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1. The Solvent Extraction Behavior of 

Ionsｷ in TEP-Hydrochloric Acid System 

Tomi taro Ishimori, Kenju Watanabe and Eiko Nakamura 

(JAPAN ATOMIC ENERGY RESE年CH INSTI叩四）

This is a comprehensive study on the solvent extraction 

behavior of more than fifty chemical elements (Na -Cm) in 

七he undiluted TBP -hydrochloric acid system. The variation 

of the distribution ratio 殴認 studied for each element under 

various acidities of the aqueous solution. The distribution 

ratio was determined radiometrically using a radioactive indi-

cators. Some of the indicators were imported and others prepared 

by the neutron ir:rｷadiation in JRR-1 with sL1bsequent chemical treatｭ

men ts. The 四d iochemi cal puTi ties were checked by gamma-sp,2ctrometry, 

decay and/or beta-absorption 直th aluminum foils. The speci-

fie &.cti吐ty of these indicators varies from carrier-free to 

10ん cpm/100 microg. 

虹though in some cases the chemical species of the 

elements to be studied could not be defined unambiguously, the 

most common species were chosen as far as possible. 

Distribution ratio values thus obtained show a regularity 
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to a certain extent against the Z value, atomic n恥mber, at 2, 

4, 6, 9 or 12 1VI acidity. 

The comparison of the acid dependence of distribution 

ratios between two given ele.ments gives the convenient acid土もy

for the mutual separation of the elements. In a si直lar wayJ 

.many group separations could be discussed by comparing distriｭ

bution ratios. 

Some exarrrples are given for the separation of a few 

couples of elements. 

2. The Solvent Ex.traction Behavior of Irons 

in HDEHP-Hydrochloric Acid System 

Kan Kimura 

(J庄紐「 ATOMIC E隅RGY RESEARCH INSTITUTE) 

Bis (2-ethyl he窃1) orthophosphoric acid, HDEHP, is one 

of the 泣alkyl phosphoric acids and has been used as a solvent 

extraction reagent for many elements, particularly in the 

uraniwn recovery system. 
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In this paper, the distribution ratios of nearly fifty 

che逗cal elements are determined in HDEHP (50ｷ% vol. toluene 

solution) -hydrochloric acid system, in order to find out the 

fundamental data for the sol vent extraction separations. 

The lIDEHP used was imported from the U.S. A. and was puriｭ

fied according to the ANL method. 

The distribution ratio was determined radiometricaJ.ly 

using a radionuclide. Namely, acti'¥,d. ties in the aliquots of 

each phase were directly measured 直th a f -ray scintillation 

counter, after hydrochloric acid solution containingもhe radioｭ

nuclide were contacted with 50% HDE団)-toluene. 如en a given 

radionuclide is not a a ーe直tter, the aliquots were evaporated 

on dishes, and ~ -activities were measured with G.M. counter. 

Some of the nuclides _ were imported and the others were 

prepared by the neutron irradiation in JRR-1 followed by chemiｭ

cal treatments. The radiochemical pur土ties of these nuclides 

were checked by the ceday, a and/or p -ray energy. 

The radioactive nuclides were taken in a high specific 

acti吐ty as far as possible, in order to keep the concentration 

of the elements low. The maxi血皿 concentration v,氾s about 100 

microg./ml. in the initial hydrochloric solution and the miniｭ

mum specific activity was about 104 cpm/100 microg. In sane 

cases, the radioactive nuclide could be used carrier-frEie. The 
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ratios were studied in aciditi es 謬nged form 10-2 to lN. 

Generally sp eak江g, 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 95zr 

and 95付b by Tri-n-butyl Phosphine Oxide 

by且irokazu Umezawa and Reinosuke Hara 

(Chemistry Di vision, Japan Atomi c 且ergy Research.Institute) 

During the course of study on the extraction of 95zr -

95:t-Jb by organophosphorus compounds, it was observed that 95zr 

and its daughter 95Nb showed a similar behavior in theextracｭ

tion by n-alkyl phosphates, whereas the extraction by phosphinｭ

ate or phosphine oxide resulted in the different Kd values 

between these two species. The present study was initiated to 

follow the behavior of 95zr and 95Nb in the extraction by 

tri-n-butyl phosphine oxide (TBPO) v吐th carbon tetrachloride 
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diluent, and the po旦 sibility for the mutual separation 謳S

investigated. 

The sもock soluti<;:m of 2 M HN03 conもaining 95zr and 9 5r,Jb at 

the radiochemical equilibrium 謳s shaken v吐th O. 01 IVI TBPO to 

extract the species. The organic phase was repeatedly碑shed

by 2 M HN03 pre-equilibrated v1,,j_ th O. 01 M TBPO, and the aqueous 

phase was also 宵ashed by 0.01 M TBPO pre-equilibrated 直もh2M

叩03疇咋e org釦ic phase concentrated the species whose Kd 

value was determined to be~100, 可hereas in the aqueous phase 

the species,吐th the Kd value ofへ， 0.1 was collected. The __ de— 

termination of哀 ray absorption. as well as. half lives identiｭ

fied the species to be 95zr. in the organic phase and 95Nb in 

the aqueous phase. 

The distribution coefficients of 95zr and 95Nb in 1 -13 M 

I-IN03 by the extraction with 0.01 試 TBPO are listed in Table 1. 

Table l 
’’—-

HN03 95zr 95証

1 1 102 5 10-2 

2 1 102 7 10-2 

4 1.1 102 1..3 10-l 

6 1.2 102 2.4 10-l 

8 9.5 10 3.5 10-l 
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Table 1 (Cont'dl 

HN03 95zr 95Nb 

10 5.5 10 4.7 10-l 

13 1.3 10 , 10-l 
The solvent dependences of Kd values at 2 M HN03 are also 

sho躙iJ'.1 in Table 2. 

Table 2 

TBPO (M) 95zr 95Nb 95zr _ 95Nb 

0.001 2.2 10-l 

0.002 5.0 3.8 10-l 

0.005 5.B 10 1.0 10-2 5.0 10-l 

0.01 1.3 10~ ? 7.9 10-2 7.5 10-l 

0.02 1.9 102 5. 1 10-l 6.5 

0.05 2.6 

0.1 4.0 

The complete separation between 95zr and 95Nb at the 

radiochemical equilibrium should give the activi七y ratio of 

1: 2, from which the opti[[R1lil solvent concentration 泊，s deterｭ

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 HN03 concentration, 

the hydrolysis of zirconiu_in must have been encountered, thus 
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the extraction below 2 試 HN03 was a voided. 

The operational procedure is outlined below: 

Equal volumes of both 95zr -95Nb solution in 2 M HN03 and 

O. C05 M TBPO -CCl 4 were shaken in the thermostat, and two 

layers, the aqueous and the organic, were separated. Zirconium 

was extracted into the organic phase, while niobium remained in 

the aqueous phase. 

The organic phase was washed by-the equal volu.rne of 2 M 

叩03 pre-equilibrated with O. 005 M TBPO, diluted 泣th cc14, then 

the scrubbing of zirconium was made by concent rat ed 諏o3. The 

same back-extraction was repeated, and the scrubbed solutions 

were combined. The yield of 95% was obtained. The scrubbed 

solution was then washed 泣th CCl4 to remove any remaining TBPO. 

The aqueous phase containing niobium was first washed vvi.th 

0.005 M TBPO pre-equilibrated 泣th 2 M HN03, then 泣th CCl4 to 

remove TBPO. The purities of 95zr and 95討b thus obtained were 

confirmed by the comparison of Kd values 泣th the reference Kd 

values obt益ned on pure 95zr and 95Nb, as well as by the de-

termination of both 戸 ray absorption and half lives. 

紐the solvent TBPO was quite soluble in water as compared 

w.ith other solvent such as TBP, the scrubbing solution must have 

beeh pre-equilibrated w誌h the organic pha.se. The extraction 

from HCl solution was tried, but both 95zr and 95Nb showed a 
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similar Kd values as indicated in 'I泡ble 3, もhus the mutual seｭ

paration could not be achieved. 

Table 3 

HCl (M) 

1 

ム

8 

12 

95zr 95Nb 

0.2 0.18 

1.1 1. ム

11 11 

19 ll.卜

ム． Separation of Thorium and Rate 

Earths 宜acers by細ines

By Kakuzo Tada, Noboru Oi and Yasuko Tsuge 

(Matsuda Research Laboratory, Tokyo Shibaura Electric Co.) 

1. The excellent extraction separation of thorium and 

四迂 e earths 七racers in ammonium nitrate salting-outed aqueous 

medium can be accomplished by the use of azines （諏1C-N=C脚）

血ine, the condensation product of ketones and hydrazine, 

was used as the additive to metylisobuty韮etone (hexone). 
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2. From several azines, metylisobutylketazine, isophoroｭ

neketazine and dibenzalhydrazine were selected. 'l:he organic 

phase 謳s prepared by mixing the desired amoru1t of azine 直th

hexone. The aqueous phase which contains thoriw咀 (0 -o. 51』)

叩darr皿onium nitrate, was extracted by this mixed solvent, and 

distribution ratio of thoriwn and rare earths tracers (144ce-

1燐Pr, 152-4Fu, 153sm, 170血） were determined. 

3. Although the addition of azines causes the increase of 

rare earth distribution ratios significantly, its degree is 

considerably small compared to the enhancement of t horiu皿 ex-

traction. Accordingly, large separation factor (100-1,000 fold 

larger than TBP) was obtained. 

The concentration of azine in hexone should be less th血

20% to retain the extraction of rare earths below 2%. But even -

in this case the extraction of七horium was fairly good. For 

example, the distribution ratio of thorium between aqueous 

solution, 0.2 M Th (N03)4 -7.5U 詞+No3, and hexone was O. 02. 

L'1 the presence of 20% (Vol) metylisobutylketazine this in-

creased to 180. 

4. The order of extractability of rare earths tracer was 

Ce 〉恥） Sm 。 Fi ssion products was more extractable. 

The distribution ratio of rare earths decreased with inｭ

creasing feed thorium concentration and were practically 
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independent of the 皿］~ed 謬re earths concentration in the 

aqueous phase. 

5. The ex紐1ple of the distribution ratios of thorium and 

rare earth with several solvents were given below. 

It see四s to be e¥'ident that ketone-azine t児Je solvent Ls 

effective, especially in single contact analytical extraction, 

for the separation of thc,rium and rare earths. 

Table 

o Th (N03 九 °ol1vI—j\IH置、N037.5M

詞 (20房） cc14 (80%) 

h

5

 

T

.

 

D

、

8

Separation 
DEu Factor (DThl~u) 

0.38. 23 

Hexane 0.02 沃

Mesityl Dxide 0.40 o. 003 

Hexone-Methylisobutyl-
ketazine (20%) _ 1,000 0.01;? 
(80%) 

Hexone(76 TN 派j-ls8phorone-
ketazine (24 wt%) 200 O. 027 

O Tn (t、IO3)0.45M-Ca (NO辺
犀{-HNO3 如
亨 (20%) cc14 (80%) 0.99 ➔崎

Hexone 1.29 0.015 

Hexane (8 ( )-Met hyl i so butyl-
ketazin.e (20腐）・・ 10.9 o. 0085 

130 

90,000 

7 ，凪）0

84 

1,300 

-i~ Extraction is a五nost zero 

殻 Third layer formation 
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5. Studies on 翫traction of Ce-1晶砥th Acetylacetone 

Nobuo Suzuki and Shohachiro Oki 

(Department of Chemistry, Faculty of Science, 

Tohoku University, Sendai) 

The solvent extraction 汎:ith acetylacetone as a method of 

a sirnple and rapid separation of ce-1晶from fission products 

was studied. 

To 5 ml. of Ce-144 solution (carrier-free), 1 皿． of 1 孤

sodium brof!late is added., followed by 3 ml. of 20房 acetylacetohe

carbon tetrachloride solution 。 The 皿訟：ture is shaken for 3 

minutes. By this method the extraction ofｷ Ce-144 is complete 

over the pH range of. 4-9. • Over 90% extraction is obtained 

直thout sodium bro謳te, but it takes much more time to.extract 

completely. 

As extraction sol vents, carbon tetrachloride., benzene, 

chloroform, xylene, isoamyl acetate, methyl isobutyl ketone, 

and isopropyl ether are examined, and carbon tetrachloride, 

benzene, and chloroform are preferable, The optimum pH range 

of these sol vents is almost the same as that of carbon tetraｭ

chloride. 
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Ce-1晶 extracted in the organic phase is able to be 

stripped completely直th m土neral acids of 0.1 l'J or over. 

Decontamination of fission products and rare-earth nucliｭ

des was invest認ated. Each pure nuclide, Sr-9C (Y-90), Zr-95 

（日b-95), Ru-106, Cs--137, Md Eu-152-154, is extracted indivi-

dually by the standard procedure,_ and the organic phase obtainｭ

ed isｷ washed 泣th 6 ml. of an aqueous solution containing 1 ml. 

of 1 M sodium bromate and pre-saturated 直th 20% acetylacetone 

carbon tetrachloride, and then stripped into a...n equal volUJne 

of 1 N nitric acid. In this procedure, Ce-144 is.recovered 

more than 99篤， on the other hand, all the nuclides except 

Zr-95 (Nb-95) are extracted not more than 0.1%. Zr-95 (Nb-95) 

is extracted considerably, but it is possible to prevent this 

b;y-adjusting the condition of the aqueous phaseo 

This method is simple and rapid, and the application to 

fission products make it possible to separate Ce-144 vvi th high 

purity. 

Generally, it is difficult to separate the daughter Pr-144 

from the parent Ce-144 on account of the short half life of the 

former. But in もhe acetylacetone method, the mutual separation 

of Ce-144 and Pr-144 is easy because Pr-144 is not extractable. 

紅ter the period of time for the radioactive equilibrium of 

Ce-144 泣もh Pr-1砧in the organic phase, the aliquot (6 皿．） of
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the organic phase is shaken 磁th 3 ml.ｷ of the washing solution 

used in the above procedure. The radiochemical purity of Pr—星

obtained was more than 99. 5房J and it took only 3 minutes for 

this separation. 

6. Solvent Extraction of Radioruthenium as the Ocinate 

Toyoaki Kato and Yoshinaga Oka 

(Department of Chen直stry, Faculty of Science, 

T~hoku University, Sendai) 

Because of the need for a simple and effective method for 

the separation and the determination of radioruthenium in fisｭ

sion products, its extraction behavior with oxine was studied. 

The radioactive ruthenium nitrate solution, used iri this 

work, was prepared by distillation of ruthenium tetroxide formed 

by oxi~~ti on of radioactive ruthenium trichloride (Ru-Rh-106) 

泣th lead peroxide in sulfuric acid. The ruthenium tetroxide 

was absorbed in 1 N nitric acid solution containing 3% hydrogen 

peroxide. • The、 ~arrier solution of ruthenium nitrate was also 
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prepared from rutheniurn trichloride as described above. 

Oxine solution in n-propa.t1ol or acetic acid and buffer 

solution of suitable pH were mixed in a small test tube arid its 

volume was adjusted to 6 ml. 泣th water. Then to it 0.1 ml. of 

Ru-106 solution (ca. 0.05 c.) and, if desired, 0.1 ml. of 

carrier solution of ruthenium nitrate (Ru, 10 g~) were added 

and the con tent was. heat.cd in a constant temperature bath. 

紅ter the for匹iation of the oxinate,. the content was transｭ

f erred to a separatory f匹el and extraction 謳s carried out by 

sh叫<:ing for l minute with 2 ml. of organic sol vent. The phases 

were separated and their g紐皿a radioacti吐ties were counted in 

a well-type scintillation counter. 

When. 2 ml疇port:i,onof 0-:05 M oxine in n-propanol was used, 

ruthenium was completely逗tracted in a single ext,raction Vvi th 

n-butanol after. heating for 1 hour at 60ーC at pH ofムー 6.

'Ihe formation of.the oxi.nate 菌s complete in theｷaqueous 

phase containing acetate or biphthalate as the buffer but not 

sufficiertt • in the citrate, phosphate or ammonium buffer solu- 、

tion. 

Chloride, nitrate, sulfate and borate ions did not int erー，

fere .. 

When 1 ml. of 1 M aヰne in 10 N acetic acid solution was 

used and pH was -adjusted 泣th1 ml. of 2 N sodium acetate 
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solution, complete extraction of rutheni皿直th benzene 芦s

at話ined by 30 minutes heating at 6o0c (or 10 叫nutes at 80ー) 

followed by 1 minute shaking. 

Reextraction of ruthenium from benzene phase was carried 
0L1.t by two successive 10 lninutes shaking泣th equal volurne of 

認 N sulfuric acid solution. 

In the procedure of benzene extraction, no Cs-137, Sr-90 

and Y-90 but 2% of Ce-1晶、arid 87% of Zr-95 (Nb-95) were ex-

tracted. 

The latter elements, however, were easily stripped from 

benzene phase by shak詞with dilute 1nineral acid (i.e. 1 N 

nitric acid) whereby causing negligible loss of ruthenium. 

These method was applicable to the separation of radioｭ

ruthenium from fission produc t s~ 
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7. Isolation of Zirconiwn and Niobiwn from Fission 

Products by Sol vent Ex:tracti on 直th Dilute TBP 

To直taro Is旦mori, Kenju Watanabe and Hirokazu Umeza声

(JAPAN ATOMIC ENERGY RESEARCH INSTI冗四）

During the solvent extraction studies on zirconium and 

niobium in the system of TBP -hydrochloric aci.dsolution, it 

was found that both elements are extracted with very diluted 

四P in toluene from 8 -10 N hydrochloric acid. Pure toluene 

does not work for the extraction. 

Distribution ratios for zirconium and niobium are shovm. 

in the follo直ng table. 

Cone. of TBP Distribution 臨tio

in Toluene (%) Zirconi皿 Niobium

8N-HC1 lON-HCl 8N-HC1 lON-HCl 

100 7.0 X 10 2 3.6 X lo-3 2.3 x lfY 9.9 X 10 2 

50 7.1 X 102 2.0 X 103 

20 5.g X 1炉 2.3 X lゆ

10 3.3 X 102 6.7 X 102 6.1 X 102 1. 0x 叫

5 l.E5 X 102 1.8 X 102 1. 7 X 102 
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(Table Con炉 d)

Cone. of TBP Distribution Ratio 
in Toluene (%) Zirconium Niobiwn 

8N-HC1 lON-HCl 8N-HC1 lON-HCl 

2 J.O x 10 1.5 X 10~ ? 

1 8.8 5. 9 X 10 8.1 2.8 X 10 

0.5 2.3 1.6 X 10 

0.2 4.0 x 10-1 3.6 4.2x 10"."'l 1.2 

In these conditions, most of other chemical elements is 

not extracted, remain:i..ng in the aqueous phase. Thus, extraction 

with 1% TBP in toluene from 8 -lON hydrochloric acid provides 

a nice method for the separation of zirconium and niobium from 

the slow neutron fission products of uranium. 

(1) A synthetic mixture was prepared by additing Zr;..95 -

Nb-95 into an old fission product solution. From the mixture, 

Zr-95 -Nb-95 was recovered by the 1% TBP extraction from lON 

hydrochloric acid. 

(2) A finely powdered mixture of uranium dioxide and 

oxalic acid was irradiated in JRR—1 for two hours. 紅ter standｭ

ing for one day, the fission products were collected in oxalic 

acid solution by dissolving the irradiated mixture in 1 -0.5 N 

hydrochloric acid. The oxalic acid solution was dried up and 

the residue was heated ih order to remove oxalic acid by 
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subli.mation. 'Ihe remaining fission products were dissolved in 

8N hydrochloric acid. 

The resultant solution was sh呻en with 1房 TBP. The zircoｭ

nium and niobium extracted were stripped from the organic phase 

with 0.5討 hydrochloric acid. The final product contains Zr-97 

-Nb-97 (about 99房）， Zr-95 -Nb-95 (about 1房） and a very small 

amount of Np-239. • The e訊traction from lON hydrochloric acid 

is not preferable because of the high contamination of Np-239. 

(3) Starting from a mixture of Zr-95-Nb-95, Ce-払/+ and 

small amounts of other fission products, zr..,;95-Nb-95 is isolatｭ

ed by a similar extraction from lON acid in the absence of 

Np-239. 

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

up of Zr-95-郎-95 tracer. 

-18 -



8. Studies on the Solvent Ex:traction 

of Metalo- ~ diketone Chelates. 

-Solvent extraction of uranium as cii.benzoylmethane chelate-

Tsunenobu SHIGEMATSU, 1伍sayuki .TABUSHI

(Institute for Chemical Research~ Kyoto University) 

Solvent extraction of uranium as a chelate vr.i.th'ctibenzoylｭ

methane, was investigated. 亙benzoy揺ethane react s 直th ura — 

nium to form a stable chelate, which was used for a colorimetric 

determination of the metal by Yoe et. al..如d Pribil et. al. 

developed a method for the extraction of uranium, where diben-

zoylmethane solution in ethyl acetate 謳s used asｷ an extracting 

solvent. 

In the present investigation, dibenzoylmethane was added 

to an aqueous s皿ple solution as acetone solution, in order to 
make reaction rapid. Best procedure was designed as follows, 

To a sample solution, add 2 ml. of 10% EDTA solution and 

CaC12 solution equivalent to EDTA, adjust.pH to 6~7, add 

0.5~1 ml. of 5房dibenzoylmethane solution in acetone, and 

dilute to about 50 ml.. Warm the solution at 60~70ー c for 

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

Extraction recovery of uranium was determined colorimetriｭ

cally by use of the absorption of uranium-dibenzoylmethane 

chelate which had an absorption maxi皿皿 at 400 mu.. In t呈s

case, as the standard, crys誌1 of the. chelate whose composition 

was estimated as uo2 (DBM)2, was dissolved in butyl acetate, 

Uranium could be a揺ost quantitatively extract ed 泣th

butyl acetate from an aqueous solution at a pH between 出5~ 9 

in the absence of EDTA, and between 6~8 in the presence of 

EDTA and Cacl2., respectively, when the concentration of dibenｭ

zoylmethane was larger than 0.2条

The procedure, above described, was successfully applied 

to the separation of uranium from mixed fission products, and 

the decontamination factor 1~2 x 104 was given for a single 

extraction. 
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9. Study on the Liquid-Liquid Uranium 

Extraction by the Oniwn Compounds 

恥tsuaki Shinagawa, Kosho Katsura 

(Faculty of Science, Hiroshima University) 

位lfany analytical applications has been studied on the oniu..m. 

compounds in our laboraもory. In this investigation, the funｭ

damental problems for the extraction of uranium from atoinic 

reactor fuel and from ores were studied. 

Tetraphenylphoshonium chloride (TPPC) was mainly used. 

'1'he uranyl ion should be changed to the anionic compiex if TPPC 

謳s applied as the extracting reagent. Therefore the buffer 

solution 宵hich contain the benzoic acid and the sodium benzoate 

1,vas used to form the anionic complex. Treatment of the solution 

containing the anionic complex with TPPC solution produce white 

precipitate which is readily extracted in chloroform. 

In order to find t h~ best condition for the extraction of 

the uranium, the relations between percentage extraction and 

TPPC concentration (or pH) were studied. The re旦ults showed 

that the opti.mumpH was 5 ~. The extracted uraniwn in the soluｭ

tion O. 5 M H2so4 containinこ 0.003房 Tween;_80 was deter直ned by 
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the polarographic method. 

'Ihe ratio of the [ uo2 ++ J to. [ TPPC] in the extractable 

precipitate was 1. Under the best condition above mentioned 

(at pH 5), 9房 of fission products with carrier and 2房 of

carrier free fission products were extracted respecti'i「ely.

The maximwn percentage extraction of the uranium 芦s about 98房

at 25 土 0.1° c. 

10. The Separation of Uranium and Protactinium 

訟om Thorium by旦quid 如ion Ex:chang er. 

F. Ichikawa and S. Uruno 

(J駐).AN ATmJlIC ENERGY 臨SEARCH INSTI'YJTE) 

The extraction of U, Pa and Th from HCl, HN03 or H2S04 

solution of various concentration 祉th oil soluble secondary 

amine is studied. Amberli te LA-1 in kerosene diluent is used 

as an extractant. 

Data of extraction ratio is compared with acid dependency 

of Kd value of these elements by anion exchange resin. 

-22 -



細berlite 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 protactinium from 8 N HCl • 

solution of thorium is studied. Both uranium and protactinium 

are extracted from 8 N NCl and protactinium is stripped with 

3N NCl. 

Uranium is stripped with 0.1 N NaN03 and about 60% of added 

urari.i皿is recovered. 

From 3N HCl solution of U, Pa and Th, only uraniu.'ll is exｭ

tracted and stripped 泣th 0.1 N NaN03. One hundred % of added 

uranium is recovered in :this process.. Radiation damage of 

細berlite LA-1 is studied.ｷ Degree of damage is measured by non 

aqueous titration methodｷ and by extraction method. 

At a dose rate of 8 x 105 Y/h and under the total o.ose of 

5 x 106r, radiation damageｷ of細berlite LA-1 is negligible. 
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11. Separation of Radioactive Elements Using Ion 

翫ch皿ge Memb匹me

Application to Fission Products. 

Shin SUZUKI, 馳koto SAITO and Mokuyoshi KISH四OTOR

(The Research Institute for Iron, Steel 

and Other Metals, Tohoku University) 

Studies on the separation of carrier-free radioisotopes 

frorri. fission products were carried out by the use of ion 虚—

change membrane. For an example, the following conditions 

were used in this experiments: 

Ion exchange membrane: 細berlite IR 102 x C and 

IR 101 x A. 

pH of the sample solution: 10.0 with NH40H-NH4Cl buffer 

solution. 

The type. and n皿ber of electrolytic vessels: The same 9 

(A, 恥 C.... 1) vessels as the first report (A へ凹

were connected with anion exchange membrane. E~  I 

were connected with cation exchange membrane and 

original fission product sample was contained in Eves_. 

sel.) 

皿ectrol匹ic condition: 12.0 V, 1.5 mA for 69 hrs. 
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紅ter electrolyzing5 the separation of each nuclide in vesse註

was carried out by using cation exchange resin and was counted 

the radioactivity of each fraction．釦d then it was found that 

Sr-Y5 rare earth elements and Cs were concentrated in G, Hand 

I vessels, respectively. 

12. Decontara.ination of 106Ru in the solution of 99Tc 

by the use of ion exchange membranes. 

by 

Tatsuro KAW応Hn』A and Yoshio KODA 

(Goverrunent Industrial Research Institute of Nagoya) 

According to the specification, the tracer of 99Tc used 

of which it was separated from the fission products at Oak 

Ridge National Laboratory is contaminated by l06Ru of specific 

activity -6 x 10-4 me/ml. It seemed that this value was small, 

the effects of l06Ru would ~o t be ignored in some case, because 

the energy of {3 -ray of 99Tc was low, i.e., 0.293 MeV, whereas 

l06Rh, daughter of 106Ru, emitted ~ -ray of high energy-3. 53 

-25 -



MeV and が—ray. In this e:xperiment,. the original 99 Tc solu-

tion was count ed 泣th a G.M. counter of end 直ndow t匹e at the 

2 cm distance from window, then the l06Ru fraction in the 

-ray absorption curve was extrapolated to the O mg/cm 2 

thic血ess of且 absorber, and the activity due t。 106Ru in 

total counts was 1. 26%. 

Ruthenium belonged t,o the eighth group and it was obtainｭ

ed in various valence state. As it was so complicated chemical 

nature that it formed complex compounds w.i. th various charge at 
presence of other ligands, that is., Ru gave rise to anionic 

and cationic complexes in HN03 solution, it was 血mvn that the 

Ruｷ showed one of the most complicated chemical property in the 

fission productsｷ disposal. It芦s measured the activity at 

several parts of membr叩e after electrolysis, that of l06Ru in 

HN03 solution by using ion exchange membranes. In the ex-

periments, Arnberplex A-1 and Arnberpl叙 C-1 were used as the 

ion exchange membranes, and the 1neasurement of. radioacti註ty

was made by the Tracerlab Ltd.. autoscaler. The result.showe.d 

that in the cationic membrane Ru was uniformly dis-

tributed, while in the anionic membrane most parts_ of Ru. was 

found at one s;i.de of original solution and its concentration 

decreased w.i. th the incr_ease of the depth from the surf ace 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 compl叙es of Ruｷin HN03 solution. 

In this experiment, -the behavior of Ru in membrane describｭ

ed above was applied to the decontamination of 106Ru in 99Tc 

solution. ｷThe degree of decontamination which was obtained by 

this procedure 呻s as follows: 

晒en 99 Tco4 in HN03 ｷ solution was electrolysed and recovered 

about 90% of 99Tc., the activitydue to l06Ru decreased to about 

1/30 of the original solution by the use of a sheet of anionic 

membrane and to about 1/50 by two sheets. 

14. Separation of Carrier Free Yttriwn-90 and Lant hanum— 

140 with Anion Exchange Resin of Carbonate Form. 

Seizo MIS叩IT and Tomitsugu TAKETATSU 

(Department of. Chemistry, Faculty of Science, 

Kyushu University)> 

We studied the adscirbabilities of a _trac_er_ amount of 

strontium and barium. in carbonate solution on an anion exchange 
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resin by using strontiwn-90 in radioactive equilibrium with 

炒trium-90 and bariwn-140 with lan t hanum-140~ It was found 

possible to separate yttrium-90 from strontium-90 and lanthanum-

140 from barium-140 since only yttrium-90 and lanthanum —払0

were adsorbed on the resin. 

Results obtained by the equilibrium method showed that 

radioactive materials adrnrbed on the resin decreased with inｭ

creasing concentration of ammoniu皿 carbonate, and that decay 

curves of these radioactive materials corresponded to curves 

of yttriu.rn-,;90 with half-life of 64 hrs. or lanthanun且—誌0 of 

40.2 hrs. 

The column method applied here was the follo直ng; stron-

tium-90 or bari皿ー140 in 0.08 mol. ammonium carbonate solution 

was passed throu_gh the resin bed and flowed out completely vd. th 

10 ml. of washing solution (O. 01 mol. ammonium carbonate soluｭ

tion or water),. whereas yttrium-90 or lanthanum-140 adsorbed 

firmly on the resin, bed was eluted 直th 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 

謳s gradually settled dovm. and became uniformly packed again. 

血s 直sturbance did not affect the elution of the tracer 

since only yttrium-90 or lanthanum-1恥 was adsorbed on the 

resin bed. Since water was used as the washing solution, this 
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method proved f邸vourable to obtain the carrier free yttriwn-90 

or lantha11wn-140 because other substai1ces except hydrochloric 

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

tion. 

To determine the contamination of strontium-90 in the 

此triwn-90 solution obtained by this method, ferric chloride 

(Fe3+, g mg.) and strontium chloride (sr2+, 9 mg.) were added 

to the solution. Yttrium-90 was co-precipitated 泣th ferric 

hydro:xide and filtered. The ferric hydro:xide was dissolved in 

hydrochloric acid and after its solution was dried up直th`an

infra red lamp, the radioacti社ty of the sample was measured. 

Strontium in the filtrate 瞬s precipitated as sulfate and its 

precipitate was filterd and ignited. Then, the radioactivity 

in strontium sulfate was measured. The result obtained showed 

tha七the ra立ioactivity of strontiwn-90 was less than 0.5% of 

the total radioactivity. Similarly the contamination of 

bar土wn-140 in lanthanum-140 was sho1Nn to be practically negliｭ

gible. 

The effluent obtained by this procedure was again passed 

th訳氾gh the resin bed after it was allowed to stand for about 

30 days, The result obtained showed that the procedure 1,1ras 

good enough to supply yttrium-90 continously. 

詞eriment s were carried out by using O. 08 mol. solution 
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of sodi皿m or potassi皿 carbonat e in place of an1monium carbona詞

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 Tee皿etiwn by Distillation Methods 

Takanobu SHIOK紺は and Masuo YAGI 

(Radioche.rristry Research Laboratory, Shizuoka University) 

The separation of technetium from other fission products 

in aqueous solution is most co皿only performed by the distillaｭ

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, potasｭ

sium permanganate, perchloric acid, and sulfuric acid, were 

employed and technetium separations by them were discussed. 

-Radioactive technetium was technetium-99m growthed from 

molybdenum-99 and it was separated from molybdenu且 by an anion 

exchange method. The acti v.i. ty of fractionated solutions were 
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measured in polyethylene tube v1はもh a well type sodium iodide 

scintillation coUi.'1ter. 

The optinum conditions for the distillation using these 

0:xidant were concluded as fallows. 

(A) K2Cr 2o7 method: 'I'echneti血is di stilled 両ith the best 

豆eld from 40 ml of七he starting solution containing 1 g of the 

oxidant and 17. 5 ml of concentrated sulfuric acid. 

(B) KMn04 method: Teclmetium distilled also from 50 ml 

of the starting solution containing o. 5 g of the oxidant and 22 

ml 0田 concentrat ed sulfuric acid. 

(C) HC104 method: Technetium is distilled also from 50 ml 

of the starting solution containing 40.trLL of 60 percent per-

chloric acid. 

(D) H2S04 method: Technetium. is distilled also from 50 ml 

of the starting solution cont益ning 25 ml of concentrated sul-

furic acid. 

The yields of t ecbnetium-99m under the optinum condition 

and time required for the distillation procedure in each methods 

are sho記in follo卓g table. 
—· ----------•-,-------ｷ.. -—7----ｷ •一•------• ----ｷ •- -• --•• ●●ー· •- --- -

Distillation method ! Yield (%) I Time.required for dist. (min) 
------------; ----·—••一•—+--------------ｷ------

k炉2゜7 • i a3 i • 90 

謳04l 79 1 90 

HCl04 I 95 ¥ 90 

H2SO~ I 55 I 240 
----- ---ｷ • _.. -• ----•ー· •—- •」.------•一••一_.」.-----------ｷｷ ----------
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16. Coprecipitation of Neptunium with Lathanum Trifluoride 

Eiko Nakamura 

(J AP Al¥J ATOMIC ENERGY RESEARCH INS TI'IU四）

It is well knovm thut oxidized neptunium does not copreｭ

cipitate 社th-lanthan皿trifluoride whereas reduced neptunium 

is carried do叩 almost quantitatively.且though this is often 

utilized for the practical separation of neptunium, 曲at the 

平dized or reduced state means is not clearly defined. Some 

believe that both neptuniutn (V) and (IV) are carried dovm by 

lanthanum trifluoride, whereas others believe that neptunium 

(y) is not. Sometimes the expression of 11the lanthanum fluoｭ

ride carriable state11 is used in the place of the aヰdation

states. 

In the present study, the dif田erent modes of coprecipitaｭ

tion behavior of neptunium (IV), (V) and (VI) are studied vdth 

aids of the tracers for neptuniwn (IV), (V) and (VI). 

The tracers are prepared by sol vent extraction 直th tri-

butyl phosphate and/or thenoyl trifluoroacetone. The oヰdatior

state of neptunium used is determined according to the solvent 

extraction behavior as well as the coprecipitation behavior. 
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The d..i.stributio11 of nept叫皿 (IV), (V) and (VI) between triｭ

butyl phosphate and some mineral acids had been determined in 

a pre吐ous study.紅ter measuring distribution ratio of neptuｭ

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 dmm only neptuｭ

nium (IV) lea吐ng neptunium (V) and (VI) in the solution. 

Results show that neptunium (IV) and (V) can not be se pa— 

rately identified according to the behavior in carrying do叩

直th lanthanum trifluoride, while they are identified by the beｭ

havior in the solvent extractions or in the coprecipitation with 

zirconium phosphate. Thus it is presumed that both neptunium 

(IV) and (V) are carried dovm. almost completely泣th lanthanum 

trifluoride while neptunium (VI) remains in the supE:rnatant 

solution. 
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17. Separation of Carrier-Free 

As-77 from Germanium Targets 

Mariko Inarida 

(Department of直ヰng, Unive'rsity of Tokyo; 

The bombardment of germani1.皿直th neutrons gives A.8-77 by 

the reaction, 76Ge (n, r) 77 Ge. ~ 77 As 。'Ihe author studied 

the separation of -AB—77 from germaniun1 targets in carrier--free 

formー，泣th extraction method by TBP. 

As-77 邸d Ge-77 are used as the tracer for study on solｭ

vent extraction behaviors of arsenic and germanium in the 

hydrochloric acid solution and TBP. As-77 (carrier-free) is 

easily extracted from 3N hydrochloric acid solution, Ge-77 (2 x 

10-2 M) is not extracted from these conditions. The irradiated 

germanium was heated and dissolved 泣th aqua regia, provided 

with a reflux condenser. The irradiated germanium dioxide was 

dissolved with water. 'Ihe solution was made 10 ml of hydro — 

chloric acid solutions of 3 N. It was shaken with 5 ml of 

50房 TBP-kerosine in a separatory funnel for a minute．紐senic

was back extracted to 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% extract_ion ratio was obtained 

at opt紐皿1 condition. The measured half-life of the isolated 

activity was 38. 7 hours. 

18. Separation of紐senic from Germanium 

Target Irradiated by Protons. 

K. Saito, S. Theda and M. Saito 

(Institute for Nuclear Study, University of Tokyo, 

and The Research Instit1,1te for Iron, Steel 

and other Metals, Tohoku University) 

Distillation and extraction methods 訳re examined i..11 order 

to study the separation of radioactive.arsenic including 74As 

in almost carrier-free state from germanium and germaniU111 di-

oxide irradiated by protons, the energy ranging from 8 to 15 

MeV. .Arsenic ｷwas distilled as arsenous chloride with the aid 

of hydrogen bromide, after the removal of germanium as t et ra — 

chloride,. in a current of nit ro gen.• Theｷ distillation proceeds 
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rapidly and radioactive arsenic was collected in a good yield. 

The extraction of arsenic diethyldithiocarbamate 砥th carbon 

tetrachloride, 'V虹ch is used for the photometric micro-analysis 

of arsenic 碑s satisfactorily applied to the separation of 

almost carrier-free arsenic, pro吐ded that the pH is duely 

adjusted and a sufficient amount of the reagent is present. 

By extracting back the al'Senic with diluted aqueous ammonia, 

radioactive arsenic 碑s collected radiochemically pure and used 

for the measurement of conversion electron spectrum of 74As. 

19. 翫traction 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 Research Institute for Iron, Steel 

and Other Metals, Tohoku University) 

The Extraction of radiochemically pure radioactive 

niobium in al.most carrier-free state was examined to be used 

for the source preparation for conversion electron spectrometry. 
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The nuclides we::.~e produced by the reaction, 92zr (p,n) 92証 and

the 泣obium was separated by the follo直ng methods. Ellenberg's 

method （年1. Chem., 26, 1045 (1954)) for the separation of 

niobium from tantalum with tribenzylamine was satisfactorily 

applied to the extraction of niobiu.m. from zirconium. Back-

虚traction of niobiu.m. could also be made with diluted aqueous 

a皿nonia, 3% hydrogen peroxide solution or 2 N hydrochloric acid 

and radiochemically pure niobium collected by the use of ra di o— 

colloid formation. By the utilisation of直lner1s method (Anaｭ

lyst, BO, 380 (1955)), almost carrier-free niobium was obtained 

by the extraction 皿th methyl-iso-butyl-ketone (hexane) from 

10 もI[ hydrofluoric acid solution containing 6 証 sulphuric acid 

andｷ 2 M ammonium fluoride, the efficiency being more than 95恥

it appears as if considerable amounts of radioactive niobium 

remains in the aqueous phase, when zirconium fluoride.is present 

in the aqueous phase 。
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20. Separation of Technetium 

Masayoshi Ishibashi, Taitiro Fujinaga and Mutsuo Koyama 

(Chemistry Institute, Faculty of Science, 

University of Kyoto) 

Carrier free separations of Tc from target Mo and from 

fission product have been investigated. Satnple Tc vvas preparｭ

ed by the (p,n) reaction on Mo using the cyclotron of the 

Institute for Nuclear Study, Univ. of Tokyo. After two m。nths

cooling, no other radioisotopes except 95mTc and 96Tc were 

identified in the satnple by the gamma ray spectrometer. 

Distillation Method Tc was separated from others by distilling 

it from sulfuric acid solution as Tc2゜7· In the present work, 

the presence of oxidizing agents such as perchloric acid or 

nitric acid was found very effective to promote Tc distillation. 

Ru and a part of sulfuric acid are distilled simultaneously 

w.i. th Tc. 

Extraction Method It is well known that Tco4 in 4 N-KOH soluｭ

tion can be extracted into ·pyridine. 釦er 99% of Tc and a part 

of Ru, Mo, and W were found extracted. by the method, however 

the Ru., Mo, and W could be removed from Tc by a reverse extracｭ

tion. Sr-Y, Ce-Pr, Zr, sulfate and chloride do not interfere 
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with the extraction of Tc. 

The separated Tc 餌s then passed through.the.H type caもion­

exch釦ge resin to remove potassiwn ions. 

21. Separation of Radioactive Rhodium from Rutheniu.rn Target 

Hikaru SHIMOJIMA 

(Tokyo Institute of Technology) 

Chemical separation was made from a Ruthenium target of 

natural i旦otopic ratio bombarded 恥d.th a proton from 匂inch

cyclotron at the Institute for Nuclear Study, University of 

Tokyo. Carrier free and salt.free separation vvas needed to 

prepare sources for a -~ -spectrometer and for a が一 r Mgular 

correlation measurement in the study on the decay of Rhodium-

102. 

The fundamental expe:;.~imen t s were mao,e on the each separaｭ

tion processes, 

(1) Separation with precipitation process, ferric chloride 

was added to the solution as a collect-or of:. Rhodium. 

(2) Ion exchange resin process. 
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(3) Solvent extrac七ion process. 

（ム） Electrolytic reduction process" 

Chemical separation and source mounting were undertaken in 

combining the processes mentioned above. 

There found a great difference in ch釦注cal behaviours 

宵hen or 霞Lthout carrier added. 

The follo泣ngs were discussed in detail. 

(i) Alkaline fusion and bisulfate fusion. 

A sample of target, potassium hydroxide, potassiu_rn 

nitrate, ferric chloride (collector) were 叫xed and puも

in a nickel crucible, and heated to 400ーC for 20 叫n.

Residue of rhodium oxide 揺s put in bisulfate fusion, and 

was 謳de·completely soluble to an aqueous solution. 

(ii) Extraction rhodiun1 of lower valence 直th organic 

solvents as ether, ethyl acetate, etc. Even vd.thout 

carrier, over 80房 of extractions were made. 

(iii) Adsorption and desorption to ion exchange resin. 

Kd were determined 泣th a batch method, in rhodiwn-chloride 

system 直th 0.1, 0.3, 1, 3, 6, 9, 12 N HCl, in cati on 釦d

anion exchange resins as well. With cation exchange resin, 

Dowex 50W-X8, • rhodi皿 was not adsorbed, in any of these, 

neither 直th anion exchange resin in over 3N HCl, but 

adsorbed in less cone. range of HCl. 
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阻thout car.rier, a part of rhodium 瞬s found adsorbed 

quite strongly, and very hardly recovered, Unless heated 

for long hours in boiling HCl. 

Separation of rhodi皿from ferric, rutheni皿 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 Ehergy Research Institute) 

Semi-homogeneous nuclear fuel is consisted of graphite 

p0vvder and uranium dio:xide powder which is homogeneously disｭ

persed in the graphite powder.. In our pre近ous study !J it was 

sho記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 SO% of fission products recoiled out of the 

uranium dioxide powder and was captured by the graphite powder. 
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The investigation of the behavior, at high temperature, of th_e 

gaseous fission products which are captured in graphite powder 

will be of importance in connection with the reactor technology 

of the semi-homogeneous reactor. 

In our experiment, the diffusion, at 400ー, 800ー and 1200ーc, 

of Xe-135 and I-133 which were captured in several kinds of 

graphite powder 11vas stud::..ed. The mixture of 1 g of graphite 

and 50 mg of uranium dio.:xide was irradiated in an experimental 

hole of JRR—1 at a thermal neutron flux of approximately 5x1011 

neutrons/cm2 ~ sec. for about one hour. __ The irradiated sample 

was washed with a hot 6N-nitric acid solution to dissolve 

uranium and neptin皿1_; and dried. at 70ーc. _ｷ It was evident in 

our previous study,ｷ that the fission products captured in graｭ

phite were not leached with a nitric acid solution if the 

treatment is done in a short duration. 

The fission products.captured in graphite were cooled for 

25 hours or 50 hours after irradiation and used for the diffu.;. 

sion.experiment. During such cooling period, the predecessor 

of Xe—認5 and I-133 were predominantly built up respective迄

Graphite sample was heated in a stream of argon at揺0, 800ー 

and 1200~C, and Xe-D5 and I-D3 which were released from gra'"I 

phite were trapped respectively in a charcoal trap and copper 

trap at 400ーc. At appropriate intervals these traps were 
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replaced by new ones. 

割e amounts of Xe-135 and I-133 captured in each trap were 

determined with gamma-ray spectrometry and the relation between 

the diffusion amounts of these nuclides and diffusion time was 

obtained. 

The results show that there are two mechanisms for diffuｭ

sion in a graphite grain, that is a rapid diffusion observed 

直もhin about one hour vvi th the subsequent slow diffusion after 

about one hour. 

The amounts of these nuclides for rapid diffusion are apｭ

preciably greater than those for slow diffusion and the amounts 

vary vr.i.th the temperature and the kinds of the s皿ples. The 

amounts of diffusion in the natural graphite samples are appreｭ

ciably greater than those of ar t~fi ci al. graphite or the an1or-

phous carbons紐tples.. It面11 be suggested that the dependency 

of直ffusion amounts on the kinds of s部tples will be related to 

the pattern of dislocations in the graphite grains. 

The activation energies of these nuclides were obtained 

from the inclination of the slow diffusion curve and the values 

of about 2,000 cal./mole and of about 4,000 cal./.rnole were 

shown for each nuclides re spec ti vely. 
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23. _ The Purificationｷ of Americium from Reactor Wastes 

Keiji Naito 

(Chemistry Di vision, 

Japan Atomic Energy Research Institute) 

紐ound 50 喫 amount of americium was purified from large 

amount of impurities. The source of americium for this sepaｭ

ration was a 5. 6 1 of waste solution from Hanford Re~ct or~. 

The rough separation of large amount of impurities such as 

aluminum, bismuth and plutoni皿from the solution was carried 

out by precipitation method. 

As the purification method, the anion exchange method was 

旦sed. The residual plutonium, iron and bismuth were removed 

by using 9 mol HCl elution, and lanthanum was separated by 

using 5 mol NH4scN elution. '.[he last impurity, aluminum, 詞S

removed by additing 2 mol NaOH solution repeatedly on the 

cation exchange column on which americium. solution was adsorb — 

ed. Finally 95 ml of spectrographically pure americi皿 solu­

tion 曲s obtained, 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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21+. Determination of Small 細ounts of Radionuclides 

in JRR-1 Primary Cooling Water. 

Kaoru Ueno 

(Japan Atomic Energy Research InstitutE3) 

For the operation of a high neutron flli.:X,詞ter cooled reｭ

acter, the detection or determination of. radionuclides in the 

coolant are extremely important. 

A sample of primary cooling詞ter, which was taken from the 

stainless steel loop facility of.JF.R-1 at May 9, 1959, showed 

gamma activities of about 10」炉 c/ml.

The coolant usually contains many kinds of radionuclides of 

直dely different half-lives. They comes from neutron activation 

of fission. Therefore, the c匡racteristics of the garnrna radiaｭ

tion found in the sample were studied gamma-spectrometrically. 

The gamma spectrum showed many high peaks at 0.32, O. 51, 

0.83, 1.1 and l0c3 MeV. In order to. simplify the analysis of 

this complex spectrum, samples were treated as follows: 

The sample solution was dried and then dissolved 泣th

11.4 N hydrochloric acid. This solution was transfered on to 

a Dowex 1 (H type) anion exchange resin column bed （炒 1 cm h 

10 cm 100 -200 mesh). The nuclides adsorbed on the colu皿
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were eluted successively吠d.th 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 叩ion exchange column v吐th the 256 channel pulse height 

analyzer, the nuclides were.identified by g邸芦 energy, chemiｭ

cal property and half life. These nuclides found are given in 

Table 1 as well as the probable ways of formation. 

Table 1. Nuclides. in Stainless Steel Loop Coolant. 

Relative 
Nuclide Half Ll.fe Concentration Method of Formation 

54Mn 
房

54Fe (n,p) 54Mh 310 day 12 

58co 72 day 58 5gNi (n,p) 58cc 

60co 5.3 y 13 59co (n,'t) 60co 

65Zn 245 day , 紐Zn (n, ;r) 65zn 

Unknown 8 

The radionuclides i~ coolant are supposed to come fro皿

(1) activation of impurities. in water, (2) activation of water 

itself, (3) corrosion and scale formation, (4.) fuel and fission 

products escaped into water from the reacter fuel solution. 

The present result shows that the radionuclides found in 

the sample were formed by activation of impurities and corrodｭ

ed material presented in the water. 
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25. Studies on the Treatment of Radioactive Liquid 距V-astes

---Remova+ of Radioactive Calcium and Strontium ---

Sigebisa Iwai and Tenson Tsutsui 

(Faculty of Engineering, Kyoto University) 

The supernatant producedｷ on the decontamination of the low..: 

level liquid wastes, but in a iargｷe amount, by means of the 

coagulation 泣th hydroxides, 皿st be not only neutralized but 

also controlled of its quality before it is disposed, directly 

or after secreening, to any of. public 1i1誼t er areas.. Therefore, 

as alkaline coagulant aids, NaOH, Ha2C03, NaHC03 would be more 

recommendable than ammonia or lime, which is apt toproduce, 

respectively, ammonium salts or fine lime precipitates, after 

the neutralization, in the supernatant. 

In our experiment, ferric hydroxide was used as the co-

agulant for its merit that it can raise favourably the pH value 

of the waste for the absorption process. 

By the ordinary absorption process for water treatment泣th

ferric hydro:xide, Y and Ce are removed well at a pH rangeｷ from 

7 to f3, while Sr 叩d La are ｷscarecely removed. •• On the other 

h如d, a past study reported that Sr could beｷ removed 泣th a 

ratio of 99%, when ferric hydroxide was precipitated 泣th NaOH, 

ーム7 -



.' 

under the coexistence of ammonium salts. For such a deconta:miｭ

nation of radioactive strontium, our study was carried out to 

obtain further data on the. effect of pH value as well as on the 

opt土皿皿 condition producing good ferric hydroxi..de precipitates. 

A sample was prepared in a total volume of 100 ml, containｭ

ing 45ca (p-2) or 89,90sr (c.f.) (approximately by 25,000 

cpm/ml) in 1 ml, a ca:r-rier solution of Ca or Sr of O. 001ｷ M/1 

in O ~ 30 ml, Fe+++ solution of 0.1564 M/1 in 5 ml and a coｭ

agulant aid (NaOH, ll.TH40H or Na2巧）．紅ter settling the preｭ

cipitates, the supernatant-acti吐ty was counted, then the 

removal ratio was calculated. 

阻th every of the three coagulant aids, the removal ratio 

remained 泣t旦n O -15% r'or both of Ca and Sr at a pH value 

3 -5. 

紅ter raising the pH value vtlth 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 not change so much. 

Further high dose of Na OH unfavourably affected the formation 

of ferric hydroxide precipitates. 

阻th Na2COJ, a removal ratio of 70% or 97% was obtained, 

respectively at the pH value of 7.0 or 9.2 -9.6, without reｭ

sulting any bad effect by the increased amount of carriers .. 

With NH4 OH, a removal ratio of 43% or 92% 匹s obtained, 
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respectively at a pH value of 7.5 or 8.2, but vrl.th significantly 

bad effects, lowering the removal ratio, caused by the more 

carrier amount. 

On the removal of Ca and Sr with ferric hydroxide, any 

other coagulant aids than Na2co3 did not result good removal at 

the neutral pH range. 

With every of NaOH, Na2CーJ and NH正OH, the higher pH value 

produced the.more removal efficiency than 95%, while NH砂H was 

not so preferable, because it lowered the ratio with the in-

creased amount of carrier and also harmed the waste quality, 

other than radioactivity, for its disposal to public 甑ter

bodies. 

西cessively large amount of NaOH hindered precipitation 

action, 曲ile Na2C03 often caused floating floes, especially 

when the CO2 gas produced by agitation was not adequately reｭ

leased. 
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26. Decontamination of Radioactive Waste 

Solution by Adsorption with Activated 

Carbon·and 血gineMixture 

Kichizo Tanaka and Yoshio Koda 

(Goverrunent Industrial Research Institute of Nagoya) 

A survey of adsorption methods for the removal of fission 

products from waste solution containing high salt cont ents 宵as

mainly made. Several adsorbents have been used for deconta.t士

nating water and radioactive waste solution with varying degrees 

of efficiency._ The decontamination of fission products in the 

窯ste solution was studied by adsorption v吐th activated carbon 

and argine mixture compared 益th activated carbon and ion ex-

change resins. 

The mixture was prepared by the addition of aqueousｷ sodium 

arginate as the droplets to the acid solution. suspended with 

activated carbon., thus formed precipitate was washed 直th 1N 

吃o4, dried at 70ー C for 24 hrs, and then evacuated for 1 hr. 

Activated carbon was also evacuated for 1 hr. before use. 

Dowex 50 X-1~ and Dowex 2 (50-100 mesh) were conditioned with 

1N sulfuric acid solution. 

The following radioactive materials were used as 
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conta.minants; 137cs, 90y were obtained as the chlorides and 

106Ru, 95zr-95Nb were• obtained as the nitrates. Stock waste 

solution was a mixed fission product contaminant consisting of 

30% l~Ce, 10% 147pm, 3.5% 90sr, 3.2% lObRu, 2. 7% l37cs and reｭ

sidual percent traces of a large number of other radioisotopes. 

The pH of this solution ¥氾s taken by test,paper, but in a few 

case, using a HORIBA glass electrode pH meter. 

Each 2 gr. of adsorbent and 20 ml. of aliquot were mixed 
and agitated mechanically in the glass stoppered bottle for 

2 hrs at 20ー C., and then centrifuged. 血ch 1 ml of dried 

samples of the supernatant solution and l ml of initial sample 

were taken, placed in a stainless steel dish respectively, dired 

and counted usi嗚 a G.M. mica end window tube (1.43mg/cm thick). 

Difference between the initial and final count rate represented 

the removal. from the ratio between initial and final count 

rate, distribution ratio was also determined. 

This adsorbent was packed in colwnns successfully adsorbed 

a variety of fi ~si on product ca ti ons. ( erall percent removals 

were shown as; 

N 

(1  -:;, A;_, Vt / A;,_,V) x 100% 
L=I し。

曲er.e- N is the numbers of final fraction, A and A。 are the 

count rate of stock solution and i-th fraction per ml. respecｭ

tively, v is the volume of eluate at i-th f r~c ti on 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 ratio were obtained as a 

function of pH of waste solution, the effects of the addition 

of carrier and of impurities particularly other salt on re-

movals were also studied. 

75% of 90sr in 500 ml was removed from the solution, cor1 • 

taining 80 mg strontium ぐhloride per 1 litre in the flow rate 

of 5 cc per 皿nutes by passi堪; through the colwnn in which 

activated carbon argine n辻xture was packed 5 grs，直le only 

36房 of 90sr 瞬s removed by activated carbon treatment. 

27. Study on the Treatment of Radioacti.ve 

Liquid Waste by Chemically Modified Pulps 

Shiro Onoe,. ~/J.asamich i Okubo, Kenro Ikeda, 

Morihisa 単ruko, Mutsuaki Shinagawa 

(Sanyo 恥lp K.K. 釦d Faculty of Science, Hiroshima University) 

皿s report discussed about the possibility of the treatｭ

ment of radioactive liquid waste by modified pulps. Ox:idized 

pulps and phosphorylated pulps were used. In this investigation, 
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the decontamination of 90sr (90y) was discussed mainly; 

One gram of modified pulps was ~nser t ed in the column and 

radioactive solution was passed through it. 20 ml of each fracｭ

tion was collected from the passed solution. One milliliter of 

each fraction was dried and its acti註ty was measured G.M. 

counter. 

The percentage removal of contaminant was as good as over 

95% for both substances. The capacities of. oxidized pulps and 

phosphorylated pulps were about 2.5 meg/g and 3. 2 meg/g re-

specti vely. These modified pulps showed the ion exchange pro-ｭ

perties similar to those of the ion exchange resins （細berlite

IR-120). 

28. The removal of the contaminating nuclides in 

aquous solutions v:吐th bentonite and precipitants 

Hisateru Okuno and Hirofumi紐ino

(Department of Chemistry,. St. Paul1 s University) 

謳ny works have been done with regard to the decontaminatｭ

ing capacity of the bentonites and these clays were found to be 
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useful for the removal. of radioactive cations in aquous soluｭ

tions. 

However, as bentonites swell in water easily and form 

very stable suspensions, it is difficult to separate bentonitP,S 

from aquous solutions. 団erefore, we have studied the coagu-

lating and precipitating power of the carbonates of Ba, Ca and 

逢for the purpose of getting the bentonites in compact for謳

as far as possible. According to our e.xperimintal results, 

fairly good separations of bentonites from aquous phases were 

obtained without血y decrease of the decontaminating capaciｭ

ties of the bentonites. 

Bentonite which occured in Gunn岨 Prefecture in Japan were 

added to solutions containing誌4ce (No3 ら・

Then, kno記 amounts of the precipitants were added to the 

solutions. The precipitating velocities of the suspensions 

were observed. 紅ter stirring, these solutions were let stood 

still for 24 hours. After 24 hours aliquots of the supernatant 

aquous solutions were, taken and their radioacti迂ties were 

measured with the use of the Baird Atomic scintillc:.tion counter. 

Under our experimental conditions, BaC12 仇 meq. or mo:re) 

was effective for coagulating the bentoni te suspensions, 如ile

the coagulating power of (NH4)2 co3 was very small. CaCl2 was 

effective as well and II慇Cl2 (2 meq. ()r more) was most effective. 
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When chlorides of Ba, Ca or ]抱 and （閏ム厄co3 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 the 

contaminating nuclides were obtained 直th the bentonites. And 

the addition of the carbonates of Ba, Ca or Mg was effective in 

separating. the bentonit es from the aquous phases. 

29. Studies on the Decontamination of Radioactive 

Contaminants from Water.. Part 3 

Vermiculiteas an Ion-exchan g~r. 

Tsunenobu Shigematsu, Toshiki Oshio 

(Institute for Chemical Research, Kyoto University. 
K.K. Josui Kogyosho) 

虹though the ion exchange process is one of. the most ef-

ficient methods for removing rac;li oacti社tyfrom water, the cost 

of the ion exchange resins -may lir直t widespread use unless 
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suitable regeneration techniques are developed. 

The clay mineral vermiculite exhibits the exchange of 

lattice ions, and the remo芦1 efficiencies of vermiculite do 

not appear to be significantly different from the sulfonic acid 

type cation exchange resins. In order to. determine the breakｭ

though capacity of the vermiculite, a calcium chloride soluもion

(10-3 Mas ca++) was pase:ed through a colwnn filled 泣th sodiwn 

form sample regenerated 直th 3% sodi皿 chloride solution, 釦d

fractions of the effluent were analysed for the calci田n ion. 

The usable 10% breakthrough capacities of 17 samples of 

vermiculite (20 to 60 mesh) were 0.297 0.5岨 and 0．ム11

0.859 meq./ml for 40 and 100 gram sodium ch..1oride regenerant 

per liter. Using 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 0.89B meq. per milliliter for 恥 and 100 

gram per liter regeneration level. When the concentration of 

hydrochloric acid for the acid treatment was varied from 0.01 

to 6 IvI, the maximum Na-Ca ion exchange capacities 直th 40, 60, 

100, and 250 g NaCl/1 regeneration level were 0.560, 0.769, 

0.870, and 0.947 meq. per milliliter. 

For the most effective removal of cesiwn from salt solu-

tion containing about 0.3~1.5 per cent by weight of mixed 
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sodiw11 chloride -calcium chloride, vermiculite is recommended. 

The re1~oval efficiency of 99% of higher is possible. 

30. '[he Separation of 90sr and 9oy by Paper Electrophoresis 

Shoichi Ka霰切nura and Masami Izawa 

(National Institute of Radiological Sciences) 

The separability of 90sr and 90y by paper electrophoresis 

has been investigated using various acids as electrolytes. pH 

of, the electroyte solutions were adjusted by adding NH4 OH. 

About 0.005 cc solution containing 90sr and 9伍 was spotted at 

the point of 10 cm from one end of the filter paper (Toyo filter 

paper, No. 3, 2 x 40 cm). The paper was clamped between plastic 

plates and voltage (10 v/cm) was applied on the paper placed in 

conventional migration cell for 1/2 -2 hours. 

廷ter drying the paper, the electropherogram was cut into 

1. 0 cm segments and counted the radioactivity 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 釦d 0.05 M formic acid: Separaｭ

ti on was very poor 叫th or without Sr and Y carriers in the 

solution to be analyzed. 

(2) 0.05 M oxalic acid: Separability was maxi皿岨 at pH 2 and 

4. At pH 4, 90sr moved 10 cm in 2 hours, while 90y remained 

at origin. 

(3) 0.1 M tartaric acid: 90sr and 齊 could be separated at 

10 cm in 2 hours when.no carriers were added 。 Separability

became poor by adding NH4 OH• to the electrolyte, or by adding 

Sr and Y carriers to the solution to be analyzed. 

（ム） 0.05 M citric acid: Distance between the spot of 90sr 

and 9oy was. 10 cm, and it was 13 cm, when the pH was adjusted 

to 2. 5 by adding NH4 OH. The electropherogram was not changed 

appreciably by the addition of Sr and Y carriers. 

(5) 0.1 M acetic acid: Separation was very rapid and complete 

泊en no carrier was added; 6 cm in 30 minutesｷ and 17 cm in 90 

minutes. They were not separated completely如en carriers were 

added. 

From these experiments, the most suitable electrolyte for 

simple and rapid separation of 90sr and 90y is 0.1 M acetic 

acid solution 血en 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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solution contains Sr and Y carrュers.

31. Adsorption of Fission Products 

by Various Kinds of Soils. 

Chuichiro Sakurai, Masuo Yagi釦d Takanobu Shioka祖

(Ikeshinden High School 叩d Radiocher吐stry

Research LaboratoryJ Shizuoka University) 

It has been well kn011vn that the soil is a good adsorbant 

for fission products or radioactive fall-out. Therefore, the 

peculiarity of the adsorption of fission. p.roducts by various 

kinds of soils found in Shizuoka Prefecture was investigated 

fundamentally. 

The soil samples 1NBre collected from rice fields or vegeｭ

table gardens. 

The adsorption ratio was C9-lculated as follows: 

Adsorption ratio (%) = Acti社ty of soil x 100/Activity of 

soil + Actiヰty of supernatant 

Procedure was asｷ follows: 

o. 5 g of dried soil was added to the 50 ml of solution 
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containing radioactive tracer in an erle叩rer f lask~ The soluｭ

tion was shaken vigourously for one 直nut e and centrifuged 

after 18 hours standing. 

As the results, all kind of soil had high adsorption 

ratio for the fission products, especially for cesiti..m-137 。

'Ihe adsorption ratios were increased by an addition of a small 

a宜ount of calcium. ion, but were decreased by the large amou且t

of it and phosphate ion. 

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

Radioactive Fall Out Using an Ion-excha.11.ge Resin 

Hiroyuki Tsubota 

(National Institute of Radiological Sciences) 

Ar.apid method for determining Sr-90 and Cs-137 in radioー

active fall out using an ion-exchange resin has been de社sed

based on the following two fundamental experiments: 

1) Fe3+' 且3+, and rare earth ions deposit in a resin because 

of their hydrolysis-properties at high pH-values.ｷ They are 

not eluted from a column when ammonium formate or 印皿1onium
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acetate aq. solution is used as eluもriant, pH of which is abou.t 

7. 

2) 'Ihe separability between Ca and Sr increases by adding parｭ

ticular organic solvents such as methyl alcohol, ethyl alcohol, 

acetone, and cellosolves, etc... By adding dioxane, however, 

the separability is not changed appreciably. From the facts, 

it is supposed that Ca and Sr form water soluble complex ions 

直th these organic solvents. Here, the ammonium acetate-methyl 

alcohol system is employed from a practical point of view; and 

in the system the 直xed raもio for the best separability between 

Ca and Sr is in the range of 40 - 60房 alcohol in volume. 

Colwnn: 

細berlite CG -120, 100 -200 mesh, り 2.0 x 15 cm, H+ -

saturated form. 

Elutriants: 

Elutriant I, 2M a皿1onium acetate aq. soln: methyl alcohol 

= 1 : 1 (in volume) mixed soln. 

Elutriant II, 2M ammonium acetate aq. soln. 

Procedure: 

1) 組d 5 -10 ml of 3N HCl to the dried chloride sample, and 

dilute to 30 -50 ml 泣th distilled water. 

2) Elute Na+, K+, i/fg2+ and Ca2+ 泣th 300 ml of Elutriant I at 

the flow rate of 3 ml/min. 
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3) 虹ute cs+ and Sr2+ v吐th 220 ml of Elutriant II at the flow 

rate of 2 -3 ml/min. 

ム）・ Finally, elute Ba2+, Fe3+' 且3+, and rare earth elements 

with about 500 ml of 4N HCl. 

5) Determine the natural strontiwn content in the effluent of 

stepん） by EDTA titration method. Then, add Sr-and Cs-

carriers, decompose EDTA;; and precipitate SrC03 by adding 

Na2C03. Measure the radioacti吐ty in the Srco3-ppt. with a 

,suitable counter decided. 

6) Add HClOムto the filtrate of step 5), and precipitate 

CsCl04. Measure the radioactivity of Cs-137 in the precipitate. 

This procedure can be applied when the weight of the 

sample as chlorides is less than 1.5 gr. When the weight of 

chloride sample (W gr) is larger than 1. 5 gr the column length 

(L cm) and the vol皿e of elutriants (V ml) can be determined 

by the follo直ng relations: 

L fc 10 + 5W / 1. 5 

and V = V。 +L / 15 

where V。is the vol皿e of elutriants indicated in Gteps 2) and 

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

Yuji Yokoyama and Tetsuo Hiyama 

(Department of Chemistry, Faculty of Science, 

University of Tokyo) 

A new method is proposed to separate strontium-90 from 

large amounts of iron, aluminum and calcium in fallout samples. 

The method is based on the difference in the formation constants 

of metal-EDTA complex compounds among these metals. We found 

that, in suitable condition, s.trontium remains as cation, while 

the major part of iron, aluirrinum and calciwn ex..ists in the form 

of complex anion with EDTA. Cation exchange resin is used to 

separate cation (Sr) from complex anion (Fe，且， Ca).

'I'he procedure of anlysis is as follows. 

昆in water samples are collected during the period of one 

2 month on a collecting surface of 1. 0 m"" area. Then the water 

is evapo;ated to dryness．紅ter evaporation, strontium is exｭ

tracted 直th hydrochloric acid. Extraction is repeated sevel 

times and the combined extract is e芦porated. The extract conｭ

tains considerable amount of salts. • Generaly, it consists of 

about 10 g of chloride. The usual composition of theeヰract

is estimated as follows: 
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Fe (III) 540 mg,且 270 mg, Ca 800 mg, Mg 330 喫， Na 1300 mg, 

K 330 認・

In the follo叫ng procedurEJ, we can treat 10 g of chloride 

as evaporated extract.'Ihe extract is dissolved 砥th hydro-

chloric acid and diluted to O.lN. Acetic acid (3 .6 直L) and 

EDTA (4H form) 16 g are added to the solution. The acidity of 

the solution is adjusted to pH=4. 0 v吐th 邸皿onia 謳ter 叩d

volume of the solution -is made 600 to 1000. ml v吐th water. Then 

the solution is passed through the resin colwnn which consists 

of Dowex 50立B, NH4 form, 40 ml. Mter'passing the sample 

solution, the colwnn is washed v吐th 300 ml of EDTA solution, 

(0.1 M, pH 4.0) which contains acetic acid (O.l M) as buffer. 

Iron, alwninum, calcium and rare eart,h fission products are 

completely removed, while strontium is entirely absorbed in 

the column. Then strontium is eluted i'r.i th 150 ml of EDTA-soluｭ

tion (0.1 M, pH 6.0) containing acetic acid (0.1 M). 

'Ihe method is verified with tracers of strontium-90 and 

calcium-45 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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34. Strontium-90 Concentration in Human Diet 

Kunio Seto and 墓sahiro Takebe 

(Department cf Che皿stry, Faculty of Science, 

Tohoku University, Sendai) 

Food materials were collected according to thEJ receipes 

for rural inhabitants from the agricultural district Daiwaｭ

machi which lies about 20 kilometers north of Sendai during 

June-July, 1958 and theSr-90 concentration was estimated from 

those in the three parts of the food materials, i.e., the 

staple food (brovm rice and cereal, 35. 0 kg.), the subsidiary 

articles of diet (vegetables, beans and fresh water fi ~h, 41. 6 

kg。 )and the water (filtered rain wat er，払0 1~). The proceｭ

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 acetate method was applied to elimiｭ

nate phosphoric acid. The alkaline earths were precipitated 

as o碑lates. The oxalates were converted to carbonates by 

heat treatment and dissolved in dilute nitric acid. Strontium 

was separated from calcium by repeating precipitation 泣th

fuming nitric acid, and precipitated as carbonate after barium 
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chromate precipita七ion. The strontium carbonate was allovved 

to st釦d to establish.radioactive equilibrium between Sr-90 and 

Y-90, and then dissolved in dilute acid. Yttriwn-90 呻s col-

lected in ferric hydroxide and 艮—activity was measured. The 

Sr.;.90 concentration in human diet for rural inhabitants collectｭ

ed from Dai呻べnachi during June-July, 1958 was est:iJmted at 

5.59}堺 c/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 Marc_h, 19.59 in Niigata.City. 

s. Koyama and T. Sotobayash.i 

(Faculty Of Science, Niigata University, Niigata) 

I. Procedure. A_ simple and rapid procedure has bE:c,n developed 

for radiochemical determination of strontium.:..90 in fallout 

samples. ｷIn order to save many laborsome operations of pre-

cipitation and filtration the present procedure employs E.D.T.A. 

as a masking agent of interf e凶且g metal ions, esp.ecially ferric 
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and alumin皿ions in a fallout sample. The mixed calcium and 

strontium oxalates which were precipitated v,吐th ammonium oxaｭ

late from a solution of 2% E.D. T.A. made up to pH 4.. 0, are 

ashed and dissolved in 2 n hydrochloric acid. From this soluｭ

tion strontium.-90 is singly separated by the ion exchange techｭ

nique, as we reported previously. The use of E.D. T. A. makes 

possible a simpler procedure 直th a radiochemical yield greater 

than 98%. Such a high yield eliminates the need for measure-

ment of recovery of strontium. 

II. Deposition of strontiwn-90 and its,seasonal variation in 

Niigata City (38咽， 139°E). ｷ, 

The fallout rate of strontiwn-90 in Niigata City is 13.6ｷ 

me．厄2y,. from April, 158 to 阜rch, 1 59 and the value is two 

or three times as large as those in the Pacific side of Japan, 
for example, 5.3 me/krn2y, in Tokyo. • The reason why such a 

large value was observed is not only the. fact that Niigata has 

the larger amo~ i:, of precipitation in 叫nter, but, also that 

there are many times of showery precipitations and their specific 
activities (dpm/mm) are several times larger, compared 泣th

those in the Pacific side. 

Judging from the data observed from April, 157 to July, 

t 59 the strontium-90 concentration in rain and snow has a 

seasonal variation 泣th a maximum in spring and a mini.mum in 
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late summer. On the other hand, meterologists have been 

already suggested that the atmospheric ozone shows a seasonal 

variation with a peakｷ in spring and a ~alle y in autumn.ｷ • This 

analogy may be mainly due to the periodicity of the large 

scale sinking motions of air from the stratosphere to the t ro— 

posphere, and provides a clue to the atomosheric processes 

which transport the radi0active debris back to the grolll1d. 

36. Sr-90 in Sea Water 

Y. 11Jiyake, K. Saruhashi and L Katsuragi 

(Tokyo Kyoilru University and. 

Meteorological Research Institute) 

It is a difficult task to determine a trace amount of 

radio-nuclides including Sr-90 dissolved in sea water, because 

of the interference of larger amount of sea salt. 

As to the radiochemical analysis of radio-strontium in 

sea water which 謳s collected near Bikini-Eniwetok area，直yake

and Sugiura (1955) used the oxalic acid to separate calcium 

and strontium from the larger amount of magnesium. Bowen and 
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Sugihara (1959) made a determination of strontium-90 by using 

versene as a masking reagent for magnesium and calcium。 Higano

(1959) separated calcium and strontium as carbonate from sea 

V氾ter.

As a result of studies using Sr-90 as a tracer, 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, masking of magneｭ

sium and calcium 泣th EDTA at different pH was tested. The 

result was unsatisfactory due to the poor reproducibility. 

'Ihe activity of Sr-90. separated from sea water is measured 

泣tha t岨n wall counter surrounded by a steel shielding of 

20 cm thick and anti-coincidence tubes. The scheme of the 

analytical procedure based on the oalic acid method is as 

follows. 
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'Ihe Scheme of如alytical Procedure 

Sea Water 100 l 

add as carriers 

sr++ 1.25 g 

Fe+++ 0.3 g 

c討 50 雫

NaOH adjust pH? 

add Na2co3 1.2 kg 
r. 

P dissolve in HCl 

add NH4Cl, 年non土um Oxalate 

adjust pH ん． o

F
 

P ignite 

dissolve in HCl 

F
 

add NH 4 Cl, E. D. T. A. 3 00 g 

adjust pH 7 

add Na2co3 500 g 

P dissolve in HCl 

add NH4Cl, E.D.T.A. 10 g 

adjust pH 7 

F
 

p
 

add Na2co3 200 g 

dry up 

dissolve in H2゜

add f匹ng諏03

I
 F
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dissolve in H2゜
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stand for 2 weeks 
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37. On the Relation Between Radioactive Fallout 

and Meteorological Conditions 

Y. Miy拡e, K. Saruhashi, Y. Katsuragi and T. Kanaza詞

(Tokyo Kyoiku University and 

Meteorological Research Institute) 

直yake, Saruhashi and Katsuragi (1958) pointed out the 

effect of the local turbulence of the atmosphere as the possiｭ

ble mech血ism of intrusion of the artificial radioacもi"i,,ity

from the stratosphere into the troposphere. If there is such 

皿 effect,.more radioactive material Vvi.11 be brought do記to

the earth by the rain caused by the cold front曲ich is as-

sociated 泣th a larger turbulence in the vertical direction. 

Koyama 釦d Sotobayashi (1959) conrpared 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 詣rm front type rain. 

The present authors made the same kind of study concernｭ

ing the radioactive rainfall in Tokyo of which res叫ts 1社11 be 

presented here. 

Since we have a precipitation from 1ム00 to 2000 mm annualｭ

ly in Tokyo, to vvhich 90% of the total radioactive fall out is 
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attributed, the relation between the type of rain and acti社ty

was investigated. The comparison of the acti社ty is done by 

converting it into _the value of Sr-90 。 In order to eliminate 

the effect of rainfall amount, the concentration of the active 

material in the air col山mn was calculated based on the method 

introduced by 1'fiyake, Sugiura, Saruhashi and Kanaza饂 (1957).

励en the cyclone ｷof the temperate zone passes north of 40ーN on 

the north-east direction, the conspicuous cold front is generalｭ

ly associated with the cyclone. The rain along the cold front 

line is generally a scattered type 直th a smaller 印nount of 

precipitation. In this case, tte larger turbulence occurs on 

the vertical direction in the air and the top of cloud often 

reachesｷ 10 km above the ground. In such a t匹e of rain, as the 

interval of rainfall is short and the rain drop is larger, the 

arnount of radioactive fallout is smaller, but its specific 

activity (Sr-90 庁 C/L)is the largest. 

配en the cyclone passed south of瓜o0N on the east or 

nor t h—eas t direction, there are three t匹es of rainfall as folｭ

lo直ng:

1. by the effect of both, warm and cold fronts 

2. by the effect of the ･.iarm front only 

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

coast of Honshu. 
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Inｷ these tJrpes of rainfall, the rain generally continues 

longer, and the rainfall amount is larger (20 皿1 ~ 30 mm on an 

average). In such a rain the total precipitation of Sr-90 is 

larger but the specific actiヰty is smaller.ｷｷｷ The 皿aunt of 

rainfall w旦ch is associated with the cold front is less thari 

10% of the total, however, the amount of Sr-90 precipitated 

泣th· such a type of rain reaches as high as 30% of the total 

which suggests the effectiveness of the cold front to bring 

the radioactive material on the earth. 

38~ Radiochemical Studies on 11Bild泣 Ashesn, Part IV. 

On the 虹pha 麟tters.

Takanobu Sbi oka111氾如d Masuo Yagi 

(Radioche.rriistry Research Laboratory, Sh::j_zuoka University) 

The results pf the radiochemical studies on tre long 

lived fission products and induced radioactive nuclides found 

in "Bikini Ashes" were presented in the last annual symposium. 

However, the alpha emitting radioactive nuclides in the ashes 

were not yet investigated in detail, so that the analysis 
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of the alpha e皿もters has been carried out now in addition to 

it, when it is five years after the fission on 謳rch 1st, 1954, 

and 曲en the most of the short lived nuclides had decayed avi'ay. 

In the present analysis, the separations of elements were 

carried out.in usual manner:;; by employing carriers. or ion ex-

changer, and the identification of the nuclide. was 謳de 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 for the present analysis, and the 

ashes of them were used as the sample. The 10 grams of the 

ashes were treated with nitric acid by heating and the insoluｭ

ble residues were fused 泣th sodium, carbonate, then dissolved 

also into nitric acid. Carriers were added to the combined 

solution and evaporated to dryness. At the first step ruthenium 

was distilled off泣th perchlori,c acid, and then silicates were 

removed by the dehydration process. Then, the sulfide group 

碑s ｷseparated in the acidity of 0.3 N hydrochloric acid by 
hydrogen sulfide and the next group was precipitated with ammoｭ

nium hydroxide free from carbonat_e. The hydroxide precipitates 

were dissolved in the minimum of 6N nitric acid and was re-

precipitated in the same manner. The last precipitates were 

centrifuged off and 5 drops of 5% hydro窃lamine hydrochloride 
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solution were then added into the precipitates to reduce 

plutonium to the trivalent state。吐e_precipitates were then 

dissolved in the minimum of 8N hydrochloric acid and any of 

ferric chlorides were 勾racted three times the equal volumes 

of isopropyl ether saturat ed 直th 腿 hydrochloric acid. The 

aqueous layer was then evaporated almost to dryness. The reｭ

sidue was dissolved in lC ml of 9N hydrochloric acid containｭ

ingム drops of concentrated nitricｷ acid to oxidize neptunium 

and plutonium to the tetravalent state and the solution was 

run through the ani on 瞑change column. When the level of the 

solution reached the top of the resin bed, 25 ml of 9府 hydro­

chloric acid containing 5 drops concentrated nitri_c acid were 

run through the column, and the passed solutions were kept for 

the 叩alysi s of rare earths. Plutonium was eluted from the 

column with 9N hydrochloric acid containing ammonium iodide. 

Neptunium was then eluted from the column 泣th 3N hydrochloric 

acid solution, followed and then uranium was eluted with 0.25N 

hydrochloric acid. The each fraction was evaporated to dryness 

to prepare the sample for alpha counting. 

As the results, alpha activities of 7,380 cpm from plutoｭ

nium fraction, of 80 cpm from neptunium fraction and of 5 cp血

from uranium fraction 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 he玩palm ashes were summarized in f ollovs吐ng

table. 

Nuclide Half-life 細ount detected(cpm) 

60 Co 5.27 y 3,000 

90sr 213 y 15,000 

90y 綽 h 15,000 

106Ru(l06Rh) 1.01 y 31,000 

125sb 2.0 y 4,000 

125叶e 53 d ム， 000

137Cs 29 y 2,500 

144ce(l砧Pr) 285 d 37,000 

147pm 155恥, 2. 6 Y, 1. 7 y 8,000 

237N炉 2.2 106 v Y 80 

239Pu決 2硲60 y 7,380 

u決 ---...... -... 5 
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39. ?Be in Meteoric Precipitations 

Y. 直yake and T. Ohtsuka 

(Tokyo Kye:iku University) 

The radioactive isotope of beryllium 7Be is produced in 

the atmosphere by cosmic rediation and it is dissolved in rain 

謳ter and snow as beryllium hydroxide. The presence of ?Be in 

meteoric precipitations was first reported by知nold 叩d 年

Salih (1955).(l) 7Be decays直th a half-life of 53 days 組d

emits O ray of 0.48 MeV. Up to now, several studies were 

published concerning 7Be content in rain, (2), (3),(ん)snov/5)

and air. (b) On the other hand, the production rate of 7Be on 

the earth has been calculated.(?), (B) 比cording to the estiｭ

mation by Lal et al. (1958), 7 x 10-2 7Be atoms per cm2 colwnn 

of atmosphere per second is produced in the atmosphere by 

cosmic rays.(8) 

++ +++ To a sample of rain water, Be',-and Fe'·• carriers are 

added. Supernatant solution is decanted and disca1 ::led after 

coprecipitating beryllium w.i.th ammonia. The precipitate is 

dissolved 直th hydrochloric acid, and the solution is filter函

and made strongly basic to precipitate Fe (OH)3 and other 

hydroxides. The supernatant solution is scavenged 泣th Sb2ら
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叩d Fe(OH)3 successively to decontaminate fission prod!lct. The 

solution is then passed through an acetate-chloroform cycle to 

remove aluminwn. Then beryllium is converted into Be(No3 厄

泣th concentrated nitric acid. The 泣trate is ignited a国

weighed as BeO. The activity of 7Be is measured by a ~i~gle 

channel scintillation spectrometer which is equipped vri.th a 

NaI（四） crystal of 1.5 inches dia... Radioch.emical purity is 

tested by counting the activity面r.i.th a low-level counter. 

As血ple of melted sno~~ of 365 litres, cｷollected on a 
po応rirwl chloride roof of 12 虐 surface area,. showed the actiｭ

吐ty of 7Be of 4.1 ! 1.5 cpm. The chemical yield was 14房 and

no activity was found by B counting. 

The another procedure of analysis is also being tested. 

犀er pH of r益n 碑ter.is adjusted to 3, Be++ carrier is added. 

The solution is passed through a column of cation-exchanging 

resin (Dowex 50, X-8). The beryllium is eluted with hydro-

chloric acid. The extraction and decontamination of berylliwn 

from the elutant. is done successively by adsorption of cont皿i­

nants on anion-exchanging resin (Dowex 2, X-10) in HCl solution 

follo呻d by scavenging with Fe(OH)3 and finally by acetylacetoｭ

nate-benzene cycle. The meteorological ~ons i dera ti on on 7Be in 

the atmosphere 直11 be also di scu~sed. 
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40. The Change of 14c Content of Atmosphere 

During Recent 50 Years 

K. Kigoshi and Y. Tomikura 

(Gakushuin University) 

'1he recent change of 14c content of atmosphere shows de— 

crease by so called Suess effect during 1900 and 1945, and 

increase after 19 50 by A-bombｷ tests. This change had been 

measured by several workers. But the exact knowledge on the 

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

ra直ation hazard problems. 

We measured 14c content on the series of samples which was 

taken from a tree trunk cutting along at intervals of one or 

five years annual rings. The determinations of叫 content of 

these samples are carried by f3 -proportional-counting直th

acetylene gas. We have studied on the conditions of preparation 

of acetylene and on the characteristics of acetylene gas proー

portional coui1ter. 

The results on two trees (suburb of Osaka and 如ita) show 

predicted smooth cha:nge of year-to-year. The measured increase 

after 1955 is nearly 2% per year. This agree 蜘11 泣th the re — 

ported values obtained at New Zealand by Rafter and Fergusson. 
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姐． Summary of the Deposition Potential of 99Tc 

from Allcaline Solution and its Application to 

Standard Pure f3 Source on Thin Metallic Foil 

N. ].![atsuura and H. Yumoto 

(College of General Education, 

The University of Tokyo) 

In this experiment J olio森s cell was adopted to deposit 

the technetium electro-chemically on the cathode of a thin 

met111:Lic foil from pe辻echnetctte.solution. The rate of elecｭ

trolysis and its completion was observed by measuring the 

radiation of the deposit泣th GM counter. placed just behind 

the cathode. This method is recomendable to those nuclides 

which have soft戸 and no り radiation;} such as 99Tc. 

From the plots of Tc deposition rate against varying 

cathode potentials a well defined critical deposition potenｭ

tial of Tc from 2 N NaOH was obtained to be near O. 75 volt vs. 

S. C.E. 

There are two possible processes for the deposition scherra. 

1) Tc 屯＋虚＋ 3e = Tc02 + 2 H2゜

2) Tc o4 + 8 H+ + 7e = Tc + 4 H20 
Simple calculation of electrode potential for both according 
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to Nernst'sequation gave the value of 0.74 V (N.H.E.) and 0.50 

V (N.H.E.) respectively. othervr.i..se the calculation from the 

result by Flagg et al. gave O. 77 V and O. 61 V respectively, the 

former of which is near to ours. Partly for this coincidence and 

partly for another related observations, present authors prefer 

the equation (1) :t.n alkaline medium. 

other metals as well as silver were also found to be 

available as cathode metals for i:leposi tion of Tc. The foil 吐th

99Tc deposited turns out to be an excellen t-~ standard source 

in the point of self scattering. and self absorption. 

42. Standard Sample of Surface 知eaMonitor 

0. Yura and K. Maeda 

(Elect;otechnical Laboratory) 

It is prescribed for surface area monitor that the standｭ

ard sample of the _monitor.must be made of ur平i皿 oxide u3o8 

(its activity below 3000 dpm) uniformly spread over the metal 

surface (its area above 50 cm2) or of RaD + E + F which is used 

as the supplementary standard (See JIS Z 4303 ふ 6).
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In this report, both standards were made by m竿ns of the 

electrolytic method, and measured absolutely by the 2 7T. gas 

flow 咲proportional counting apparatus. 

In preparing the uranium sample, the oxide was deposited 

at room t Emperature onｷ the metal plate from the electrolyte 

consisting of uranyl nitrate dissolved in 0.2 N ammoni皿 oxa­

late. 、 The pH of the electrolyte was initially adjusted to 

8 ~8.5 with ammoni皿 hydroxide, and the current density set 

at 20~30 mA/cm2. As the metal plate, the following were 

chosen; 悠， Pt, Cu, Pd and 紅． The results obtained were good, 

especially in the cases of屹 and Ft, The disintegration rates 

of these samples ~ere about 30~100 dpm, 祉辻ch are available 

enough to use as the standard. 

In the case of R国D, the standard was deposited as lead 

dioxide on the palladium foil from lead nitrate solution acidi-

fied wi. th nitric acid. • The current density was set at 2 叫／cm2,

直ch was the best value of the current to obtain the good re-

sult of the electrodeposition. Very wide range of the acti社ty

of the Ra.D standard can be obt益ned by the electrolytic method, 

and o泣ng to this, the standard may be superior to the uranyl 

sample at very low activity. 
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43. Measurement ofふ—ray Energy by Absorption Method 

Takanobu Shioka詞， Itsubac旦ro Hataye, 

and Kunihiko Hasega呻

(Radiochemistry Research Laboratory, 

Shizuoka University) 

紺1 accurate measurement of an energy of a charged partiｭ

cle depends on the deflections of its path in magnetic and 

electric fields. The absorption method using t坦n films is 

not soｷ accurate as the method based on the deflections in 

謳四etic and electric fields. But it needs not a large 

equipment and, therefore, the measurement is carried out ｷcomｭ

paratively easier. This method is poorer theoretically, but 

as it is a concise, we applied it to the measurement of rx ーray

energy. 

k3 the alpha sources were used 210Po which was mounted on 

a disque silver coated by Pd and 239Pu which was separated 

from 賊ini ashes in a glass dish. As absorbers thin m.embranes 

of polyethylene and collodion were used. Collo直on membrane 

was prepared as follows: collodion dissolved in isoamyl 

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

A Lauritsen ty-_pe electroscope 瞬de in Scientific Research 

Institute, Tokyo, was used for the measurement of radioacti社ty.

In order to keep the geometry constant, the alpha sources were 
set on the sarne position and were measured the 奴'-particles

which passed through a central small hole (3 mm) in an alumirr皿

disque. 

The absorption curves of 210Po and 239Pu obtained under 

the sa皿e conditions depend on sample condition, thickness, 

sarnple dish, and back-scattering, but it is not able to disｭ

cuss these relations. The absorption curves obtained by 

polyethylene film were exponential, on the other hand, by colｭ

lodion film the more sharp curves were obt益ned. Effects by 

the back-scattering were examined. The range of仮—particles

were determined by these absorption method. 
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砧． Studies on Counting Method of Tritium. I. 

On the Nature of Flow Gases and 

Sampling of Tritium-tagged Substance 

Tsuneta.ka Sasaki, 0Mitsuo Mu.ramatsu 

and Shigeyas凪 Im皿ura

(Depar拉ment of Chem.i..stry, Faculty of Science, 

Tokyo Metropolitan University) 

1.,. In order to establish a definite and reliable method of 

ｷcounting tritium, attempts have been made to deterinine the 

radioactivity of solid and liquid oc t adecane-l-~3H spread 

-over the bottom of a stainless steel pan, using a 2 冗flow

counter. 

2.. 鉦1 excellent nature as flow gas was found in gaseous hydroｭ

carbons such as methane, Stan PP (propane + propylene), 

Stan BB (butane + butylene), and commercial propane for fuel 

use. 'llieir counting characteristics were highly reproduciｭ

ble and the range of plateau for each gas was wider than 

that for Q-or PR-gas. 

3. Dissolution of flow gas into octadecane was observed but 

it did not affect the counting rate of the sample. 

如'llie counting characteristics were not affected by humidity 
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of flow gas over the 泣de region of plateau. This fact 

offers a possibility of using gaseous hydrocarbons as flow 

gas in performing the solid-or liquid-counting of tri ti皿—

tagged substances coexisting with or dissolヽ吐ng in an aqueｭ

ous phase. 

5. The cow1ting rate increased proportionally泣th the increase 

of the sample thicknens Vtr'nen the amount ofｷ the sample was 

less than that corresponding to the mrud.mu.m range of p -ray. 

6. Within this region the counting rate kept up its constai'1cy 

for a given amount of the sample, irrespective of the manner 

of di就tribution of the sample over the bottom. This su.g-

gests a possibility of using octadecne-l-3H as a standard 

for determination of tritium in 込n org血ic compou..汀d, taking 

account of quantitative reaction between octadecyl magnesium 

bromide and tri tiated vrater 袖ich can be obtained by igni-

tion of the c<;>mpound. 

7. Beyond this region, on the other hand, the counting rate was 

affected by several conditions such as an uneven distribu-

tion and the surface roughness of samples. This comes mainｭ

ly from 叩 extremely soft f3 -ray of tritium. 
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似5. Measurement of Radioactivity of Natural Potassi皿l

Isamu Koizumi 

(Industrial Research Institute of Kanaga宵a Prefecture) 

Radioactivities for different li叩id thicknesses of soJn. 

of potassium salt were measured 祖th a thin 餌lled cylindrical 

counter. It was found that ratios of c「 counting rates to 怠

were markedly variable with sample thickness. Hence, when 

sample thicknesses are very different, it is impossible to reｭ

gard the counting rate as a linear function of七he potassium 

content, then, it requires to obtain the correction curve for 

thickness or density of s皿ple. Background sharply increased 

泣th decrease of s紐1ple thickness, 直thin the max. range of 

k一40 f3 -ray. It is considered that the incre互sing is due to 
radiation of radioactive nuclide (K-40) in glass sample holder. 

Geometrical efficien_cies at each points in the cylindrical 

sample are variable 泣th distances.from the tube wall of counter 

In view of this consideration, the counting rates estimated 

agreed with the obser;ation. 

-89 -



(OBJECT) 

46. Studies on the Gal!JJ.na Spectrwn of 

Uranium Minerals in Japan 

Yukio Murakami c;:1,nd Yoshie Suzuki 

(Japan Ato直c 恥ergy Research Institute) 

This study was perform函for the purpose of developing a 

new simple instrument which indicates ganlffia spectrum of ura11ium 

and its decay product,:1 for field use to prospect uraniwn ores. 

(INSTRU血討T USED) 

Single Channel Ga皿1a Spectrometer, NaI crystal 211 x 211 di a— 

meter,ｷ Nuclear Chicago Co. and 256 Channel Gamma Spectrometer, 

NaI crystal 311 x 2-3/411 well type, R.C.L. Co. 

(S臨PLES INVESTIGATED) 

Pitchblende, 釦tunit e and other urani,um minerals.. Uranium 

平de, yellow cake, autunite occurred at Ningyo-Toge and other 

uranium minerals in Japan. 

（零UL'IS OBT紅NED)

Among the gamma rays issued from urani皿 and its decay 

products, gamma ray of 1. 78 Mev from RaC (214Bi) can be remarkｭ

ably detected 泣thout being disturbed by other effects caused 

by absorption of other gan皿a rays. 'Ihe possibility of using 
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this photopeak to fulfil the purpose above mentioned was 

七horoughly investigated in case of m.ore than 10 samples cited 

beforehand. One of the charts obtained is sho加in the f ollow — 
. 
lllg. 

RaB and Ra:C were radiochemically isolated and the photo-

peak of both were examined to prove the presumption. The 

radiochemical separation of these decay products were made by 

the dithizon extraction inethod on the formation of (BiClり

(Co(NH辺）that were formerly proposed by the author. 

Special consideration should be pai<i on the appearance and 

interference of gamma spectrum due to l+OK (1.46 Mev) and ThC11 

(2.20 Mev). Some remarks will be given on some charts of gamma 

spectrum that were obtained by several uranium rrJ.nerals in 
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ん7. -Radioactivation_ by the (~r, 了 )-Reaction IX. 

Application of the (了， ’o)-Reaction

t o • th e ・了 —ra y D o s i m~t r y . ( Part, 2 ) 

Kenji Yoshihara and Nagao Ikeda 

(Japan Ato1直c 恥ergy Research Institute) 

Previously, we studied (o,'Ii)-reaction by the use of 

cob al t-60 '?f—ra y source, and applied this reaction to the dos土一

metry of cobalt-60 7f -ray. However, the previous method was 

somewhat inconvenient 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 

position as the standard for the comparison by the other method 

at the same time. 

In the present paper, we investigated the calculation 

method instead of the troublesome comparison method, by using 

the constant activation cross-section value for the resonance 

lineｷof 1 —ray曲ich is responsible for the ('o,万 )-reaction,

The method of calculation is as follows: the saturated 

activity of ll5mrn induced in the indium foil, A (dps), is exｭ

pressed by the follo泣ng formula, 

A= N 『f (1) 
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where, N is the numbers of indium atoms, 5
 
is the overall 

cross-section for the 115rn (1, ·7f )115吋n and f is the'が—ray

2 flux (quan t a/c~sec). 

'.Iherefore, f = A/N 5 (2) 

The dose rate of cobalt-60 が—ray (D) in the unit of r/hr is 

calculated from the 了 -ray flux, f, 

formula: 

using the follo泣ng

D= ―戸三i言—喜＝ 4.56XI0-23亨 ＼
ノf

[

 

r
t
 

where A。is the saturated value of the produced radioacti吐ty

in 1 gra'TI. ofｷ indium. The over-all cross-section, 

by the fallowing formula1): 

『 =+TL。]+ %)長 e（仕ート,,,) ro (I - e干r°),

is expressed 

[ 4)

where n。is the electron dens:j..ty, 中 1 and ゥ
し

) 

4
 

are the scatter-

ing cross-sections of the electron for the Compton scattering 

by which 1.0h MeV o —ra y (the resonance line for indium) is 

produced from 1.33 MeV and 1.17 MeV. r{ -ray of cobalt-60, re-

speotively, 名is the activation cross.;.section of ll5rn for 

the resonance line of 1.04 MeV, 
u
 

is the mean absorption co-

efficient of the _substance for 1.33 and 1.ｷ17 MeV 'O—ra y, ーヽ
＇

is the absorption coefficient for 1.04 MeV 1 —ra y, 

the thickness of the scatterer. 

and r_ is 

゜

-93 -



According to the equation (4), we can calculate ぎfor

the various thickness of the various matters, and prepare the 

r。ー o diagr血． From.this diagram, we can obtain 万for the 

scatterer of a given thickness r。曇

了瞬s esも立nat ed to be in the order of 10-22 cm2 by 

直ller and 阿aldman2). As this value was not accurate one, we 

attempted to estimate 名 by the experiment of radioacti vation 

of indium at the center of the 10 kc cobalt-60 万- -ray sotむce

of J謳I applying the equation (4). As the result, the value 

of 0.6 x 10-22 cm2 was obtained for 6;{,. Setting indiun1 foils 

at the various positions a庄round the 10 kC cobalt-60 万—ray

source, we measured the dose raもe at each position in the case 

of (a) no shielding, (b) shi elding直th 0.7 g/cm2 brass, and 

(c) shielding直th 3. g g/ cm,::, brass. 

官e dose rate obtained by the calculation in the above 

mentioned way agreed 直th the value obtained by Victoreen 

Roentgen rate meter within the error ofｷ about ｱ 15%. This is 

fairly good agreement considering that the error of the dose 

rate obtained by the Victoreen roentgen rate meter is :!: 15%. 

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

2) W. C. Miller, B. Waldman; Phys. Rev., 72., 425 (1949) 
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犀． Radioactivat土on Analysis of Indium Using 

Radium + Beryllium Neutron Source. 

(Part II) Studies on Neutron Irradiation 

for Aqueous S.olution of Sample. 

Yuzuru Kusaka and Haruo Tsuji 

(Dept. of Chemistry; Faculty of Science; 

Kanan University) 

In general radioactivation analysis using low level neuｭ

もron source, paraffin is used as neutron moderator and the 

sample to be analyzed is placed on the position in paraffin 

where maxi皿皿 of thermal neutron flux is obtained and the 

radioactivity induced in the_ sample is measured.after irradia-

tion. 

In this report, the authors studied the new method of 

neutron irradiatiqn., in 叫ch the sarnple to be irradiated by 

neut:ron is the aqueous solution in the, spherical flask of soft 

glass and the neutron source is placed on the centre of the 

flask and the flask is surrounded by唸ter used as neutron 

moderator and reflector. 

In this experiment, Ra 50.mg +Be mixture was used as neuｭ

tron source and indium as the element to be analyzed and the 
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induced radioactivity (llbmin) was measured by GM tube or NaI 

scintillator of well t匹e.

Firstly, the authors studied on the distribution of neutron 

flux in隠ter. In this experiment, the neutron source was 

placed on the centre of a 謳ter-tarJ.k:（犀 x 33 x 33cm) and a 

metallic plate of indi皿(diameter: 22皿し， weight: 2.lgr) was 

used as neutron detector. '.Ihe induced radioacti註ty of the inｭ

diu.m plate, which is placed on the definite position in the 

詞ter, was measured for 10 minutes, starting at 5 minutes after 

the end of 2 hours'irradiation. The mea,surement s 直th and 

泣thout cadmium filter (thickness: 0.61皿）give the esti謳tion of 

thermal neu.tron flu...x. 

As a result of this experiment, it was found that a maxi.mum 

point of thermal neutron flux is in existence at distance of 

about 1 cm from the neutron source. 

Secondly, the authors sought for the volu.me of the s血ple

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 relat土on between 

the total radioacti吐ty induced in the solution and the volume 

of the solution was studied. 

Th.e radioacti吐ty was measured for 10 minutes by the wellｭ

t匹e scintilla七or at 20 minutes after the end of 2 hours 1 
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irradiat土on.

As the results of this experiment, it霞s found that the 

maximum radioactivity甑s obtained at volume of about 200 cc. 

Then, the relation between the induced radioactivity and 

the indium content in the solution of 200 cc was studied. 

From this experiment, i七 was found that the induced 

radioactivity in this method is increased proportionaly霞Lth

the indium content up to about 600 mg, and this relation is 

advantageous in the rad.ioacti vation analysis of indium. 

Comparing this relation 直th·in the usual method, in 

w旦ch paraffin is used as neutron moderator and solid sample 

(indium oxide in this report) is irradiated by neutron, it was 

found that the self-absorption effect of neutron in the soluｭ

姐on method is smaller than in the solid method. 

This solution method is also advantageous for rapid cherni— 

cal procedure afteでirradiation of neutron, because it is not 

necessary for any procedure of dissolution of sample. 
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49. Neutron .Activation 釦alysis of Halogens in Silicon 

Tadashi Nozaki, Hideo Baba, 

Hidemaro 紐aki邸d Toshi Kawas呈ma

（皿ectrical Co皿nuni cation Laboratory) 

On the last symposi皿 on radiochemistry, we reported on the 

neutron activation analysis of iodine in silicon. Now a method 

for detern1.i.nation of chlorine, bromine and_ iodine in silicon by 

the same principle is shovm.. Alkali fusion of silicon with 

potassium iodide as carrier had been proved to be a suitable 

procedure for the deterroination of iodine in silicon. The 

same fusion 泣th the corresponding carriers 皿st be applied to 

the deter皿年ation of broroine and chlorine successfully. 

High purity silicon was irradiaもed in the JRR-1 直th the 

activation standard of potassium bro皿d.de and ammo直皿 chloride.

団1e powdered silicon 園s gradually added to partly fused potasｭ

sium. hydro:xide containing three alkal土 halides as carrier. '.l.he 

fused matter was dissolved in sulphuric acid, and then cromi皿

tヰoxide and some concentrated sulphuri,c acid were added to 

this solution. Bro皿L11. e was distilled out of the mixture in a 

few minutes, and most of chlorine in the follo泣ng 20 minui:,es, 

while iodine remained in the residue as iodate. '.Ihe bro卓e
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詞s lead into an aqueous solution of sodi叫 sulfite containing 

-phosphoric acid and oxidized with potassium permanganate to 

molecular bromine, 如ich was e辻racted v吐th carbon tetrachlo-

ride: while chlorine, if present, remained in the aqueous phase 

as chloride. The bromine was extracted back with an aqueous 

hydro窃lamine and converted into silver bromide to be counted 

and weighed. 'Ihe chlo泣ne 虚s also led into an aqueous solu-

tion of sodium sulfite and was converted into silver chloride 

without any purification. If the determ年ation of iodine 餌S

necessary, addition of an excess of oxalic acid into the resiｭ

due liberated molecular iodine, which could be obt.ained pure by 

distillation into an aqueous solution of sodium sulfite, oxidaｭ

tion vJith sodium nitrite and extraction with xylene.. After 

this process t h~ iodine could easily be converted into silver 

iocli..de for counting and weighing。 The activity of bromine was 

determined easily with a simple G-M counter.,while counting 
only of the 旦gh energy radiations from 38Cl using a scintil-

lation counter w認h a largeｷ. crystal and a s~ngle channelｷ analyｭ

ser was necessary for the determination of the chlorine, which 

contained inevitably some 3lsi and other impurities. 

'Ihe chemical separation process necessitated about one 

hour, with the yield exceeding 50%. A silicon purified through 

the chloride process contained O. 4 ppm of chlorine O. 08 ppm of 
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bromine and O. 05 ppm of iodine. 

50. Activation 如alysis of Seleni皿 by Se-77m 

Toshio 翫Jakai, Seishi Yajima, Minoru Okada, 

and Koreyuki Shiba 

(Japan Atomic Energy Research Institute and 

Government Chemical Industrial Research Institute, Tokyo) 

Neutron activation analysis methods 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 activated at a neutron flux 

of 3 x: 1011 cm2ｷsec-1, cooled for 15 seconds, and com1ted for 

20 seconds by a 256 channel gamma scintillation spectrometer. 

Sample was then cooled 20 seconds and counted again for 20 

seconds. Thus two. spectrographs were obtained and the identiｭ

fication for selenium was made from both a gamma_ energy and a 

half-life. A calibration c江四e was made over a range of.con-

2 centration between 10-l 仕g and 102 I.J..-g of selenium. by use of 

standard sa咤les. The ma泣謳皿 and mini皿皿 concentration found 
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in actual samples was 70 ppm and 11less than 0.01 ppm" re-:ｭ

pectively. 

With respect to half-life determination, it was found 

from Table of Isotopes that, in order to identify Se-77m 

(17.5 sec) 主rom photope臨s in ga皿1a spectra recorded, it霞s

necessary that these photopeaks observed were confirmed not to 

be those of Ge-77m (54 sec). Since the half-life of Se-77m is 

considerably apart from that of、 Ge-77m, only two runs of gamma 

spectrometry per one sample may be enough to identify Se-77皿

The coefficient of variation of single analysis is ass皿1-

ed to be about l0% for a few microgram of seleni皿l.

51. Activation Analysis of Indium in Sphaleri te 

Fumio Aoki and Teiji Okubo 

(Goverrunent Chemical Industrial 

Research Institute, Tokyo) 

L'1dium often occurs in sphalerite, galena etc., and is 

recovered from those ore as a byproduct of zinc or lead. As 

the indium content in ores is generally very small the 
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colo.r土metry and もhe fluorimetry are difficult to be applied ~o 

the determination of the element except when ores are relative-

ly rich in indi皿．

In these circumstances a method of neutron activation 

analysis worked out using the JRR-1 reactor for the detn. of 

直nute q1.1antity of in直皿in sphalerite. 

In a polyethylene tube (3皿n i.d.) 300 喫 of very fine 

powder of a sample is weighed and se乱ed. Five samples ar泣

two standards are put into a polyethylene capsule and irradiatｭ

ed for one week in the reactor. 

The acもivity due も。 11如In, 記ich is induced from ll3rn 

by the (n, •7f) reaction, is .measured 直th a single channel 

spectro.meter (Atorrci.c Instrument) and a end-1/\庄ndow type G.M. 

counter (Kaken). Self shielding effect is found to be neglibiｭ

ble even when a sarri.ple contains 1房 of Cd. 

吐e irradiated sample is dissolved in aq_ua regia, 2 mg 

each of Ag+, Cu++, and SbJ+, as. scavenger, and 5 mg of In冗

as carrier are added. The solution is evaporated on a sand 

bath to remove nitrus furn.es and heated with cone. HCl, then 

diluted 泣th water and filtered. The acidity of the, filtrate 

is adjusted to 0.3N, H2S is passed into the solution, filtered 

and washed. Indium is precipitated t泣ce as the hydroxide by 

use of NH4c1 and NH40H leaving zinc and others in the solutior._ 
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The ppt. is dissolved in 3N H2so4, the s血e volume of 3M KI 

is added and indiwn is extract ed 直th ethyl ether. The ether 

layer is evaporated on 100 ml of O.lN HCl 。 Indium is precipiｭ

tated as the oxinate and the latter is mounted for counting. 

The oxina te is confirmed to be radiochemically pure by 

measureing the 'o ray spectrum, the f-3 energy and the half-

life. 

As small as 1 ppm. of indium can be determined by this 

method when the s皿ple is irradiated for 15 hours (net。 )by

the JRR-1 re,actor of which neutron flux is appro泣謳tely

3 x 1011n/sec/cm乞

Results obtained by t.his method show satisfactory agreeｭ

ment w:i. th those by the oxine colorimetric method as for 

8皿ples which are relatively rich in indium. 
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52. The Activation 如alysis of the Impurities 

in Bismuth lv.1:etal 

Toshio Nakai, Seishi Yajima and Ryuhei Kurosa霞

(Japan Atomic 恥ergy Research LY1. st土tute and 

Waseda Science and :El.1.gineering Research) 

Recently, the demand of bismuth metal has been increased 

for the uses of semi conducもor and reactor coolant. For these 

utilities, the ultra micro concentrations of impurities in 

bismuth metal should be checked, especially, for the use of 

coolant.'Iherefore, conGentrations of silver, gold, cadmium 

and copper which have comparatively large neutron adsorption 

cross secti on 泣11 be important problem. 

In our experiment, the impurities in the bismuth samples 

卓ch were produced by the several kinds of production methods 

were determined using activation analysis and gamma ray specｭ

trometry. 

The samples were irra直ated in the reactor of JRR-1 under 

the thermal neutron flux of about 5 x 1011 neutrons/cm2sec. 

for three days (the irradiation time in one day was 5 hours, 

and therefore, the total irradiation time was 15 hours). 

紅ter irradiation, the sa'llple was treated by the chemical 
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separation procedures as follows: 

Sample(Bi) + Carriers each 10mg I (Ag, As, Au, cu, Sb, Sn, iVin and Zn) 
6N 諏0 + 31荘icl
3 

i 

I --- -L — l 
t p.p. t.• Filt ra t e 

竿 As, 叫， Cu, 9b, s1:,, Mn., Zn & Bi J 
i 1慕犀 OH

「--------------4-------------•-7

t p.p. t.• 
(Au sb. Sn & Bi) ｷ Cu ` 孤n,'zn,& 五s)

;-—-— ↓ 9凸坦図―-i ←—-----•-—ー｝―-土勘王
•p.p. t. I 、| p. p. t. |Fllt 

Sn (Au, Sb, & Bi) ~ 

「-----‘!（＋誓g,
•p.p.t. ~I Filtrate 
叫L (Sb,& Bi) 

「――`―王(NH4)2sx
I + p. p. t. + Filtrate 

Zn l山n, 

・

1B
 

Sb 
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The separated fractions were transfered into a polyethyｭ

lene bottle and the gamma ray spectrwn of each fraction was 

obtained by the use of a gamma ray scinもillation spectrometer 

泣th a well t匹e sodium iodide scintillator. The standard 

臨mples 祉ヰch were irradiated under the s邸me condition as the 

bismuth sainples.were assayed byｷgamma spectrometry as above 

menti oned~. By comparing spectra of the fractions and the 

standard samples, the i雫urities contained in the bis皿th

sample were determined. 

如.alytical results on two bismuth samples are shovm in 

the next table. 

Purified by | | l ! 1 

electrolysis | i ＿竺竺竺竺＿＿＿ー 60 —- 0.5 ロー。 1 。.03 l<o.001, 
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53. Activation Analysis of Impurities in Germanium 

and Other Metals of High Purity 

Toshia Nakai, Seishi Yajima, 

証Lnoru Okada and Teruo Imai 

(Japan Atomic Energy Research InstituteJ 

The Goverrlfllent Chemical Industrial Research Institute 

and Research Institute of SwnitomoｷMetal 

直ning Co. Ltd., Tokyo) 

1) The distilling method for the separation of impurities in 

germa直um from matrix was studied. 

It was de~ i rable to remove germanium as germanium tetraｭ

chloride 直th the distillation rate of 100 ml p~r 2 hours und 

under the circumstances of hydrochloric and nitric acid soluｭ

tion. '.Ihe ratio of both acids was as follows: 

i) first e:xperiment; 30-50 ml of coned. HCl + 30-40 ml 

of coned. HN03 + 20 ml of water. ii) Second and 正hird ex-
て

peri.tnents; 20 ml of coned. HCl + 10 ml of concd. 諏03.

iii) Final experiment; 20 ml of coned, HCl only., 

'Ihe distillation was carried out until the residual soluｭ

tion was evaporated do如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 

detern直ned was separated 江to several groups by using七he anion 

叙change resin of Dia Ion SA #100, and the 9-etermination by 

gamma ray spectrometry was taken for each group. 

Some trace elements in rneもallic germanium and germanium 

dioxide were determ.i.ned by using this method. 

2) On the activation analysis of sodium in aluminum or magneｭ

si叫，もhe follo坑ing reactions caused up the interferece; 

i) 27止（n, 久）241\Ta, ii) 24Mg(n,p)齊a. Using a ca面ium

sheet, we studied the possibility of the elin直nation of (n, 『)

reaction which produces 24Na. 

The samples, one of which was wrapped wiもh the ca曲註wn

sheet, were irradiaもed simult年eously and the amount of 24Na 

produced was compared to. the unwrapped sample. 
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54. Activation 如alysis of Individual Rare 

Earth 瓦Lement in Tl1orium as Nuclear Fuel • 

Isao Fujii and Haruo Natusme 

(Tokyo Shibaura Electric Co. and 

Japan Atomic Energy Research Institute) 

Neutron-activation analysis has been applied to the deｭ

termination of individual rare earth element in thorium 

nitraもe (Nuclear grade) using the automatic recording instruｭ

ment for dra泣ng elution curve and the cation ~xchan ge chroｭ

謳tography.

Sample of the thorium nitrate was irradiated in the 

Saclay reactor EL-2 (Centred 屯tudes Nucleaires.de Saclay, 

CEA.) for a period of 150 hours at a flux of about L 8 x 10 

neutrons per sq. cm per second. 

12 

The radiochemical separation after the addition of carｭ

rier was based on anion exchange chromatography to separate 

thorium and protoactinium from sample solution, and on cation 

exchange chromatography for separation of individual rare 

earth elements using 0.5M solution of lactic acid (pH-3.30 and 

3. 44). 'Ihe radiochemically pure rare earth.element separated 

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

In the application of th土s method, it is important to put 

the mind on the nuclear fission reaction occuring泣th the 

overwhelming number of thorium atoms, as compared to the nJ了

reaction on the smaller numbers of rare earth elements atoms. 

55. • Determination of Rare Earth Elements in Thorium 

Metal and Ox:ide by Neutron Activation 

Toshio Nakai, Seishi Yajima, 

Yuichiro Kamemoto and Koreyuki Shiba 

(Japan Atomic 恥ergy Research Institute) 

Previously, we reported the determination of Dy, Sm and 

La in thorium metals using neutron activation technique (at 

2nd. Symposium on Radiochemistry, 1958).. In the p:..ｷesent in-

vestigation, the above technique has been modified and extendｭ

ed to the determination of Eu, Dy, Sm and La in thorium metals 

and oxides. 

The major modifications in this report include (1) the 
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irra直ation of sample for 3 days (5 hours at longest each day) 

in ad直tion to the irradiation for 2 hours, (2) もhe addition 

of La 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ｭ

cal _decontamination, and （ん）the determination of Eu by an 

analysis of the decay curve of rare earth mixture, etc. 

The outline of procedures are as follows. Samples and 

standards were sealed separately in polyethylene tubes which 

were placed side by side in a capusule for irradiation. Irｭ

、radiations were carried out in JRR-1 reactor. The flux was 

~2  x 1011 neutrons/sq. cm/sec, and the irradiation lasted 

t ~ro hours (for the determination of Eu and Dy) or three days 

(for the determination of La and Sm). After irradiation., the 

samples and standards were respectively dissolved in hydro-

chloric acid solution in the presence of La carrier by ade-

quate method. 'Ihe amount of each rare earth element in the 

thorium metal and oxide samples were determined by comparing 

the peak height of ga皿ia ray spectrum of sample with those of 

standards after chemical decontamination. 

Radiochemical.separation process consisted of the disｭ

solution of the irradiated s皿ple by the adequate chemical 

procedures, precipitation of the hydro:xide of rare earth 
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elements by adding of討HんOH.,and separation of rare earth 

'elements from 233pa by ion exchange method. Pouring the llM— 
HCl solution containing rare earth elements, thorium and 233Pa 

to a Cl-type anion exchange resin column (Diaion SA #100, 100-

200 mesh., ←6 皿 X 60 皿1)., the rare earth elements and thoriｭ

wn passed through the resin column and 233pa 謳s retained, 

Leaked fraction was concentrated to a suitable volume and ready 

for meas立ement of gamma activity using a gamma ray spectro-
meもer.

In. the determination of Sm and La, further deconta.trj_naｭ

tion process 謬s <$-dopted. Rare earth elements were separated 

f ro~ thorium by thiosulfate method, precipitat ed 直th NH40I-:l, 

dissolved in HCl and reprecipitated with oxalic acid. 

A example of the results obtained by this met ~od is as 

follows: 

Sample 

'.[hmetal 

Dy 

l p閂

恥

l ppm 

...ll2 --

Sm La 

not det. not deも．



56. Determination of Trace Elements in Silicate Rocks 

and Stony Meteorites by Neutron Activation 

Hiroshi Hamaguchi, Yuichiro Kamemoto, 

皿kichi Ideno, Tadashi. Endo 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.ｷ The radioｭ

activation procedure involves thermal neutron irradiation of 

the sample powder along泣th a monitor. The irradiations. were 

carried out in JRR-1 reactor. The flux was~3 X 10 11 

n/cm2/sec, and the irradiation la.sted 2~3 days (5 hours irｭ

radiation each day).紅ter irradiation the samples were fused 

泣th sodium peroxide in the presence of carriers. The melt 

was dissolved in hydrochloric acid, and the solution was evapoｭ

rated up to dryness to remove sil年a. The trace elem釦ts were 

isolated from the resulting 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.) 

---:「―ニー一・＝ニー．．＝ー・···-・＿ •• _ーーロ•=•=—•-•-- -•一•-----• -——--____--- • ---. _ _ 
＿丁恥逗re county 

| Forest直ty Modoc 1 付uevo Laredos i (pallasite. 
i (chondrite) | (chondr1もe) : (achondrite) I si.licate 
[---_____土-------[------上phase)
Pdl 1. 0 土 0.3 C3) I o.73 士 0.09 (3)1 ➔~. ! 0.04 

Ir1 0.4 土 o.25 (3) i 0.3 土 0.08 (3) I •• i 

pt: 1.o 士 0.2 (3) [1. 0 土 0.1 (3) ! ➔f ! 

‘’ 9ぐ

‘’ .,ぐ

As i 2~59 土 0.31 (3)/ 1. 79 士 0.30 (3)! 0.0179士o.oosc3) I o. 016s 
Sbl0.124士0.013(3)1 O.ll詞． o33(3) i o.0096士0.001(2)I 0,0214 
MI |0.2い o.06(4)lo.13 土 0.02(2): 0.11 I 

--------------—----- -----L ---—-
-lf-not detectable 

麟 values in parenthesis are n皿ber of determinations. 

割e sensiti吐ties of the method, the cosmic abundance of 

the ｷrespective elements, the distribution of the elements 

皿ong the metal at1d silicate phases, and the geochemical charｭ

cter of the elemenもs are discu.ssed. 
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57. 'Ihe Solubility Determination of Tri butyl 

Phosphates -in Water by Activati on 如alysis

Hirokazu llmezawa, Shinzo Nomura and Reinosuke Hara 

(Chemistry Di vision, 

Japan Atomic Tuergy Research Institute) 

In view of the small solubility and the difficulty in 

chemical analysis for the minute content of organic phosphorus, 

the activation analysi s 謳s applied to the solubility deter皿i­

nation of tributyl phosphates. 

'Ihe experiment was proceeded with tri-n-butyl, iso-butyl 

and sec.-butyl phosphates 曲ich were carefully purified by 

vacuum distillation. • One ml of phosphate was shaken w.Lth 1. 5 
ml of ion-exchange water. 

The aqueous phase was first discarded, and again the 

phosphate was shaken with ion-exchange water for 1 hour at 

20°c. 紅ter the separation of two_ layers, 1 ml of aqueous 

phase was taken on a filter paper, and left standing 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 
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3lsi produced by (n 3p) reaction, then 32p content was radioｭ

chemically determined, 

The reference ll'阻 s prepared by dissolving pure phosphates 

in benz~ne to.make approximately 5 g/1 solution. Each 10 !¥, 

50 J¥, 100 入 and 150 入 solutions were t ak~n, and the same 

procedure a11d experimental condition as applied to samples 

were. taken for the reference. The references prepared cor-

responded to 50, 250, 500 and 750 ~l g phosphate respecもively, 

and the calibration curves were prepared. 

Both filter paper and polyethylene contained long lived 

impuri_ties which gave the back-ground counting of ~100 cpm. 

'.Ihe sample activity of 50 ~ g phosphate was approxi血tely

t泣ce as much as the back-ground counting. 

The solubility of tri-n-butyl pJ:iosphate was determined to 

be 0.3 g/1 which is in fairly good agreement泣th McKay's value3 

0.5 g/l. 

Both tri-iso and sec.-butyl phosphates showed higher soluｭ

bilities as compared 泣th tri-n-butyl phosphate, and the soluｭ

bility of approximately 2 g/1was deterrn.ined for tri-sec. butyl 

phosphate. 
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58.. Excitation Functions for the Reactions, 

加A（ ex,P ）均3K and ムOA（()(,pn) ム2K

Shigeo Tanaka, Takashi Mikwno, Michiaki Furukawa, 

Masuo Yagi, Shiro I詞ta and Hiroshi細ano

(Institute for Nuclear Study, University of Tokyo) 

訟citation functions for （吠，p) and (D叉，pn) reactions on 

ar gon—40 1"rere measured by the activation method using a 

nstacked-zas11 technique. 派ve used a target chamber 直th a 

pl誌inum 砥re along the beam path. 'Ihe 叫rewas negatively 

charged to collect radioactive products on it.虹pha-pai~ticle

bombardments were made 直th monoenergetic beam fromｷ 160 cm 

謳J cyclotron. 

The beam was collected in a Faraday cup and measured by 

a beam current integrator. After the bombardment, argon gas 

was pumped out and let through a washing bottle filled 砥th

0.1 N hydrochloric acid. 紅ter the platinum wire was removed 

from the chamber, the wire was cut into several pieces and 

washed with 0.1 N hydrochloric acid. Radioactive products reー

mained in the gas chamber werEJ recovered with 0.05 N potassium 

hydroxide solution. These samples were counted with an NaI 

scintillation counter... The relative yields of 43K were 

-ll7 -



ob七ained by counting photo-peaks of 0.37-and 0.62-lvieV gamma 

rays after subtraction of Compton tails of 1. 52 Me V gamma ray 

emitted from 42K. Relative yields ofム2K were given by coU11tｭ

ing with a scintillation counter so biased as to cut gamma 

rays below 1 MeV. 

'Ihe disintegration rate of 43K was given by applying 

如順 -counting to a samp::i..e below the threshold of 40 A( ぷ;ph)

reaction. 

Theｷ disintegration rate of 42K was also obtained byム．Jt B­

counting after the contribution from 43K was subtracted. Re— 

sults are sho如in the table. More than 85% of radioactive 

products were collected onto the platinum 砥re when the hegaｭ

tive high voltage of 300 V was supplied to the 1/¥ri.re. 
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59. 岨pha Excitation Functions on Iron 

Shigeo Tanaka, Takashi Mikumo, Michiaki Furukawa, 

Masuo Yagi, Hiroshi Amanq and Shiro Iwata 

(Instj tute for Nuclear Study, University of Tokyo) 

l) Introduction 

It may be certain that the nuclear reactions on medium 

weight nuclei at intermediate energies follow the statistical 

theory叫註ch assumes the formation of compound nucleus. Re-

cently, however, the contribution of direct interaction process 

for the nuclea~ reaction has been discussed. In this point of 

view, alpha eicitation functions on 54Fe, proton excessive 

nuclei, was chosen as the main purpose of the present study. 

The measurements of the excitation functions on 54Fe,-56Fe and 
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57Fe were done with alpha-particles of energies up to ん0 MeV. 

The ratio of the cross sections for 56Fe（以’，pn)58mco reaction 

to those for 56Fe（収，pn)58gco was also measured. 

2) Experiments 

Bombardements were made vd th mono energetic beams of 32 MeV 

and 40 MeV from the 160 cm Il¥TSJ cyclotron. 血ergy dependence 

of cross sections from 10 MeV to 40 MeV was measured by the 

11stacked..;foil11 technique in which thin iron foils (of about 

7.7 mg/cm2 thicknessｷand naもural isotopic abundance) were in-

七erspaced 砥th aluminwn absorbers. The targets were bombarded 

for 6 hours at an average bean1 intensity of 0.5 杜 A. 'l'h e im-

purities in the もarget foil processed by a roller were deterｭ

mined by spectrographical analysis. The contents of impurities 

were as follows; less than O.l房for alum土nurn and nickel, nearly 

0.1% for calcium, manganese and silicon and trace for chro直um

and tita直um.

紅もer the bombardment, nickel, manganese, cobalt and iron 

were chemically _separated by an anion exchange res年 Dowex

立 8(200~400 mesh) in the l3mm 中 x 150mm column. 紅1 fracｭ

tions were counted 直th GM counter and NaI scintillation 

counter (211 中 x 211 or 1-3/4 中 x 2ll -well-type). The correcｭ

tion of "recoil loss11 for the relative yield of each reaction 

was 謳de. The relative and the absolute yields of 57co (half-
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life 270 days) were obtained by counting the photo-peaks from. 

0.122 MeV g紐皿a rays in a well type NaI crystal, Compton tails 

being subtracted. For 0.163 MeV gamma ray from 52Fe (half-life 

52 8.3 hours) produced by 54Fe( 奴），刃 2n))~Fe, nearly the same 

56 counting procedures were applied. The relative yields of...,'-'Co 

(half-life 77 days) and 58co(half-life 71 days) were calculated 

by co1nparing the samples 直th the standard sources of 56c~ and 

醗o. These cobalt standards were produced by the reactions 

56Fe(p.,n)56co and 55:r.如（奴，n)58co and standardized by taking 

photo-peaks of 0.8ん5 g皿皿a ray from 56co and O. 810 IvieV garr皿a

ray from 58co in a defined geometry. These results were checkｭ

ed by 4 直 13-counting of positrons. The nickel fractions, 

56Ni(haif-life 6.5 days) and 57Ni(half-life 37 hours) were 

allowed to decay to produce 56co and 57 Co, and nearly the same 

counting procedures were applied. The disintegration rate of 

57討i was cross-checked by comp互ring正釘 coincidence count 

with that of 22Na standard calibrated by 4 冗p -counting. The 

absolute yield of 5細（half-life 2.58 hours) and 52勘(half-life

1s.2 h。urs) was determined with a calibrated GM-counter and 

that of 5嘆Mn vras determined by taking photo-peaks from 0.845 

MeV 万—ray in a defined geometry. 

3) Results 

翫citation functions for the next reactions were obtained. 
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54re（入，n)57Ni, 54Fe(,J(_,2n)56Ni, 54Fe( 咲，p )57Co, 54Fe( 、X,pn):-

56co, 5~·Fe( しへt ,p2n)55co ( As 55Ni may immediately decay to 55co, 

54pe(C(,3n)55Ni reaction can not discriminate against 54Fe（必，

p2n)55co reaction. The s皿 of the cross sections for both reｭ

actions was given.) 5 54pe( 化，o:·'pn)52勘， 54Fe( 必，0: '2n)52Fe,

56Fe( しX,pn)5Sco, 56Fe( 文，：冗’pn)5筆l a.nd 57Fe( 肛，心）56勘．

It is int erest江g that the measured branching ratio 

6( 収，p)／庁（化，n) and 食（ ,X,pn)/ 6 (Cr,2n) for 54Fe are 

larger than. the predicted ones based on the statistical theory. 
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60. Alpha Excitation: Functions on Manganese 

Shigeo Tanaka, Takashi孤Iikumo, Michiaki Furukawa, Masuo 

Yagi, Hiroshi.Amano and Shiro Iwata 

（エnstitute for Nuclear Study, University of Tokyo) 

1) 工ntroduction

We have reported the alpha exci誌tion functions on 54pe, 

proton excessive nucleus. エt is of interest that the. compariｭ

son of the excitation functions on 54Fe with those on 55Mrら

which has nearly the same mass number and is neither proton 

exce,ssi ve nor neutron excessュve.

2) 翫periments

Bom.bardments were made 泣th monoenergetic beams of 32 MeV 

and ん0 MeV alpha-particles from 160 cm INSJ cyclotron. Energy 

dependence of the cross sections from 10 MeV to 40 MeV was 

measured by the "stacked-foil" technique in which manganese 

targets were interspaced 泣th aluminum absorbers. The targets 

were prepared by spattering謳nganese metal onto 20}人thick

aluminum foils. The purity of manganese metal used v'ras ap-

proximately 99. 9%. The targets were bombarded for 3 hours at 

the average beam intensity of about 0.5 }J A of 32 MeV alpha-

particles and for 4 hours at the average beam intensity of 
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about 0.25 p、 A of 40 MeV alpha-parもicles. After bombardJnent, 

the target foil was digested in fuming nitric acid and only 

manganese was dissolved. 

Chemical separations and counting procedures were nearly 

the same for the measurements of alpha excitation functions on 

iron. The correction of "recoil loss" was performed by measurｭ

土ng the activities in the aluminum backing foils. 

3) Results 

Excitation functions for the next reactions were obtained. 

55Mn(cメ，n)58co, 55]\jIn（ぷ，2n)57co, 55rv'in(弘 ,3n)56co, 55勘（よ 9,r9、n)­

叫如 and 55Mn(d,2pn)56勘．
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The data of cross sections for (d,3n) and (岱，n) reｭ

actions are the values from gamma-ray measurements. 'Ihe 

v.alues from 4,冗;? -countings are about 1. 5 times larger for 

(o(,3n) reaction and 1.2 times larger for (cZ,n) reaction than 

the above values. 

The errors for relative yields are less than こ 5房．

61. Ex:9itation Functions of the (Ag十り、） Reactions (I) 

S. Fukushima, S. Ku.rne, H. Okamura, K. otozai, 

K. Sak皿oto and Y. Yoshizawa 

(Faculty of Science, Osaka University), 

S. Hayashi 

(Labor Research Institute of Osaka) 

In the series of studies on the nuclear reaction by "the 

acもivation methodtt, the reactions between the medium-weight 

nuclei and 区—particles are much interested in. Here the 

excitation functions of the (Ag+d、 )reactions have been measurｭ

ed as the examples. 

Several reports on some of the (Ag+r.ネ、） reacti ons have 
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already appeared in literature, but the authors 1 

mainly to obtain someｷ new daもa of the reactions, 

intention is 

of w呈ch'

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 -particles in past experiments. 

As the exact knowledge of the decay scheme of the product 

nuclei is essential for these researches on the reaction cross-

sections:> these works were carried out under close co-operation 

泣th a decay-scheme researching group. 

The reactions included in the present report are given in 

the follo砥ng table: 

lllAg 
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The conditions of the bombardment and the methods of 

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

ing radio-acti註ties 直11 be given in follo泣ng Part II. 

Targets of the bombardment were the stacked foils of sil-

ver metal, each one of曲ich was 7,~ッ•11 mg/cm2 t呈ck and pasted 
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upon the aluminwn frame for the easiness of handling. 

The 63 1 cyclotron of the Institute for Nuclear Study of 

Tokyo University was mainly used for the acceleration of 

改-particles and the beam, after being passed through the 

analyser-magnet, was collimated by 1 cm x 1 cm graphite slit 

moru~t ed in front of the target stack 。 The beam current was 

received in a Faraday cup and measured by an integrating micro 

ammeter. Activations of the order of 103 micro coulomb were 

done in 5~3 0 min for short-life acti vi ti es and of 5 x 1o3 

micro coulomb in 3 ヘノム hr. for long-life ones. The incident 

energies of the -particles were regulated to either 40 or 

30 腿ev., and the energy at each foil was estimated by the 

existing range vs. energy curves. 

The 凶 cyclotron.of Osaka University was also used for 

certain experiments, where the external target system was used 

and the maximum energy of the ぷーparticles was 23 Mev。 The 

beam current was measured by a recording micro ammeter. 

For calculating the cross sections the adequate acc01.1,.11ts 

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ｭ

ties of In, Cd and 蛯 was needed. Indium was first collected 

on ferric hydroxide from an ammoniacal solution, and 屹 was
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precipitated as chloride ;:i,_nrl Cd as sulphide 7 individually. 

After repeats of each procedure twice or thrice, such efficien-

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

ー・・•...-.. ..... -..........—` • ｷ •-- -——•—• 一—•--···-•一• •- • ----• •一•ー・・•一ー・`-·一•------•ー・．．ー・・••--•• -• -• -. _ -• -----•••一•一•-----··--·•••一i

!soecified elementlchemical v"":i.eld~:.-~土nation coefficient i 
i Specified element| Chemical yield ---------__----• •-•--‘—`.. ---•{ I (%) I In CdA.g 
! ---•一 ··•- ｷ-...... 一...・--·一....●● ｷ • •一・・••.. ·-·一• ---．．＿＿上•ｷ--• •• •—· • •••一．．↓ー9-’ ｀ー• •一•--•一ー••一· •一...一•---- - - -ｷ  •ー· • •• ••• • -•---- -」

In ] 991  /, 1.3x103 、〉 1.3.x103 1 
97. i 1.3.x1o2 --- 1. ox1o3 ! 

i 99 ; 1.0.xltY 2.5.x102-- l 
J ...・.....ー••••.............-............. - .• :.... ~—. ...ー・・・..一••・~バー—~ •一•・ 9--,. - -̀  ---—~ー•一•~ーー・▲ー ········一ー一••--·ー・· •-.... -J l_ 

Cd 

lig 

Samples for acti註ty.m.easurement were either a definite 

quotient of the. solution of !3,.separated precepi tate or a dried 

residue of the solution. 
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62. Excitation Functions of (Ag+(メ )Reactions (II) 

S. Fukushima, S. Kume, H 。 Okamura, K. otozai, 

K. Sakamoto and Y. Yoshiza~氾

(Faculty of Science, Osaka University) 

S. Hayashi 

(Labor Research Institute of Os咄a)

Based upon the conditions described in part I, relative 

excitation fu.nctions have been obtained by measuring the 

characteristic radiations of reaction-products and the absolute 

cross-sections have been calculat ed 直th absolute measurements 

of activities. 

A) Relative excitation functions 

1) 107年（弘，n ）110In; 1の紐（ヴ、，3n)110In; 107岨（心豆叫ー~08In

2.3 Mev 召十from 110rn (66 min) and 3.5 Mev /3-t-Jr.om 108rn 

（瓜0 min) were measured -vvi.th the activated silver foil using 

GM-counter. 1.5 Mev 、デfrom llOmrn and 1. 4 Mev 15 ¥-from 

109m In were separated by an adequate alwninum absorber. Count-

ings with a thick absorber were.suqstracted as[『 -components.

By analysing decay curve, activities of llOrn and 108rn were 

obtained separately. 
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2) 三三n)-1□l-0竺n-;c ·-l叩g（土ふ巴竺J:n: 107一扇ニユ—

108mrn O. 88 Mev o from 1 0 rn In （ム． 9h) and 0.89 Mev ・o from 

l08mrn were measured with scintillation spectrometer. llOmrn 

and l08m1n were measured independently by analysis of the 

decay curve and theｷ interference was negligible 叫th ~on-

separated samples. 

3) 謡Ag(弘，2n叶ー~ Measurements on 0.17.Mev-and 0.24 

Mev ;r of 111rn of the chemically separated In-fraction were 

done after 3 days decay and no interference was.met. 

ム）図Ag((p. ,2n)亨旦二王~ As 這Cd vms the only 

activity observed in the chemically separated In-fraction 

after 3 months decay, the well も匹e 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) 107Ag(C,<,pn)]- 包 Cd-activities was separated im-

mediately after the bombardment and measured 直th a well scinｭ

tillation counter after a while. l09cd coming from the above 

（弘，2n) reaction was corrected. 

6) ~担（い三）106Ag(8.2d); 107紐（弘，よ 2n)泣招

106 Ag and 105抱in the separated 知fraction after several days 

decay were measured t -spectrometrically. • But some error 

r直ght not be avoided o,吐ng to ambiguities included in the 
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present decay scheme. 

B) Absolute values of reaction cross-sections 

1) Absolute measurements of 110rn, llOmin, 108rn, lOSmin 

班th silver foil bC?mbarded at d-ーenergy of 14 Mev (び，n) re-

gion, the conversion electron of 0. 66 Mev 訂 by the use of a 

beta-ray spectrometer. An absolute measurement of llOmin was 

done by.!! -;]'̂coincidence counting vはもh 0.94 and 0_.88 Mev 

cascade gammas. And then absolute value of 110rn could be 

calculated. On the other hand, 108rn/ lOSmrn/ llOrn ratio in 

the target bombarded 直七h 40 Mev d、 was obtained by the Kurieｭ

analysis of the(3 -ray spectrum andｷ the absolute values of 

108ェn and 108mm were thus calculated. 

Through these procedures the absolute cross-sections of 

the reactions, lO? Ag(G人，n)llOin, 110mm, 107 Ag(べ ,3n)l08In,

108mm; 109Ag(ぷ ,3n)llOrn, llOmrn were esti血ted.

2) 加solute measurements of 109Cd The defined geometry 

measurement of 0.088 Mev t of l09cd wasｷ adopted. A strong 

109cd source produced by the l09 Ag(cf,2n)109cd reaction was 

used to aid the measurement of weak (ふ， 2n) and (己，pn) proｭ

ducts. Thus the absolute values of the cross-section of the 

reactions, 107 Ag(cf- ,2n)l09rn; 諏Ag(弘，pn)並Cd were obtained. 

3) 直scellaneous 知pro.ximate yields of l05紐， 106紐 and

111紹 were estimated from the measurements with the GM-counもer
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a.r直じhe a団Jl‘Qぷ;i m.a.t o c]_℃so-c<?ct,inn s were calculated. 

Conclusion 

Absolute measurements were done on the excitation funcｭ

tions of the reactions: l07 Agヽ（弘，n)llOin, llOmin; 107Ag(d, 

2n)l09In; 107 Ag(び,pn)謡Cd; 107 Ag(cメ，Jn)l08rn, 108min; 

109 Ag(d,2n)lllrn, 109 Ag(、:~<,Jn)llOrn., llOmrn. 釦d some in-

formations with the cross-sections of the reactions: l07Ag(謬，

、"'n)l06抱； 107慇（，吠 '2i1)105Ag; 107 Ag(0'、 ,2p )111Ag were 

obtained. 

Several discussions have been given as to the accuracy 

of various measurements and the excitation function obtained. 

63. Ex.citation Function of 1151n(c1,pn)1l 7msn Reaction 

andProd.uctiori of Carrier-free117唸n.

S. Fukushima, S. Kwne, H. Okamura,,K. otozai, 

K. Sakamoto and Y. Yoshizawa 

(Faculty of Science, Osaka University) 

s.. Hayashi 

(Labor Research Institute of Osaka) 
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Y. Koh 

(Faculty of Science, Osaka Municipal University) 

The carrier-free ll7msn necessary for research on decay 

s c h em e i s u s e d t o b e p r o duc e d b y 1 1 4c d ( ・弘 , n ) 11 7ins n r e a c t i o n , 

where other activities such as ll3sn and ll9msn should be 

silnultaneously produced and radiochemically pure ll 7msn can 

not be obtained. 細ong reactions which yield ll7msn in the 

product (In+づ.) reaction has attracted our attention, because 

bombardment of In 直th d、-parti cles of about瓜0 Mev should 

ll?m give no other RI of Sn besides product of ll5rn（芯，pn) Sn 

reaction. However, very little have been kno記 about the 

cross-section of (ぺ，pn) reactions. Here直th, the excitation 

function o:f the above (は，pn) reaction and the corresponding 

thick target yield have been studied in the first place and 

the conditions of the target and method of chemical preparation 

of carrier-free ll ?msn on the other hand. 

1) Measurement of the excitation function 

Indium metal (~10 mg/cm2 thick) electro....:deposited from 

2 the cyanide solution upon silver foil (~25 mg/cm,::.) were 

stacked and used as the target in experiments of measuring 

excitation function. 

Alpha-be印n accelerated to 40 Mev byｷ 63 1 cyclotron of the 
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Institute for Nuclear Study of Tokyo University was used for. 

もhe bombardment. The be皿1 current was measured by an integratｭ

ing microammeter. Activations of the order of 1星micro cou-

lomb were done in about 3 hrs. 正ergies ofこ9!、-parti cles at 

each foils were estimated by the range vs. energy cur--.re. 

The activated foils were dissolved in hot 18 N-sulphuric 

acid and carriers of S..11. and Cd were added. Indi皿 and Sn were 

precipitated from amm.oniacal solution holding-4gand Cd in the 

solution,and then Sn 阿as separated from In and Cd by introducｭ

ing H2S into a 0.5 N-HCl solution. 

Precipitate of Sn was dissolved in HCl and the activity of 

an aliquot of the solu七ion was measured by the well type scinｭ

tillation counter and the reaction cross-secもion was calculated 

泣th adequate considerations. 

The excitation function obtained has a peak of 130 mb in 

the vicinity of 33 Mev. Nuclear reaction yield can be calcuｭ

lated by combining the excitation function 賞Lth the range-

energy data. 

2) Production of the carrier free ll7msn 

For production experiments In metal (lmm thick) deposited 

on the silver plate soldered with indium metal on the water 

cooled copper block was bo血arded by cf,_—beam accelerated to 23 

Mev in t he 砧'cyclotron of Osaka University. No damage of 
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the target was observed 加en bombardment with beam current of 

2 へ,4 ／以 A was continued. 

After a few days cooling of Sb-activities, the activated 

indium was demounted together with silver plate. Indium part 

謳s selectively dissolved by HCl and Sn activity was copre-

cipitated with In(OH)3 by NHムOH, then separated from In by CuS 

collector with H2s in a 0.5 N-HCl solution. Separation from 

the Cu could be achieved by the use of anion exchanger vJith 

HCl medi皿． By elution w土th HN03 the carrier-free 117msn 涸s

obtained. Precautions were made to avoid the formation of 

radio colloid of Sn. 

The 弘一spectrum of the final product indicated the exｭ

pected purity in radio chemical sense. 

As to the reaction yield the experiments are now being 

carried out. 
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紐． Studi es on Radionuclides of Os11吐um 釦d Rhenium 

Nobufusa Saito, Yuji Yokoyama, Hisao Mabuchi, 

Isao Tomi ta and Iwao Matsushima 

(Department of Chen直stry, Faculty of Science, 

University of Tokyo.) 

The study presented here was undertaken 祖th the intent 

of obtaining new and additional information on the radio-

nuclides of rheniu..m., osr心皿 and iridiu..m.. 

The 160-cm synchrocyclotron in もhe Institute for Nuclear 

Study, University of Tokyo was used for bombardment with alpha 

particles, while the JR.'R—1 reactor was utilized f or 丘eutron

irradiation. 

Materials used in tlヰ s investigaもion were metallic 

rhenium, potassium perrhenate, ammoni田n perrhenate, and metalｭ

lie osmium. 

The metallic rhenium and ammonium perrhenate were careｭ

fully purified by conventional process before they were used 

as target materials. 

The target materials used in the cyclotron bombardment 

were metallic rheniutn, potassiwn and a皿1oniur11 perrhenates. 

紅ter bombard.rnent, chemical separations were m且de with 
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some s皿ples. Some of the irradiated perrhenates were dis-

solved in water. To the resulting solution was added iridium 

salt as a carrier, metallic iridium was thm precipitated by 

reduction 砥th formic acid_. 

The rhenium in the filtrate was recovered as sulfide preｭ

ci.pitate.. The separation of osmium 謳s 竿de with separate 

samples. After the addition of osmium carrier and nitric acid, 

the solutions of irradiated perrhenate were subjected to dis-

tillation. Osmium tetroxide was distilled out from the solu-

tions. 

The target materials irradiated with neutrons were anunoｭ

nium perrhenate and osmium.,The irradiated osmiwr1 was fused 

with alkali and then dissolved in nitric acid. To the resultｭ

ing solution 揺s added rhenium carrier. A large fraction of 

OS叫um in the solution was removed by repeated distillation. 

The separation of the rhenium from the os面且m in the 

residual solution was carried out by solvent extraction using 

thiourea and isoamyl alcohol. The rhenium was extracted in 

alcohol layer, while the osmium remained in aqueous phase. 

The results can be summarized as follows: 

a) Inｷ theｷｷ bombardment with alpha particles of 37 -43 

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

was found in the os皿um. fraction separated from 
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potassilun perrhenate target. 

Further experiment is needed, however, to clarify the 

chemical nature of this activity. 

b) The 28-min. activity was not observed in the osmiwn 

fractions from neutron-irradiated metallic osmi皿．

c) 年 activity w.ith a half-life of appr?ximately one 

hour was found in the cyclotron experiment. This 

activity might be identi cal 砥th one-hour rhemium 

nuclide of unkno如 mass number 如ich appears in the 

new Seaborg1 s isotope table. 

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

neutronirradiated rhenium. 

65. Studies on the Hot Atom Chemistry of 

紐senic-76 Using Phenylarsonate 

Shin Suzuki_,'Makoto Saito and,~Yasush i Inoue 

(Research Institute for Iron, Steel and 

Other Metals, Tohoku University, Sendai) 

In order to produce arsenic-76 ha吐ng high specific 
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activity and to investigate the behaviour ofもhe high excited 

recoil arsenic atoms resulting from neutron capture reaction, 

zirconium phenylarsonate, irradiat ed 砥th thermal neutrons 

(1-2 x 1011n/cm2/sec) for two hours, was shaken 直th 0.6 N hyｭ

drochloric acid, and the radioactivity of the residue and 

filtrate were measured separately after filtration. Some reｭ

sults obtained are as follows. 

1) Radioactivity, extracted into hydrochloric acid, was 

about 1 /A C per 10 mg of the irradiated sample and the half 

life of it was approximately accord v¥j_ th that of Arsenic-

76(26.4 hours). 2) Radiochemical purity of it was about 

99.97%. 3) Specific activity, determined 叫th molybdenwn 

6 blue method, is about 1.5 x 10°c/g.ム)Oxidation state of 

the recoil'atom wasｷ seemed to be 捻rvalent state (90尻 or more) 

in the moment of extraction,ｷ but tervalent arsenic wasｷ gradualｭ

ly oxi.dized by函r and after standing for two days it was com— 

pletely turned into quinquevalent state.ｷ 5) • The retention 

謳s a,bout 10% for a sample standing for 11 hours after i rra cli a— 

tion, and was exponentially increased with theｷ elapes of time. 
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66. Retention of紐senic-76 in Ion-exchange Resin 

by Neutron-irradiation of紐senate-loaded Resin 

Hirotoshi Sano, Isao Tomita and Nobufusa Saito 

(Department of Chemistry, Faculty -of Science, 

University of Tokyo; 

J.nstitute of Physical and Chemical Research) 

1-3 In the previous investigations,.,_ j it was found that a 

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

:riched in anion exchange resin phase by the neutron irradiaｭ

tion of o窃acid-loaded anion exchangers.. The enricl皿ent of 

radioactive halogen in the resin phase may be interpreted as 

a result of the reaction of hot-atoms v吐th one of organic 

:radicals formed in the resin. In the case of radioarsenic, 

however, it seems unlikely that such reaction takes place in 

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

than carbon-halogen bond 。 In ~n effort to clarify the retenｭ
tion of組—76 in the resin phase, a series of experiments have 

• been performed as follows. 如ion or cation exchanger, Dowex-1 

x-8 (Cl-fo皿）。r Dm記x-50Wx-8 (H-form) consisting.of 100-200 

mesh beads were dried in an Abderhalden1 s desiccator. Three 

grams of the dried resin was added to 30 ml. of the follov吐ng
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solutions: aqueous arsenate solution, arsenate-tartaric acid 

solution, arsenate-amrnonia solution, arsenate-ammoniumtartra詞

solution, and solutions of arsenic trichloride in various 

media such as absolute ethanol, ethanol-water, petroleu.m. ether, 

6 N hydrochloric acid, etc. In addition, some experiments 

were conducted 泣th a (:lystem contai.ning arsenic trichloride 

輿nd resin. 

The neutron-irradiation of these sarr1ples lasted 2 to 

3 hr. The flux and ma.xi皿11n energy of neutrons produced by 

Be...D reaction were -v 107 n/c店 sec. and へj 7 Mev, respective.ｭ

ly._.ｷ Then, eachｷ irradiated sample was poured into a colwnn. of 

0.8 x LO  cm size. After the solution was passed through the 

叩 column,·the resin was treated successively with 50 ml. of 

ethanol, 50 ml. of 8 N hydrochloric acid, 5o'ml. of 1. 5 闘

hydrochloric acid, and finally vvith 50 ml. of vv-ater. The 

gross が -activities of both the.effluent and the resin were 

measured 直th 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) Radioarsenic is retained in the resin phase with enrichｭ

ment factors of the order of 1o3. (2) In aqueous 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 exch叩ger than in cation exchanger.(l+)'.Ihe 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. 'Ihe 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. To皿ta, J. Chem. Phys. 五，

謡32 (1957). 

2. N. Saito, I. Tomita and M. Furukawa, 11th Meeting of Chem. 

Soc. of Japan (1958). 

3. ｷ N. Saito., H. Sano and R. Shiomi.,2nd Symposium. on Radioｭ

chemistry (Chem. Soc. of Japan) (1958). 
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67. Effect of Cation and Water of Crystallization 

on Retention of Radioarsenic in 

Neutron-irradiated Arsenates 

Nobufusa Saito 邸d Isao Tomi ta 

(Department of Chemistry, Faculty of Science, 

University of Tokyo; 

Institute of Physical and Chemical Research) 

Previously, the present authors studied the effect of irｭ

radiation temperature on the retention of radioarsenic in neuｭ

tron-irradiated sodium arsenate crystals. In order to 

investigate other factors which may. affect the retention, the 

folio泣ng compounds were subjected to neutron irradiation: 

arsenates of sodium, lithium, ammonium, potassium., barium, 

cesium, cobalt and rubidium in anhydrous or hydrated form. 

These salts were irradiated for 2.5 hours at room temperature 

with neutrons produced by Be-D reaction (~107 n/sec.cm::::). 
2 

ばter the end of irradiation each of the irradiated 

samples was stored for one hour at room temperature and then 

dissolved in water containing As (III) carrier. To this soluｭ

tion were added magnesia mixture and a皿1onia water to preci-

pitate ammonium magnesium arsenate. The precipitate was 

-145 -



dissolved in hydrochloric acid and then the prec ipit a ti ori·wa~ 

repeated in the presence of hold-back carrier of As (III). 

Hydrogen peroxide was added to the combined filtrate to oxi.— 

dize As (III). The precipitate formed in the filtrate conｭ

tained radioarsenic which was originally in the valence 

state of III as a result of recoil process. The precipiｭ

tates were dissolved in hydrochloric acid and then diluted 

to 25 ml. '.[he p -activity was measured with a dipping 
counter. Finally, the retention value of radioarsenic was 

calculated on each salt. 

It was found that each salt has its characteristic reｭ

tention value. Even when the salts contain the same kind of 

metal, their retention values are different, depending upon 

the number of meta1ｷatoms or water.of crystallization in 

unit ~olecule. 

It seems that the salt containing much water of crystalｭ

lization has generally low retention value and the anhydride 

has higher retention than the hydrate of the same compound. 

The effect of cation on the retention in the solid 

compound seems rather complex. When the irradiated sample 

was stored for more than one hour at room temperature, -the 

increase in the retention resulted. Such increase seems to 

be commonly observed in irradiated solid arsenates. 
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The irradiationｷ of the s皿pleat low temperatures (for 

instance ー195°c) resulted generally in lower retention,;alues 

than those obtained by irradiation at room temperature. 

It is noticeable that the retention value of sodium 

arsenate (Na2HAs04. 7H20) is exceptionally high in spite of 

high content of the water of crystallization. This value is 

also high as compared with other arsenates containing re-

latively light cations such as lithium, a皿1onium and potas-

sium. In addition, the v叫ue is higher than those of other 

sodium arsenates. 

68. Hot-Atom Chemistry of Bromine 

in Cobalt Complex Salts 

Nobuf u~a Saito, Hirotoshi Sano, and Takeshi Tominaga 

(Department of Chemistry, Faculty of Science., 

University of Tokyo; 

Institute of Physical and Chemical. Res_earch) 

Very little attention has so far been paid to the hotｭ

atom effect of ligand atoms ip metal complex salts. In 
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order to clarify the hot-atom behavior of. radiobromine 

(SOmBr and 82Br). arising • fromｷ (n, 、1)) reaction on bromineｭ

containing compounds, the present authors investigated the 

effect of various ligands on the "ligand yields11 l) of ra di o— 

bromine in cobaltarrlffiine complex salts. 

翫~ -~ Solid complex salts ([Co(NH3)5Br J X2, 

X =Cl,_ N03, et c.; [ Co(NH3)5Y) Br2,3, Y = NH3, Cl, etc.; and 

i.. Co(en)西） Br1.,3, Y = NHy Cl, etc.) were irradiated for 

two to three hours -vvith neutrons (flux 107 n/cm2. sec) which 

Vv~re produced by Be-D reaction and thermalized through para記—
fin. 訟ch salt was dissolved in water after the irradiation, 

and the resulting solution 謳s poured into a colwm of cation 

exchange re sin:, Dowex 50v『 X-8 (hydrogen or potassiu_111 form), 

100-200 mesh. M6sも radi obromine atoms were leached out as 

anions into the effluent, while some fraction remained 直th

the complex cations on the resin. The latter fraction was 

presumed to be combined 直th cobalt as ligand. These radioｭ

bromine atoms in the resin could be extracted through aquaｭ

tion by reflu:xi11g泣th water at elevated temperatu.res. 

Bromide was determined either by the Mohr's method or by 

colorimetric method. 

坦旱坦—- (1) (Co(NH3)否〕朽： More than 80弧 o f

total radiobromine was leached out in 1胆ter v吐th enric比nent
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factors of the order of 10乞 No significant differences were 

observed ainong the ligand yields of the salts containing difｭ

ferent anionic species (X = Cl, Br, N03'1/2 c2o4) except that 

the iodide showed considerably low yield. It is interesting 

to note that [ Co(NH3)5Br J Br2 showed almost the saine yield 

as other salts. Wh_en 〔⑰（NH3)5Br〕乞 adsorbed on the cation 

exchange resin was irradiated, the ligand yield was somewhat 

smaller than those of the corresponding solid sainples, and 

appreciable activity remained in t_he resin even after long reｭ

flm辻ng. The ligand yield dropped nearly to zero in the 

irradiation of aqueous solutions of the salt. 

(2) [Co(NH3) 5YJ Br2,3 : Radiobromine atoms resulting from 

anions were enriched in ligands through replacement by hotｭ

atom effect. Enrichment factors of the radiobromine in 

ligands were 102-1o3. The ligand yield in the form of 

[ Co(NH凸記］ 2+ (obtained through replacement of Y by hot 

bromine, B竺）increased in the folio直ng order: Y = NH3, NCS, 

(F), N02, OH2, ONO, ON02, Cl, I, Br. 

(3) (Co(en)2ら］ Brl,3 :恥richment of radiobromine in ligands 

was also observed 直th these.salts. For [ Co(en)3 J Bry the 

ligand 豆eld was almost zero.. For the other salts, the li-

gand yield increased in the following order: Y::::NH3, NCS, 

Cl, Br. No significant differences were observed between the 

- J.I.:9 -



ligar1d yields of cis-and trans isomers of both [Co(en)2 

信CS)2J Br and r_co(en)2c12J Br. 

Discussion --If the mass of the donor atom in ligand Y J 

and of bromine is, M, M1, respectively, the fraction of the 

maximun1 possible los:::; in the recoiling energy of bro直ne for a 

collision 泣th the donor atom is given by l =晶駁’/(M+MI)2.

For the salts [Co(I¥TH3)5YJ Br2,3 釦d にCo(en)2Y2J Brl,Y the 

ligand yield seems to increase as the value of a'of ligand Y 

increases: the eff土 ci ency of replacement of Y by hot bromine 

depends mainly 0~1. 0 •. It may be presmned that thE: Kinetic proｭ

cesses play an important role in the hot-atom eヂfect of brwine 

in ligands of the complex salts. 

1) Ligand yield is the fraction of total produced activ土ty

retained in ligands of a complex. 
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69. Hot-atom Chemistry of Metallic 

Ammine Complex Salts (III) 

On the Radiosynthesis of 

Chloropentamminecobalt (III) Chloride 

Nagao Ikeda, Kenji Yos呈hara and Shigeru Yamagishi 

(Department of Che1nistry, Faculty of Science, 

Tokyo University of Education and 

Japan Atomic Ehergy Research Institute) 

Introduction 

The application of the chemical effects of the nuclear reｭ

coil toｷ the synthesis of organic labelled compounds is becoming 

familiar in theseｷ few years by the name of 11radiosynthesis11. 

In this report, t ~e authors t!'ied to expand the application of 

radiosynthesis to the inorganic field, 釦d found that about 7% 

of radioactivated chlorine 38c1 was produced in the form of 

ehloropentamminecobalt(III) chloride • [ Co(NI-:I3)538Cl2]Cl when 

hexamminecobalt(III) chloride [ Co(NH辺］ c13 was.irradiated by 

slow neutr9ns. 

坦erimental

Theradiochemical yield of chloropentamminecobalt(III) 

chloride produced in the irradiated hexa皿辻necobalt(III)
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chloride was determined in the following詞y.

The irradiated hexammine salt was dissolved in the 

known volume of water containing the definite amounts (about 

50 mg) of chloropentammine salt as the carrier. 5 直L aliquot 

of the radioactive solution thus obtained 詞s taken for 

counting. To the remainder of the solution, hydrochloric 

acid v茫s added and the acidity of the solution was adjusted 

to 1.5 N. 'Ihe precipiもated chloropent邸mmine salt was then 

centrifuged and 霞shed with 1.5 N hydrochloric acid. The 

precipitate was dissolved in 碑ter, and then was passed 

through the Amberlite-IRAl+OO resin bed (RN03-form, 100 シ 200

mesh, 1 cm ゆ x 7 cm) to eliminate any radioactive chlorine 

in the chloride form, if present in the precipitate. A part 

of the effluent vva.s taken for counting of radioactivity _ and 

for d~t er mina ti on of the amount of chloropentammine salt. 

The specific acti社ty of the separated chloropenta皿立ne salt 

声s then readi謡 calculated. From these data, applying the 

principle of the reverse isotope dilution method, the radioｭ

chemical yield of chloropentammine salt was calculated. 

2+ 
The -exchange betv氾en Cl-and I Co(NH3) f~~- was checked, 

on the other hand, using 38c1 as the tracer. It was revealed 

that the exchange occur only by a very small and negligible 

extent. 
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For the neutron irradiation, the cyclotron at the Physiｭ

cal and Chemical Research Institute and the JRR-1 nuclear reｭ

actor at the Japan Atomic Energy Research Institute were used. 

The radioactivity was measured 泣th the scintillation o,, -ra y 

spectrometer made by Baird-Atornic Co. 

Result 

'Ihe values of radioche直cal yield of chloropenta皿直ne­

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

and 2. 

Table 1. 苅fuen irradiated by the cyclotron. 

(neutron flux: 106 n/cm2. sec) 

Irradiation Deu七eron Radiochemical 
time be祖n yield of 
(hr) 、(!し',A•hr) (%) 

I 1 7 6.5 

II 2 12 6.2 

Table 2 。 ＼妬en irradiated by the reactor. 

(neutron flux: 3 X 10埓／cm2.sec)

Irradiation Radiochemical 
tirlle yield of 
(min) （房）

I 3 6.7 

II 5 7.3 
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Table 2 (Con七ぼ）

Irradiation 
time 
(min) 

Radiochemical 
yield of 
ほ）

I

V

V

 

I

I

 

ー

ー· ••-'- : - ------- -

VI 

7

0

5

 

1

1

 

1

3

2

 

... 7
7

7

 

5.9 

The radiochemical,yield is about 7房for each case in-

dependently on the neutron flux and irradiation time. This 

suggests that radioacti vated chlorine hot-atoms collide in 

the crystal with amm:ine groups and cause replacement of these 

groups by an almost constant probability. 

From the vie即oint of 60co-labellingJ  a few percent of 

60co was produced in the form of [Co(NH,..,),:--Cl] 2+ when hex血—
3 5 

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

8-Hydroxyquinoline 

Hiroshi Ebihara 釦d Kenji Yoshihara 

(Japan Atomic Eねergy Research Institute) 

Preparation of some radioisotopes in a high specific 

activity is studied utilizing the hot atom effects of some 

metal oxinates (8-hydro窃quinolat es). The experimental results 

obtained about manganese, tungsten and calcium oxinates 直11

be given. 

Dehydrated oxinates irradiated in JRR-1 were dissolved in 

an organic solvents.. The. organic solution of manganese or 

tungsten oxinates was shaken v吐th 直chaeli s1 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 aqueous phase was determined colorimetriｭ

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ｭ

immiscible solvent was not found for this oxinate. 如cording­

ly, the n-butylamine solution of the oxinate was passed through 
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a cation exchange col岡in in order to pass n-butyl細line and 

the oxi..nate away, keeping calcium ion in the colwnn. 紅ter

washing the column 砥th distilled water, calcium ion on the 

resin was eluted by 3N-hydrochloric acid. Calcium was preciｭ

pitated as phosphate for the measurement of radioactivity. 

Al though numerous studies had been carried out on the hot 

atom effects of inorganic manganese compounds such as per-

manganates, manganese oxide, 四1d carbonate, that of organic 

manganese compounds was not studied except that of manganese 

chlorophyll. Mang釦ese ion is extracted 砥th an aqueous soluｭ

tion of pH 8,‘ヽ．9, 9, 池ereas the md,nate is kept in the organic 

phase. The experiment showed that about 10房 acti吐ty was 

found in the aqueous. solution after shaking砥th the organicｭ

solution. The total 印nount of manganese was determined by 

the color of permanganate. 'Ihus, the enric血ent factor of 

叫 was obtained. 

There is no report on the hot atom effecも of tungsten. 

Shaking the organic solution of tungsten oxi..nate with an aqueｭ

ous solution of pH 3.0 4.3 results about 30房 acti、rity in the 

aqueous solution shov吐ng the enri c血ent factor of 130 150. 

胆the pH value of the aqueous solution is increased, the exｭ

traction of the oxi.nate into the aqueous phase is decreased 

keeping the partition of the activity almost constant. 
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Accordingly, shaking with an aqueous solution of pH 7 is 

preferable. 

Trials to_ obtain the calcium radioisotope by the hot atom 

effect have not been succeeded by this time. As mentioned 

above,ｷ calcium ion is isolated by an ion-exchanger, showing 

about 8% activity extracted and the enrichment factor of 40''ｷ 

120. 

71. The Chemical Reactions of Recoil Tritium 泣th Water 

F. S. Rowland and T. Kambara 

(The University of Kansas and Shizuoka University) 

Tritium atoms.recoiling from the nuclear reactions 6Li 

(n，弘） 3H and 3He (n;p) 3H undergo chemical reactions while 

still. possessing some of the kinetic energy of nuclear recoil. 

1/llhen reacting with H20, two reactions are possible: 

呼• +H2゜→ HTO + H (1) 

T•• + H炉→ HT + OH (2) 

Reaction (2) is end~ t her mic by 0.3-e.v. and does not take 

place wiもh thermal hydrogen atoms; however, it is an important 
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reaction for recoil triti"w;.1 atoms. 

The competition between reactions (1) and (2) has been 

investigated in aqueous solutions containing Li+ ions, and in 

gas mixtures containing 3He, by irradiating the samples 泣th

thermal neutrons. The analysis has involved measuring the reｭ

lati ve amounts of HT and H'.lDproduced during irradiation. 

The samples were opened on a vacuum line HT 直thdra1/vn with 

4He carrier gas, while the HTO 泣th H20 carrier was held at 

-196ー C in a liquid nitrogen trap. The HT was counted in a 

proportional counter 砥th propane added. The H20 詞s combustｭ

ed to H2 by the zinc combustion method, and its tritium con-

tent determined in the same way. 

Aqueous solutions (pH 1 -ツ-13) 泣th many different di s— 

solved salts present all give HT/HTO ratios of 0.10 こ 0.02.

This ratio measures the competition between reactions (2) and 

(1) in liquid phase. 和ese reactions are unaffected by so:-

lutes, as shov~ by the constant ratio. 

Gas phase measurements have been made with H2o, H2 and 

o2 present, as well as 3He as the tritium source. In these 
systems, two additional reactions occur: 

¥• 
T ＋見→ HT + H (3) 
;r 

T -+ o2 ―► '? -;) HTO (4) 

The ratio HT/HTO represents the competition of reactions (2) 
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and (3) with reactions (1) and （ム）。ApproxLmate values for 

these rates in the gas phase 紅e: k1/k2~20, k1/k3 "5, 

祖;kl~2. 咋ese ratios will change with the energy of the 

recoiling triti皿 atom.

72. The Preparation of Iodine-131 by 

the Use of Fission Recoil Method 

Toshia Nakai, Seishi Yaj証a, Sumi.a Ichiba, 

Muneo Randa and Terutomi Maki 

(Jap竿 Atomic Energy Research Institute) 

When a mixture of uranium dioヰde powder and adequate 

medium of which amounts are sufficiently greater than,that of 

uranium dioYide is irradiated with neutronsj the most portion 

of fission productsｷ are recoiled out ofｷ uranium dio坦de and 

captured by the medium. If the medium is soluble in 霞ter,

fission products can be easily transfered to the aqueous phase, 

and it謳kes the elimination of the troublesome procedure of 

the dissolution of uranium dioxide by the use of nitric acid 

and the follo泣ng complicated purification processes connected 
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直th nitrogen oxide gas evolution. 

五1 ourｷ experimentｷ the pellets of uranium di o.-xide and 

oxalic acid (1:10 in weight ratio) are irradiated in a e.xperiｭ

mental hole of呻—1 reactor for two hours. After 8 days coolｭ

ing, it is treated with 1姐ter and iodine is distilled out of 

the solution by sparging. Since the yield of I-131 depended 

on the sparging conditions such as temperature of air, flow 

rate of air, sparg江g period and concentration of the oxalic 

acid solution, these conditions were studied to obtain the 

opti.mruncondition for the treatment. 

'Ihe chemical yield was determined by a g細皿a-ray spectroｭ

meter comparing peak heights (0.364 Mev. ga.m皿a energy) of the 

spectra of the distillated I-131 and that of I-131 extracted 

from the residual solution by the carbon tetrachloride ex七rac­

ti on method. 

'Ihe optimum cooling period which is required to decay 

I-133 activity to less than 2% of I-]Jl activity was also inｭ

vestigated by experiment and calculation. 

In this experiment, it VIBS shown that about 7じ房 of the 

I-131 can be obtained by the fission recoil method, and the 

subsequent purification process was 皿ch more simplified than 

the previous procedures. 
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73. Electronic'Iheoretical Consideration of 

Organophosphorus Compounds for 

Uranium Extraction Power 

Tomota Nishi and Mi tsuru Asano 

（正gineering Research Institute, Kyoto University) 

'Ihe authors already reported that uranyl and thorium 

坦trate could be exもracted into various trialkylphosphates 

from aqueous nitric acid solution, that the lo虔 er もhe alkyl 

groups of phosphate, the larger the distribution coeffici enも

was, and that the triiso-alkylphosphates extracted nitrate 

more easily than the corresponding trin-alkyl phosphates. 

These effects can be explai,ned by electronic. configuration of 

organophosphorus compom1ds, and thus we can presume the con~ｷ 

figuration of effective extracting agent of uranium. 

Fore平mple, uranyl nitrate is extracted by trialkylphosｭ

phates as a follov-r.ing formula 

UOi NOJ) 2 aq -i- 2(RO) 3PO org -;;_ UOi NOJ足(R0)3Po0rg

and the configuration of compound extracted is 

R _,.. ;::OP(OR)3 
咽斐NO

(RO) po／も 3
3 
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加 li直t formulas of (Ro)3 PO are 三 P = D, 三 P • o, 

= P-t-_ o-, and the higher electron density of oxygen in 三p 0 
group is preferable to get a stable compo1.L.'1d v,i.th uranyl nitｭ

rate. 狛suming that the effect.of steric hindrance of the 

alkyl groups would not be so large, the alkyl group 1nust be 

electron donative, and the longer the alkyl groups are, the 

stronger the electron donative property of aL!(yl groups and 

the higher electron density of oxygen in 三c P O group become. 

'Iherefore the phosphate of long alkyl groups 1A'ill be more efｭ

fective. 'Ihe electron donative property of alkyl group of the 

phosphate will steeply increase 土n the short chain members a~d 

then gradually as the chain length becomes longer. As the 

iso-alkyl group is a stronger electron doner than the n-alkyl, 

もhe tri iso-alkylpho,sphates extract uranium more easily th竿

the correspor直土ng tri n-alkylphosphat,es 。 Indeed, triiso-

propylphosphate extract uranium much better than trin-propylｭ

phosphate. 

'Ihe electron donative effect of the alkyl group of the 

trialkylphosphate is partly screened by -0-bond. Therefore, 

the organophosphorus compound having主 P O group in which 

alkyl groups combine directly to phosphor, i.e. trialkylphosｭ

phine oxide is more effective than the others. The extraction 

power of the compounds will increase in the follo泣ng order: 
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R 
(RO) PO <.I ̀‘ (RO) 2P~, O < 

｀゜
< 可°3 R 

trialkyl dialkylalkyl alky ldialky l tria且cyl
phosphate phosphonate phospbinate phosphine 

oxide 

応ave all, phosphine oxide compound of branched alkyl groups 

w.i.11 have the most excellent extraction power. 

Triphenyl and tricresylphosphate can not extract uranyl 

印d thorium nitrate from aqueous nitric acid solution. This 

would be attributed to the electron attracti vi ty of phenyl 

group and the fewer electron density in o窃gen of =::: P O group. 

In tribenzylphosphate, the electron attractive effect of 

phenyl group is somewhat screened by -CH2-group, but 

this compound could not extract uranyl nitrate at all. 

Tricycrohexylphosphate is presumed to extract uranyl nitｭ

rate from aqueous nitric acid solution more than triiso-pro-

py lphosphate. 

The authors are trying to verify this theory, synthesizｭ

ing many kinds of organophosphorus compounds and measuring the 

extraction power of those compounds. 
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