40 0,003 130
Hexone-Methylisobutyl~
ketazine (20%) . 1,000 0.012 90,000
(80%) .
Hexone(76 wt% j-Isophorone-
ketazine (24 wi%) 200 0.027 - 7,400
© Th (NOg)), O.45M-Ca (NOB)Q
LMFHNOB %M
 TBP (20%) CCla (80%) 0.99 ¢ -
Hexone 1.29  0.015 8L

Hexone (80%)-lethyligobutyl-
ketazine (20%): _ . 10.9 0.0085 1,300

* Extraction is almost zero

% Third layer formation
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5. Studies on Extraction of Ce-14k with Acetylacetone

Nobuo Suzuki and Shohachiro Cki .
(Department of Chemistry, Faculty of Science,

Tohoku University, Sendai)

The solvent extraction with acetylacetone as a method of
& simple and rapid separation of Ce-1li44 from fission products
was studied. |

To 5 ml. of Ce-lhh'solution.(carrier~free), 1ml, of 1L M
sodium.bromate is added, followed by 3 ml. of 20% acetylacetone
carbon tetrachloride solution. The mixture is shaken for 3
‘minutes., By this method the extraction of - Ce-14L is complete -
over the pH range of L~9. Over 90% extraction is obtained
without sodium bromate, but it takes much more time to. .extract -
completely. -

As extraction solvents, carbon tetrachloride, benzene,
chloroform, xylene, isoamyl acetate, methyl isobutyl ketone,
and isdpropyl ether are examined, and carbon tetrachloride,
benzéhe, and chlofgférm are preferable, The optimum pH range.
of these solvents 1is almost the same as that of carbon tetra-

chloride,



Ce-144 extraotéd in the organic phase is able to be
stripped completely with mineral acids of 0.1 N or'over.

Decontamination of fission products and rare-earth nucli-
des was investigated. EFach pure nuclide, Sr-9C (Y-90), Zr-95
(b=95), Ru-106, Cs-137, and Fu~152-15k, is extracted indivi-
dually by the standard procédure,_and the organic phase obtain-
ed is washed with 6 ml. of an agueous solution containing 1 ml.
of 1 M sodium bromate and pré-satufated with 20% acetylacetoné
carbon tetrachloride, and then stripped into an equal volume
of 1 N nitric acid, In this procedure, Ce-14L4 is recovered
more than 99%, onvthe other hand, all the nuclides except
7r~95 (Nb-95) are extracted not more than 0.1%. Zr-95 (Nb-95)
is extracted considerably, bﬁt if ié possible to prevent this
by adjusting the condifion of the a@ueous phase,

This methed is simple and rapid, and the application to
fission products meke it.possible to separate Ce-14l with high
puriby.

Generally, it is difficult to separate the daughber Pr—llk
from the parent Ce¥1hh on account of thé short haif iife of the
former. But in the acétylacetone method, the mutual éepafation
of Ce-1L4 and‘Pf;lhh is éasy because Prélhh is not exﬁrécfable.
After the period of time for the radicactive equilibrium of

Ce~14k with Pr-14) in the organic phase, the aliquot (6 ml.) of

—-12 -



the organic phas¢ is shaken with 3 ml. of the washing solution
used in the above procedure. - The radiochemical purity of Pr-1ik
obtained was mere than 99.5%, and it took only 3 minutes for

this éeparation.

6. Solvent Extraction of Radioruthenium as the Dcinate

Toyoaki Kato and Yoshinaga Oka
(Department, of Chémistry, Faéulty of Scienée; '

‘Tohoku University, Sendai)

Because of the neéd for a simple and effectivé method for
the separation and the determination of rédioruthenium.in fié-
sion products, its extraction behéﬁior wiﬁhIOXine Waé'étudied,

The fadioactive ruthenium nitrate solution, used in this
work, was prepared by distillation of ruthenium tetroxide formed
by oxidation of radioactive ruﬁheniumftrichloride (Ru~Rh~106)
with léad peroxide in sulfuric acid. The ruthenium.tetroxiae
was absorbed in 1 N nitric acid solution ¢Ontaining 3% hydrogen

peroxide, The carrier solution of ruthenium nitrate was also
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prepared from ruthenium.trichioride as déscribed above.

Oxine solution in n-propanol or acetic acid and buffer
solution of suitable pH were mixed in a small test tube and its
volune was adjusted to 6 ml, with water. Then to it 0.1 ml, of
Ru-106 soluticn (ca. 0.05 c.) and, if desired, 0.1l ml. of
carrier solution of ruthenium nitrate (Ru, 10 gf) were added
and the content was heated in a constant temperature bath.

After the formation ofbthe.oxinate,_the éoﬁtéﬂt was trans-
ferred to a separatory funnel and extraction was carried out by
shaking for 1 minute with 2 ml. of ofganié éélvent. The phases
were separated and their gamma radioactivities wére counted in
a well-type scintillation counter..

When.2 ml. portion of 0505 M oxine in n-propanol was used,
ruthenium was completely extracted in a:singlé'eiﬁraction with
n-butanol after. heating for ilhour at 60°C at pH of 4 ~ 6.

The formation of the oxiﬁate waé'cdﬁplététin the'aqueous
phase containing‘aéetgterr biphthalaté as the buffer but not
sufficient‘in the citrate; phosphate'ﬁf émmonium‘buffer solu~. - -
tion. |

Chloride, nitrate,‘sulfate and borate ions did not inter—. -
fere. |

When 1 ml. of 1 M oxine in 10 N acetic acid solution was

used and pH was adjusted with-1 ml. of 2 N sodium acetate
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solutioﬂ, complete extraction of ruthenium with benzene was
attained by 30 minutes heating at 60°C (or 10 minutes at 8005
followed by 1 minute shaking. |

Reextraction of ruthenium from benzene phase was carried
out by two successive 10 minutes shaking with equal vdlume of
18 N sulfuric.aCid solution.

In the procedure of benzene extraction, no Csf1373 Sr—éO
and Y-90 but 2% of Ce-14L and 87% of Zr-95 (Nb~95) were ex—
tracted. o |
| Thé latter elements, however, were easily stripped from
benzene phase by shaking with dilute mineral acid (i.e., 1 N
nitric agid) whereby causing negligible loss of ruthenium.

These method was applicable to the separation of radio;

~ruthenium from fission products.
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7. Isoclation of Zirconium and Niobium from Fission

Products by Solvent Extraction with Dilute TBP

Tomitaro Ishimori, Kenju Watanabe and Hirokazu Umezawa

(JaPAN ATOMIC ENERGY RESEARCH INSTITUTE)

During the solvent extraction studies on zirconium and
niobium in thé system of TBP - hydrochloric acid solution, it
was found that both élements are extracted ﬁith very diluted
. TBP in»toluenevfrom 8 -~ 10N hydrochlpric acid., Pure toluene
does not work for the extraction. .

Distribﬁtién ratios for zirconium and niobium are shown

in the following table.

Conc. of TBP Distribution Ratio
in Toluene (%) Zirconium Niobium
 8N-HCL 10M-HGL 8N-HCL 10N-HCL
100 7.0 %107 3.6x10° . 2.3x10° 9.9 x 10°
50 7.1 x 102 - 2.0 x 107 -
20 5.8 x 10° 2.3 x 103 - -
10 3.3 100 6.7x 107 6.1x10° 1.0x 10°
5 1.8 x 10° - 1.8 x 102 1.7 x 10°
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(Table Cont'd) N

Conc. of TBP Distribution Ratio
in Toluene (%) Zirconium Niobium
8N-HCL 1ON-HCL ~ 8N-HCL 10N-HCL
2 . 3.0x10 1.5x10° - -
1 8.8 5.9 x 10 g.1 2.8x10
0.5 2.3 1.6 x 10 - -

0.2 4.0 x 07T 3.6 Ch2x 107t 1.2

In these conditions, most of other chemical elements is
not extracted, remaining in the aqueous phase. Thus, extraction
with 1% TBP in toluene from 8 — 10N hydrochloric acid provides
a nice method for the separation of zirconium and niobium from
the slow neutron‘fission products of uranium.

(1)£§synfhetionﬁxture was prepared by additing Zr~95 -
Nb-35 into an old fission product solution. From the mixture,
Zr=95 — Nb-95 was recovered by the 1% TBP extraction from 10N
‘hydrochloric acid.

(2) 4 finely powdered mixture of uranium dioxide and
qﬁélic acid was irradiated in JRR~l for two hours., After stand~
ing for one day, the fission products were collected in oxalic
acid solution by dissolving the irradiated mixture inl -0,5N
hyﬁrochloric acidf The oxalic acid sélution was dried up and

the residue was heated in order to remove oxalic acid by
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sublimation. The remaining fission products'were dissolved in
8N hydrochloric acid.

The resultant solution was shaken with 1% TBP. The zirco~
nium and niobium extracted were stripped from the organic phase
with 0,58 hydrochloric acid, The final product contains Zr-97
~ Nb-97 (about 99%), Zr-95 = Nb-95 (about 1%) and a very small
amount of Np-239. - The extraction from 10N hydrochloric acid
is not preferable because of the high coﬁtamination of Np-239,

(3) Starting from a mixture of Zr-95-Nb~95,  Ce~lhil and
small amounts of other fission products, Zr-95-Nb~95 is isolat-
ed by a similar extradtion from 10N acid in the absence of
Np-239. |

This method is supposed to be a handy way for the cleaning

up of Zr~95-Nb-95 tracér.
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8, Studies on the Solvent Extraction
of Metalo- B diketone Chelates.

-Solvent extraction of uranium as dibenzoylmethane chelate-

Tsunenobu SHIGEMATSU, Masayuki TABUSHT

(Institute for Chemical Research, Kyoto University)

Sol&ent‘extraction of uranium as a chelate with'dibenzoyl;
methane, was investigated. Diben%oylmethane reacts with ura-
nium to form a_siable,chelate, which was used for a colorimetric
determination of the metal by Yoe ebt. al.. And Pribil et. al.

“develeoped a method fér the extraction of uranium, where diben—
zoylméthane solution in ethyl acetate was used as an extracting
solvent.,

In the present investigation, dibenzoylmethane was added
fo an aqueous sample solution as acetone solution, iﬁ order to
make reaction rapid. Best procedure was designed as follows.

'To a sample solution, add 2 ml. of 10% EDTA solution and
CaCl, solution equivalent to EDTA, adjust pH to 67, add
0.5~1 ml. of 5% dibenzoylmethane solution in acetone, and
dilute to about 50 ml,. Warm the solution at 60~ 70°C for

10~ 15 minutes, cool, transfer into a 100 ml. separating funnel.
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Add butyl acetate and shake for about 5 minutes.,

Extraction recovery of uranium was determined colorimetri~
cally by use of the absorption of uranium-dibenzoylmethane
chelate which had an absorption maximum at 400 mu.. In this
case, as the standard, crystal ofvthé,chelate whose composition
was éstimated as U0, (DBM)Z, was dissolved in butyl acetate, |

Uranium could be almost quantitatively extracted with
butyl acetate from an aqueous solution at a pH between L,5~ 9
in the absence of EDTA, and between 6«m/8vin the presence of
EDTA and CaClZ, respectively, when the concentration of diben-
Zéylmethane was larger than 0,2%,

The procedure, above described, was successfully applied
to the separation of uranium from mixed fission product55 and

the decontamination factor 1~ 2 x 10* was given for a single

extraction.
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9. Study on the Liquid-Liquid Uranium

Extraction by the Onium Compounds

Mutsuaki Shinagawa, Kosho Katsura

(Faculty of Science, Hiroshima University)

Many analytical applications has been studied on the onium
compounds in our léboratory. In this investigation, the fun-
damental problems for the extraction of uranium from atomic
reactor fuel and from ores were studied.,

Tetraphenylphoshonium chloride‘(TPPC) waé'mainly uséd.

The uranyl ion should be changed to the anionic complex if TPPC
was applied as the extracting reagent. Therefore/the buffer
solution which contain the benzoic acid and the sodiuﬁ.benzoate
was used to form the anionic complex. Treatment of the solution
containing the anionic camplex with TPPC solution produce white
precipitate which is réadily extracted in chléroform.

In order to find the best condition for the extraction of
the uranium, the relations betweeg pérceniage extraction and
'TPPC concentration (or pH) were studied. The results showed
that;the optimum pH was 5. The extracted uranium in the solu-

Tion 0.5 M HZSOA‘containing 0.003% Tween-80 was determined by
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the polarographié method.

The ratio of the [ U0,™"] to [ TPPC] in the extractable
precipitate was 1. Under the best condition above mentioned
(at pH 5), 9% of fission products with carrier and 2% of
carrier free fission products were extracted respectively.

The maximum pefcentage extraction éf the uranium was about 98%

at 25 = 0.1° .

10. The Separation of Uranium.and Protactinium

~ from Thorium by Iiquid Anion Exchanger.

F. Ichikawa and S. Uruno

(JAPAN ATOMIC ENWRGY RESEARCH INSTITUTE)

The extraction of U, Pa and Th from HCl, HNOB or HpSOy,
solution of various concentration with oil soluble secondary
amine isusﬁudied. Amberlite LA-1 in kgrosene diluent is used
as an extractant.

"Data of extraction ratio is coﬁpared with acid dependency

of Kd value of these elements by anion exchange resin.
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Amberlite LA-1 has a selectivity to uranium extraction.

This fact is applied to the separation of uranium from
protactinium and thorium in HCL.

The separation of uranium and protacfinium from 8 N HCL .
solution of thorium is studied. Both uranium and protactinium
are extracted from 8 N NC1 and protactinium is stripped with
3N NC1.

Uranium is strippediwith 0.1 N NalNOg and about 60% of added
Uranium is recovered.

From 3N HCl solution of U, Pa and Th, énly uranium is ex~
tracted and stripped with 0.1 N NaNO3. One hundred % of added
uranium is recovered in'fhis'process. Radiation damage of
,Amberlite LA-1 is studied.' Dégree of damage is measured by non
aqueous titration method and byvéxtractioﬁ @eth&d{

it a dose rate of & x 107 f/h and under the total dose of

6

5 x 10°F, radiation damage of Amberlite LA-1 is negligible.
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11. Separation of Radiocactive Elements Using Ion

Fxchange Membrane

Application to Fission Products.

Shin SUZUKI, Makoto SAITO and Mokuyoshi KISHIMOTOR
(The Research Institute for Iron, Steel

and Other Metals, Tohcku University)

Studies on the separation of carrier-free radiolsoctopes
fron fission products were carried out by the use of ion ex-
change membrane. For an example, the following conditions

were used in this experiments:

Ton exchange membrane: Amberlite IR 102 x C and

IR 101 x A,
pH of the sample solution: 10,0 with NH, OH-NH ,C1 buffer
solution,
Iﬁé type and nuﬁber of electrolytic vessels: The same 9
(4 B, C .... 1) vessels as the first report (A ~E
were connected with anion exchange membrane. E ~ 1

were comected with cation exchange membrane and

original fission product sample was contained in E vess

sel.)

‘Electrolytic condition: 12.0 V, 1.5 mA for 69 hrs.
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After electrolyzing, the separatién of each nuclide in vessels
.was carried out by using cation exéhange resin and was counted
the rédiéactivity‘of each fraction. And then it was found_that
Sr--Y, rére chrth elements and Cs were concentrated in G, H and

1 vessels, respectively.

12. Decontamination of 106Ru in the solution of 99Tc

by the use of ion exchange membranes.

by
Tatsuro KAWASHTMA and Yoshio KODA.

(Government Industrial Research Institute of Nagoya.)

Accoréing to the specification, the tracer of 9970 used
of whiéh'it“was sepéfated ffom_the fissibn products at Oak
Ridge National Laboratory>is contaminated by’106Ru of specific
activity - 6 x 10™4 mc/ml. it seemed that this value was sﬁall,
the effects of 106Ru would hot be ignored in some case, because
bthe energy of B -ray of 99Tc was low, i.e., 0.293 MeV, Whereas

lOéRh, daughter of 106Ru, emitted B -ray of high energy 3.53
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MeV and ¥ -ray. In this experiment, the originai 99TQ‘§piﬁ;v
tion was counted with a G.M. counter of end windOW‘tyﬁe‘aé fhe
2 cm distance from window, then the lOéRu-fractiQn in»éhé- |

-ray absorption curve was extrapolated to thg 0 mg/bm?
thickness of Al absorber, and the activity due to 106Rumihv
total counts was 1.26%. "

Ruthenium belonged te the eighth group and it was obtain-
ed in various valence state., As it was so complidated chemical
natqre that it formed complex compounds with'various charge at
presence of other ligands, that is, Fu gave %ise to anionic
and cationic complexes in HNOS solution, it was knéwn that the
Ru- showed one of the most complicated chemical propérty in the
fissibn products disposal. It was measured the activity abt
severai parts of membrane after elegtrqusis, that of 106Ru in
HNO.

3
periments, Amberplex A=l and Amberplex C-1 were used as the

solution by using ion exchange  membranes. In the ex-

ion exchange membranes, and the measurement of.radioagﬂivity
was made by the Tracerlab Ltd. autoscaler. The resUlt;showéd
that in +the cationic membrane Ru was uniformiy diéQ
tributed, while in the anionic membrane most parts'of Ruiwas
found at one side of original solution and its concentration
decreased with the increase of the depth from_the surface in

the membrane and was low at the opposite surface. The reason
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why Ru has above behavior was speculated that the anionic
membrane showed the effects like a kind of moleculer sieve by
the presence of long anionic complexeé of Ru-in HNO3 solution.

In this'experiment,—the-behaviof of Ru in membréne describ—
ed ebove was applied to the decontamination of 106Rﬁ in 997c
solufion{ "The degree of decontamination which was obtained by
this procedure was as follows:

Then 99TcOh in HNOB-solution was electrolysgd and feéovered
about 90% of 99Tc, the activify due to 106g, decreased to ébout
1/30 of the §riginal solution by the use of a. sheet of anionic

-membrane and to about 1/50 by two sheets.

14. Separation of Carrier Free Yttriun-90 and Lanthanum-

140 with Anion Exchange Resin of Carbonate Form,

gseizé MTSUMI and Tomitsugu TAKETATSU ;
(Department of Chemistry, Faculty_of,Science;’
' - Kyushu University)...
We studied the adsorbabilities of aAirace:mamgﬁnf of”

strontium and barium in carbonate solution on an anion exchange
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resin by using strontium-90 in radiocactive equilibrium with
ybtrium-90 and barium-140 with lanthanum-140. It was found
possible to separate yttrium-90 from strontiumr90 and lénthanﬁm-
140 from.bafiumrlho since only ybbtrium~90 and lanthanum;—lAO
were adsorbed on the resin. , | _

Results obtained by bhe equilibrium method showed that
radioactive materials adeorbed on the resin decreased ﬁithiinf
creasing concentration of ammonium carbonate, and that decay
curves of these radiocactive materials cofresponded to curves
of yttrium~90 with half-life of 64 hré. or lanthanum~140 of
40.2 hrs. | |

-The column method applied here was the following;‘stron—
tiﬁmr90 or barium-140 in 0.08 mol., ammonium éarbonate solution
was passed through the resin bed and flowed outICOmpletely with
10 ml. of washing solution (0,01 mol. ammonium carbonate solu-
tion or water),'whereas ybtrium-90 or lanthanum~140 adsorbed-
firmly on the resin bed was eluted with 50 ml. of 1 N hydro-
chloric acid._ At the beginning of the elution, the resin
particles were disturbed by bubbles of carbon dioxide, but it
was gra&ualiy settled down and became uniformly packed again,
This disturbance did not affect the elution of the tracer
© since onlj»yttrium~90 or lanthanum~-140 was adsorbed on the

resin bed. Since water was used as the washing solution, this
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method proved favourable to obtain the carrier free yttrium-90
or lanthanum~140 because other substances except hydrochloric

acid were not present in the yttrium-90 or lanthanum-140 solu-
tion,

To determine the contamination of strontium-90 in the
yttrium-90 solution obtained by this method, ferric chloride
(Fe3+, 8 mg.) and strontium chloride (5r2*, 9 mg.) were added
to the solution. Yttrium-90 was co-precipitated with ferric
hydroxide and filtered. The ferric hydroxide was dissolved.in
hydrochloriq acid and after its solution was dried up with an
infra red lamp, the radicactivity of the sample was measured.
Strontium in the filtrate was precipitated as sulfate and its
precipitate was filterd and ignited., Then, the radioactivity
in strontium sulfate was -measured. The result obtained showed
that the radiocactivity of strontium-90 was less than 0,5% of
the total radioactivity. Similarly the contamination of
bariumrlho in lanthanum-140 was shown to be practically negli-
gible. |

The effluent obtained by this procedure was again passed
through the resin bed after'it was allowed to stand for about
30 days. The result obtained showed that the procedure &és
good enough to supply yttrium-90 continously.

Fxperiments were carried out by using 0.08 mol. solution
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of sodium or potassium carbonate in place of ammonium carbonate,
in the procedure. It was found that the cations of the carbon-
ate salts had no effect on the separation of yttrium-90 from

strontium~90,

15 Separation of Technetium by Distillation Methods

Takanobu SHIOKAWA and Masuo YAGT

(Radiochemistry Research Laboratory, Shizuckas University)

The separation of technetium from other fission products
in aqueous soiution is most commonly performed by the distilla-~
tion method using perchloric acid or sulfuric acid. But ‘these
separation procedures are not so complete, therefore various
kinds of oxidizing agent, such as potassium bichromate, potaé—
sium permanganate, perchloric acid, and sulfuric acid, were
employed and technetium.se@arations by them were discussed.

_Radioactive technetium was technetium-99m growbhed from
molybdenum-99 and it was separated from molybdenum by an anion

exchange method. The activity of fractionated solutions were .
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measured in polyethylene tube with a.well type sodium iodide
seintillation counter, |

The optinum conditions for the distillation using these
oxidant were concluded as follows.

(4) K20r207 method: Tgohnetium4is distilled with the best
yield from 4O ml of the starting solution containing 1 g of the
oxidant and 17.5 ml of concentrated sulfuric acid,

(B) KMnO,, method: Techhetium‘distilled also from 50 ml
of the starting solution containing 0.54g of the uxidant and 22
ml of concentrated sulfuric acid.

(c) HC10; method: Technetium is distilled also from 50 ml
of the starting solution containing 40 ml of 60 percent per-
chloric acid.

(D) H,80;, method: Technebium is distilled also £rom 50 il
of the starting solution containing 25‘m1 of concentrated sul~
furic acid.

The yields of technetium~99m under the optinum condition
and time required for the distillation procedure in each methods

are shown in following table.

Distillation method | Yield (%) | Time required for dist. (min)
K,Crg0Oy | 83 | 90
KiinO, I 90
HC10,, 95 | 90
H,S0, | 55 240

R



16. Coprecipitation of Neptunium with Lathanum Trifluoride

Eiko Nakamure

(JAPAN ATOMIC ENERGY RESEARCH INSTTTUTE)

It is well known that oxidized neptunium does not copre-
cipitate with lanthanum trifluoride whereas reduced neptunium.
is carried down al@ost quantitatively. Although this is often
utilized for the practical separation of neptunium, what the
oxidized or reduced state means is not clearly defined. Some
believe that both neptunium (V) and (IV) are carried down by
lanthanum.trifluoridé, whereas others believe that neptunium
(V) is not. Sometimes the expression of "the lénthanum.fluo~
ride carriable state! is used in the place of the oxidation
states,

In the present study, the different modes of coprecipita~
+ion behavior of neptuniﬁm (Iv), (V) and (VI) are studied with
aids of the tracers for neptunium (IV), (V) and (VI).

The tracers are prepared by solvent extraction with trie
butyl phosphate and/or thenoyl trifluoroacetone. The oxidatior
state of neptunium used is determined according to the solvent

extraction behavior as well as the coprecipitatioh behavior.
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The distributiou of neptunium (IV), (V) and (VI) between tri- ‘
butyl phosphate and some mineral acids héd beeh déﬁermined in
a previous study. After measuring distribution ratio of neptu-
nium used in this study, the oxidation states are assigned by
the comparison between these two values. On the other hand, it
is well known that zirconium phosphate carries down only neptu- .
nium (IV) leévipg neptunium (V) and (VI) in the solution.
Results show that neptunium (IV) and (V) can not be sepa-
rately identified according to the behaﬁior in carrying down
with lanthanum trifiuoride, while they are identified by the be-
havior in the solvent extractions or in the coprecipitation with
zirconium phosphate. Thus it is presumed that both negtunium
(IV) and (V) are carried down almost completely with lanthanum
trifluoride while neptunium (VI) remains in the supernatant

solution.
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- 17. Separation of Carrier-Free

As-T77 from Germanium Targets

Mariko Inarida

(Department of Mining, University of Tokyo;

The bombardment of germanium with neutrons gives Ag~77 by
the.reactiong 766e (n; Y) 77Ge_4é9 77As. The author studied
* the séparation of-Aé—?? from germanium targets in carrier-free
form, with extraction mefhba by TBP.

As-T7 and Ge-77 are used as the tracer for étudy-on s0l-
vent, eitraction behaviors ofvarsenic and germanium in the
Hydrodhloric acid séiution and TBP, As-77 (carrier~free) is
easily extracted from 3N hy&rochloric acid solution, Ge-77 (2 X
1072 M) is not extracted'from'these conditions. The irradiated
germanium was heated and dissolved with aqua regla, provided
with a reflux oondenéer. The irradiated germanium dioxide was
dissolved with water. The solution was made 10 ml of hydro-
chloric acid solutions of 3 N. It was shaken with 5 ml of
SO%'TBP~kerosine in a separatory funnel for a minute., Arsenic

was back extractedvto aqueous layer by the addition of sodium
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chloride solution of 1 N to organic layer and by shaking the
layer for one minute. 50% " 60% extraction ratio was obtained
at optimum condition. The measured half-life of the isolated

activity was 38.7 hours,

18. Separation of Arsenic from Germanium

Target Irradiated by Protons.

K. Saito, 5. Ikeda and M., Saito
(Institute for Nuclear Study, UniVersity of Tokyo,
and The Research Institute for Iron, Steel

and other Metals, Tohoku University)

Distillation énd extréction methods were examined in order
to study thé éepération of radicactive arsenic including Thps
in almoéﬁicafrier—free étate ermAgermanium‘ahd germanium di-
oxide irradiéted by protons, the energy ranging from & to 15
MeV. Arsenic was disﬁilled'és arsenous Chioridé'with the aid .
of hydrogen bromide, after the rémoval-of'germAnium.éé‘tétra.

chloride, in a current of nitrogen;:‘The~diS£iliéﬁion'proceeds
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rapidly and radioactive arsenicbwas.collected in a good yield.
The extraétion of arsenic diethyldithiocafbamate with carbon
'tetréchloride, which is used for the photometric micro-analysis
of arsenic was satisfactorily-applied to the separation of
almost carrier-free arsenic, provided that the pH is duely
adjusted and a sufficlent amount of the reagent is present.

By extracting back £he avsenic with diluted agqueous ammonia,
radioactive arsegic was collected radiochemically pure and used

' for the measurement of conversion electron spectrum of 74As.

19, Extraction of Almost Carrier-Free Niobium

Isotopes from Zirconium Irradiated by Protons

K. Saito, S. Suzuki and M, Saito
(Institute for Nuclear Study, The University of Tokyo
and The Researéh Institute for Iron, Steel

and Other Metals, Tohoku University)

The Extraction of radiochemically pure radiocactive
niobium in almost carrier-free state was examined to be used

for the source preparation for conversion electron spectrometry.
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The nuclides were produced by the reaction, 927 (pgn) 92Nb and
the niobium was separated by the following methods., Ellenberg!s
method (Anal. Chem., 26, 1045 (1954)) fo% the separation of
niocbium from tantalum with tribenzylamine was satisfactorily
applied to the extraction of niobium from zirconium. Back-
extraction of niobium could also be made with diluted aqueous
ammonia, 3% hydrogen peroxide solution or 2 N hydrochloric acid
and radiochemically pure niobium collected by the use of radio-
colloid formation. By the utilisation of Milner's method (Ana—.
1ysb, 80, 380 (1955)), almost carrier-free niobium was obtained
by the extraction with methyl-iso~butyl-ketone (hexone) from

10 M hydrofluoric acid solution containing 6 M sulphuric acid
and 2 M ammonium fluoride, the efficiency'beihg’more than 95%;
‘it appears as if considerdble amounts of radioactive niobium
reﬁains in the aqueous phase, when zirconium fluoride is present

in the agueous phase.’
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20, Separation of Technetium

Masayoshi Ishibashi, Iaitifo Fujinaga and Mutsuo Koyama
(Chemistry Institute, Faculty of Science,

University of Kyoto)

Carrier free separations of Te from target Mo and from
fission product have been investigated. Sample Tc was prepar-
ed by the (p,n) reaction on Mo using the cyclotron of the
Institute for Nuclear Study, Univ. of Tokyo. After two ﬁonths-
cooling, no other radioisotopes except 95mTc and 96Tc were
identified in the sample by the gamma ray spectrometer.

Distillation Method Tc was separated from others by distilling

it from sulfuric acid solution as Tc207. In the present work,
the presence of oxidizing agents such as perchloric acid or
nitric acid was found wvery effective té promote Te distillation.
Bu and a part of sulfuric acid are distilled simultaneously
with Tc.

Extraction Method It is well known that TCOZ in 4 N-KOH solu~

tion can be extracted into pyridine. Over 99% of Tc and a part
of Ru, Mo, and W were found exﬁracted by the method; however
the Ru, Mo, and W could be removed from Tc by a reverse extrac—

tion. Sr-Y, Ce-Pr, Zr, sulfate and chloride do not interfere
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with the extraction of Te.
The separated Tc was then passed through the H type cation-

exchange resin to remove potassium ions. .

E

21. Separation of Radioactive Rhodium from Ruthenium Target

Hikaru SHIMOJTMA

(Tokyo Institute of Téchnology)

Chemical‘separatidn‘was ﬁade from a Ruthenium target of
natural isotopic ratié bombarded with a proton from 63 inch
cyclotron at the Institute for Nuclear Study, University of
Tokyo. Garrier free and salt free separation was néeded to
prepare sources for a B -spectrometer and for a y .~ r angular
correlation measurement in the study on the decay of Rhodium-
102,

-The‘fundamental experiments were made on the each separa-
tioh processes,
(1) Separation with precipitation process, ferric chloride
was added to the solution &s a collector of Rhodium,

(2) Ton exchange resin process.
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(3) Solvent extraction process.
(4) Electrolytic reduction process.
‘Chemical separation and source mounting were undertaken in-
combining the prodesses mentioned above.

There found a great difference in chemicél behavidurs
when or without carrier added.

The fdllowings were discussed in detail. *

(i) Alkaline fusion and bisulfate fusion.

A sample of target, potassium hydroxide, potassium
nitrate, ferric chloride (collector) were mixed and put
in a nickel crucible, and heated to L00°C for 20 min.
’Residﬁe_of rhodium oxide was put in bisulfate fusion; and
was ﬁade-completely soluble to an agueocus solution.

(i1) Extraction rhodium of lower valence with organic
—soiﬁents as ether, ethyl acetats,‘etq. BEven without
carrier, over 80% of extractions were made.

(iii) Adsorptien andvdesorptidn to iom exchange resin,

Kd were determined with a batch method, in rhodiuﬁechloride
system with 0.1, 0.3; 1, 3, 6, 9, 12 N HCL, in cation and
anion exchange resins as well, With cation exchange resin,
Dowex 50W-X8, thodium was not adsorbed, in any of these,
neither with anion exchange resin in over 3N HCl, but

adsorbed in less conc. range of HCL.
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Without carrier, a part of rhodium was found adsorbed

quite strongly, and very hardly recovered, unless heatedl
for long hours in boiling HCI. |

Separation of rhodium from ferric, ruthenium etc., are very

easy and complete with a use of ion exchange resins.

22, The Diffusion of Gaseous Fission Products from

Semi-Homogeneous Nuclear Fuel.

Seishi Yajima, Sumio Ichiba,
Yuichiro Kamemoto and Koreyuki Shiba

- (Japan Atomic Fnergy Research Institute)

Semi-homogeneous nuclear fuel is consisted of graphite
powder and uranium diéxide powder which. is homogeneously dis-
vpersed in the graphite powder. In our previous study, it was
shown that, when a mixture of uranium dioxide (the diameter of
»the uranium dioxide particle was about 0.5 microns) and graphite
powder in the weight ratio of 1:20 was irradiated with JRR~1
neutrons, about 80% of fission prbducts recoiled out of the

Uranium dioxide powder and was captured by the graphite powder.
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The investigatidn_of the behavior, aﬁ high temperature, of thg
gaseous fission products which are captured in graphite powder
will be of importance in cbnnection with the reactor technology
of the semi-homogeneous reactor. '

In‘our experiment, the diffusion5 at 400°, 800° and 1200°¢,
of Xe~135 and I-133 which were captured in several kinds of
graphite powder was studied. The mixture of 1 g of graphite
and 50 mg of uranium dioxide was irradiated in an experimental
hole of JRE~1 at a thermal neutron flux of'approximately'5xloll
neutrons/bm?. sec. for about one hour.»AThe irradiated sample
was washed wiih a hot éN-nitric acid sélution to dissolve
uranium and neptinum, and dried.at 70°C. Tt was evident in
~our previous study, that the fission products captured in gra-

"phite were not leached with a nitric acid solution if the
treatment is done in a short duration.

The_fission pféducts,captured in graphite were cocled for
25 hours or 50 hours after irradiation and used for the diffu-
vsioniexperiment. During such oodling period, the predecessor

- of Xe—135 and I-133 were predominantly built up reSpecfively.
Graphite sample was heatéd in a stream of argon'at AOOO, 800O
and 1200°C, and Xe—iBS and I-133 which wefe released from gram-

. phite were tfapped fespectively in a charcoalvtrap and copper

trap at AOOOC° At appropriate intervals these traps were
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replacéd by new ones.

The amounfs of Xe-135 and I-133 captured in each trap wefe
determined with gamma-ray spectrometry and the relation between
the diffusion amounts of these nuclides and diffusion time was
ocbtained.

The results show that there are two-mechanisms’for diffu-
sion in a graphite grain, that is a rapid diffusion observed
within about one hour with the subsequent slow diffusion after
about one hour;, | |

The amounts of these nuclides for rapid>diffusion>are épQ
" preciably greater than those for slow diffusion and‘the:amounts
vary with the temperature and the kinds of the samples The
amounts of diffusion in the natural graphlte samples are appre»
ciably greater than those of artlflclal graphlte or the amor-
phous carbon samples. It w1ll be suggested that the dependency
of diffusion amounts on the kinds of samples will be related to
the pattern of dislocations in the graphite graiﬁé.l'

. The activation energies;of‘these huclﬂieS'wefe db£ained:
from the inclination of the élow diffusion curve and the values
" of about 2, 000 cal. /mole and of about A,OOO cal, /mole were

shown for each nuclides reSpectlvely
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'»'23._.The Purification of Americium from Reactor Wastes

Keiji Naito
(Chemistry Division,

Japan Atomic Energy Research Institute)

Around 50 mg amount of americium was purified from larsge
amount of impurities. The source of americium for this sepa-
ration was a 5.6 1 of waste solution from Hanford Reactors.
The rough separation of large amount of impurities such as
aluminum, bismuth gnd plutonium fromAthe solution was carried
out by'précipitation method.

4s the burification method, the aﬁion exchange method was
used. The residual plutonium, iron and bismuth were removed

by using 9 mol HCl elution, and lanthanﬂm‘wés sepérated by.
using 5 mol NHhSCN elution. The'last impurity, aluminum, was
removed by additing 2 mol NaOH solution repeatedly on the
cation exchange column on which amériéium.solution was adsorb-
ed. Finally 95 ml ofvspectrégraphically pure americiﬁm s01u~
tion was ob%ained, and the recovery of americium was nearly
100%.. | |

(This research was carried out at the Radiation Laboratory;

University of California, Berkeley, California, U.S.A.)
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2h. Determination of Small Amounts of Radionuclides

in JRR~1 Primary Cooling Water.

Kaoru Ueno

(Japan Atomic Energy Research Institufe)

For the operation of a high neutron flux, water cooled re-
acter, thé detéction or determination of,rédionuqlides in the
coolant are extremely important.

A sample of primary cooling_waier, which ﬁas téken from‘the
stainless steel loop facility'of,JRer at May 9, 1959, showed
gamma acﬁivities of about lO“h}Lc/ml.

The coolant usually contains many kinds of radionuclides of
widely different half-lives. They comes from neutron activation
of fiésion. Therefore, the characteristics of the gamma radia-
tion found in the sample were studied gamma—spectrometrically,

The gamma spectfum\showed meny high peaks at 0.32, 0.51,
0.83, 1.1 and.l.B MeV. In order to.simplify the analysis of
this complex spectrum, samples were treated as follows:

The sampie éblution was dried aﬁd then dissolved with
1l N hydrochloric acid. This solution was transfered on to
a Dowex 1 (H type) anion'axchange resin column bed (41 cm h

10 em 100 - 200 mesh). The nuclides adsorbed on the column
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were eluted successively with acid solutions of decreasing
acidities (11.4, 6.0 and 3.0 N hydrochloric acid). Thus gross
separations of nickel, manganese, cobalt, and iron were .ac-
complished. Observing the gamma activities of ‘fractions from
- the anion exchange column with the 256 channel pulse height
analyzer, the nuclides were identified by gamma energy, chemi-
cal proPerty-and half lite, These nuclideé found afe given in

Table 1 as well as the probable>wéysvof formation.

Table 1. Nuclides in Stainless Steel Loop Coolant.

Relative
Nuclide Half Life Concentration Method of Formation
Shy, 310 day %12 L Shpe (n,p) M
5800 72 day 58 28w (n,p) 58co
6056 53y 13 590 (a,r) 60
657 245 day 9 bl (n,r) 6520
Uﬁknown _ -8

: The radionuclides in coolant are sﬁpposed to come from
(l)‘agtivétion of impurities in water, (2) activation of water
itself, (3) corrosion aﬁd.scale formation, (4) fuel and fission
products escéped into wéter from the reacter fuel solution,
The present result shows that the radionuclides found in

the sample were formed by activation df'impurities and corrod-~

ed material presented in the water.
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25, Studies on the Treatment of Radiocactive Liguid Wastes

——— Remova} of Radioactive Calcium and Strontium —--

Sigehisa Iwai and Tenson Tsutsui

(Faculty of Fngineering, Kyoto University)

The supernatant.ﬁroducedlon.the decontamination of the low-
level liquid wastes, bub in'a.léfgé amouﬁf, by means of the
coagﬁlatidﬁ with hydrqiidés,'must be not cnly neutralized bubt
also controlled of its Qualiﬁy before it is:disposed, directly
or after seqreéning; to any‘df'pﬁblic water areas. Therefore,
as alkéline coagulant ai&s, NaOH; H32003, NaHCO3 would be more
recommendable than ammonia or lime, ﬁhidh is apt to produce,

\ reépectively, ammonium salts or fine iime brecipitateé, after
the ﬁeutralization, in the supernaﬁaﬁt. |

:Ip our experiment, ferric hydroxide was used as the co-
agulant fof its merit that it can ralse favourabiy the pH value
of the mwaste f§r the ébsorption process.“

| By the ordlnary absorptlon process for water treatment with
ferric hydrox1de, Y and Ce are removed well at a pH range from
‘7:to 8, while Sr and La are'sdareéély removed. ~On the other
hand,.a paét study reported that Sr could be removed with a

ratio of 99%, when ferric hydroxi&e-WaS precipitated with NaOH,
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under the coexistence of ammonium salts. For such a decontam;—
nation of radioactive strontium, our study was carried out to
obtain further data on theieffect of pH value as well as on the
optimum condiﬁion produéing good. ferric hydroxide precipitates.

A sanple was prepared in a total volume of 100 ml, contain~
ing 45ca (p-2) or 89:908r.(c.f.) (approximately by 25,000
com/ml) in' 1 ml, a carrier solution of Ca or Sr of 0.00l‘M/l
in O = 30 ml, Fe*** solution of 0.156k M/1 in 5 ml and a co-
agulant aid (NaOH, NH)OH or NapCO3). After settling the pre-
cipitates, the supernatant-activity Was‘counted, then the
removal ratio was calculated,

With every of the three coagulant aids, the removal ratio
remained within O - 15% for both of Ca and>Sr at a pH value
3 - 5. o

After raising.the pH value with NaOH, however, a removal
ratio of 95% was obtained at a pH value of 10.5, and the |
carrier amount of both Ca and Sr did noﬁ changé so much,
Further high dose of NaOH unfavourably affected the formation
of ferric hydroxide precipitates;

With NayC0Og, -a removal ratio of 70%uor.97% ﬁas obtained,
respectively at the pH value of 7.0.or 9.2 = 9.6, without re-
isulting any bad effect by the incréased amount of carriers.

With NH) OH, a removal ratio of 1.3% or 92% was obtained,
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respectively at a pH vaiue of 7.5 or 8.2, but with significantly
bad effécts, lowering the remoﬁal ratio, caused by the more |
carrier amount, |

On the removal of Ca and Sr with ferric hydroxide, any
other coagulant aids than Na2C03 did not result good removal at
the neutral pH range.

With every of NaOH, Na,CO and NH,OH, the higher pH value
produced the more removal efficiency than 95%, while NH;,CH was
not so preferable, because it lowered the ratic with the in-
creased amount of carrier and also harmed the waste quality,
other than radioactivity, for its disposal to public water
bodies,

Excessively large amount of NaOH higdered precipitation
action, while Na2003 often caused floating flocs, especially
when the 002 gas produced by agitation was not adequately re-

leased.
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26. Decontamination of Radioactive Waste
Solution by Adsorption with Activated

- .Carbon ‘and Argine Mixture

Kichizo Tanaka and Yoshio Koda.

(Government Industrial Research Institute of Nagoya)

A survey of.adsorption methods for the removal of fission
products from waste solution éontéining high salt contents was
mainly ﬁaﬁe. Several adsorbents have been used for deccntaﬁir
nating water and raﬁioacti&e waste solutiéh with varying degrees
of efficiency. The decontamination of fission products in the
waste solution was sﬁﬁdied by adsorption with adtivéted carbon
and argine mixture compared ﬁith activated carbon and ion ex-
change resins. |

The mixture was prepared by the addition of aqueous- sodium
arginate as the droplets to the acid solution. suspended with

.activated carbon, thus formed precipitate was washed with 1N
HZSOA’ dried at 70° C for 24 hrs, and then evacuated for 1 hr.
Lctivated carbon was also evacuated for 1 hr. before use.
Dowex 50 X~ and Dowex 2 (50-100 mesh) were conditioned with
1N sulfuric acid solution,

The following radiocactive materials were used as
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conta@inan?s; 13703, 907 were obtained as the chlorides and
106Ru,_95Zr—?5Nb_wereiqbtained as the nitrates. Stock waste
sblutionvwas,a mixéq_jission product contaminant consisting of
308 e, 10%__14713111_,_ 3. 5% 9Osr, 3.2% 1%py, 2,7% 1370s and re-
sidual‘percent traceé of.a large number of other radioisotopés.
The pH of ﬁhis solutionlWas taken by teét‘paper, but in a few
case, using a HORIBA gléés.electfode pH meter.‘

Fach 2 gr. Qf‘adsogbent and-Zd.ml. of aliquot Were mixed
and agitated meqhanically in the'giassistoppered bottle for
2 hrs at 200 C., and then centrifuged. Fach 1 ml of dried
samples of the Supernatant.soiution and 1 ml of initial sample
were taken, placed in a stainless steel dish respectively, dired
and counted using a G.M. mica end window tube (1'h3mg/cm thick).
Difference between the initial and final count rdate represented
“the removal. Erom.the ratio Between initial and final count
rate, distribution ratio was_also determined. |

This adsorbent was packed in columns successfully adsorbed
a variety.of'fiésidn product cations. “Overail percent removsls

were shown as;

( 1-ZA& v / AV)x2100% -
where N is the numbers of final fraction, A and A, are the
~ count rate of stock solution and i-th fréétioﬁ per ml, respec—

tively, v is the volume of eluate at i~th fraction and V is
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the total volume of eluate from 1 to i-th or N-th fraction.

The removal and distribution ratioc were obtained as a
£unc£ion of pH of waste solution, the effects of the addition
of carrier and of impurities particularly othér salt on re-
movals were also studied. |

75% of 9OSr in 500 ml was removed from the solutionﬁéon‘
taining 80 @g strontium chloride per 1 litre in:the flow rate
of 5 cc per minﬁtéé by passing through the column in which
activated.carbon argine ﬁixture‘was‘packed 5 grs, while only

36% of 0sr was removed by activated carbon treatment.

27. Study on the Treatment of Radiocactive

Liquid Waste by Chemically Modified Pulps

Shiro Onoe, Masamichl Ckubo, Kenro Ikeda,
Morihisa Maruko, Mutsuaki Shinagawa

(Sanyo Pulp K.K. and Faculty of Science, Hiroshima University)

This report'discussed about the possibility of the treat-
ment of radioactive liquid waste by modified pulps. Oxidized

pulps and phosphorylated pulps were used. In this investigation,
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thé decontamination of‘QOSr (9OY).wés discussed mainly.

One gram of modified pulps was inserted in the column and
radiocactive solution was passed through it. 20 mi of eaéh frac~
tion wasicollected from the passed solution. One milliliter of
each fraction was dried and its activity was measured G,M.
counter,

The percentage femoval éf contaminant was as good as over
95% for both substances. The capacities of oxidized‘pulpé and
phosphorylated pulps were-;bout-Z.E meq,/g aﬁd 3.2 meq/g re-~
spectively. These modified pulps showed the ion exchange pro-
perties similar to those of the ion exchange resins (Amberlite

TR-120).

28, The removal of the contaminating nuclides in

adquous solutions with bentonite and precipitants

Hisateru Okuno and Birofumi Arino

(Department of Chemistry, St. Paul's University)

Many works have been done with regard to the decontaminat-

~ ing capacity of the bentonites and these clays were found to be
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useful for the removal of radioaotive cations in aquous soluj
tions,

However, as bentonites swell in water easily and form
very stable suspensions, it is difficult to separate hentonites
from_aqﬁous solutions, Therefore, we have studied the coagu~
lating and precipitating power of the carbonates of Ba, Ca and
Mg for the purpose of getting the bentonites in compact forms
as far as possible. According to our experimintal results,
fairly gcod separations of bentonites from aquous phases were
obtained without any decrease of the decontaminating capaci-
ties of the bentonites. |

Bentonite which occured in Gunma Prefecture in Japan were
added to solutions containing e (NO3)3. |

Then, known amounts qf the precipitants were added to the
solutions. The precipitating velocities of the suspensions
were observed, After stirring, these solutions were let stood
still for 24 hours. After 2& hours aliquots of the supernatant -
agquous solutions were. taken and their radiocactivities were
measured with the use of the Baird Atomic scintilletion counter.

Under our experimental conditions, BaCl, (4 meq. or more)
was effective for coagulating the benﬁohite suspensions, while
the coagulating power of (NHA)Z CO3 was very smali. CéClz was

effective as well and MgCly (2 meq. or more) was most effective,
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When chlorides of Ba, Ca or Mg and (NHA)ZCOS were used in equal
equivalent, the precipitating action of the carbonates produced
in situ, were not satisfactory. But when either one was in
excess to the other, the precipitating power was increased.
Generally speaking, whether the coagulating salts.are
present or not, nearly the same efficiency of removal of fhe
contaminating nucliaes were obtained with the bentonites., And
the addition of the carbonates of Ba, Ca or Mg was effectivé in

separating the bentonites from the aquous phases,

29. Studies on the Decontamination of Radicactive-
Contaminants from Water. Part 3

Vermiculite as an lon-exchanger.
Tsunenobu Shigematsu,'Tbshiki Oshié
(Institute for Chemical Research, Kyoto'Universiﬁy;.

K.K. Josui Kogyosho)

Although the ion exchange process is one of. the most ef-
ficient methods for removing radioactivity from water, the cost

of the ion exchange resins may limit widespread use unless
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suitable regeneratiﬁn techniques are developed.

The clay mineral vermiculite exhibits the exchange Qf'
lattice ions, and the removal efficiencies of vermiéulite do
not appear to be significantiy different from.the sulfonic acid .-
typé cation exchange resins. In order to»determine the break-
though capacity of the vermiculite, a calcium chloride solufion
w(lO;B‘Mfas ca*t) was passed through a column filled wi£h sodium
form sample regenerated with 3% sodium chloridevsolution, and
fraction$ of the effluent were analysed for the calcium ion.

The usable 10% breakthrough capacities of 17 samples of
vermiculite (20 to 60 mesh) were 0.297 0.541 and 0.411
0.859 meq./ml for 4O and 100 gram sodium chloride regenerant
per liter. Uéing a 0.1 M hydrochloric acid solution for the
acid treatment of the vermiculite, Na-Ca ion exchange break+
through capacities of the acid treated samples were 0.356
0.672 and 0.475 0.898 meq. per milliliter for 4O and 100
gram per liter regeneration level. When the concentration of
hydrochloric acid for the acid ﬁreatment'was varied from 0.0L
to 6 M, the maximum Na~Ca ion exchange capacities with 40, 60,
100, and 250 g NaCl/l regeneration level were 0,560, 0,769,
0.870, and 0.947 meq. per milliliter.

Fér.the most effective removal of cesium from_éalt solu~

tion containing about 0.3 ~~ 1,5 per cent by weight of mixed
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sodium chloride - calcium chloride, vermiculite is recommended.

The re@oval efficiency of 99% of higher is possible.

30. The Separation of'gOSr and 70y by Paper Electrophoresis

Shoichi Kawamura and Masami Izawa

(National Institute of Radiological Sciences)

The separability of 9OSr‘and 90y by paper electrophoresis
has been investigated‘using various acids as electrolytes., pH
of .the electroyte solutions were adjusted by adding NH;CH.

About 0.005 cc solution containing 90sr ana 7% was spotted at
the point of 10 cm from one end of the filter paper (Toyo filter
paper, No. 3, 2 x 4O ¢m). The paper was clamped between plastic
plates and voltage (10 v/cm) was applied on the paper placed in
conventional migratioﬁ cell for 1/2 - 2 hours.

Aftér drying the paper, the electropherogram was cut into
1.0 cm segments and counted the radiocactivity of each section
by end-window GM counter. In some .cases paper chromatogram-

scanner was used for recording the activity.
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Results:
(1) 0,01 M hydrochloric acid and 0.05 M formic acid: Separa-—
tion was very poor with or without Sr and Y carriers in the
solubtion to be analyzed.
(2) 0.05 M oxalic acid: Separability was maximum at pH 2 and
L. At pH L, 90Sr moved 10 em in 2 hours, while 707 remained
at origin. |
(3) 0.1 M tartaric acid: 90sr and 207 could be separated at
10 c¢m in 2 hours when no carriers were added. Separability
“became poor by adding NthH-tovthe electrolyte, or by addihg
Sr and Y carriers to the sclution to be analyzed.
(4) 0.05 M citric acid: Distance between the spot of 905
and 70y waé,lo em, and it was 13 cm, When the pH was adjusted
to 2,5 by adding NHAOH. The‘electropherogram.was.not changed
appreciably by the addition of Sr and ¥ carriers.
(5) 0.1 M acetic acid: Separation was very rapid and complete
when no carrier was added; 6 cm in 30 minutes and 17 cm in 9Q
minutes. They were ﬁot separated completely when carriers were
added.

From these experiments, the most switable electrolyte for
- simple and rapid separation of 9OSr and_gOY is 0.1 M acetic
acid solution when the,active solution is carrier-free, and;it

is 0.05 M citric acid solution (pH 2.5) when the active
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- o %4
solution contains Sr and Y carriers,

31. Adsorption of Fission Products

by Various Kinds of Soils.

Chuichiro Sakurai, Masuo Yagi and Takanobu Shiokawa
(Ikeshinden High School and Radiochemistry

Research Laboratory, Shizucka University)

It has beén well known that the soil is a good adsorbant
for fission products or fadioactive fall-out. Therefore, the
peculiarity of the adsorption of fission. products by various
kﬂﬁsofSMisfmmdinSMzmkaPﬂfaﬁwévmsimMSMgMEd
fundamentally. | |

The soil samples were collected from rice fields or vege-
table gardens.

The adsorption ratio was calculated as follows:.

Adsorption ratio (%) = Activify of soil x lOO/Aotiviﬁy of

soil +‘Activity of supernatant

. Procedure was as follows:

0.5 g of dried soil was added to the 50 ml of solution
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containing radicactive tracer in an erlenyer flask. The solu~
tion was shaken vigourously for one minute and centrifuged

after 18 hours standing.

As the results, all kind of soil had high adsorption'
ratio for'the fission products, especially for cesiume137ev
The adsorption ratios were increased by an addition of a small
amount of calcium.ion, but wére decreased by the large aiount

of it and phosphate ion.

32. A rapid Method for Determining Sr-90 and Cs-~137 in

Radiocactive Fall Out Using an Ion-exchange Resin

Hiroyuki Tsubota

(National Institute of Radiological Sciences)

| A rapid method for determining Sr-9C and Cs-137 in radio-
active fall out using an ion=-exchange resin has been devised
based on the following two fundamental experiments:
1) Fe’t, A13+, and rare earth ions deposit in a resin because
of their hydrolysis—properties at high pH—values.' They are

not eluted from a column when ammonium formate or ammonium
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acétate ag. solution is used as elutriant, pH of which is about
7.

2) The separability between Ca and Sr increases by adding par-
ticular organic solvents such as methylvalcohol, ethyl aicohOI;
acetone, agd cellosolves, etc.., By adding dioxane, however,
the separability is not changéd appreciably. From the facts,:
it is supposed that Ca and Sr form water>soluble complex ions
with these organié solvents. Here, the'ammonium,aceﬁateumethyl
alcohol sysﬁem is empioyed from a practical poinﬁ of view, and
in the system the mixed ratio for the best separability between

Ca and Sy is in the range of 4O - 60% alcohol in volume.

- Column:

Amberlite CG - 120, 100 - 200 mesh, § 2.0 x 15 cm, H' -
saturated form, | |
Elutriants: |

Elutriant I, 2M ammonium écetate aq. soln: methyl alcohol

= 1: 1 (in volume) mixed soln,

Elutriant IT, 2M ammoniﬁm_acetate ad. soln.

Procedure: . |

1) 4dd 5 - 10 ml of 3N HCL to the dried chloride sample, and
dilute to 30 -~ 50 ml with distilled water.

2) Elute Na*, K*, Mg2+‘ and Ca®" with 300 ml of Flutriant I at

the flow rate of 3 ml/min.
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3) Elute Cs* and Sr* with 220 ml of Elutriant II at the flow |
rate of 2 - 3 ml/min. | |

4) " Finally, elute Ba2+, F83+, A13+, and rare earth elements
with about 500 ml of AN HCL. o

5) Deteﬂmlne the natural strontlum.content in the effluent of
| step 4) by EDTA tltratlon method. Then, add Sr— and Cs- |
carriers, decompose EDTA, and precipitate SrC03 by adding

| Nag003. Measure the redioactivity in the SrCOz-ppt. with a
sultable counter decided.

6) Add HCth to the flltrate of step 5), and pr601p1tate
CsCth. Measure the radioactivity‘of Cs—137 in the precipitate.
Tﬁié pfocédure cah be applied when ﬁhe weight of the

samplélaé chlorides is less than 1.5 gr. When the weight of
chloride sample (W gr) is larger than 1.5 gr the pplumn length
(L cm) and the volume of elutriants (v ml)‘can bé detéfmined
by‘the following relations:
L 2 10+ 5W /1.5
and V =V, + L /15
where V, is the volume of elutriants indicated in steps 2) and .

3) above.
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33, Method for Determination of Strontium-90 in Fallout

Yuji Yokoyama and Tetsuo Hiyame
(Department of Chemistry, Faculty of Science,

" University of Tokyo)

A.new method is proposed tb separate strontiumrQO‘from
large amounts df irbn, aluminum and calcium in failout samples.,
The method is based on the difference'in the formation constants
: gf me£al—EDTA complex coﬁpdunds among these metals. We found
that,lin‘sﬁitabié éohditioﬁ, strontium.remains as Qatioﬁ, wﬁile
thé:major pért 6f ifon, aiumiﬁum and caiciuﬁ exiéts in the férm.
of complex anion with EDTA; Cation_exchange resin is used fo
séparatevcation (Sr).fféh complex‘anién (Fe, Al,-ba).l B

The précedufe.bf anljsis is as folléws. o |

Rain water samples are collected during thé beriod of one
month on a collecting sufface of 1.0 m2 area; :Then tﬂe water
is evaporétéd'to drjness; After evapérati&n, stfontiﬁﬁ.is ex-
tracted:with hydrochloric acid. Extraction is repeated sevel
times and the combined extract is evaporéted. The extract con=
tains. considerable amount of salts. Generaly, it consists of
aboﬁt 10 g of chloride. The usual composition §f the extract

is estimated as follows:
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Fe (III) 540 mg, AL 270 mg, Ca SOO.mg, g 330 mg, Na 1300 mg,
K 330 ng. |

In the following procedure, we can treat 10 g of chloride
as eveporated extract. The extract is dissolved with hydro-
chloric acid and dilubed to 0.1IN. Acetic adidv(3.6bél) and
EDTA (4H form) 16 g are added to the solution. The acidity of
the solution is adjusted to pH=4,0 with ammonia water and |
volume of the solution is made 600 to 1000 ml with water. Then
the solution is passed through the resin column which consists
of Dowex 50-X8, NH) form, LO ml. After passing the sample
solution, the column is washed with 300 ml of EDTA'501ution,
(0.1 M, pH 4.0) which contains acetic acid (0.1 M) as buffer..
Iron, aluminum, calcium and rare earth fission products are
completely removed, while strontium is entirely absorbed in
the column. Then strontium is eluted with 150 ml pf EDTA~solu~
tion (0.1 M, pH 6.0) containing acetic acid (0.1 M),

The method is verified With tracers of strontium-950 and
calcium~L5 for synthetic samples of chloride mixture.

Result shows that the separation is fairly complete, even

. though the method is so simple,
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3Lk Strontium~90 Concentration in Huméan Diet

Kunio Seto and Masahiro Takebe
(Department cf Chemistry, Faculty of Science,

Tohcku University, Sendai)

Food materials were collected according to the receipes

" for rural inhabitants from the agricultural district Daiwa-
machi which lies about 20 kilometers north of Sendai during
June~July, 1958 and the Sr-90 concentration was estimated from
those in the three parts of the food materials, i.,e., the
staple food (brown rice and cereal, 35.0 kg.), the subsidiary
articles of diet (vegetables, beans and fresh water fish, 41.6
kg.) and the waterv(filtered rain water, 140 1.). The proce~
dure of chemical analysis was as follows. ‘Each part of the
food materials was reduced to ashes. The ashes were dissolved
in dilute hydrochloric acid.. Silica was eliminated in the
usual manner and the basic acetéte method was/applied to elimi-
nate phosphoric acid. The alkaline earths were precipitatgd
as oxalétes. The oxalates were converted to carbonates by
heat treatment and dissolved in dilute nitric acid.. St:ontium
was separated from calcium by repeating precipitation with.

- fuming nitric acid, and precipitated as carbonate after barium
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chromate precipitation. The strontium.cafbonate"was allowed
to. stand to establish radiocactive equilibrium between Sr~90 and
Y-90, and then dissclved in dilute acid., Ytitriun-90 was col-
lected in.ferric hydroxide aﬂd @'—activity waélméasured The
Sr<90 concentration in human diet for rural 1nhab1tants collect-
‘ed from Daiwa~machi durihg June-July, 1958 was estimted at
5:59 wpc/day/person, 5.28 S.U., and the water part had the

highest Sr-90 content of the three parts of the food materials.

35. Deposition of Strontium=90 and its Seasonal
Variation in the Fallout Observed from April,

1958 to March, 1959 in Niigata City.

S. Koyama and T. Sotobayashl

(Faculty of 801ence, Niigata Unlver51ty, Nllgata)

I. Procedure. A simple and rapid procedure has been developed
for rédiochemical determination of strontium-90 in fallout
samples. 'In order to_savé many laborsome operations of pre-
cipitation and filtration the present procedure employs E.D.T.A.

as a masking agent of interfering metal ions, especially ferric
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and aluminum ions in a fallout sample. The mixed calcium and
stroﬁtium.oxélates which were precipitated with ammonium exa-
late from a solution of 2% E.D.T.A. made up to pH L.0, are
ashed.andfdissolved in 2 n hydrochloric acid. From this solu-
tion strontium-90 is singly separated by the ion exchange tech-
niqué, as We reported previously; The use of E,D.T.A, makes
possible a simpler procedure with a radiochemical yleld greater
than 98%. Such a high yield eliminates the need for measure-

ment of recovery of strontium.

II. Deposition of strontium-90 and its seasonal variation in
Niigata City (38°N, 139°E). .
| The fallout rate of strontium-90 in Niigata City is 13.6
me. /kmfy, . from April, '58 to March, '59 and the value is two
or three tiﬁes as large as those in the\Pacificléide of Japan,
for example, 5.3 me/kn®y, in Tokyo. ' The reason why such a
large value was observed is not pnly'the,fact_that Niigata has
the larger éﬁbﬁhﬁ of preciéitation in winfer,_but;:also that
there are.maﬁy times:of showery precipitations and»ﬁhei: specific
activities (dpm/bm} éfe severai_ﬁi@es iarger, compared with
those in the Pacific side. | .

Judging froﬁ‘fhe data observed from April, '57 to July,
t59 the strontium~9d concentration iﬁ rain and snow has a

geasonal variation with a maximum in spring and a minimim in
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late summer., On the othef_hand, meterologists have beén
_already suggested that the aﬁmoéphefic ozone shows a séaéonél
variation with a péak'in spriﬁg énd a ﬁalley in autum. This
analogy may be mainly dﬁe to the periodicity of the large
scale sinking motiohs of air from tbe.stratosphefélto the tro;
posphere; qnd provides‘a’clue'tolbhe atomosheric procésSes

which transport the radicactive debris back to the ground.

36. Sr-90 in Sea Water

Y. Miyake, K, Saruhashi and Y. Katsuragi
(Tokyo Kyoiku University and

Meteorological Research institute)

It is. a difficult task to determine a trace amounf‘of
radio—nuclides inclﬁding Sr=90 dissolved in sea water; because
of the interference of larger amount of sea éaiﬁ; |

As to the radiochemical analysis of radio-strontium in
sea water which ﬁas collected néar Bikini—Eniwetok aréa, Miyake
and Sugiura (19555 used ﬁhe oxalic acid to Separéte calcium

and strontium from the larger amount of magnesium. Bowen and
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Sugihara (1959) made a determination of strontium-90 by dsing
versene as,é masking reagent for magnesium and calcium, Higano
(1959) separated calcium and strontium as carbonate from sea
water.

As a result of studies using Sr-90 as a trécer, the
present authors arrived at the conclusion that‘the oxalate
method is convenient to determine_the Sr-90 from sea water.
| In this method, the yield of 80% of Sr-90 is obtained with a
good reproducibility. |

Before establishing the oxalate method,imésking of magne-
sium and calcium with EDTA at different pH was tested. The
result was unsatisfactory due to the poor reprodﬁcibility.

The activity of Sr~90‘separated from sea water is measured
with a ﬁhin wall counter surrounded by a steél shielding of
20 cm thick and anti-coincidence tubes. The scheme of the
analytical procedure based on the oalic acld method is as

follows,
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The Scheme of Analytical Procedure

Sea Water 100 1

add as carriers

Sr¥t 1.25 g
ettt 0.3 g
cs™ 50 mg

NaOH  adjust pH7 .

add Na,COs 1.2 kg

P dissolve in HC1 F
add NHACl, Ammonium Oxalate

adjust pH 4.0

P ignite o - B
. dissolve in HCL

add NH,;Cl, E.D.T.A. 300 g

adjust pH 7

P dissolve in HCL . F
add NHAClj E.D.T.A. 10 g
adjust pH 7

add NayCOg 200 g

P dey wp F
dissolve in HpO

add fuming HN03



dissolve in HZO _ _F,
add as carrier Fe™" 10 mg

add NHACl

NHy,OH adjust pH 8

%* add as carrier
a Batt ;o mg
| add He, NH, Ac
adsust  PH 5.0
 '1,5 M chr%
(B2) F add Néch3
| adjust .pH 9
% stand for 2 weeks ) F o
‘dissolve in HCL
add as carrier 10 mg Fe+¥
| NE) OH adjust pH 8 | | o |
P (¥70) - | T add Na2003>_
: adjuét ‘pH>§vv“
F.

P (5070 + .5r%9)
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37. On the Relation Between Radioactive Fallout

and Meteorological Conditions

Y. Miyake, K. Saruhashi, Y. Katsuragi and T. Kanazawa
(Tokyo Kyoiku University and

Meteorological Research Institute)

Miyake, Saruhashi and Katsuragi (1958) pointed out the
effect of the local turbulence of the atmosphere as the possi-
ble mechanism,of_intfusion of the artificial radioactivity |
from the stratosphere into the troposphere.  If there is such
an effect, more radioactive.materiai will bejErought down fo
the -earth by the rain caused by the cold frohflwhich is as-
SOCiaﬁed with a larger turbulence in the vertical direction,
Koyama and Sotobayashi (1959) compared the activity of rain
caused by both warm and cold fronts. They confirmed that the
activity is larger in the rain of cold frontal type than that
in the warm front type rain.

The present authors made the same kind éf study concern~
ing the radiocactive rainfall in Tokyo of which results will be -
presented here. -

Since we have a precipitation from 1400 to 2000 mm annual-

1y in Tokyo, to which 90% of the total radicactive falloub is
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attributed, the relation between the type of rain and activity
was investigated. The comparison of the activity is done by
converting it into the wvalue ofvSr-QO, In order to eliminate
the effect of rainféll amount, the concentration of the active
material in the air column was calculated baséd on the method
iﬁtroduced by Miyake, Sugiura, Saruhashi and Kanazawa <l957).
Whén the cyclone of the temperate zone passes north of}AOON on
. the north-east direction, the conspicuous cold front is general-
1y assoclated with the cyclone. The rain along the cold front
‘1line is generally a scattered type with a smaller amount of
precipitation. In this case, the larger turbulence occurs on
the vertical direction in the air and the top of cloud often
réaches-lO km above the ground, In such a type of rain, as the
interval of rainfall is short and the raiﬁ drop 1s larger, the
amount of radioactive fallout ié smaller, but its specific
activity (Sr-90 ppc/L) is the largest.

When the cyclone passed south of LOON on the east or
north~east direction, there are three types of rainfali as fol-
Jlowing: | |
1. by the effect of both, warm and cold fronts
‘2. by the effect of the warm front only

3. by the effect of the stagnant front along the southern

coast of Honshu.
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In these types of rainfall, the rain éenerally continues 
longer, and the rainfall amount is larger (20 mm - 30 mm on an
average). In such a rain the total precipitation of Sr-90 is
larger but the specific activity is smallér.”'fhe amount ‘of
rainfall which is associated.with the cold front is less than '
10% of the total, however, the amount of Sr-90 precipitated
with such a type of rain reachés as high as 30% of the total
which suggeéts the effectiveness of the_ﬁold front to bring

the radicactive material on the earth.

38, Radlochemical Studies on "Bikini Ashes", Part IV.
On the Alpha Emitters.

Takanobu Shiokawa and Masuc Yagi

(Radiochemistry Research laboratory, Shizucka University)

The results of the radiochemical studies on tre long |
lived fission products and induced radioactive‘nuélides fbﬁnd
in "Bikini Ashes" were presented in the last anrmal symposium,
However, the alpha emitting radiocactive nuclides in the ashes

were not yet investigated in detail, so that the analysis
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of the alpha emitters has been carried out now in addition to
it, when it is five years after the fission on March 1st, l95h;
and when the most of the short 1ived nuclidee had decayed away.

In the present analysis, the separations of elements were.
carried out in usual manners by employing carriers or ion ex-
changer, and the identification of the muclide was made By
observing their eharacteristics in radioactivity by.means of
the proportional counter and the spectrum of alpha ray,

The helm-palms taken then off from the top of bambo—poles
of the boat were ignited fcr the present analye}s, and the
ashes of them were used as the'sample. The lO grams of the
~ ashes were treated with nitric acid by heating_acd‘the inseiu;
ble residues were. fused with sodlumwcarbonate, then dlssolved
also into nitric acid. Carrlers were added to the comblned
solution and evaporated to dryness. At the first step rutheniﬁm
was distilled off w1th perchlorlc acid, and then 51110ates were
removed by the dehydration process, Then, the sulflde group
was separated in the aC1d1ty of 0.3 N hydrochlorlc a01d by
hydrogen sulfide and the next group was pr601p1tated with ammo~'
nium hydroxide free from.carbonate, The hydroxide pre01p1tates
were dissolved in the minimum of 6N nitric acid and was re-
precipitated in the same manner. The last preeipitatee Were

centrifuged off and 5 drops of 5% hydroxylamine hydrochloridef
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solution were then added into the precipitates to reduce
plutonium to the trivalent étate, The precipitates were then
dissolved in the minimum.of 8N hydrochloric acid and any of -
ferric ghlori&es were extracted three times the equal volumes
of isopropyl ether saturated with 8N hydrochioric acid, The
aqueous layer was then evaporatéd almost to dryness, The re-
sidue was dissolved in 1C ml of 9N hydrbchloric acid contain-
ing 4 dfops of conéentratedAnitriC’acid'to oxidize neptunium
and plutonium‘fo the tetfavalent sﬁate aﬁd.thevsolutidn was
run bhrough the anion exchange column. When the level of the
solution reached the top of the resin bed, 25 ml of 9K hydro- .
dﬂmﬁcaddcawﬁﬂmg5cﬁ®scmmammmwwﬁmﬁpaddvmm'
run through the column, and the passed solutions were kept for
the analysis of rare earths, Plutoniﬁm.was eluted from the
column with 9N hydrochloric acid containing ammonium iodide,
Neptun_iﬁm Was then eluted from the column with 3N hydrochloric
acid solution, followed and then uraniuﬁ'was eluted with 0,25N
hydrochloric aéid, The each fraction was evaporated to dryness
to prepare the sample for alpha counting.

As the reéults5 albha activities of 7,380 cpm from pluto-
nium fraction, of 80 cpm from neptunium fraction and}of 5 cpn
from.uraniumifraction were detected respectively. On the other

hand, the long lived beta emitters in the same sample were also
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.analysed.
The analytical results of the long lived nuclides in 10

grams of the helm palm ashes were summarized in followling

-7 -

table,

Nuclide Half-life Amount detected(cpm)
€0, 5.27 v 3,000
905y 28 y 15,000
90y bl h 15,000

1065, (106gp) 1.01 y 31,000
12551 2.0y - 1,000
125me 53 4 Jt, 000
137Cs 29 y 2,500
Lihgo(Lhbpr) 285 d 37,000
Wipn 1558 2.6 7, 1.7 3 8,060
23Ty 2,210 y _' g0
239 pse 2360 y 7,380
U e
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39. 'Be in Meteoric Precipitations

Y. Miyake and T. Ohtsuka

~ (Tokyo Kyciku University)

The radigaotive isotope of beryllium "Be is produced in
the atmosphere by cosmic rediation and it is dissolved in rain
water and snow as beryllium.ﬁydfoxide. The presence of Be in
meteoric precipitations was first reported by Arnold and Al-
salih (1955).(1) 7Be decays with a half-life of 53 days and
emits | ray of 0.48 MeV. Up to'now3 several studies were

(5)

published concerning 7Be content in rain,(z)ﬂ (3), (&) snow
7

and air.(é) On the other hand, the production rate of 'Be on

the earth has been calculated.<7)’ (8) A0cording to the esti-~
mation by Ial et al. (1958), 7 x 1072 Tge atoms per e colum

of atmosphere per second is produced in the atmosphere by

cosmic rays.(g)

+ 4+

" To a sample of rain water, Be'™ and Fe't carriers are
added. Supernatant éolution is decanted and discarded after
goprecipitating beryllium with ammonia. The precipitate is
dissolved with hydrochloric aeid, and the solution is filtered
and made strongly basic to precipitate Fe (OH); and other

hydroxides. The supernatant solution is scavenged with Sb283
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and Fe(OH)B successively to decontamtnate fission product, The
solubion is then passed through an acetate—chloroform cycle ts
remove aluminum, Then berylllum is converted into Be(N03)2
with concentrated nltrlc a01d The nltrate is 1gn1ted and
weighed as BeO. The act1v1tv of 7Be is measured by a 51ng1e
channel scintillation spectrometer which is eqalpped w1th a
NaI(TL) crystal of 1. 5 1nches dla. Hadlochemlcal purlty is
tested by countlng the act1v1ty Wlth a low»level .counter..

A sample of melted snow of 365 11tres,'collected ona
polyv1ny1 chloride roof of 12 ﬁz surface area, showed_the acti~
vity of Be of 4.1 £ 1.5 cpm. The chemical yield was 14% and
no activity was found.bytﬁ counving.

The another procedure of analysis is also belng tested,
After pH of rain water is adJusted to 3, Be - csrrler is addedf
The solution is passed through a column of catidn—exchanging
resin (Dowex 50, ¥X-8). Ths beryllium is .eluted with hydro~
chloric acid. The extraction and decontamination of beryllium
from the elutant is done successively by adsorption of contami-
nants on anion~exchanging resin (Dowex 2, X-10) in HC1 solution
followed by scaténging with Fe(OH)3 and finaiiy‘by acetjiaceto—
nate-benzsne cycle. The.meteorologicélvésnSidératibn_én 7Bé'in

the abmosphere will be also»discussed.
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40, The Change of ke Content of Atmosphere -

During Recent 50 Years

K. Kigoshi and Y. Tomikura

(Gekushuin University)

The recent change of 140 content of atmosphere shows de-
crease by so called Suess effect during 1900 and 1945, and
increase after 1950 by A~bomb tests. This change had been. -
measured by several workers, But fhe exact knowledge on thé

figure of this change, and possible variation of the figure by
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local effects are useful data for geochemical problems and
radiation hazard problems.

We measured 14C content on the series of samples which was
taken from a tree trunk:cutting along at;infervals of one or
five years annual rings. The determinations of X0 content of
these samples are carried by £ —proportional\counting with
acetylene gas, We have studied on the conditions of preparation
of acetylene and on the characteristics of acetylene gas pro-
portional counter.

The results on fwo trees quburb of Osaka and Akita) show
predicted smooth change of year-to-year. The measured increase
after 1955 is nearly 2% per year. This agree well with the re~

ported values obtained at New Zealand by Rafter and Fergusson.
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41. Summary of the Deposition Potential of 991¢
- from Alkaline Solution and its Application to

Standard Pure £ Source on Thin Metallic Foll

N. Matsuura and H. Yumoto
College of Géneral Education,

2z

The Universi’cjr of Tokyo)

In this expevriment Joliots cell was adopted to deposit
the fbechnetimn electro-gherrﬁ_cally on the cathqde of a thin
metallic foll from perbechnetate solution. The rate of elec-
) trolyéis_andits_ congolietion was observed by measuring the
.radi_ation of the deposit with C_}M counter placed just behind
the cathode. This method is recomendable to those nuclides
which have soft g and no T radiation, such as 791,

From the plots of Tc deposition rate against varying
cathode potentials a well defined critical deposition poten--‘
tial of Tec from 2 N NaOH was obtained to be near 0.75 volt vs.
5.C.E.

| There are two possible processes for lthe deposition schem.
1) Te Of + LH" + 3e = T502+ 2 Hp0
2) Te Op + 8 H + Te= T+ 4 Hy0

Simple calculation of electrode potential for both according

o .



to Nernsts equation gave the value of 0.7k V (N.H.E.) and 0.50
vV (NJH.E.) reSpect:;.vely. Othervﬁ.se the calculation from the
result by Flagg et al. gave 0.77 V and 0,61 V respectively, the
former of which is near to curs. Partly for this coincidence and
partly for another related observations, present authors prefer
the equation (1) in alkaline medium. |
Other metals as well as silver were also found to be
available as cathode metals for deposition of Tc. - The foll Wivthv
997e deposited turns out to be an excellent.p standard source

in the point of self 'soattering.and self absorption.

42. Standard Sample of Surface -Area.Monitor
0. Yura and K. .Maéda
(ELectrotechnical Laboratofy)

It is prescribed for surface area monitor-that the stand-
ard sample of the monitor mist be made of uranium oxide U308
(its activity below 3000 dpm) uniformly spread over the metal
surface (its area above 50 cu®) or of RaD + E + F which is used

as £he supplementary standard (See JIS Z 4303 b)),

- 83 -



In this report both standards were made by means of the
electrolytlc method, and measured absolutely by the 27 gas
flow X proportional countlng apparatus.

In preparing the uranium sample, the oxide was deposited
ab room'tenperature on the metal plate from.the electrolyte
consisting of uranyl nltrate dlssolved in O, 2 N ammonium oxa~
late.. The pH of the electrolyte'was 1n1t1ally adjusted to
8 ~ 8,5 with ammoniﬁm hydroxide, and the current densitj‘set
at 20 ~ 30 mA/EmZ;‘ As the metal plate, the following were
chosen; Ag, Pt, Cu; Pq end £1. The results obtained were good,
especially in the cases of Ag and Pt, The disintegration rates
of these samples were about 30 ~ 100 dpm, which are available
enough to use as the standard.

In the case of RaD, the standerd wa.s dep081ted as lead
dioxide on-uﬂapalladlum.f01l from 1ead nltrate solubion acidi-
fied with nitric acid. . The current density was set at 2 mA/mn,
which was the best value of the current to obtain the good re-
sult of the electrodeposition., Very wide range of the activity
of the RaD Standard can.be.obtained by.the electrolytic method,
and ow1ng to thls, the standard may be superior to the uranyl

'sample at very low act1v1ty.
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k3. Measurement of ¢k ~ray Fhergy by Absorption Method

Takanobu Shiokawa, Itsuhachiro Hataye,

and Kunihiko Hasegawa

(Radiochemistfy Research Laboratory,

Shizucka University)

An accurate measurement of én energy of a charged parti-
cle depends oﬁ the defiections of its path in magnetic and
electric  fields. ‘The absorption method using thin films is
not so-accurate as the method based on the deflections in
magnetié and'electricl fields. But it needs not a large
equipmeﬁt and, theréfore, the measurement is-carried out com~
paratively easier. This method is poorer theoreﬁically, but
as it is a éoncise, we applied it to the measurement of o -ray
energy.

As the alpha sources were used 210py which was mounted on
a disque silver coated by Pd and 239Pu which was separated
from Bikinilashes in a glass dish., As absorbers thin membranes
of polyethylene and collodion were used. Collodion membrane
was prepared as follows: collodion dissolved in iscamyl

acetate was dropped on water surface and the produced film was
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taken up carefully and dried at room temperature.

A Tauritsen type électroscope made in Séienﬁifio Reseérd1
Institute, Tbkyo; was used for the meaéﬁrement of radioactiviﬁy;v
In order to keep the geometry constant, the alpha sources were
set on the same position and were measured the X -particles
which passed through a central small hole (3 mm) in an aluminum
‘disque.
| The absorption curves of <10Po and 23%pu obtained under
the same conditions depend on sample condition, thickness,
sample dish, and backe~scattering, but it is not able to dis-
cuss these relations. The absorption curves obtained by
polyethyleﬁe film were exponential, on the other hand, by col-
“Todion film the more éharp curves were obbained. Effects by
the back-scattering were examined. The range of ~particles

were determined by these absorption method.
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Ll. Studies on Counting Method of Tritium. I.
- On the Nature of Flow Gases and

Sampling of Tritiﬁmrtagged Substance

Tsunetaka Sasaki, OMitsuo Muramatsu
and Shigeyoshi Imamura
(Department of Chemistry, Faculty of Science,

Tokyo Metropolitan University)

In order to establish a definite and reliable method of

’counting tritium, attempts have been made to determine the

radioactivity of solid and liquid octadecane—lWBH spread

-over the bottom of a stainless steel pan, using a 27T flow

counter,

fn excellent naturé as inW‘gas was found in gaseous hydfoa
carbons such as methane, Stan PP‘(propané + propylene),

Stan BB‘(bﬁtane + butylene), and commercial propane for fuel
use, Their coun%ing characteristics were highly reproduci-
ble and thevrange of plateau for eachigas was wider than
that for Q- .of PR-gas. |

Dissolution of flow gas into octadecane was cbserved bub

“it did not affect the counting rate of the sample.

The counting characteristics were not affected by humidity
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5.

of flow gas over the wide region of plateau. This fact
offers a possibility of using gasebus hydrocarbons as flow
gas in performing the solid-or 1iquid~counting of tritium-
tagged substances.coexisting with or disselwving in an aque~
Oué phase. |

The counting rate increased proportionally with thé increase
of the sample thickness when the amount of the sample was
less than that corresponding to the maximum range of B -ray.
Within this region the counting rate kept up its constancy
for a given amcunt of the sample, irrespective of the manner
of distribution of the sample over the bottom. This sug~
gests a possibility of uéing.octadecne~l~3H as a standard
for determination of tritium in an organic compound, baking
account of quantitative reaction between octadecyl magnesium
bromide and tritiaﬁed water which can be obtained by igni~
tion of the compound.

Beyond this region, on the other hand, the counting rate was
affected by several conditions such as an uneven distribu~
tion and thé surface roughness of samples. ihis comes main-

ly from an extremely soft Fﬂ—ray_of tritium.
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L5. Measurement of Radiocactivity of Natural Potassium

Isamu Koizumi

(Industrial Research Institute of Kanagawa Prefecture)

Radioactivities for different liguid thicknesses of soln,
of potassium salt were méasured with a thin walled cylindrical
counter. It was found that ratios of ¥ counting rates to R
were markedly variesble with sample tbiékness, Hence, when.
sample thicknesses are very different, it is impossible to re-
gard fhe counting raté as a linear function of the potéssium
content, then, it requires to obtain the correction curve for
thickness or density of sample. Backgréund sharply increased
with decrease éf samplé thickness, wifhin the max. range of
K-4O B —ray. It is considered that the increésing is due to
radiation of radiocactive nuclide (K~AO) in glass sample holder.

Geometrical efficiencies at éach points iﬁ fhe cylindrical
sample are variable with distances.from'the tube wall of counter
Iﬁ view of this consideration, thé counting rates estimated

agreed with the observation.
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L6, Studies on the Gamma Spectrum of

Uranium Minerals in Japan

. Yukio Murakami and Yoshie Suzuki

(Japan Atomic Bnergy Research Institute)

(CBJECT)

This study'wasiperformed'for the purpése of developing a
neW‘simplé instrument Whiéh indicates gamma spectrdm éf'uranium
and its decay products for fiéld use to prospect uranium ores,
(INSTRUMENT USED) | |

Single Channel Gamma Spectrometer, Nal crystal 2" i 2" dia-
meter, Nuclear Chicago Co. and 256 Channel Gamma Spectrometer,
NaIl crystal 3" x 2-3/4L" well type, R.C.L. Co.

(SAMPLES INVESTIGATED) |

Pitchblende, Artunite and other urenium minerals. Uranium
oxide, yellow cake, autunite occurred at Ningyo-Toge and other
uranium minerals in Japan. - o
(RESULTS OBTAINED)

Among the gamma rays issued from uranium and its decay
products, gamma ray of 1.78 Mev from RaC (ZlhBi) can be remark-
ably detected without being disturbed by other effects caused

by absorption of other gamma rays.  The possibility of using

- 90 -



this photopeak to fulfil the purpose above mentioned was
thorcﬁgﬁly investigatéd in case of more than 10 samples cited
beforehand, Oﬁé of the charts obtained is éhown in the follow-
ing.-

RaB and RaC were radiochemically isolated and the photo-
peak of both were examined to prove the presﬁmption. The
radiochemical séparatién of these decay‘broducts were made by
the dlthlzon extraction method on bhe formatlon of (BiClg)
(Co(NHB)é) that were formerly proposed by the author,

Spe01al consideration should be paid on the appearance and
interjerence of gammalspectrum,due to‘hOK (l.hé Mev) and TﬁC”
(2,20 Mev).. Some remarks will beﬂgiven-on some charts of gamma
speotrumAthaf were obtained by several uranium minerals in

Japan,
‘ ,v’W‘ ‘ U /,/?'@CW/M‘/M f”d "/yzumt,(x

AN ‘
‘\le\'\’:
. ‘\//\

e

- 91 -



47. -Radioactivation by the ( 7, 7 )-Reaction IX.
lpplication of the (7, 7 )-Reaction

to the 7 =-ray Dosimetry. (Part. 2)

Kenji Yoshihara and Nagao Ikeda

(Japan Atomic Fnergy Research Institute)

Previously, we studied ( 7, 7 )-reaction by the use of
eobalt~60 7 ~ray source, and applied this reaction to the dosi-
metry of cobalt~60 7 -ray, However, the previous méthod was
’somewhat incon&enient as it was.based on the comparison of
indium activities induced at different positions and it was
necessary to determine the accurate dose rate at the appropriate
ﬁosition as the standard for the comparison by fhe other method
at the same time.

In the present paper, we investigabed the calculation
method instead of the troublesome comparison method, by using
the constant-activation crogs=section value for the resonance
line of 7 ~ray which is responsible for the ( 7, 7 )—reaction,

The method of calculation is as follows: the saturated
activity of 11°"In induced in the indium foil, A (dps), is ex~
pressed by the following formula,

A=NG6f . (1)
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where, N is the numbers of indium atoms, ¢ is the overéil
cross-section for the +-In ('K,'7)115m1n aﬁd fis thé %’*réy
flux (qua.nta/cmzsec). | i

Therefore, . r=aM6 (2) |

The dose rate of cobalt-60 7 ~ray (D) in the unit of r/hr is
caleulated from the ¥ -ray flux, f, uSing fhe following

formula:

~—r

A/
il
}
Il
N
o2
o
Pl
o
o
G

where A, is the saturated value of the produced radioaétivity
in 1 gram of indium. The over-all cross~section, is expressed

by the following formulal):

= MO by TE e F T ey

where n, is the electron density, <¢, and &, aré thévécatter-
ing cross-sections of the electrbn for the Compfon scattering
by which 1,0k MeV 7 -ray (the resonance line for indium) is
produced from 1.33 MeV and 1.17 MeVﬂ?'~fay'of cobalt;éo, rem—
'Spestively, 6, is the activation cross<section of 1151n for
the resonance line of 1.0k MeV, M is the mean absorptién co-
efficient of the substance for 1.33 and 1.17 MéV 75~fay, L
is the absorption coefficient for 1.04 MeV ¥ -ray, and r, is

the thickness of the scatterer,
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According to the equation.(h), we can calculate 5;‘%of '
the various thickness of the various mattérs, and pfepare ﬁhé
ro = O diagram, Fromﬁthis diagram, we can obﬁain G for'the
scatterer of a givgn thickness roe

5 was estimated to be in the order of i0"22 cm? by
Miller and Waldmanz). As this value was not accurate Sné3 we
attempted to estimate ©, by the experimeﬁt of radiocactivation
of indium at the center of the 10 ke cobalt-60 4 ~ray source
~ of JAERI applying the equation (4). As the result;'the yalue
of 0.6 x 1072% cm® was obtained for O o Setting”indium.foils
at the various positions arround the 10 kC cobalt-60 ¥ —ray
source, we measured the dose rate at each position in the case
of (a) no shielding, (b) shielding with 0.7 g/bm2 brass, and
(c) shielding with 3.8 g/bm?_brass. |

The dose rate obfained by the calculation in the above |
nmentioned way agreed With the value obﬁéinéd by'Victoreen
Roentgen rate meter within the errcr of‘abouﬂ + i5%. This is
fairiy'good agreement ﬁonsidering that the error of the dose

rate obtained by the Victoreen roentgen rate meter is x 15%,

1) K. Yoshihara, N. Tkeda; Radioisotopes, 7, 17 (1958)

2) W. C, Miller, B. Waldmen; Phys. Rev., 75, 425 (1949)
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48. Radiocactivation Analysis of Indium Using
Radium + Beryllium Neutron Source.
(Part II) Studies on Neutron Irradiation

for Adueous Solgtion of Sample.

Tuzuru Kusaka and Haruo Tsuji
(Dept. of Chemistry, Faculty of Science, .

Konan University) -

In general radiocactivation analysis using low level ﬁeu—
tron source, paraffin is used as neutrom moderétér and thev
sample to be analyzed is placed on the position in paraffin
where maximum_of,thermal neutron fiux is.obtaingqband"the
radiocactivity induced in tbe“sample is_measuréd,after irradia-
tion, | o

In this report, the authors studied the new method of
neutron irradiation, in which ths:sample to be irradiated.by
~neutron is the aqueous. solution in thexspherica; flask of ééft
glass and the neutron source is placed on the centre of fhé
flask and the flask is surrounded by Water used as neutrqn.
moderatbr and reflector. . o |

In this experiment, Ra 50mg * Be mixture was used as neu-

tron source and indium as the element to be analyzed and the
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induced radioactivity (llémIn) was measured by GM tube or Nal
seintillator of well type.

Firstly, the authors studied on the distribution of neutron
flux in water. In this experiment, the neutron source was
placed on the centre of a water~tank (L8 x 33 x 33cm) and a
metallic plate of indium (diameter: 22mm, weight: 2.1gr) was
used as neutron detector. The induced radicactivity of the in-
dium plate, which is placed on the definite position in the
water, was measured for 10 minntés, starting at 5 minutes after
the end of 2 hours' irrvadiation. The measurements with and
without cadmium filter (thickness: O.6émm) give the estimation of
thermal neutron flux.

Aé a result of this experiment, it was fqund that a maximum
poinf of thermal neutron flux is in existence at distance of
about 1 ecm from the neutron source.

Secondly, the authors sought for the volume of the sample
solution suitable for neutron irradiation in this method. In
this experiment, the definite quantity of indium (250 mg) was
dissolved in the solution in the flask and the relation between
the total radiocactivity induced in the solution and the voiuhs
of the solution was studied.

The radioactivity was meésured for 10 minutes by the well-

type scintillator at 20 minutes after the end of 2 hours!
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irradiation.

As the results of this experiment, it was féund that thé
maximim radicactivity was obtained at volume of abput 200 cec.

Then, the relation between the induced radiocactivity and
the indium.dontent in the solution of 200 cc was studied.

From this experiment, it was found that the induced
radioactivity in this method is increased proportionaly with
the indium content up to about 600 mg, and this relation is
advantageous in the radiocactivation analysis of indium.

‘Comparing this relation with in the usual method, in
which paraffin is used as neutron moderator and solid sample
(indium oxide in this report) ié irradiated by neutron, it was
found that the self-absorption effect. of neutron in the solu-
tion method is smaller than in the solid method.

This solution method is also advantageous for rapid chemi-
cal procedure afler irradiatioﬁ of neutron, because it is not

necessary for any'proceduré of dissolution of sample.
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L9. Neubron Activation Analysis of Halogens in Silicon

Tadashi Nozaki, Hideo Babs,
Hidemaro Araki and Toshi Kawashima

(E&ectrical Commmmnication Laboratory)

On the last symp051unLon radiochemistry, we reported on the
neubron actlvatlon analysis of 1od1ne in 81llcon. Now a'method
for determination of chlorine, bromine and icdine in silicon by
the same principle is shown. Alkali fusion of silicon with
potassium iodide as carrier had been proved to be a‘suitable
procedufe for tﬁe determination of iodine in Silicoﬁ. The
same fusion with the corresponding carriers must be applied td:v
the detérminationkof bromine and chlorine successfully.,

Flgn purlty silicon was irradiated in the JRR-1 with the
actlvatlon standard of pota881um bromide and ammonium chlorlde.
The powdered silicon was gradually added to partly fused potas-—
sium hydroxide containing three alkali halides as céffier. The
fused matter was dissolved in sulphuric acid, and then cromium
trioxide and some concentrated sulphuric acid were added to
this solution., DBromine was distilled oubt of the mixture in a
few minutes, and most of chlorine in the following 20 minutes,

while iodine remained in the residue as iodate. The bromine
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was lead into an agqueous solution of sodium sulfite containing
phosphoric acid and oxidized with potassium permanganate to
molecular bromine, which was extracted with carbon tetrachlo-
ride: while chlorine, if present, remained in the aqueous pﬁase
as chloride. The bromine was extracted back with an aqueous
hydroxylamine and converted into silver bromide to be counted
and weighed. The chlorine was also led into an aéﬁedﬁs solu~
tion pf sodium sulfite and was converted into  silver chloride
without any purification. If.the determination of ilodine was
necessary, addition of an excess of oxalic acid into the resi-
due liberated molecular iodine, which could be obtained pure by
distillation into an aqueous solution of sodium sulfite, oxida-
tion with sodium nitrite and extraction with xyiene. .After
“this process the iodiﬁe could easily be converted into silver
iodide for counting and Weighing. The acﬁivity of bfomine was
determined easiij with a simplé G-M counter, while countiﬂg
only of‘the:ﬁighvenergy radiations from.éBCl ﬁsingva scintil_
lation counter With a largexcfystal and a singlé chénnel'analy—
ser -was necessary for the determination of the éhlérine, which
contained inevitably some 31si and_otﬁerlimpufitieé.l

The chemical separation ﬁrocess necessitated about one
hour, with the yield exceeding 50%4. A silicon;purifiéd.throughm

the chloride process contained 0.4 ppm of chlorine 0,08 ppm of

i

- 90 o



bromine and 0,05 ppm of iodine.

50. Activation Analysis of Selenium by Se~77m

Toshio Nakai, Seishi Yajima, Minoru Ckada,
and Koreyuki Shiba
(Japan Atomic Fnergy Research Institute and

Government Chemical Industrial Research Institute, Tokyo) .

Neutron activation analysis methéds have been devised for
the rapid analysis of selenium in sulfur and sulfur compounds.
Sample was inserted through a pneumatic tube in a .pile JRR~1,
placed there for 20 seconds to be activaﬁed at a neutron flux
of 3 x 10+ cmfz'sec"l, cooled for 15 seconds, and counted for
20 seconds by a 256 channel gamma scintillation spectrometer,
Sample was-thén cooled 20 seconds and counted again for 20
seconds,  Thus two spectrographs were oﬁtained and the identi-
- fication for selenium was made from both a gamma energy and a
half-life. A.éalibration curve was made over a range of con-
‘centration between 1071 p g and lO2 I g of selenium by use of

standard samples. The maximum and mininmum concentration found
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in actual sampies was 70 ppm and ”lessvthan_0.0l ppm" re~
pectively.

With respect to half-life determination, it was found

from Table of Isotopés-that, in order to identify Se~77m
(17.5 sec) from photopesks in gamma spectra recorded, it was
necessary that these photopeaks observed were confirmed not to
be those of Ge~77m (54 sec). Since the half-life of Se~77m is
conglderably apart from that of. Ge~77m, only two runs of gamma
Spectrometry per one sample may be enough to identify Se~77m.

The coefficient bf variation of single analysis is assum~

ed to be about 10% for a few microgram of selenium.

51, Activation Analysis of Indium in Sphalerite

Pumio Acki and Teiji Okubo
(Government Chemical Industrial

Research Tnstitubte, Tokyo)

Indium often occurs in sphalerite, galena eftc., and is
recovered from those ore as a byproduct of zinc or lead. A4s

the indium content in ores is generally very small the
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colorimetfy and the fluorimetry are difficult to be applied to
'thé detefmination éf the element except when ores are relaiive—
1y rich in indium.

In these circumstancesva method of neutron activation
énalysis worked out using the JRR-~1 reactor for the detn. of
minute quantity of‘indium.in sphalerite.

In a polyethylene tube (3mm i.d.) 300 mg of very fine
powder of a sample is weighed and sealed, Five samples énd
two standards ére put into a polyethylene capsule and irradiat-
ed for one week in the reactor.v |

The activity due bo VUMM which is induced from L13Tn
by the (n, 7) reaction, is measured with a single qhénnel
spectrometer (Atomic Instrument) and a end-window type G.M.
counter (Kaken). Self shielding effect is found to be neglibi-
ble even when a sample contains 1% of Cd.

The irradiated sample is dissolved in aqua”regia, 2‘mg
cach of Ag*, Cu™, and Sb°", as. scavenger, and 5 mg oflIn3+,
as carrier are added. The solution is evaporated on a sand
bath to remove nitrus fumes and heated with conc. HCL, then
diluted with water and filtered. The acidity of tgé;filﬁrate
is-adjusted to 0.3N, HyS is passed into the solution, filtered
and washéd. Indivm is precipitated twice as the hydroxide by

use of NH401 and.NHAOH leaving zinc and others in the solubtion
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The ppt. is dissolved in BN‘HZSOA, the same volume of 3M KT
is added and indium.is extracted with ethyi.ether. The ethér
layer is evaporated on 100 ml of O,1IN HCL. Indium is precipi~
tated as the oxinate and the latter is mounted for éounting.

" The oxinate is confirmed to be radiochemically pure by
measureing the 7 ray spectrum, the B energy and the half-
1life, a

As small as 1 ppm. of ‘indium can be determined by this
method when the sample is irradiated for 15 hours (net. ) by
the JRE~1 reactor of which neutroﬁ'flux isnappréximately
3 x lOlln/éec/me,-

Results obtained by‘this method show satisfactory agreé—
ment with those by the oxine colorimetric method as for

samples which are relatively rich in indium.
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52. The Activation Analysis of the Impurities

in Bismuth Metal

Toshio Nekai, Seishi Yajima and Ryuhei Kurosawa
(Japan Atomic Fnergy Research Institute and

Waseda Science and FEngineering Research)

Recently, the demand of bismuth metal has been increased
for the uses of semiconductor and reactor coolant. ;For these
utilities, the ultra micro concentrations of impurities in
bismuth metal should be checked, especially, fof the use of
coolant. Therefore, concentrationé of silver, gold, cadmium
and copper which have comparatively‘large néutron‘adsorption
cross section will be important problem. o

In our experiment, the impurities in the biémuth samples
which were produced by the several kinds of production methods
were deter%ined using activation analysis and gamma ray spec-
trometry. |

The samples were irradiated in the reactor of JRR-1 under
the thermal neutron flux of aboubt 5 x lOll neutrons/bm?sec,
for three dajs (the irradiation time in one day was 5 hours,
and therefore, the total irradiation bime was 15 hours).

After irradiation, the sample was treated by the chemical
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separation procedures as follows:

Sample(Bi) + Carriers each 10mg
(Ag, As, Au,

61 HINO, + BNHel

|

Cu, Sb, Sn,

Mn and Zn)

|
‘L p.p.t. ' \'L Tiltrate |
Ag As, Au, Cu, 8b, Sn, in, Zn & Bij
i10% NE, OH
! - |
Y p.p-t. $ _
{Au Sb. Sn & Bi) ) Cu. Mo, Zn,& is)
l 0.1NHel - ¥ 4+ Sp01
i | B |2
\'Lp-p t ! \Lp-p-t- L yFilt
Sn (Au, Sb,& Bi) Cu, As Zn, Hn
[ \,r+Sl'lClg__.
;Lp-p.t. Filtrate
AU (Sb & Bi)
| v HS +(NH, ) Sx
i
$p.p.t v Filtrate
Bi sb

~ 105 -



The separated fractions were transfered into a polyetﬁy~
lene bolttle and the gamma ray spectrum of each fraction was
obtained by the use of a gamma ray scintillation spectrometer
with a well type sodium iodide scintillator. The standard
samples which were irradiated under the same condition as the
bismith samples were assayed by gamma spectrometry as abové
-mentioned, By comparing spectra of the fractions and the
standard samples, the impurities contained in the bismuth
sample were determined.

Analytical results on two bismuth samples are shown in

the next tablé.

SImpurities !
g It Cu S | 4

Samples \\\\\
Purified by ppn ppm | ppm ppm. ppm
zone refining - - 2.2 0.4 <0,004
Purified by
electrolysis
refining 60 0.5 30 0.03  K0,004
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53. Activation 4nalysis of Impurities in Germanium

and Other Metals of High Purity

Toshio Nekai, Seishi Yajima,
Minoru Ckada and Teruo Imai
(Japan Atomic Energy Research Institute,
The Government Chemical Industrial Research Institute
and Research Institute of Sumito&biMetal |

Mining Co. Ltd., Tokyo)

1) The distilling method for the separation of impurities in
germanium from matrix Was studied.

It was deéirable to remove éermanium.as germanium tetra-
chloride with the distillation rate of 100 ml per 2 hours und
under the circumstanceé of hydrochloric and nitric acid solu-
tion, The ratio of both acids was as follows:

i) first experiment; 30-50 ml of concd, HCL + 30-40 ml
of éoncd. HNOg *+ 20 ml of water. ii) Second and third ex-
periments; 20 ml of coned. HCL *+ 10 ml of concd. HNOB.

iii) TFinal experiment; 20 ml of concd, HC1 only.
. The distillation was carried out until the residual solu-
tion was evaporated down to 15 - 5 ml. The separation of

arsenic from germanium was considered to be complete,
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The last residual solution containing impurities to be
determined was separated into several groups by using the anion
exchange resin of Dia Ton SA #1100, and the deter&ination by
gamma ray spectrometry was taken for each group.

Some trace e€lements in metallic germanium.and germanium
dioxide were determined by using this method.

2) On the activation analysis of sodium.in aluminum or magne-
sium, the following reactions caused up the interferece;

i) 27Al(n5.ﬁ')24Na, ii) thg(n,p)2hNa. Using a cadmium
sheet, we studied the péssibiliﬁy of the elimination of (n, 7
reaction which produces 24Na.

The samples, one of which was” wrapped with the cadmium
sheeﬁ, were irradiated simultaneously and the amount of ZhNa.

produced was compared to.the unwrapped sample.
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Sh. Activation Analysis of Individual Rare

Earth Flement in Thorium as Nuclear Fuel

Isao Fujii and Earuo Natusme
(Tokyo Shibaura Electric Co., and

Japan Atomic Fnergy Research Institute)

Neutron-activation analysis has been épplied to the de~
termination of individual rare earth element in thorium
nitrate (Nuclear grade) using the automatic recérding instru-
ment for drawing elution curve and the cation éxchange chro-
matography.

Sample of the thorium nitrate was irradiated in the
Saclay reactor BEL~2 (Centre d'Etudes Nuéleaires‘de Saclay,
CEA.) for a period of 150 hours at a flux of:about 1.8 x 102
neutroﬁs perisq.cm.per second. |

The radiochemical separation after the addition of car-
rier was based on anion exchange chromatography to separate
thorium and prétoactinium.from,sample solution, and on cation
,axchangé chrométography for separation of individual rare
earth elements using 0.5M solution of lactic acid (pH-3.30 and
3.44). The rédiochemiCally pure rare earth element seﬁarated

by above treatments was finally precipitated and counted at
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the oxalate.

In the application of this method, it i1s important to put
the mind on the nuclear fission reaction occuring with the
overwhelming number of thorium atoms, as compared to the n, ¥

reaction on the smaller numbers of rare earth elements atoms.

55. Determination of Rare Earth Elements in Thorium

Metal and Oxide by Neutron Activation

Toshio Nakai, Seishi Yajima,
Yuichiro Kamemoto and Koreyuki Shiba

(Japan Atomic Energy Research Tnstitute)

Previously, we reported the determination of Dy, Sm and
La in thorium metals using neutron activation technique (at
ﬂZﬁd..Symposium.on Radiochemistry, 1958).. In the present in-
vestigation, the above technique has been. modified and eﬁtend~
ed to the deﬁermination of Bu, Dy, Sm and La in ﬁhqrium’metals
- and éxides;

The major modifications in this report include (1) the
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irradiétion of.éample for 3 days (5 hours at longest each day)
in addiﬁion to. the irradiatioﬁ for 2 hours, (2) the addition.

" of Ta as a carrier with the aim of eliminating the loss of
rare earth elements during the chemical procedure, (3) the
reduction of interfering activities using more steps of chemi-~
cal decontamination, and (A)‘the deﬁermination of Fu by an
analysis of thé decay curve of rare earth mixture, etc.

The outline of procedures are as follows. Samples and
standards were sealed sepafately in polyethylene tﬁbes which
were placed side by side in a capusulé for irradiation, Ipr-
>‘radia$ions were carried out in JRR~1 reactor. The flux was
A2 X lOll neutrons/sq. cm/éec, and.the irradiation lasted
two hours (for'ﬂhe determination of Eu and Dy) or three aays
(for the determination of La and Sm). Affer irradiation, the
samples énd sfandards‘weré respectively dissolved in hydro-
chloric acid solutioﬁ'in the presence of La carrier by ade-
quate method. The amount 6f each rafe earth element in the
thorium metal and oxide samples were determined by comparing
the peak height of gamma ray spectrum of sample with those of
“gtandards after chemical decontamination.

Radiochemical separation process consisted of the dis-
solution of the irradiated Sample by thg adequate chemical

procedures, precipitation of the hydroxide of rare.earth‘
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elements by adding of NHAOH, and separation of rare earth
‘elements from <33Pa by ion exchange method. Pouring the llM;
YHCl sqlution containing rare earth elements, thorium and 233Pa
to a Cl-type anion exchange resin column (Diaion S4 #100, 100-
R00 mesh, ¢®~6 mm x 60 mm); the rare earth elements and thori-~
um passed through the resin column and 233pa was retained,

" Leaked fraction was concentrated to a suitable volume and ready
for measurement of gamma activity using a gamma ray spectro~
meter,

In the determination of Sm and La, further decontamina-
tion process was adopted. Rare earth elements were separated
from thorium by thiosulfate method, precipitated with NHLCH,
dissolved in HCL and reprecipitated with oxalic acid.

A example of the results obtained by this method is as

follows:
Sample Dy Eu Sm - ‘ La
Th metal -1 ppm. 1 ppm not det. not det.
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56. Determination of Trace Elements in Silicate Rocks

and Stony Meteorites by Neutron Activation

Hiroshi Hamaguchi, Yuichiro Kamemoto,
Bikichi Ideno, Tadashi Fndo and Tsutomu Yasunaga

(Tokyo Univ. of Education, Tokyo)

Some trace elements, i.e. palladium, iridium, platinum,
arsenic, antimony and tungsten in rocks and stony meteorites
were determined using neutron activation technique.- The radio-
activation procedure involves thermal neutron irradiation. of
the sample powder along with a monitor., The irradiations. were
carried out in JRR~1 reactor. The flux was ~ 3 x 10HL
n/em?/sec, and the irradiation lasted 2 ~ 3 days (5 hours ir-
radiation each day). After irradiation the samples Were fused
with sodium peroxide in the presence of carriers. The melt
was dissolved in hydrochloric acid;‘and.the solution was evabo—
rated up to dryness to remove siliza. The trace elements were
isolated from the resulfing solution by the same procedure as
reported previously. The amount of the respective elements
was then determined by comparing the activity of the radio-
chemically—pure nuclides isolated from the samples with those

from,the monitor. The results obtained for stony. meteorites
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are summarized in Table 1.

Table

1

Trace elements in some stony meteorites (p,p.m,)

Admire Couaty

Forest City " Modoc Nuevo Laredos | (pallasite:
(chondrite) (chondrite) (achondrite) silicate
- « | phase)
Pdj1.0%£0.3 (3) |0.73%+0.09 (3) * 0.0
Ir 0.4 %0.25 (3) | 0.3 0,08 (3) * *
Pt i._oi'o.z (3) |1.0%0.1 (3) * ¥*
As|2.59%0.31 (3)]1.79£0.30 (3) 0.0179+0.008(3) |  0.0168
Sbj 0.124%0.013(3)| 0.118+0,033(3)| 0.0096%0,001(2) | 0,0214

W

0.2, %0.06 (L)

0,13%£0.02 (2)

0.11

v%'not detectable

- e values in parenthesis are number of determinations.

The sensitivities of the method, the cosmic abundance of

the respective elements, the distribution of the elements

‘among the metal and silicate phases, and the geochemical char—~

cter of the elements are discussed.
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57. The Solubility Determination of Tributyl

Phosphates in Water by Activation Analysis

Hirokazu Umezawa, Shinzo Nomura and Reinosuke Hara
(Chemistry Division,

- Japan Atomic Fhergy Research Institute)

In view of the small solubility and the difficulty in
chemical‘analysis for the minute content of organic phosphorus,
the actlvatlon analy51s was applied to the solubility determ1~
nation of tributyl phosphates. .

The experiment was proceeded with tri-n-butyl, iso~butyl
and sec.-butyl phosphates which were carefully purified by
vaeuumedistillation.' One ml ofrﬁhoeﬁhete was shekenvwith 1;5
mi of_ien~exchange water. o |

The aqueous phase was first discarded, and again the
phosphate was shaken with ion—exchange water for 1 hour at
20°C. After the separatlon of two layers, 1 ml of aqueous
phase was taken on a fllter paper, and 1eft standlng at ‘room
temperature to evaporate off ‘water. The filter paper was- then
sealed in a polyethylene sheet, and irradiated by JRR-1 for
15 hours. Several day cooling was provided to die off short

lived activities due to impurities in polyethylene as well as

- 115 -



318i produced by (n,p) reaction, then 32P content was radio-
chemically determined.

. The reference was prepared by dissolving pure phosphates
in benzene to make approximately 5 g/l solution. Each 10 ?\,
50 A, 100 A énd 150 N solutions were taken, and the same
procedure and experimental condition as applied to samples
were taken for the reference. The references prepared cor-
responded to 50, 250, 500 and 750 K g phbsphate respectively,
and the calibration curves were prepared.

Both filter paper and pOlyeth&lene containeq long lived
impurities which gave the back-ground counting of‘fx1 100 cpm.
The éample activity of 50 Mg phosphate was approximately
twice as much as the back-ground counting.

The solubility of tri-n-butyl phosphate was determined to
be 0.3 g/l which is in fairly good agreement with McKay's value,
0.5 g/1.

Both tri-iso and sec.~butyl phosphates showed higher solu-
bilitiés as compared with tri-n-bubtyl phosphate, and the solu-

-biiity of approximately 2 g/l was determined for tri-sec. butyl

phosphate.
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58.. Excitation Functions for the Reactions,

WOp(x ,p)3K and 40a(ol ,pn)*Px

Shigeo Tanaka, Takashi Mikumo, Michiaki Furukawa, -
Masuo Yagi, Shiro Iwata and Hiroshi Amano

(Institute for Nuclear Study, University of Tokyo)

Excitation functions for (X ,p) and (&(,pﬁ) reactions on
argon-L0 weré measured by the activétion method using =
"stacked~gas" technique; We used a target chamber with a
platinum wire along the beam path, The wire was negatively
charged to collect radioactive products on it. Alpha»parficle
bombardments were made with monoenergetic beam from 160 om
INSJ cyclotron.

The beam was collected'in ayFaraday’cup_and,@easured by
aEbeam curren£ integrator. After the bombardment, argon gas
was pumped out and let through a washing bottle filled with
0,1 N hydrochloric acid., After the platinumAwire was removed
from the chamber, the wire was cubt into several pieces and

N

washed with 0.1 N hydrochloric acid. Radiocactive products re-

mained in the gas chamber were recovered with 0,05 N potassium
hydroxide solution. These samples were counted with an Nal

scintillation counter.  The relative yields of th were
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obtained by counting photo-peaks of 0.37- and 0,62~MeV gamma
rays after subtraction of Compton tails of 1.52 MbV’gamﬁa ray
emitted from 42K. Relative yields of 42% were given by count-
ing with a scintillation counter so biased as to cut gamma
rays below 1 MeV.

The disintegration rate of»hBK was given by applying
hﬂﬁ-wwﬁMgtoasm@&bdmwﬂmtMEmﬂdofMM@Xmm
reaction, S _ |

Ihe'disintegration raﬁe of AZK Wéé also ébtaiﬁed by LITE~
counting after the céntfibution from 3K was subtracted. Re-
sults aré shown in the table; More than 85% of radiocactive
products were collected onto the platlnum wire when the nega~'

tive high voltage of 300 V was supplled to the wire,

Fnergy of alpha-particles Cross-secticn (mb) |
(B Jpgplev - (X ,p) (X ,pn)
36 , 10 : 119;
33.5 ' 3 . 158 .
o 15 165
28 - o 21 ATk
26 - ' - 25 135
2 ar 59
8.5 - . 67 8




Fnergy of alpha-particles | Cross section (mb)
(Boc )y, MoV () | ()

15 | 41 0

1.5 15 —

59. Alpha Excitation Functions on Iron

Shigeo Tanaka, Takashi Mikumo, Michiaki Furukewa,

Masuo Yagi, Hiroshi Amanc and Shiro Iwata

(Institute for Nuclear Study, University of Tokyo )

1) Introduction

Tt may be certain that the nuclear reactions on'medium
weight nuclel at intermediate energies follow the statistical
theory which assumes the formation of compound nucieﬁs. Re-
cently,:hOWEVGr, the contribution of direct interaction process
for the nuclear reaction has been discussed. In this point of
view, alpha exﬁitation functions on 5AFe, prbton exceésiVe"'
nuclei, was chosen as the main purpose of the present study.

56

The measurements of the excitation functions on SAFe,— Fe and
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57Fe were done with alpha~particles of energies up to 40 MeV.q
The ratio of the cross sections for 56Fe(0(,pn)58mCo reaction
o those for 56Fe(&<,pn)58g00'was also measured.
2) TExperiments

Bombardements were made with monoenergetic beams of 32 MeV
and 40 MeV from the 160 cm INSJ cyclotron. Fnergy dependence
of cross sections from 10 MeV to 4O MeV was measured by the
"stacked-foil" technique in which thin iron foils (of aboutb
7.7 mg/em® thickness and natural isotopic abundance) were in-
terspaced with aluminum absorbers. The targets were bombarded
for 6 hours at an éverage beam intensity of 0.5 R A, The im-
purities in the target.féil processed by a roller were deter-
mined by spectrégraphical‘analysis; The contents of impurities
were as follows; less than 0,1% for aluminum and nickel, nearly
0.1% for caicium, manganese and silicon and trace for chromium
and titanium. |

After the bombardment, nickel, mahganese, cobalt and iron

were chemically separated by an anion exchange resin Dowex
1% 8(200 ~ 400 mesh) in the 13mm cblx 150mm column. A1l frac-
tions were counted with GM counﬁer and Nal sciﬁtillation
counter (2" ¢ x 2”;or 1-3/L, qS x 2" —well~type). The correc—
tion of 'recoil 1oss“ for the relative yield of each reaction

was made. The relative and the absolute yields of ’Teo (half-
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life 270 days) weré .obtained by counting the photo-peaks from
0.122 MeV gamma rays in a well type Nal crystal, Compton”tailé
being subtracted., For 0.163 MeV gamma ray from 2<Fe (half—life
8,3 hours) produced by 54Fe(D(,;X'2n)52Fe, nearly the same
counting procedures were applied. The relative yields of 5600
 (half-life 77 days) and *SCo(half-life 71 days) were calculated
| by comparing the samples withithe standard sources of 56C5 and
580o. These cobalt standards were produced by the reactions
56Fe(p,n)5600 and 55Mn(0(,n)5800 and standardized by taking
photo-peaks of 0,845 gamma ray from 56¢o and 0.810 MeV gamma
ray from °8Co in a defined géométryu These results were check-
ed by L JUR~counting of positrons. The nickel fractions,
56Ni(half~life 6.5 days) and 57Ni(half;life 37 hours) were
allowed to decay to produce'5600 and 57003 and nearly the same
counting procedures were applied. The disintegration rate of
21 was cross-checked by'compéring g'— p* coincidence count
with that of %?Na standard calibrated by LI —counting. The
absolute yield of “OMn(half-life 2.58 hours) and 22n(half-life
18,2 ﬁours) was determined with a calibrated GM-counter and /
that of 2Min was determined by taking photo-peaks from 0,845
MoV U ~ray in a defined geométry.

'3) Results

Excitation functions for the next reactions were obbtained,
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ShFe(ﬁfjn)57Ni, 5hFe(£¥,én)56Ni, SAFeiQ'5p)57Co, EAFe(ﬁf,pn)r
56Co, SQFe(Qf,pZn)55Co (As 2o may immediately decay to 55Qo,
54Fe(ﬁf,3n)55Ni reaction can not discriminate against SAFe(&f,
pzn)55Co reaction. The sum of.the cross sections for both re-
actions was given.), 2Mpe(/ @Jpn)52Mh, Shpe( J‘Zn)52Fe5
5bpe( X ,pn)58co, 56Fe( X, a'pn)*Min and PTre( &, d'p) Cun.
It is interesting that the deasured branching ratio
6 (X,p)/ 6 (& ,n) and 5f(i¥,pn)/ 6 (& ,2n) for Shve are

larger than the predicted ones based on the statistical theory.
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~ €21 -

ReaCFlon Shpe( o ,n)5 i | Shwe( & ,p)* 0o 54Fe(&f,2n)56Ni Shpe( 2 ,pn)0co| “bFe( ot ,pn)5800
Energy ' : :
(Bq 1eb eV| () () oy (nb) |
om0 | L 383 Low3 560 | 1.7
9.3 | 1L | 3ubks | 470 6L0 2.6
2.6 | 13.4 3,09 W5 L 595 3.0
5.8 | 19.8 125 2.23 457 53 | 2
2u.o' 30.4 166 2.15 397 5Lk 3.1
22.0 - W75 206 | 2.05 314 L6 2.8
~ 19.9  f 83.5 | T309 1,64 182 i 255 2.7
17.9 126 132 0.15 68 77 2.1
6.3 12 |90 |
15.6 2 .569 |
13.3 |- 107 . 388 .
10.0 SN 147




60. Alpha Excitation Functions on Manganese

Shigeo Tanaka, Tekashi Mikumo, Michiaki Furukawa, Masuo
Yagi, Hiroshi Amano and Shiro Iwata

(Institute for Nuclear Study, University of Tokyo)

1) Introduction

We have reported the alpha excitation functions on 51“Fej
proton excessive nucleus. It is of interest that the compari-
son of the éxcitation functions on ““Fe with those on 55Mn3
which hés nearly thé same mass number and is neither proton
excessive nor neutron excessive.
2) FExperiments

Bombardments were made with monoenergetic beams of 32 MeV
and 40 MeV alpha~particles from 160 cm INSJ cyclotron. FEnergy
depeﬁdence of the cross sections from 10 MeV to 4O MeV was
measured by the "stacked-foil technique in which manganese
“bargets were interspaced with aluminum absorbers. The targets
were prepared By spattering manganese metal onto 20/M~thick
aluminhm;foils. The purity of manganese metal used was ap-
prqximétely 99.9%. The targets were bombarded for 3 hours at
the average beam intehsity of .about O.S/H.A of 32 MeV alpha~

particles and for L4 hours at the average beam intensity of
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aboutr 0.25 s A of 4O MeV alpha~particles. After bombardment,
' tbe target foll was digested in fuming nitrie acid and only: |
manganese was dissolved.

Chemical separations and counting procedures were nearly
~the same for the meaéurements of alpha excitation functions on
iron, The correction of '"recoil loss" wa.s performed by measur-
ing the activities in the aluminum backing foils.

3) Results
Excitation functions for the next reactions were obtained.
55un( of ,n)58Co, *5un(ct,20)57co, 22 ok ,3n)%0C0, 2un( L, din)~

Slam and 55Mn( ok ,2pn )50,
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\"\Rgacti on

1

“ S5un{ o »of n)* i |22 ( X ,30)°°Co | 72m( ,21)°7Co| 22un( ot ,n) 2800 | 22Mn( A ,n)?8Co

Energy ~._ '

(B )lab & 0 g o 0/
MeV (imb) (mb) ~ (mb) (mb) Gr;
38.5 125 115 118 6.52
36.8 161 91.3 136 6.60
34.2 146 76 219 12.8.

32.5 151 55 275 16.2

31.3 153 40.8 343 19.3 2.40
30.7 134 37.4 364 21.0

29 .4 140 17 392 22.1 2.54
7.4 118 3.9 470 32.8

25.3 73.2 0.8 565 L8.2 L.43
23.0 28.5 552 75.3 L.L8
21.0 6.6 562 134 5.00
18.5 482 227 4.38
16.0 357 388 3.69
13.1 31 569 1.39
9.9 332 1.20
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The data of cross sections for ({,3n) and (ol,n) re-
actions are the values from gamma~ray measurements. The
valuesvfrom.hlﬁﬁy—countings are about 1.5 times larger for
(ody3n) reaction and 1.2 times larger for (cl,n) reaction than
ihe above values. |

The errors for relative yields are less than © 5%,

61. Bxcitation Functions of the (Ag+ &) Reactions (I)

S. Fukushima, S. Kume, H., Okamura, K. Otozai,
K. Sakamoto and Y. Yoshizawa
(Faculty of Science, Osaka University),

S, Hayashi |

(Lebor Research Institute of Osaka)

In the series of studies on the nuclear reaction by '"the
activation method", the reactions between the medium-weight
nuclel and od -particles are much interested ih.' Here the
excitation functions éf the (Ag+ch) reactions have been measur-
ed as the examples. R |

Several reports on some of the (Ag+ct )reactions have
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- already appeared in literature, but the authors! intention is

mainly. to obtain some new data of the reactions, of which’

" datum has never been obtained, and also to improve the accuracy

of the existing data of cross sections or to extend the energy

region of o/ ~particles in past experiments.

As the exact knowledge of the decay scheme of the product .

nuclei 1s essential for these researches on the reaction cross—

sections, these works were carried out under close co-operation

-with a decay-scheme researching group.

The reactions included in the present report are given in

the following table:

\Reaction _
Target, (el,n) [ (h,20) ! (4,30) | (ol ,pn) ch, A n) (ot ,ol’2n) |(X ,2p)
nuclei\
110 108 106
107 109 1 09 he 105
28 1y 0m 08 Cd he | -
In In (8.24d)
110+
Tn
109 o 111 N . o 111

| The eonditions of the bombardment and the methods of

chemical separations are given here, but the methods of measur-

ing radio-activities will be given in following Part II.

Targets of the bombardment were the stacked foils of sil-

ver metal, each one of which was 7 ~~ 11 mg/bm2 thick and pasted
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upon the aluminum frame for the easiness of handling.

The 63! cyclotron of the Institute for Nuclear Study ofn
Tokyo University was mainly used for the acceleration of
ol -particles and the beam, after being passed through the
analyserfmagnet, was collimated by 1 cm x 1 cm graphite slit
mouhted in front of the target stack., The beam current was
received in é Faraday cup and measured by an integraﬂing micro
ammeter. Activations éf the order of 103 micro coulomb were
done in 5 ~ 30 min for short-life activities and of 5 x 10°
micrco coulomb iﬁ 3~ hr. for long-life ocnes. The incident
energiés of the ~particles were regulated to either A0 or
30 Mev., and the energy at each foil was estimated by the
existing range vs. energy curves.

The L' cyclotron of Osska University was also used for
certain experiments, where the external target system was used
and the maximum energy of the ol —particles was 23 Mev. The
beam current was measured by a recording micro ammeter.

For Calculafing the cross sections the adequate aécdunts
were made on the beam fluctuations and the disintegration of
the product activity during the bombardments.

In some‘cases the mutual chemical separation of activi-
ties of In, Cd and Ag was needed. Indium was first collected

on ferric hydroxide from an ammoniacal solution, and Ag was
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precipitated as chloride and (d as sulphide, individually.

After repeats of sach procedure twice or thrice, such efficien~

cy of separation was. attained as given in the following table;

e M
| Specified element Chemical yield
i (%)
— R

’ In 99

Z od 97

| g

| i

Decontamination coefficient

In ca Ag

99

| 1.3x10° —— 1.0x10°

% 1.3x103 > 1.3x103

1.0x103  2.5%x10° —

O ——

Samples for activity measurement were either a definite

" quotient of the solution of a separated precepitate or a dried

residue of the solution.
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62. Excitation Functions of (AgtcA ) Reactions (II)

v

S. Fukushima, S; Kume, H. Ckamura, leCmozai,
K. SakamotoAand Y. Yoshizawa
(Faculty of Science, Osaka University)
S. Hayashi

(Labor Research Institute of Osaka) -

Based upon the conditions described in part I, relative
excitation functions have been obtained by measuring the
characteristic radiations of reaction-products and the absolute
cross—sections ﬁave been calculated with absolute measuremenfs
" of activities.

4) Relative excitation functions

l? lO?Ag( m’n>lloln3 109 Ag( o ,BH)llOIl’l; 1071\\;’;( ‘?i-,Bl’l)logIn
Hm

2.3 Miev A" from YOI (66 min) and 3.5 Mev A" from
(40 min) were measured with the activated silver foil using
Gli~counter. 1.5 Mev A7 from 1O"In and 1.4 Mev £ from
lO9mIn wére separated by an adequate aluminum absorber. Count-
ings with a thick Absorber were,sﬁpstraéted as —compbnents.
By analysing decay curve, activities of llOIn and l08:[n were

obtained separately.
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2) 107p0( o ) 1007 109 40( ot 30 110mpy . 107 p0( A 30)-

igéflﬂ 0.88 Mev § from '9™ In (h.9h) and 0.89 Mev { from
108m1n were measured with scintilliation spectrometer. 110n7,
and 108my, were measured independently by analysis of the
decay curve and the interference was negligible with non-

separated samples.

3) logAg(cAJZn)lllIn Measurements on 0.17 Mev-and 0.2

Mev § of Mimn of the chemically separated In-fraction were
done after 3 days decay and no interference was met.

L) 107pag(oh,20)1091m —10%q a5 1%¢d was the only

activity observed in the chemically separated In-fraction

after 3 months decay, the well type scintillation counter was
~used to measure the activity. Correction had to be made upon
the activity transformed into Cd before the time of chemical

. separation.

5) 107A8(042pn)1090d  Cd—activities was separated im-

mediately after the bombardment and measured with a well scin-
tillation counter after a while. 10904 coming'from.the abo&e

(o{,2n) reaction was corrected.

6) 10780, o 'n)1%n0(8,24); 10740(ch, & 20)105 g

lOéAg and 105Ag in the separated Ag-fraction after several days
decay were measured X'—spectrometrically.- But some error

might not be avoided owing to ambiguities included in the
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present decay scheme.

B) Absolute values of reaction cross-sections
llOIn, llOmIn, 1081n, lO8mIn

1) /Absoclute measurements of

With silver foil bombarded at ot ~energy of 1k Mev ( dh,n) re-
gion, the conversion electron of 0.66 Mev j by the use of a:
beta~ray spectrometer. An absolute measurement of 110m7y 45
done by.y ~ j coincidence counting with 0.94 and 0.88 Mev
cascade gammas. And then absolute value.of llOIn could be
calculated. On the other hand, 108Tn/ 108myy/ 1107, ratio in
the tafget bombarded with 40 Mev ¢l was obtained by the Kurie~
analysis of the ﬁ% -ray spectrum and the absclute values of
1081y and 10801y were thus calculated.

Through these procedures the absolute cross-sections of
the reactions, lO7Ag(OK,n)llOIn, 110my,, . 1O7Ag(cﬁ,3n)logln,
108my, logAg(cL,Sn)lloIn, 110m7), wepre estimated,

2) IMbsolute measurements of 1090d The defined geometry

measurément of 0.088 Mev § of 1094 was adopted. A strong
10904 source produced by the ;O9Ag(cﬁ,2n)lo?0d reacfion was
used to aid the measurement of weak (5;,2n) and ( 4,pn) pro-
ducts. Thus the absolute‘values of tﬁe cross—~section of the

reactions, 107Ag(d\,2n)1091n; lo?Agﬁjvpn)lOQCd were obtained.

3) Miscellaneous Approximate yields of 19°Ag, lOéAg and

lllAg were estimated from the measurements with the GM~counter
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and the ayproximale cross—sections were calculated.

Conclusion

Absoiﬁte @easurementé were done on the excitation func-
tipné of the reactioﬁsf' lO?Ag(ai,n)llOIn, 1lomIn; lO?Ag(d\,
2 )19, 107 Ag(@ L) 0%a; 107na( o ,3,) 1081y, , 108mp
109Ag(C$,2n)lllIn; lOQAg(ii,3n)llOIn, 10m7y,  And some in-
formations with the cross-sections of the reactions: lo?Ag(Gi,
Ci'n)106Ag; lo?Ag(@ﬁ,:ﬂ'Qh)lo5Ag; lO7Ag(gi,2p)lllAg were
obtained.

Several discussions have been given as to the accuracy

of various measurements and the excitation function obtained.

63, Excitation Function of llSIn(¢L,pn)ll7mSn Reaction

and'Préductioﬁ of ‘Carrier-freett My,

S. Fukushima, S. Kume, H. Ckamura, K. Otozai,
K. Sakamoto and Y., Yoshizawa
(Faculty of Science, Osaka University)
S. Hayashi

(Labor Research Institube of Osaka)



Y. Koh

(Paculty of Scierice, Osaka Municipal University) .

The carrler-free 117mgy, necessary for research on decay
scheme is used to be produced by lthd(;i,n)ll7mSn reactionj'
where other activities such as 113sn and 11958y should be
simultaneously prodﬁced and fadiochemically pure ll?mSn can
not be obtained. Among reactions which yield 117msy 41 the
prodﬁct (In+cl ) reactioﬁ has attracted our attention, because
bombardment of In with o —particles of about 40 Mev should
give no other RI of Sn besides product of 115Tn(w ,pn) s,
reaction. However, very littlé have been known aboﬂﬁ the
cross-section of (ol ,pn) reactions. Herewith, the excitation
funetion of the above (ol ,pn) reéction énd thé correspdnding
thick target yield have been stﬁdied inhthe first plaée and
‘ the conditions of the target and method of chemical preparation
,Of.qar;ief—free 117msy on the other hand. | |

1) Measurement of the exciﬁation function

Tndium metal (~ 10 mg/om® thick) electro-deposited from
the cyanide solution upon silver foil ( ~ 25 mg/bmg) were
stacked and uéed as the targeﬁ in eiperimeﬁts'of measuring
excitation function. | ~

Al pha~beam accelerated to 4O Mev by'631 cyclofron of the
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Institute for Nuclear Study of Tokyo University was used for
the bombardment. The beam current was measﬁréd by an integrat-
ing microammeter. Activations of the order of lO3 micro cou-
lomb were done in dbout 3 hrs. Pnergies of o -particles at
each foils were estimated by the range vs. energy curve.

The activated foils were dissolved in hot 18 N—sulphuric
acid and carriers of Sn and Cd were added. Indium.and Sn were'
precipitated from ammoniacal solution holding Ag and Cd in the
solution, and then Sn was separated from In and Cd by_introdué~
ing HpS into a 0.5 N~ HCl solubion.

Precipitate of Sn was dissolved in HCl and the‘aqtivity of
an aliquot of the solution was measured by the well type scin-
tillation counter and the reaction cross-section was calculated
with adequate considerations. |

The exgitation.function obtained has a peak of 130 mb in
the vicinity of 33 Mev. Nuclear reactiéﬁ yield can be calcu~
lated by combining the eicitation function with the range-
energy data. R

2) Production of the carrier free 117mg

For production experiments In metal (lmm thick) depésit_ed
on the silver plate soldered with indium metal on the water
cooled copper block was bombarded by<j,—beam.accelefated to 23

Mev in the 44' cyclotron of Osaka University. No damage of
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the target was observed when bombardment with beam current of
2~ ﬁ(A.was continued. |

After a few days cooling of Sb~activities, the activated
indium was demounted together with silver plate. Indium part
was selectively dissolved by HCl and Sn activity was copre-
cipitated with In(OH) 3 by NH,OH, then separated from In by (uS
~ collector with HyS in a 0.5 N-HCL solutipn; Separation from
thé Cu could be achiéved by the use of anion exchanger with
HCL medium By elution with HNO3 the carrier—free 117Msn was
obtained. Precautions were made to avoid the formation of
radio colloid of Sn.

The(ﬁ —-spectrum of the final product indicated the ex-
pected purity in radio chemical sense.

. As to.thé reactioh yield the experiments are now being

carried out.
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blro Studies on Radionuclides of Osmium and Rhenium

Nobufusa Saito, Yuji Yokoyama, Hisao Mabuchi,
Isao Tomite and Iwao Matsushima
(Department of Chemistry, Faculty of Science,

- University of Tokyo)

The‘study presented here was underbaken with the 1ntent
of obtalnlng new and addltlona1 1nformatlon on the radio-
nuclides of rheniUHb osmivm and iridium.

The 160~cm.synchrocyclotfon in the Institute_fof Nuciear
Study, University of Tokyo was ﬁsed for bémbardment with alpha
pafticles, Whiie the JRR~1 reactor was utilized.for neutron |
irradiation. *

Materials used in this investigation‘wére metallic
rhenium, potassium perrhenate, ammonium perrhenate, and metal-
lic osmium,

The metallic rhenium and ammonium perrhenate were care-
fully purified by conventional process before they were used
as target materials.

The target materials used in the cyclotron bombardment
were metallic rhenium, potassium and ammonium perrhenates.

After bombardment, chemical separations were made with
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some samples. Some of the irradiated perrhenates were dis-
solﬁed in water, To thé.resultiﬁg solution was added iridiwﬁ
salt és a carrier, metéllic iridium.was then precipitated by
reduction with forﬁic acid.,

The rhenium in the filtraﬁe was regovered as sulfide pre-
cibitate. - The separation of osmium was made with separate
samples; After the addifion of osmium carrier énd nitric acid,
the’solutions of irradiated perrhenate were subjected to dis-
tillation. Osmium tetroxide was distilled oﬁt_from.the solu-
tions; |

The target materialé irradiated mdth.negtrons were ammo-—
nium perrhenate and osmium. _Ihe irradiated‘osmium.was fused
with alkali and then dissoived.in nitrié acid; To the result-
ing solution was added rhenium carrier. A large fraction of
osmium in the'solution was removed by repeated distillation.

The separation of the rhenium.fro@Athe osmium in the
residual solution‘Was carrieq out by solvent extracpionvusing
thiourea and.iséém&i‘aicqhol. Thémrhenium‘was ext?écted'in
alcohol layer, wﬁilé'éhévoémium reﬁained iﬁ atueous phése.

The results can be summarized as follows:

a) In the bombardmeht with alpha particles of 37 - 43

Mev, an activity with a half-life of about 28 min.

was found in the osmium fraction separated from

- 139 -



‘potassium perrhenate target.
Further experiment is needed, however, to clarify the
chemical nature of this activiﬁy.

b) The 28-min. activity was not observed in the osmium
fractions from neutron-irradiated metallic osmium.

¢c) 4n activity with a half-life of approximately one
hour was found in the cyclotron experiment, This
activity might be identical with one-hour rhemium
nuclide of unknown mass number which appears in the
new Seaborgls isotope table.

d) The one-hour activity was never detected in the

neutronirradiated rhenium.

65. Studies on the Hot Atom Chemistry of

Arsenic~76 Using Phenylarsonate

Shin Suzuki, Makoto Saito and %Yasushi Inoue
(Research Institute for Iron, Steel and

Other Metals, Tohoku University, Sendai)
In order to produce arsenic-76 having high specific
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activity and to investigate the behaviour of the high excited
recoil arsenic atoms resultiﬁg from neutron capture reaction,
zirconium phenylarsonate, irradiated with thermal neutrons
(1~2 x lO"n/bmz/éec).for two hours, was shaken with 0,6 N hy-
drochléric acid, and the radioactivity of the residue and
filtrate were measured separatély after filtration. Some re-
sults obtained are as follows.

1) Radioactivity, extracted into hydrochloric acid, was
about 1}A € per 10 mg of the irradiated sample and the half
life of it was approximately accord with that of Arsenic-
76(26.14 hours). 2) Radiochemical purity of it was about
99.97%. 3) Specific activity, determined with molybdenum
~ blue method, is about 1.5 x lOéc/g. L) Oxidation state of
the recoil atom was seemed to be tervalent state (90% or more)
in the moment of extraction, but tervalent arsenic’waS'gradu&l-
ly oxidized by dir and after standing for two days it was com~
pletely turned into quinguevalent state. 5) - The retention
was about 10% for a sample standing for 11 hours after irradia-

tion, and was exponentially increased with the elapes of time.
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66. Retention of Arsenic~76 in Ion~exchange Resin

by Neutron~irradiation of Arsenabe-loaded Resin

Hirotoshi Sano, Isao Tomita and Nobufusa Saito
(Department of Chemistry, Faculty-of Science,
University of Tokyos;

Institute of Physical and Cheniical Research) g

1-3 it was found that a

In the previous investigations,

fraction of hot-atoms, such as As-76, Br-82, I-128, was en-

riched in anion exchange resin phase by the neutron irradia-

tion of oxyacid—loaded'anioh éxchangers.' The enrichment of

radioactive halogen in the resin phase may be interpreted as

a result of the reaétion df hot-atoms with one of organic

radicals formed in the resin, In the case of radiocarsenic,

" however, it seems unlikely that such reaction takes place in

the resin phase, because carbon-arsenic bond is less stable

than'barbon—hélogen bond. In an effortAto clarify the reten-

tion of As-76 in the resin phase, a series of experiments have

"been performed as follows. Anion or cation exchanger, Dowex-1

x~8 (Cl=form) or Dowex=50W x=-8 (H~-form) consisting of 100200

mesh beads were dried in an fbderhalden's desiccator. Three

grams of the dried resin was added to 30 ml. of the following



solutions: aqueous arsenate solution, arsenate-tartaric acid
solution, arsenate—ammonia solutioh, érsenate~ammoniumtartra£e
solution, and solutions of arsenic trichloride in varioﬁs
media such as absolute ethanocl, ethanol-water, petroleun efher,
6 N hydrochloric acid, etc. In addiﬁion, some experiments
were conducted with a system dontaining arsenié trichioride
and resin. |

The neutron-irradiation of these samples lasted 2 to
3 hr, ‘The flux and maximumn energy of neutrons produced by
Be-D reaction were ~ 107 n/cm® sec. and ~ 7 Mev, respective-
ly. . Then, each irradiated sample was poured into é column of
0.8 x 1.0 cm size. After the solution was passed.thfgugh the
. columi, tHe resin was treated suécessiﬁély‘wi£h156“mi.lof
ethanol, 50 ml. of 8 N hydrochloric'aéid; 5d’mi;.of 145‘N
hydrochloric acid, and finally with 50 ml. of water. The
gross § -activities of both the effluent and the resin were
measured with a well-~type scintillation counter. The fraction
of total activity retained in the resin phase was calculated
on each sample.

The results of the experiments are summarized as follows,
(1) Radiocarsenic is retained in the resin phase with enrich-
ment factors of the order of 103. (2) In agueous systems,

the fraction of As~76 remaining in the resin phase is larger
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than in non-aqueous systems. (3) More activity is retained
in anion exchanger than in cation exchanger. (4) The presence
of tartrate in solution reduces the fraction of As~76 retained
in the resin phase. (5) A tracer study using As-74 shows that
the fraction of arsenate retained in the irradiated resin after
the elution is several times larger than that in non-irradiated
resin. The phenomenon of the retention of As=76 in the resin
phase may be interpreted as such that some polymerized anions
of arsenic are produced by recoil process and then adsorbed
irreversibly on anion . exchange resin,
1. N. Saito, M. Furukawa and I, Tomita, J. Chem. Phys. 27,
1432 (1957).
2. N, Saito, I. Tomita and M. Furukawa, 11th Meeting of Chem. -
Soc. of Japan (1958).
3. N. Saitos; H, Sano and R. Shiomi, 2nd Symposium on Radio-

chemistry (Chem. Soc., of Japan) (1958).
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67. Effect of Cation and Water of Crystallization
4 on Retention of Radioarsenic in

- Neutron~irradiated Arsenates:

Nobufusa Saito and Isao Tomita
(Department of Chemistry, Faculty of Science,
University of Tokyos |

Institute of Physical and Chemical Research)

Previoﬁsly; the present authors studied the effect of ir-
radiation temperature on the retention of radiocarsenic in neu-
tron-irradiated sodium arsenate crystals., in order to H
investigate other factors which may. affect the retention, the
following compounds were subjected to_n?utron irrédiation:
arsenates of sodium, lithium, ammoniué; potassium, barium,
cesium, cobalt ahd rubidium in anhYdrousior hydrated fqrm.
These salts were irradiated for 2.5 hours ét rééﬁ.%emperature
with neutroné_produoed by Be~D reaction (~ 107 n/%ec.cm?).

After the end of irradiatibn each of the irradiated
samples was stored for oneAhour‘at room temperature andvthen
dissolved in water containing As (IIT) carrier. To this solu~
tion were added magnesia mixture and ammonia water to pfeci—

pitate ammonium magnesium arsenate. The precipitate was
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dissolved in hydrochloric acid'and then fhe precipitation was
repeated in the presence of hold-back éarrier of As (III),
Hydrogen peroxide was added»to the co@bined filtrate to oxi-
dize As (III). The precipitete formed in the filtrate con-
tained radiocarsenic which was originally .in the valence
state of IIT as a result of recoll process. The precipi-
tates were dissolved in hydrochloric acid and then diluted
to 25 ml, ‘The /ﬁ—activity'was measured with a dipping
counter. Finally, the retention value of radiocarsenic was
calculated on each salt,

It was fouﬁd that’eacﬁbsalt has its characteristic réé
tention value.‘ Bven Wheﬁ“the salts contain the same kind of
‘metal, their retention values are different, depending upcn
the number of metai;atoms or Watér:of‘crgstéilization in
unit molecule. - |

Tt seems that the salt cdntainiﬁg much water of cfystal— :
lization has generally 1dw4retehtion value and the anhYdfide‘
has higher retéﬁtion than the hydféﬁe‘of the same comﬁound.

The effeét of cation on the reﬁention in the éolid
coﬁbound éeems rather éomﬁiex. Whénathe irradiated'éample
was stored for more than one hour at room temperature, fhe
increase in the retention resulted. Such inc?ease seems to

be commonly cobserved in irradiated solid arsenates.
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The irradiation of the sample at IOW'témperatures (for
instance -~195°C) resulted generally in lower retention values
than those obtained bj’irradiétioh at room temperature.

It is noticeable that the rétentién vélue éf‘éodium
arsenate (NééHAsOh.7H20) is excéptionally high-in spite'of
high content of the Water of crystallization. This value is
also high as compared with otheér arsenates containing re-
lativély liéht cations such as lithium,’ammonium and poﬁas-
sium, Tn addition, the value is higher than those of other

sodium arsenates.

68. Hot—Atom.Chemistry of Bromine

in Cobalt Complex Salts

Nobufusa Saito, Hirotoshi Sano, and Takeshi Tominaga
: (Department;ofvChemistry; Faculty of Science,
University of Tokyo;

Institute of Physiéal and ChemicaliResearqh)

Very 1little attention has so far been paid to the hot-

atom effect of ligand atoms in metal complex salts. In
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order to clarify the hof~atom behavior of radiobfobine
(80mpy. ang 82pr) arising from (n, § ) reaction on bromine
containing compounds, the presént authors investigated the
effect of various ligands on the "ligand yields" £y of radio-
bromine in cobaltammiﬁe complex salts. | B

Experimental -~ Solid complex salts ( [CO(NH3)5Br] X,
X=Cl, NO3, ste.; [Co(WH3)5Y) Brp 3, ¥ =NHy, CL, etc.; and |

[ Co(en),¥, ) Bry 3, Y =NHg, Cl, ete.) were irradiated for

two to three hours with neutrons {flux lO7 n/bm?.sec) which
were produced by Be-D reaction and thermalized through paraf-
fin. Fach salt was dissolved in water after the irradiation,
and the resulting solution was poured into a colum of cation
.exchange resin, Dowex 50W X-8 (hydrogen or potassium form),
lOO—%Qmeesh. Mbéﬁvradiobromine atoms were leached out as
aﬁions into the effluent, while some fraction remained with
the complex cations on the resin. The latter fraction was
presumed.to be combined with cobalt as ligand. These radio-
bromine atoms in the resin éould be extracted through agua~
tion by refluxing with water at elevated temperatures.
_ﬁromide was determined either by the Mohr's method or by
colorimetric method. |

Results -~ (1) [CO(NHB)BBrj X More than 80% of

total radicbromine was leached out in water with enrichment

- 148 -



factors of the order of 102, o significant differences were h
observed among the ligand yields of the salts containing dif-
ferent anionic species (x=C1, Br, NO3, 1/2 CZOA) except that
the iodide showed considerably lOW‘yield.' It is interesting
to note that [ Co(NHy)gBr ] Bry showed almost the same yield
as other salts. Wh?nb [CO(NHE)SBrj 2 adsorbed on the cation
exchange réesin was irradiated, the ligand yield was somewhat
- smaller than those of«fhe corresponding solid samples, and
appreciable activity remained in the resin even after long re-
ﬁ'fluxing. The ligand yield dropped nearly to zero in the
irradiation of agueous solutions of the salt.

(2) [CO(NHB)SY]_BTZ,B : Radiobromine a£oms resulting from
anions were enriched in ligands through replacement byjhot~
atom effect. Enrichment facfofs of the radiobromine in
ligands were 10°-103. The ligend yield in the form of
ECO(NH3)5BT%]'2+ (obtained through replacement of Y by hot
bromine, Br*) increased in fhe following order: Y==NH3, NCS,

(¥), NO,, OH,, ONO, ONO,, C1, I, Br.

o9
(3) [Co(en)zYz] Brl’3 : Enrichment of radiobromine in ligands
was also observed with fhese-salts. For [Co(en)B] BfB, the
ligand yield waévalmost zero. For the other salts, the li-
gand yield increased in the fbllowing order: Y:fNHB, NCS,

Cl, Br. No significaht differences were observed between the
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ligand yields of cis- and trans isomers of both ECo(en)2
(nes),) Br and [Colen),Cl, ] Br.

Discussion —— If the mass of the donor atom in ligand Y,
and of bromine is, M, M , respectively, the fraction of the
maximum possible loss in the'recoiling energy of bromine for a
collision with the donor atom is given by ¥ = MM /(M )=,
For the salts fCo(NHB)EY} Br2,3 and iCo(en)ZYéj Brl’sj the
ligand yield seems to increase as the value of } of ligand Y
increases: the efficiency of replacement of Y by hot bromine
depends mainly on § . It may be presumed that the Kinetic pro;

cesses play an important role in the hot-atom effect of bromine

in ligands of the complex salts,

1) ILigand yield is the fraction of total produced activity

retained in ligands of a complex.
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69. Hot-atom Chemistry of Metallic
Ammine Complex Salts (IIT) .
On the Radiosynthesis of

Chloropentamminecobalt (III) Chloride

Nagao Ikeda, Kenji Yoshihara and Shigeru Yamagishi
(Department of Chemistry, Faculty of Science,
Tokyo University of Education and

Japan Atomic Fnhergy Research Institute)

Introduction

The application of the chemical effects of the nuelear re-
eoil to the synthesis of organic labelled coﬁpounds is becoming
familiar in these few years by the name of ”radiosynﬁhééis”f
In this report,_t@e authors’ﬁriéd to expand the application of
radiosynthesis to:the inOrganic field, and found(that about 7%
of radiocactivated chlorine S°9CL was produced in the form of
chloropentamminecobalt(IIT) chloride  [Co(NH3)538di2]Cl when
hexamminecobalt(TIT) chloride [ Co(NHy)s) Clg was irradiated by
slow neutrons., - ' = ‘ |

Experimental

The. radiochemical yield of chloropentamminecobalt(TIIT)

ehloride produced in the irradiated hexamminecobalt(IIT)
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ohloride was determined in the folléwing way.

The irradiated hexammine salt was dissolved in the

known volume of water containing the definite amountsA(about
50 mg) of chloropentammine salt as the carrier. 5 ml aliquot
of the radioactive solution thus obtained was taken for
counting. To the remainder of the solution, hydrochloric
acid was added and the acidity of the solution was adjusted
to 1.5 N. The precipitated ehloropentammine salt was then
centrifuged aﬁd washed with 1,5 N hydrochloric acid. The
precipitate was dissolved in water, and then was passed
through the Amberlite-IRALO0 resin bed ( RNOg-form, 100 ~-200
mesh, 1 ecm ¢ x 7 cm) to eliminate any radiocactive chlorine
in the chloride form, if present in the precipitate. A part
of the effluent was taken for counting of radicactivity and
for determination of the amount of chloropentammine salt.
The specific aectivity of the separated chloropentammine sait
was then readily calculat;d. From these data, applying the
principle of the reverse isotope dilution method, the radio-
chemical yield of chloropentammine salt was calculated.

The exchange between C1™ and [Cé(NH3)5C]12+ was checked,
on the other hand, using 3801 as the tracer, It was revealed
that the exchange occur only by a very small and negligible

extent.



For the neutron irradiation, the cyclotron at the Physi-

¢al and Chemical Research Institute and the JER-1 nuclear re~

actor at the Japan Atomic Energy Research Institute were used.

The radiocactivity was measured with the scintillation § -ray

spectrometer made by Baird-Atomic Co.

Result

The values of radiochemical yield of chloropentammine-

cobalt(TITII) chloride thus obtained are tabulated in Tables 1

and 2.

Table 1.

(neutron flux:

When irradiated by the cyclotron.

100 n/bmz.sec)

Irradiation
time beam

Deutercn f Radiochemical

yield of

(hr) , (ﬁAA,hr) ; (%)

I

IT

1

2

7

12

6.5
6.2

{
+

Table 2.

When irradiated by the reactor.

(neutron flux: 3 x 10%R/cn”.sec)

Irradiation
time
- (min)

Radiochemical
yield of

(%)

IT

3
5

6.7
7.3
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Table 2 (Cont'd)

Trradiation | Radiochemical

time | yield of

(min) (7). -
111 T 7.1
W 10 7.3
v 15 - 7.2

|

VI 20 5.9

i

The radiochemical yield is about 7% for each casé in-
dependently on the neutron flux and irradiation time. This
suggests that radiocactivated chlorine hot-atoms collide in
the crystal with ammine grouﬁs'aﬁdjcause replacement of these
groups by an almost constant probability.

‘ From the viewpoint of 6OCo~labelling, a few percent of
60Co was produced in the form of [CO(NHBDBClj 2* when hexam-~

minecobalt(III) chloride was irradiated by neutrons.
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70. Hot Atom Effects of Metal Complexes

8~-Hydroxyquinoline

Hiroshi Ebihara and Kenji Yoshihara

(Japan Atomic Energy Research Institute)

Preparation of some radioisotopes in a high specific
actiﬁity.is studied utilizing the hot atom effects of some
metal oxinates (8~hydroxyquinolates). The experimental results
obtained about manganese, tungsten and calcium oxinates will
be given. |

Dehydrated oxinates irradiated in JRR-1 were dissolveaAin
an organic solvents.. The organic solution of manganese or
.tungsten oxinates was shaken with Michaelis' buffer solution
of various pH values. Comparing activities of both layers, an
extractability was caluculated. On the other hand, amounts -of
metals come into the agueous phase was determined colorimetri-
cally. Basing upon these values the enrichment. .factor was
determined.

Irradiation of calcium oxinate for more than 1 mOnth.did
not give sufficient activity. Besides that, any nice water-
immiscible solvent was not found for this oxinate. According- "

ly, the n-butylamine solution of the oxinate was passed through
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a cation exchange column in order to pass n-butylamine and
the oxinate away, keeping calcium ion in the column. After
washing the coluimn with distilled water, calcium ion on the
resin was elubed by 3N~hydrochloric acid. Calciuﬁ was preci-
pitated as phosphaﬁe for the measurement of radioactivitj.

Al though numerous studies had been carried out on the hot
atom effects of inorganic manganese compounds such as per—
manganates, manganese oxide, and carboﬂate, that of organic
manganese compounds was not studied except that of manganese
chlorophyll. Manganese ion is extracted with an aqueous solu-
tion of pH 8/w;9, whereas the oxinate is kept in the organic
phase. The experiment showed that about 10% activity was
found in the agueous solution after shaking with the organic™
solution. The total amount of manganese was determined by
the color of permangsnate. Thus, the enrichment factor of
10% was obtained.

There is no report on the hot atom effect of tungsten.
Shaking the organic solution of tungsten oxinate with an aque-
ous solution of pH 3.0 4,3 results about 30% activity in the
aqueous sclution showing the enrichment factor of 130 150.
As the pH velue of thé agueous solution is increased, the ex~
traction of the oxinate into the aqueous phase is decreased

keeping the partition of the activity almost consbant.
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Accordingly, shaking with an aqueous solutibn of pH 7 is
preferable.

Trials to obtain the calcium radiocisotope by the hot atom
effect have not been succeeded by this time. As mentioned'b |
above, calcium ion is isolated by an lon-exchanger, showing

about 8% activity extracted and the enrichment factor of 4O ~

120,

71, The Chemical Reactions of Recoil Tritium with Water

F. S. Rowland and T. Kambara

(The University of Kansas and Shizucka University)

Tritium atoms recoiling from.the nuclear reactions 6Li
(n,oh) 3H and 3He (n;p) 3H undergo chemical reactions while
'still possessing some of the kinetic energy of nﬁéleér recoil.

When reacting with Hp0, two reactions are poséible:

™+ H,0 » HIO + H (1)
T+ H,0 » HT + OH (2)
Reaction (2) is endothermic by 0.3 e.v. and does not take

place with thermal hydrogen atoms; however, it is an imertant
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reaction for reccil tritium atoms.

The compebition between reactions (1) and (2) has been
inveétigated in aqueous solutions containing Ii* ions, and in
'gas mixtures containing 3He, by'irradiating fhe samples with
thérmal neutrons. The analysis has involved méasﬁring the re-
lative amounté of HT and HTO produced during irfadiatién.

The samples were opened on a vacuum line HT withdrawn with
hte carrier gas, while the HTO with Hp0 carrier was held at
~196° ¢ in a liquid nitrogen trap. The HT was counted in a
broporﬁional counter with propane added. The H2Q was combust-
ed to H2 by the zinc combustion method, and its tritium con-
tent deterﬁined in the same way, | -

Agueous solutions (pH 1~ 13) with m@ny different dis-
éolved salts present all give HT/HTO ratios of 0.10 I 0.02.
This ratio measures the competition between reactions (2) and
(1) in liquid phase. These reactions are unaffeéﬂéd by so-
lutes, as shown by the constant ratio. |

Gas phase measurements have been made with Hy0, Hs and
Oy present, as well as 3He'éé ﬁhe tritium_source.: In these
systems, two additidnal reactions occur:

3L

T"+H2-9HT+H (3)

Tt 0, 2 7 - HIO (&)

(Y3

The ratio HT/HTO represents the competition of reactions (2)
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and (3) with reactions (1) and (L). Approximate values for
these rates in the gas phase are: kl/kz,x/zo, kl/ksfb«B,
~ké/klfv 2. 'These ratios will change with the energy of the

recoiling tritium atom,

72. The Preparation of Iodine-131 by

the Use of Fission Reccil Method

Toshio Nakai, Seishi Yajima, Sumio Ichiba,
. Muneo Handa and Terutomi Moki

(Japan Atomic Energy Research Institute)

When a mixture of uranium dioxide powder and adequate’
medium of which amountsiare_sufficiently greater than:that of
uranium dioxide is irradiated with neutrons; the most portion
of fission products are reéoiled-out of'uranium.dioxidexand
captured by the medium. If the medium is soluble in water,
fission producté can be easily-transfered“to‘the aqueous phase,
and it makes the elimimation of the troublesome procedure of
the dissolution of uranium dioxide by the use of nitric acid

and the following complicated purification processes connected
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with nitrogen oxide gas evolution.

In our experiment the pellets of uranium dioxide and
oxalic acid (1:10 in weight ratio) are irradiated in a experi-
~mental hole of JRR~1 reactor for two hours. After S(days cool~
ing, it is treated with water and iodine is distilled out of
the solution by sparging. Since the yield of I-131 dependéd
on the sparging conditions such as temperature of air, flow
réte of air, sparging period and concentration of the oxalic
acid solution, these conditions were studied to obtain the
opbimum condition for the treatment.

The chemical yield wés determined by a gamma-ray'spectro—
meter comparing peak heighbs (0.36L Mev. gamma energy) of the
spectra of the distillated I-131 and that of I~-131 extracted
 from the residual solution by the carbon tetrachloride extrac—
tion method.

The optimum cooling period which is required to decay
I~133 activity to less than 2% of I-131 activity was also in-
v vestigated by experiment and calculation.

In this experiment, it was shown that about 7U% of the
I-131 can be obtained by the fission recoil method, and the
subsequent purification process was much more simplified than

the previous procedures,
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73. Electronic Theoretical Consideration of
Organophosphorus'Compounds for

Uranium Extraction Power

Tomota Nishi and Mitsuru Asano

(Engineering Research Institute, Kyoto University)

The authors already‘reported that uranyl and thorium
nitrate could be éxtracted into various trialkylphosphates
from agqueous nitric acid.solution, that the longer the alkyl
groups of phosphate, the larger the distribution coefficient
was, and that the triiso-alkylphosphates extracted nitrate
more easily than the corresponding trin-alkyl phosphates,
These effects can be explained by electronic'configuration of
organcphosphorus compounds, and thus we can presume the con-
figuration of effective extracting agent of uraniﬁm.

For examplé, uranyl nitfate is extracted by trialkylphos-

phateé as a following formula
U0x(NOg)y o * 2(Ro)3poorg 2 U0y(NO3)52(R0)3PO0s

and the configuration of compound extracted is

0 _CP(0R),
gN=U=N0y
(RO) . PO7™ O



The 1imit formulas of (RO)B POare= P=D, =P—>0,
= P'- 07, and the higher electron density of axygen in= P 0
group'is preferable to get a stable compound.with:uranyl nit-
raﬁe. Assuming that the effecﬁvof steric hindrance of the
alkyl groups wouid not be so large, the alkyl group must be
electr@n,donative,énd‘the longer the alkyl groups are, the
strongef.ﬁhé éiéoﬁroﬁ donative property of alkyl groups and
the higher electron density of oxygen in = P O group become.
Therefore the phosphate of long alkyl groups will be more ef-
fective. The electron donative property of alkyl group of the
phésphate will steeply increase in the short chain members aﬁd
then gradually as the chain length becomes longer. As the
iso—alkyl group is a stronger electron doner fhan the n-alkyl,
the tri iso-alkylphosphates extract uranium more easily than
- the corresponding tri n-alkylphosphates. Indeed, tfiiso—
propylphosphate extract uranium much better than trin-propyl-
phosphate. | , _ . '

The electron donative effect of:the’aikyl group of ﬁhe'
trialkylphosphate is partly screened by -0~ bond, Therefore,
the orgénophosphorus compoupd having = P O group in which
alkyl groﬁps cormbine directly to phosphor, i.e. trialkylphos-
phine oxide is more effective than the others., The extraction

power of the compounds will increase in the following order:
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( RO)BP_O < (Ro)zgo 'S ROEO L BP0
trialkyl dialkylalkyl alkyldialkyl trialkyl
~ phosphate phosphonate phosphinate phosphine

oxide

fbove all, phosphine oxide compound of branched alkyl groups~
will have the most excellent extraction power.

Triphenyl and tricresylphosphate can not extract uranyl
and thorium nitrate from agueous nitric acid sélution. ihis
would be attributed to the electron attractivity of phenyl
group and the fewer electron density in oxygen of = P O group,
In tribenzylphosphate, the electron attractive effect of
- phenyl group is somewhat screened by ~CHy—~ group,but
this compéund could not extract uranyl nitrate at all.

ITicycrohexylphosphate'is presuned to extract uranyl nit-
rate from aqueous nitric acid solution more than triiso-pro-
pylphosphate. |

The authors are trying to verify this theory, synthesiz-
ing many kinds of organophosphorus compounds and measuring the

extraction power of those compounds.
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