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Data of Inorganic Solvent Extraction (3)

Summary

Solvent extraction behavior of about fifty chemical elements is studied in the following solvent
extraction systems:

(1) Diethyl Cellosolve-NHNO;, (2) Pentaether~-NH,NO;, (3) Di-isopropyl ketone-

HCl, (4) Hexone-HCl, (5) Hexone-HNO;, (6) Isopropyl ether-HCI.

These systems are surveyed, since they are not covered in the previous publications of “Data
of Inorganic Solvent Extraction (1) and (2)”. The acidity dependence is radiochemically
determined in the above systems. The additional results of “Data of Inorganic Solvent Extrac-
tion (1) and (2)” are also given.

(7) TBP-H:SO, system, (8) 10% (v/o0) Primene JM-T-HNO;, system.
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1. Introduction

Ethylether is well-known to extract uranium from nitrate solution'. The other ethers,
which are useful for extracting uranium and plutonium, have also been reported, such as Pen-
taether and ethers of glycols®®. However, the extractability of only several elements with ethers
has been reported in nitrate system. ‘

In this work, some ethers and ketones are studied radiochemically for the extraction of about
fifty chemical elements from sodium to neptunium. The organic extractant used are Pentaether,
Diethyl Cellosolve, isopropyl ether, di-isopropyl ketone and hexone.

Pentaether and Diethyl Cellosolve are the trivial name of dibutoxytetraethylene glycol and
1, 2-diethoxy ethan, respectively. These extractants are soluble in 3N nitric and hydrochloric
acid, therefore, they have been used at low acidiy together with a salting-out agent like calcium
nitrate or aluminum nitrate®.

Isopropyl ether is well-known to extract iron very well from chloride solution* ®.
tion of indium (III)®, antimony (III) and (V)™ from chloride solution has been also studied.

Di-isopropyl ketone is known to extract protactinium?. The extraction of the other elements
has not been reported.

Hexone is the trivial name of 4-methyl 2-pentanone. The substance has another trivial
name, methyl isobutyl ketone. This has been studied for extraction of some of fission products, the
salting agent being used®. A separation of protactinium by hexone has been also reported®.

In this work, the additional and comprehensive data are obtained in the systems given in
TABLE 1. ‘

Extrac-

TABLe 1 The solvent extraction systems studied
Organic extractant Trivial name Received from Purification Aqueous phase
4-Methyl Methy! isobutyl Kanto Chemical Distillation 1,2,4,6,8,10 and
2-pentanone | ketone or Hexone Co, Inc., Tokyo 114~116.5°C 12N HNGs
1M Al (NOs)asoln.
of 1,2,4,6,8 and
10N HNO;

1,2,4,6 and 8N
HCI

2, 4-Dimethyl Di-isoproy!l ketone K & K Laboratories, | Distillation 1,2,4,6,8 and
pentanone Inc., New York; 123~127°C 1on HCI
Dr. Theodor Schuchardt,
GMBH & Co., Miinchen
1, 2-Dethoxy Diethy! Cellosolve Kanto Chemical Distillation 1,3,6 and 9M
ethan Co., Inc., Tokyo 120~121°C NH.NO,
1IN HNO; soln. of
1,3,6 and 9M
NHNO;
Dibutoxy tetra- Penta Ether Roberts Chemicals the same to those
ethylene glycol Inc. - ‘Cllsei?osgllxlre Diethyl

Isopropy! ether

Koso Chemical Co.
Ltd., Tokyo

Washing with
(1 : 1)H:SO4and
H:O successively

1,2,4,6,8, 10NHCI
0.01~10 NHNO,




2 Data of Inorganic Solvent Extraction (3) JAERI 1106

2. Experimental

2.1 The radioisotopes used
The radioisotopes used were the same with those used in the previous work!0: 11,

2.2 The reagents

The organic extractants used are listed in TABLE 1 together with the details of the extraction
systems studied.

The hydrochloric and nitric acids used were of analytical grade.

2.3 Determination of distribution ratios

The method of determining distribution ratios, Kd, was the same with that described in the
previous paper!®.

The pre-equilibration was carried out for the organic phases.

3. Results

The results obtained are summarized in Figs. 1~6 as the series of graphs of log Kd vs. N
HNO; or N HCl or M NHNO;, where Kd is the distribution ratio determined, N the normality
of acid and M the molarity of ammonium nitrate.

3.1 Diethyl Cellosolve-NH{NO; system

Fig. 1 shows the ammonium nitrate concentration dependence curves of chemical elements in
Diethyl Cellosolve-NHNO; and -NHNO;-1n HNO; systems. It can be seen from Fig. 1 that
most elements are not extracted with Diethyl Cellosolve from ammonium nitrate solution. The
Kd values near one are shown by sulfate, chromate, technetate, palladium and thorium. The
Kd values above one are given by gold, mercury (II) and uranium (VI). However, gold and
palladium seem to be chlorocomplex in solution, since chloride solution of the neutron irradiated
metal was used.

On the other hand, MeTz® determined Kd values of plutonium (IV) and (VI) to be 32.36
and 24.03 respectively at the conditions of 10 NH,NO;-In HNO;. Therefore, Diethyl Cello-
solve is said to be a extractant of mercury, uranium and plutonium from nitric acid solution.

3.2 Pentaether-NH(NOj system

The results obtained are shown in Fig. 2. Most of the elements studied give low Kd value
even at 9v NH,NOs-1n HNO;. Kd values above one are measured for mercury (II), thorium,
protactinium and uranium (VI) at high ammonium nitrate concentration.

3.3 DIPK (Di-isopropyl ketone)-HCI system

The results obtained are summarized in Fig. 3. Gallium, indium and protactinium show very
high Kd value at high hydrochloric acid concentration, as shown in Fig.3. Kd values near one
are given by iron (III), molybdenum and iodine. The other elements studied are not extracted
with DIPK from hydrochloric acid.

The results of protactinium agree very well with the data reported by the other investiga-
tors!% 13,

3.4 Hexone-HCI system
Fig. 4 shows the hydrochloric acidity dependence of Kd values of chemical elements in
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Hexone-HCl system. Behaving similar to DIPK-HCI system, gallium, indium and protactinium
show very high Kd values. Iron (III), molybdenum, selenium (IV) and rhenium are more ex-
tracted with hexone than DIPK. But the extractability of hexone is quite similar to that of
DIPK in hydrochloric acid media, and is similar to that of TBP-HCI system except for scandium,
zirconium and niobium®. ‘

3.5 Hexone-HNO; system

The results obtained are represented in Fig. 5. The salting-out agent used is 1M alminum
nitrate. Technetate, iodine, mercury (II), cerium (IV), protactinium, uranium (VI) and neptunium
(VI) show Kd values near one. METz reported a Kd value of plutonium (IV) at 10M NHNOs-
1m HNO; to be 4.57.

3.6 Isopropyl ether-HCl system

The acidity dependence curves determined are shown in Fig. 6. Iron (III) and gallium (III)
show high Kd value at high acidity, as reported by NACHTRIEB et al4~®. The Kd values deter-
mined are somewhat lower than those reported, as Fig.é shows. This fact seems to be attributed
to the prolonged shaking period of NACHTRIEB et al.t™®.

3.7 Isopropyl ether-HNO; system
The results obtained are shown in TABLE 2. Most of the elements studied are not extracted
with isopropyl ether from nitric acid solution.

TABLE 2 Kd values of elements in Iso-propyl ether-HNO; system

Acidity
Kd value
0.01~2N HNOs 2~5N HNOs >5N HNO;

100~10! 1
10-1~10° Hg(dD I, Hg(1D) Hg(1I)
102~107! I P, Ag, Re, Th, U
10-3~10"2 Zn, Y, U P,Zn, Y, Ag, Re U Zn, Y, Mo, Np(V)
<10-3 P, K Sc, Ni, Cd, K, Sc, Ni, Cd, Mo, K, Sc, Ni, Cd, Cs,

Mo, Ag, Cs, Ba, Cs, Ba, La, Ce(Il], Ba, La, Ce(III, 1V),

La, Ce(IlI, IV), Eu, 1V), Eu, Hf, Np(V) Eu, Hf

Hf, Re, Th, Np(V)

4. Exact Kd values
Exact Kd values are shown in Figs. 7~14.

5. Supplmental and corrected results of “Data of Inorganic Solvent Extraction
(1) and (2)”

5.1 TBP-H,SO, system

The results obtained in the system are shown in Figs. 15 and 16, being added to those in
TBP-HC! and TBP-HNO; systems in the previous report!®.

In cases of iron, tin, platinum and gold, as indicated by dashed line in Fig. 15, the respective
chloride tracer was added to the sulfuric acid media of the system.
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Technetium and rhenium give fairly high Kd values. Octavalent osmium also shows high
values, suggesting high values for octavalent ruthenium.

The Kd values for hafnium, thorium, protactinium and neptunium are taken from the pre-
vious publication!?.

5.2 10% (v/o) Primene JM-T in xylene-HNO; system
The results obtained are shown in Fig.17. The Kd values measured are low in every case
of the chemical elements studied.

5.3 TBP-HCI system
Fig.18 shows the new results obtained. The data given in the previous publication'® are
corrected.

5.4 Kd values in alkylamine-HCIl system
The exact Kd values reported in Fig. 4.1 and 4.3 of the previous publication!'® are plotted
in Fig. 19 and 20. :

6. Applications

6.1 Preparation of 7 U

237 is formed through (v, n) reaction

8-
2380J (ty, n) 237U 5 h s 5 237(J
together with a large amount of fission products.

The isotope 237U is useful as a convenient uranium radioisotope, since it is beta and gamma
emitter. The formed 2¥U in uranium target must be separated from fission products for the use
of radioisotope of uranium.

The results of Fig. 1 shows that Diethyl Cellosolve is useful for the separation of uranium
from fission products. The separation process tried is represented in Fig. 21. The gamma ray
sestrum and decay curve of 27U obtained are shown in Figs. 22 and 23.

6.2 Preparation of #*3Pa
233Pg is produced through (n, 7y) reaction of thorium

232Th (n, v)2*Th B . 233p
(, 7) 22. 4 min. - a
and prepared by separating protactinium from thorium.
The results of DIPK offered a separation method of thorium and protactinium. The sepa-
ration process used is shown in Fig. 24. The decay curve measured is given in Fig. 25.

6.3 Countercurrent seperations

Three separations were performed on the basis of “Data of Inorganic Solvent Extraction (1)
and (2)”. The gradient multistage extraction method®® was applied here to separate zirconium-
niobium and uranium-protactinium-thorium. The used apparatus was a Craig type countercurrent
train with 8 mixing cells, and operated automatically. Five m/ of aqueous solution was shaken
in each equilibrium cell for the given period of time. The experimental conditions are shown
in TABLE 3.

Zirconium and niobium were ascertained by beta ray absorption with aluminum foil. Thorium
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TABLe 3 Countercurrent separations in the gradient method

Substances Org. layer Aq. solutions (the mobil phase) )
to be separated| (8 stages) | 1 2 3 4 5 6 7 8 9 1011 121314151617 1819202022232425206278250
1 T T T 1 T . T T
Zrand Nb  R%GOW/V)TOPO| S Ll H,0 et S SR A :
. 3NHNO; | oy U 0,1%(CO0H): ! Lo !
in CCl, [ P Vo ' I I 1
| I T A I
| | : 1. [ [ [ 1 1
U, Pa and Th |23%(V/O)TBP [ §  rea————mq 85N R e I S '
e GNHCL [HNOs, 35% | IL7n| (08781 | P |
) g | HNOs ! (HNOs PHNOs | HOP 1| !
1 [ 1o 1
Uy Pa and Th | 10%(V/0) § b - - -
Amberlite ] 1N H2504 b 10N HzS04 b 1§ HNO, i
LA-1in CHCly : o (. i

and uranium were determined by gravimetric and colorimetric analysis respectively.
The results are shown in Figs. 26~28.

6.4 Preparation of *™Tc

9mTe js produced through (n, 7) reaction of molybdenum

o 99 B~ gomm. L L.
Mo(n, 7)**Mo-gop——> *"Tegmayr

9mTe js separated from the irradiated ammonium molybdate by use of TBP-sulfuric acid system.
The process, the decay curve and gamma ray spectrum of the ®mTc prepared are shown in
Figs. 29—31.

6.5 Separation of Zr and Nb .

%Nb is separated from °*Zr-Nb mixture by the method of Fig. 32. The beta ray absorp-
tion curve with aluminum foil (Fig. 33) and gamma ray spectrum (Fig. 34) of the obtained **Nb
are given. The latter was measured by use of lithium-drifted germanium radiation counter in
the Reactor Instrumentation Lab. of the JAERI, for that the authors wish to thank Dr. E.
Sakal and Mr. H. YosHIDA.
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Data of Inorganic Solvent Extraction (3)
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Fig. 2

Pentaether-NH,NO, system

Kd
10*

10°

10°

1072

107

107°

a

< 4 5 |- L 4F B

- 4F . - 4} 4 4F 4 .

pp— L - - 4} 4} _ <

T—) ~——] g,

L 4 . - 4+ = 4 p i
Ll 1 — ZE.ZON |||ZE¢ZOu N mzou soln. Lol 1t L1 Ll [ |
¥ Ll T T ¥ o Ll T L] M ¥ M L v I T o T 1 M ‘ T N ¥ 1 T v L]

X 1fca 7 Jise " T LV Cr Mn © |[Fe * Jjco T NI J[u zn  1[Ga  }|Ge  ]|As Se Br

- 4F 4+ 4 4 - - 41 F 4F <4 -4 F - 4k 4F 4k 4} -4\ .

P ===y L A pm— L 4 - o @ = Aavlt - ~ .'\\llllllll - -4 4 - -< - —

—

- - -1 - - r - - - o - - E R - - - - - - -4 -
1 - T i1 12 Jd 1 L L Il L_J Lol F— | 1 i Ll k.
™ T T T ML T T T T T T T ™ T T Y T 1

Rb 1ISr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn ISbh Te 1

= = -4 -4 E 2 - -~ - -~ F 4 F -1 o 41F E R - -+ - -

IR

L 4} 4 4k . o tlllllJ S L. 4+ q b - 41 4+ 4k 4 i | Bp—————,

n | > S| 4 -

o - o g o o o - -+ - —bF T\ o 4 < 4 -4 e
- 41 - -4 b 4 - 4} o ERS - 9 B 4 = - 4K .
L i Lol l L1 1 1 il 14 L e L Y L1 L ' L
T T T T T T T T 7 T T ML \ . NE v T 1 T

Cs ~ ||Ba Hf Ta w Ir Pt Au He Tl b Bi Po At

ﬁ 5 -} -4 - - 3 4 F <4 F LA - 3 B R -~ ¥ p

o o p
- <+ 1tw 2 21 - - - - <4 - h:v - F - - - - - 4 $- -
5 9 < -]

Tllllll - ERES S Ed b - - - - F -4 - -4 F - - - = - b .
I © = @

- p -.Lha.r\l.l - 4+ {}l 4t L it 4 §

o - - -
bl ﬁ i ! L L L1 1 1 1 | - It L . . L L 1 Ll
v T T T T
Fr - MNN - - -
- - b <L
HEER:
- B R d - ﬁl £ 1
2 g2
- -1 < & "
1 1 Ll L1
T T T 1 =T T T T - T LA | T LZRE § T T T 1 1
La Ce IPr Nd Pm ISm Eu Gd Tb Dy Ho [Er Tm Yb Lu
4F - 4F 4F 5 45 4 F 4F 4F 4t 4F B

- “ uﬁE.ZT - -4 4 - - - 43 4+ - = Sk -3 - e [~ -1

“\|\|\|\1 vm o 4F 4+ L — i - & - 4 5 S 4+ F\

= -4 IAE% v - -4 pu N o |- -4 = - -~ - - - - - - -4 b - o h
Ll [t [ ) [ 2 L_i Ll 1 Ll 1 1 il bl 1
T T M T T 7 T LI LA T T T T T —T Y T T T T

c A{{Th Pa i [Am  {[Cm = |Bk ] ﬁOm 1IEs Fm ~ J{Md ~ JINo ! 1T 7]
-
. - 1\\“ l\\\\ - - 45 4 & 4+ 4+ - 44 4% L - | .
L

- - 1\ b B od -4 - 4 4 E R -4 - 4 4 - -

- 4F - - - Ll d 4F < - - “4F 4 F s - 1 1
bk 1 11 1 ool il Ll A Ll 1 Ll F— 1 0 3 6 9




JAERI 1106

Data of Inorganic Solvent Extracticn (3)

Fig.3 DIPK-HCI system

*1 by Gorpen and Mappoch'®
*2 by GosLE et al.'?
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Fig. 4 MIBK-HCI system
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10

Fig.5 MIBK-HNO, system -
Na = |[Mg ~ N | ST R | R )

- 1t h *1 GreEnDENIN ef al. Ce** HNO, system!* B 1r b ..\h I~ 1r ]
1\’ 1 *2 Koot HNQ, system!® B ar 10 a1 Pl
- . W ’ ,\.H i .

I 1 ] —— HNO; ———HNO; 1MA1(NO;), 11 1 _4 L1 L1 L
INi  ||cu ' Zn ' |[Ga T Ge As Se

| Ru'* || JL 4l 44 4t 4+ 4 4 ==
—om—— \‘
I\Ll ar T l‘l'l\\\\ - l\\\ 1 |1 \-.l!ls B ar r r T
- 4k 4} 4+ 44} 4+ 4F 4+ .
[ L1 Lo Ll L1 11 L1 4 11 Ll L1 JE| J 1 JE| 1o TR
4R T T2 LI T T T L 1 T REELI LI § 1 T
OW!*llWWJ]l..~E-AIm lm..m. IS\ lle J..Ow |1Hn. ].WUﬁ ll}ﬂ llIW I‘H,_ IWUW JW~ IWUO thﬁ B
= w»
L 4+ A.Mmm.r 4} —HF 1} <+ -4 b T 1./]1 4 4} 41 Bl B
= l...numm.l\\\\ll 4 4L 41 A po 4 ll$m|+ll 1+ - i -4 4k .
" ] mmm s - A [tungstate — Tl —_—
4k 314 p 4L po lf ¢ dF 4+ 4} 4 L 4k 4k 4L 4 - 41
ﬁ\_u | 11 L1 L Lt Ll 11 11 - (- 1) 1 JE 1l 1 11
W] T LB
(Fr ~ JRa ~ {| -
o 2
- 4+ b= = E4
.mnm
- 4} ivc.mh.u.
< Q@ o
Ll | ) |
T T Kd
T T M ] ¥ T L\ MR LER. T T
Lu
JiEe  JJ6d - J{To - 1Py - ffHo © JEr - {JTm - fivb [ i1+ 102
4+ 4k dF 4t 4+ 4} 4k 4 4 4
< ot -~ F - = -1+ -“1F -~ F -1 - B IHOO
— ] 1"
4F 4F - - qt N JF 4 4V . i -
] L1 1t [} L1 L1 L [ [ [ B 10
T LI T T T L LS T 7 [ L LR LIS
JiAm  JCm 4k {1k Jb JL 4k dk 4 F 104
r r Ir ar 1r r r ar 7 ] ! ]
ar 1 1r 1r 1r ar 1r nin ar 10 4 8 12
i Ar - - o | s | s | s | . N HNO,
1. | - | 1 L1 bl 1 L1 11 J




11

JAERI 1106

Fig. é
*1

Isopropyl ether-HCl system
by Nacutries and FryxerL®, (Fe]<<3x10-*um at 25°C

[Na 4 Mg i #2 by Nacurries and FryxeLr®, (Ga)=10-*m at 20°C L& ' Mw ' .ﬁ_ ' -m_ ' .OM '
- i1t L +3 by Neuwow and Dramonp'®’, **Mo tracer at 25°C s 4} L - 4F
- it 1 *4 by Scawerrzer and Storms''?, '#'Sb tracer at 30°C o 1r - o 1t
- ir k +5 by Epwarps and VoieT”’, room temp - 1r - 0 1
] 1 6 by Danon and ZamiTH'® B 1r B - 1r
. Al — ) IV J— | 1
T AL 11 T

Rl I PERCEE CEE VAR I CEE TR IR I SR Co  tzn T1Fce T Jfas T fse T dfBr
b 1r 4 F 4Fr 4% 4F <4 F -~ <4 4 - F 4 F B 4F o o 4+
o 4 4 4dF 4 jn [ SOSR— S*1 +4 J.I\l..lln JF e -
S N Lol [ J i 1 11 1 1 JE 1 L1 1) - Jo 1 1 [
Rb 'mm_,ﬁ_*.Nq_l.zﬁvq.zo_feod-.xcfmm_-.&_fﬁ_-omﬂ-;__-mm_ [+« Jfre T {17
ﬁ 1 1t 1 1 1 [molybdate| { r 1C 1r 1 1r 1r il 2 i r
- -4 = 4Fr E 1 “r -~ I 4 bl —r 4 - 41 - P 4+ - = <
- 4 4 4} ...\l’nl\wnl 4F 4k 4 4F 4 1l 4 llm.gll ll\
- 4 J— | ar 1t 1 | 1 1k 1F 1 1t *5 - 1k
[ 1 A Ll Lt 1 L1 1 i [ L1 1 11 1 1 L L
nm<,mw.1e...mm.,hw_,.éﬂ,-w.@.,om_.R.--wm_L?_ mg - 10 " 1fee - BT~ 1les  1fac |
- 4k <P =2 1 4F 1t 4 <4 -+ b4 1t 41F 1 4 - - 4
[ 1k -...m.mm., 1t 11 wngstate] | 1L 1L 1 l—1r 1E 1C i it
u A 1t =5 5 S1F: it b 4 4} 1t —1r 4t 4t 1+ 4+ + Lot
- 14 1r 1r 1r 1t . 1r 1r 1 1k 1k i 1K Po(IV){}
f ) 1 1 Y L Ll i PR 4 1 1 1 I 1 L i
1.1~..1.Ww.11 i
o 110 1 o &
L =i
-t qpeEs
1 | — 1

T T Kd
-E.lhm_-,?-izhwd.mw_l.mh:_-ﬁmr_l-om_--?_-.ow_,.mo_-,mnﬁl.ard,krﬂ-E_l| 10
- < 4+ 1t 1r 1+ - 1r "1r ar 1l 1r 1F 1r o .
- 4F 4+ 1F 41t -4+ 4F 1+ 4 4+ 4 4% 4 4 » 4 F —102
- 4 -~ Eld ERa 4+ 1 4F 4 F 4 F C1r 41t 4 4 - .
" 4L 3+ b it 1 1k B 4} 1L 1L 1L 1L 1L 1 J10°
13 Ll L1 1 L1 | 1 L i [ L1 [ ) !
T T T T T 7 T T T . lu.oln
A A 0 A el T Jfam T Jjem Bk )t [Es ~ {[Fm  {fmMd  {|No i ]
- 4F 4 41F 1r —4F 1F 1r i 1r 1r 1F 1ir 4t B 41 L <107
S S | SV | SRR | | | | A S| A | | S S | A | N [ S
i 11— JLuoz* i il 4L ItL 1t 1L 1l i 1k i o 4 8 12
_b_-. T. ||_||»\.x L Ll i L L L1 [ L1 L1 X N HCI1




12

value

Kd

10?

10t

10°

107

107

107

10

Data of Inorgauic Solvent Extraction (3)

JAERI 1106

A
O Au © A 0Au on
10!
oU
o ng+ )
oHg®" oU
oHg"" ngo+
oS 10°
oU
oS
oCr oPd oPd Tho
Op4 c 8(1—;‘d
oLr 0 S_1nt
oU,Os 86s gCi 10
oCr
Re
o
W, Pt8 s OPt ThBRe Pto
€ ow OPt Ry, Zro
I NigR“'Na . C8>Ru, Ta Ruo Re,Sco
' Re "8se olr
Se,Irg Ta{10?
OTec, P A s
ARQT 1.8ThS vo . Bse, s Ny OBr
Mn °B7r "NP8K Te, W Cu@w
NbOM0 Br8Sc Ba,Br,AgSCd’ 7r Nb. Lu 8Tc
S,Br,In Ph,Np N OPb,K, Np, Pa Inopy l,i’a Ba
T}ECI’Pg ci Cang Lu8p, Ag I;QG;b 5
¢, PmBk 8mc Cuy, Ce F&tEw. , La
Cd,Cu Mo,Lu,CIO Cog N, e Eu Naghye
Zngce EuO© Mn, Ni, Pm MnNbEu TbCeCdBsv- 10
Lu®Ga, Eu O Hf Y Sr,Mo—5()
La,Cs8, 0 v cha,cs 8Tb Mn8s
3*RpO Y, Tb oCl Ca
: 'RbOSr RbSLa,Zn Pm,FeHORb CO/BP
Ca0 oCo Sr,GaoLa PmBRb
) o
an,Fe“ Ni OCs
HfBBa OCa 0Zn- 10
oY Zn8 NiO
OCo P,Ca
I 95" 1 Cse
1.0 3.0 6.0 9.0
M NH(NO;

Fig.7 Kd values in Diethyl-NH,NO, system



13

JAERI 1106
0 Au
10
oAu 0Au
0A
oAu, Hg2+ OH:“ OHg?*
oHg?* oU
10' oU HgHO — 10!
ol
o0 Th oTh
100} q10°
oCr, Pa U8Cr oCr oPd
oo P 8C" oPd
oTc Pd R Te Te oCr
USre pa W§Re e oRe
o oPa W
ONj (] o Te
_ w 3
107 w 1107
g - ocl oRe 10l
2 ° Pto
> Nigp, oPt o b g0s
00s,Mo, S (;As Ru, Se Os Ru, Se, Ni Ongu. Se, Mo Zr%ﬂu
Irg. o g b Pa, Mo PO
9 Ry, Aggp Zr’AggP,Cl,Ir oAglr, Sc " gSeCu
102 gAe OoBr ZrQ Mo, Ir -z
o0k oBr Sc g Pa8p, PbOy 10
ThBr§ -~ Cl ocCl Ko oNp, S Ne Kb R
SNaBJ, o Hfo Pa, Ag L.
2: 8% or o Fe™ y'TaTh
0Cy,Sc K,NpQ Ba,Na,Nb TagBa Th,Lu 8Ba,Cd,K,In,N1.C0 ;Et
e8P F'K  CoEssH o Nﬂogmgu ey BB Ta KMo
e i, cmifel  phgom eenfn o g
10° [ EofB py 14 Ga OPb,La, Ta, Th PhiInLsg o CoLa a2 ] 1
g ce SLs o7 csBmsnm  LaZrBEL
CSO—Lu.Sr Cs Sy Cs,Fe,PmBG, C:ng
Tagan °Pm,Ca 0Ga o Sr
Rb
o Ca
e lo) - -4
10 ORb Sr 0Ca ocdl?
OHf,Sr O Rb
’ O Mn ORb
oPm O Rb
oMn
OMn
e L . . l
0 1.0 3.0 6.0 9,0

M NH.NO; in HNO;

Fig.8 Kd values in Diethyl Cellosolve-NH,NO;-1n HNO; system



14

10*

10*

10°

107

Kd value

107

107

107

Data of Inorganic Solvent Extraction (3)

JAERI 1106

oy
oTh
oHg®" 2+
oHg 8}lljg 24 cyHg2+
oPa
ol
Th
ol 18—V 18
oPa
©Re oRe 7
°Te Tco E.fr{g 'I‘c§\r
ol Re
OR
P oZr “
oMo OorFa ORU QMO
o oRuy Zr
R Zr Tho
US_Ag OAg oAg oAg
oPa Lu EugTb
o Mo Nt oCean
o Eu La,Np—o
oMo Ce'’Cy,ScQ Nb. Fe
8Tb OTb 5+ Brg '
Nb 1+ 9 Cu, Np cd
Ced* Ce Lu o]
Nb, Cug ~© Nb La  HESrE
0SCu K ,, Eu gTb,K,Br CaN 5;‘ Ce'THf,Fe,Br EGZ’K
Ce“,Na og gh,Br Ce, N; Np5+ ' ﬂ;\l. 8C K Nio '
u La 1
C58Np5+ Hf'Ei’SfECd,Fe oga
s o
L&M"’gegﬁ? ' 86a so o Mn,Cs
°8Ga L 8Mn Mn 85T
Nio 4+ oSr
o0Ce ,Ly,Sr oS
oY
OHf
| 1 1 )
1 3 6 9
M NH4NO;

Fig.? Kd values in Pentaether-NH,NO, system




JAERI 1106

oTh
102 -
24
o Hg ° ng+
oHg** oPa
Hg 2t
Th8 .
I o
o
oRe ol © oU
10} op o LRe
oRe USI:»a
oU
ORe
oTe Reo
©Te °Te Tc ’
Th,Mo o Mo 8 Ry, Te, Mog 7
% 10 oMo o Mo oPa
3 o Ru OAgU
Z
. olU oRu OZr
a OR o
OAg o Pa Ago u Ru
OAg A
oPa OAg
10 oTh 0Zr HE b o -
oBr La B, B NPLV)
©Nb 7 ngl Ce”Y'Eroc &t Se
Z ro
K8cs,cl K@ Nb,Cl o N L ThNe(VIgZ 2N, Cett L, Cu W §—CuCl
oS (,:d Cs Cd Cd Cs,Cu Eu Sc,Cd. Ce 4+ g‘Fe
OTh, Na 5,Nag Th, Np §Na Ce™Hf Mn Cs,Na CdK
’ ! Fe, Y o
o ErSC BrgCu ™, ﬁu(%c) Fe, Lu_’8———Ce“La,Ni SSNi Men ::H,Cs
L 1.20 .
Mn, Th, Fe, N1 Sr, Fe, Ni YO G Gagsx
L Sr, Sc,Eu Sc.EuHf, La, 0Ga Sr8 2
“8cetcela Ce'*Ga o
Y | ] ?
oY
0 1 3 6 9
M NH.NO,

Fig. 10 Kd values in Petaether-NH.NO;-1 8 HNO, system



16 Data of Inorganic Solvent Extraction (3) JAERI 1106
0Au OAu
oAu
0 Au
Au8Ga 0 Ga
[e] Ga O Pa
10 | OPa 0Ga
OIn
oPa
oln
oln
N
10 ol
o1 ol
ol
oFe oFe 8 Fe Mo, Fe ©
O1n ol
© Mo Nb o
o Pt Pt,Iro
oPt 0 Pt,Ir AT
10°+ olr IroPt Ga OPt,Ir Mo,Ir0
TcO oBr
oRe gRe oRe ORe Re@, .
., OFe Cr® Tchr“
+ Br
Cr6+8 Crét
c gln M ch r'o
gCr Re, Tc o oBr
Te O Hf
Pl oPe oMb Ny(v)o
S
<2 rFe o2 ovU
In O Br cdo
Cu g Ne(V)
C1,Mo oCl oCl C18Cu
oNb Nb oCl Cd 2 ORu
107 8Pa,Zn B Pa,Zn Z"8nNp 0 Zn, Cu U8 2znzr Zno
ClONaL,Mo ONa ONa Np(V) 8 Na O Na, Ru ONa
O Ruy, Cd
Ru SBr '}Iz‘o NboO oP
u
R“%Ba Np(V)§Eu cd £, 8 THUVD Eug T> ™
gTh U(Vv1) Pdg\cem) Pd8p
u Np(V) otV oPd Bao ThSO .
Np(V) Nl, Cd a Hf '~ 0Co
10 S 8k p K 3:1%1 L Ce(mf,gx Co Ba,Ko
S
§B“’Cd pSNiS Co,s,Hf 8 B2 CelIo
op OHf oy < N;
oCu, Hf Ni8Zr oM
¥ 0 Co .
7:8 oCe(1) oM
107 c 0ZrY oY
L. 8% “°8ca Lu ) 9 Ca,Lu 0CaLu Ca§H LuBca
. r
NlBCo,Ce(HI)
Mnacs 0 Cs, Mn 0 Cs,Mn O Cs,Mn 0 Cs,Mn CsMn ©
oLa o8¢ oLa ola oLa olLa
10 ThSco o Th,Sc 0 Th,Sc oTh,Sc oSc o Sc
?Sr 9 Sr ?Sr ?Sr ?Sr Sr?
1 2 4 6 8 10
n HCI

Fig. 1

Kd values in DIPK-HCI system



JAERI 1106

10
0GCe $Ga
A N\
ofu 0 Ga- .
10* | N
oAu +QPaIn
OAu In 3: Se 8Au
@ Mo
10' oGa oMo R
R ol
e8
oRe oRe Fe ReeFe
oMo
o Se'*
w0k oCr, Pt Fe8Cr, Pt oCr, Pt Pt8 Cr
O Te
Oln
Fe Te OIr,:‘I'f o 1
3 Ir olr gse u(vI)
= 107 k- I, Ga oTe Pa osglr
> 0Zn,1 Np, Zn
N o7Zn ONp,Cd Ru'to B
oBr
41+0 0s. B
100s,, LMeBo, = Ru' 8°%°F Cu8Nb
R Ru~§Se
Srggf HBca o Hf o Hf
10" | Rb@ Nb "ONp(V) oNb oZr b
Cd ONb u o o
Br o Rb, Sr
Mo Sr SrgU Ry Mn Pd
£ oK al Eu Ba K, Ni
2% ol bee o 65
deK N (V) Cl Tb o CO,Lu
Th p Cu Pa S
o Ci P Pd Q¢ 3+ oTb
1% gPa  ZnUBNa Mn o Ce’*
p .QCo Sc
o OTh, Pd N:Q:Zr N BTh
. i
C0§Nl o Na O lic OPm
Tb S¢,C m o
ch Zr,Co ae Lu Th N
oy oS o v
(o]
10*F Ug\Pm MY ng Y .
n
Ca Lu,Ni 0Ca,Lu oCa O0Ca ?Y,Ca
Cu 3+
ngce CseTa CseTa Cs8Ta $Ta
La© Mn,Ta Ola OlLa Ola ¢La
] 1 1 1
1 2 4 6 8
N HCI

Fig.12 Kd values in Hexone-HCl system



18

Data of Inorganic Solvent Extraction (8)

JAERI 1106

10°

107

Kd value
S

107 -

Z

107

Fig.13 Kd values in Hexone-HNO, system

TIE] i ' ' '
oHé+ ol ol ol
c:Hé+ ol b T
o HgZ+
24 ou
oU,Hg o U(VI)
- Teg oTe oU,Te oTe 0“82+ P U
¢ a
Pt Cr eRe ORe o {Ec Tc%ga SEI%” He
8 t OPt obt pL@Re Pd, Pt T
Re ~ oy(vi Pa,Pd Pd """ oCe*tCr,Re 1° Pd
Vi) oPd . oCett oZr CrPCe'iRe
oCe oHf
oPd oir
~  Pdo Pagw oW oW N ow
PO
oW ow oZr I Ir, Po ir,p§ " - P
gy Iro olr Ird pRT ' oBr
Ir oCr oCe'fCr g, Cr8NP(V) SR, 1
Nb Ca8Np Nb gCl oNb K,Rb s
oNb  ©ONb op ' gK Cs o "y
- oPa ONa Ru, SBI. Tl Ru
B 3 u, Sc !
Moo ol 'ng” NaéHf K Cs c Ph Ru ggu g To Iiz,[?u
Lao obr Rb EuS M0 Co,Cd g 22y "Co, & Fe,Cé*Mn,La
OsOM Eb (ée‘élP E“’ %l}x\&o Eu. E 0 EILCOMH Zn, FQAT:;OS ﬂvYTh Ag,0s, ¢
[+ WLry a, 34
hg}é'TZ OD u: . 0-"Ni, Cs c:l ' F%‘i“cu&?ia a\ga ;c(ff’N'
e Th,CnBa g Co E?Béi llsln ag e e 20 Le, PmBse " Sr
Ed Kgsc ﬁ La OTi!tY, Ba oBa T B-.
a, Bad
PBCe-' Npt* Zn.CSr SCe'*S St h [n
Ni a Yo
GBSCI. Na OS'L‘)TA OTb Ta OGa» In.Tﬂ.
GIBCd Cu! TB. 81“
)(V)vN Sp Rb o et In8y ) e3Mn, Cu
14 A
Hiacd R 8 pm In oTl
o ' °¥,,+ oPm,Ca 0 Ga 0Ga
Ce*$Sc 8 Th, n
oFe Hf e
OSr
| ] | 1 1
1 2 4 6 8 10 12
N HNO,



JAERI 1106 19
T 1 1 I I 1
Ol o (o] § o ol ol
10°f ! ! =
ou ou
]
ou. o ou
oU
OPa OPa OPa
10°% o
T Pa
oTec ofe Tc8 oTe
®owm
OPa z
ocr olif oiif
0—! - -
! Cre OZr OHf OBr
Pa R
ORu Cr&™ ORu oRu B
x"SRu Cl
Ru
oZr OHf oNb ONb Cs\ng,K
| ONb Br AggGl AeBRy,
oNp ONb ohg Ag8 K.Na
102k Na.B Cs,K.@Na, Mo a %c Mo Cu Sc,Mo ~
o c Mo, Cuo mer Cu’CI Rb Th
= OLu ger M Sc Cr ORb In, Zn Lu
3 oMo 0" Cl Mnll,“ Fe Ce Ni
- OAg K N Co,Cd, Ce Luzln L gre ce, Cd,C gCe” Cr,Co,Eu
N Cs,Na Cl, Mn C gg Ce®*,In TbBFe™" 28
ClH TbEu L 0 Fe ' EuylLaY 1+
o us VL8 ‘8c. o Bets, N .8Ca
w0t La ‘B B, LG, o8 0B : -
ONi
In, Zn@Cd Eu OLa,, BaO oSr
Lu oCe't
o1 S oSr oSr
Coggb OSr osr
€ .
OBa ONi
0Ga
~- Ce!*  ONi .
10 Sr8 e i
GaBMn OGa 0Ga 0Ga
N‘BBr
OBa
) ] 1 ] 1 1
1 2 4 6 8 10 12

Fig. 14

N HNO; (1M Al (NOs)s)

Kd values in Hexone-HNO;-1 M AI(NO,), system



JAERI 1106

Data of Inorganic Solvent Extraction (3)

20

Fig. 15 10035 TBP-H,SO, system
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Fig. 17 Primene JM-T-HNO, system
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