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RADIOCHEMICAL SEPARATIONS BY RETENTION ON IONIC
PRECIPITATE ADSORPTION TESTS ON 11 MATERIALS

F. GIrARDI, R. PIETRA, E. SABBIONI

Chemistry Department, Joint Nuclear Research Center, Ispra Establishment,
Varese (Italy)

(Received December 15, 1969)

The retention of different radio-ions on columns of eleven ionic precipitates from
different acid media was studied, in view of possible applications for radiochemical
separations. The results of about 2,000 adsorption experiments, carried out in a
standardized way, are presented schematically in periodic tables.

Introduction

Inorganic ion exchangers have been applied for a long time in the nuclear
energy field particularly when their outstanding resistance to high temperatures
and high radiation doses made them preferable to organic ion exchangers (separa-
tion of fission products from spent fuel elements, deionization of reactor cooling
water at high temperature). Many materials have been developed for such
uses.1? They have seldom been used for radiochemical separations applied to
neutron activation analysis, despite the fact that a high selectivity for a few ions
was often demonstrated.

In a few preceding works®~® we showed that the retention behaviour of many
inorganic materials, not usually employed as ion exchangers, was interesting
enough for many practical applications in destructive activation analysis.

Indeed, inorganic materials, not especially prepared as ion exchangers, can
react with a solution containing trace ions with a number of possible reaction
mechanisms, such as isotopic exchange, redox reactions, precipitation, formation
of mixed crystals by recrystallization, and, of course, ion exchange. All these
mechanisms can contribute to a different extent to the retention of different
ions on a column of that material in an adsorption-elution experiment.

Often it is difficult to clarify the actual retention mechanisms and des-
cribe them with comprehensive chemical laws; and the possibility of extra-
polating the behaviour of ionic precipitates to different experimental conditions
can be greatly hindered by the intervention of different reaction mechanisms in
different media and different concentrations.
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This does not prevent, however, the analyst from taking advantage of the
unusual retention properties of many ionic precipitates, if the experimental
conditions are kept as close to the original ones as possible.

When a wanted chemical separation is still feasible under standardized working
conditions (the large variety of ionic precipitates which can be used compensate
for the limitations in the experimental conditions), then the drawback turns out
to be an advantage, as the materials and columns can be prepared in advance
and kept as stock items, and the execution can be left to less specialized personnel.
The construction of automated machines can also be greatly simplified.

Recently about 3,000 adsorption-elution cycles were carried out in a standard-
ized way over different ionic precipitates from various media for a preliminary
screening of possible useful materials for radiochemical separations.’

Here we report schematically the results obtained on nine inorganic materials
which were retained as potentially useful after the screening tests. The results
obtained with organic cation and anion exchange resins are aiso reported.

Possible analytical applications can be inferred from the behaviour of different
ions in each couple column/medium and methods by which the task of developing
chemical separation schemes based on the data reported here is greatly simplified,
will soon be published.

The experiments were carried out with radioactive tracers which were obtained
by neutron activation in a nuclear reactor, with irradiation times ranging from
minutes to three weeks, depending on the half-life of the radionuclides. The
amount of tracer used was that required to obtain a reasonable counting rafe
on a y-spectrometer, by counting the column or the eluted solution. In this way
the actuval carrier concentration varies greatly from one radiotracer to another
depending mainly on its activation cross section. While this is certainly a draw-
back in understanding the reaction mechanisms, in the practical analytical use
it can be considered an advantage, as a relatively close simulation of a destructive
activation analysis 18 thus obtained.

The application of the reported results to actual separation cases is, of course,
not entirely straightforward.

The retention capacity of inorganic ion exchangers or ionic precipitates, in
general, are lower than those of the organic exchangers, and moreover they vary
considerably from ion to ion. For example, the retention capacity of hydrated
antimony pentoxide for the alkaline ions in 0.1 HNO; (in milliequivalents
per gram) has the following values: Na*: 2.61,K*: 1.7, Rb+: 145, Cs*:
0.15.%

As a consequence, ions for which the material has a low retention capacity
can exhibit a different behaviour for different ion concentrations. Also ions
present in extremely low concentrations or in a carrier-free state can frequently
show unusual retentions or long elution ‘tails’. The addition of 50—100 ug of
carrier when elution is wanted is a recommended practice to avoid both difficulties.

Elements present in large concentrations (matrix elements) can also alter the
behaviour of the exchanger, as it happens with organic exchangers.
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Even with these limitations, we found that the behaviour indicated in the
tables is very often exactly respected in many practical applications for activation
analysis, where ion concentrations are often rather small.

This report is far from an exhaustive study of analytical applications of ionic
precipitates, and indeed it is little more than an introduction to that study.
However, the possibility of applying directly the data as they are presented here
to the development of separation schemes, has convinced us that the presentation
of these results was worth while.

The data presented here are not correlated with each other enough to make
the detection of possible mistakes easy. The number of data is also high enough
to make possible and even probable the occurrence of such mistakes, even if
most of the experiments were repeated at least twice. We shall be grateful to
those, who will inform us of such errors.

Experimental

The ionic precipitates proposed here as potentially useful for radiochemical
separations are mostly of commercial origin. Many of them were previously
known to exhibit ion exchange properties. Others had been studied by us for
some special radiochemical applications.

Data on Dowex 1 and Dowex 50 are also reported, which were obtained both
in view of their possible use together with inorganic exchangers, and as control
data for anion and cation exchange in the study of reaction mechanisms.

The materials were used as received from the manufacturer eventually after
sieving to eliminate finer particles to improve the elution flow-rate.

The radioactive tracers (except ?Na and **Mn, which were of commercial
origin), were prepared by neutron activation of the stable elements, in form of
solid salts, in the Ispra 1 reactor. The irradiation times ranged from a few minutes
eto sveral weeks, depending on the activation cross section and the half-life of
the radionuclide formed. The irradiated salts were then dissolved and stored,
generally as a 1M HCI solution.

The solutions for the adsorption step were prepared by taking aliquots from the
mother solution (generally 10— 100 /) and diluting them to 30— 50 ml with the
required acid. From this second stock 5 ml fractions were taken for each tracer
experiment.

The tracer used, and the approximate final carrier concentrations, are reported
in Table 1.

The tracer experiments were carried out in the following way: disposable
polyethylene columns, prepared by VEMOR (Monvalle, Varese, Italy) (Fig. 1)
were used (internal diameter 7 mm). They include a 15 ml reservoir, and
can be easily stacked one on top of the other when a series of column is needed.

The columns were prepared by putting a quartz wool plug (or a Teflon wool
plug for the tracer experiments in HF) at the bottom, and filling the column
with the exchanger up to a 3 cm level.

10%* J. Radioanal. Chem. 5 (1970)
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Table 1
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Radiotracer used, valence states, and carrier concentrations

\

Radiotracer Concentration, Radiotracer Concentration,
uglem® 1 uglem?®

1BF(—I) 0.02 110m A o(T) 1 0.02
22Na(I) 0.02 5CA(IT) 5
AI(IID) 1 nama (A1) 0.06
27Mg(1I) 1 urmgn(4-) 10—40
32P(V) 0.02 1248h(+) 0.05
3BS(VI) 0.02 1B1Te(IV) 15
3BCI(—I) 0.4 B (—T) 0.1
22K (@) 10 134Cs(I) 0.02
47Ca(1I) 400 131Ba(1T) 30—100
46Sc(I11) 0.02 MOL a(IIT) 0.02
5ITi(IV) 1 1LCe(I1I) 0.2
52V(+) 0.005 HINJ(IIT) 0.1—0.5
51Cr(1) 0.2 1BIPm(11I) carrier free
54Mn(11) 0.02 152y ; BAEW(II) 0.02
59Fe(111) 20 10T H(I1I) 0.01
S0Co(1I) 0.05 169Y b(IIT) 0.01
65Ni(1D) 20 177 u(TII) 0.002—0.01
1Cu(11) 0.8 IH(IV) 0.01
65Zn(IT) 2 182T3(V) 0.01
22Ga(lIT) 0.2 15W(VI) 2
“7Ge(IV) 20 186Re(VII) 0.1—1
CAs(+) 0.2 18105(IV) 0.05—0.1
75Se(IV) 0.2 1921 (111) 0.001
82Br(—T) 0.05 199p((IV) 23
86Rb(I) 1 188 A u(I1D) 0.02—0.1
858r(II) 10 203Hg(1I) 0.05
0Y(I1I) 0.05 28Th(IV) 0.1
3%Zr(IV) 1—10 233pa(V) carrier free
BNb(V) 0.02 2I(VD 0.02—0.1
9 Mo(VI) 0.2 2BINp((IV) carrier free
M Te(VID) carrier free
103Ru(IV) 0.1
103Pd(IT) 1

(+) Uncertain oxidation state.

A preliminary wash with 5 ml of the eluting solution was done before the
adsorption step, to wet and settle the column bed. The adsorption step (5 ml)
was then carried out, and two successive 15 ml fractions were passed through.
The eluted solutions were collected into two 20 ml polyethylene bottles, the
first collecting the adsorption and first 15 ml fraction, the second collecting the
successive 15 ml fraction. The second fraction was diluted to 20 ml and both
bottles were analyzed by y-ray spectroscopy, or f~ counting.

J. Radioanal. Chem. 5 (1970)
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The column bed was transferred into a third bottle and analyzed in the same
way. An experimental correction factor was used to relate the counting rate of
the column to the counting rate of the eluted solutions.

y-Ray spectroscopy was preferred to gross y-counting, after realizing that
occasionally what appeared by gross y-counting as repartition of the tracer
between column and solution was actually a complete separation of the tracer

— -~ Washing 30 ml

[P Sample 5ml

Ionic precipitate
/(in1erncl diameter 7mm)

7 S Quartz or tefion
wool

Fig. 1

from an impurity which could not be detected by y-ray spectroscopy of the mother
solution. A 3" x3” Nal(Tl) scintillator coupled with a LABEN 200 channel
analyzer was used as a y-ray spectrometer.

In tracer experiments with pure S~ emitters (**P, S, *Y, **Th), counting was
done with a Geiger counter, The sources were prepared by taking 1 ml of solution
and drying it under an infrared lamp.

To count the columns, they were dissolved when possible and treated as the
eluted solutions, otherwise they were carefully dried and stirred, and a weighed

J. Radioanal. Chem. 5 (1970)
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part was spread over the counting tray. The 1 ml aliquot from the eluted solution
was then added to an identical weight of fresh exchanger, which was then stirred,
dried and spread over a counting tray in the same way as described above.

Results

The materials and the media of the tests are summarized in Table 2, together
with their code words and the symbols used in the periodic tables. The results
of the tracer experiments are then reported.

These data are the basis for a methodology of development of chemical separa-
tion schemes based on logical mathematics, which is being prepared. In the same
paper many typical applications of the materials presented here will also be

reported.
*

The authors gratefully aknowledge the technical assistance of L. BiancH1l and M. BIANCHI
Thanks are also due to C. BigLiocca, T. CanpeLier;, M. Cuypers, G. Guzzi and
F. Mousrty for suggestions and criticism.
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Hydrated manganese dioxide

0.1M HNO; at 65 °C k HMD/0.1 N
Li {Be BIC|N|O|F
O O
Na Mg AL |Si (P IS |CI
Oll®) Ol @O
K |Ca|SciTi |V ICr|MnjFe |CoiNi|[Cu|Zn|Ga|Ge |As |Se |Br
00000000000 0C00000
Rb|Sr | Y |Zr |[Nb|MoiTc |[Ru{Rh {Pd [Ag |Cd {In [Sn |Sb |Te |
00000000 00000000
Cs |Ba [RE|Hf [Ta {W {Re |0s |1r [Pt |Au|Hg Tl !Pb |Bi |Po |At

O 00000000 e
Fr {Ra |Ac {Th|{Pa, U [Np |Pu jAm|Cm !Bk |Cf
OjO :

La {Ce |Pr Nd |Pm|Sm|Eu {Gd [Tb Dy Ho!Er {Tm|Yb |Lu
o0 80 0 ® | @

Hydrated manganese dioxide

1M HNO, HMD/1 N
L |Be BIC|N|O|F
Na [Mg Al |Si | P | S [Cl
O Jele
K [Ca|Sc|Ti |V {Cr [Mn|Fe [Co|Ni|Cu|Zn|Ga|Ge |As |Se |Br
@00 e Jle)e)ejle]elel J I Je)
Rb {Sr [Y |{Zr INb|Mo|Tc |Ru |Rh |Pd [Ag [Cd |In {Sn|Sb [Te | T
@000eeCe Ceo0lCee ©
Cs [Ba |RE.[Hf [Ta | W |Re [0s |Ir |Pt |Au |Hg |TI |Pb|Bi |Po |At
@0 00900 d000
Fr |Ra |Ac|Th |Pa |U [Np |[Pu |Am |Cm|Bk |Cf

: ® O
La |Ce |Pr |Nd|Pm|SmiEu |Gd |Tb |Dy |Ho |Er (Tm|Yb |Lu
® O O
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Hydrated manganese dioxide

1M HCIO,
Li {Be
No Mg
O
K [CalSc]Ti [VTCF[Mn Fe [Co [Ni [Cu (2Zn
®00 | @®00
Rb St | Y [Zr [Nb[Mo|Tc [Ru [Rh
00 Cee 0 | o
Cs |Ba [REIHf [Ta |W |Re [Os | Ir [P iAu Hg;ﬂ |Pb '8i [Po |Af
ool 10/e/eooeolor |
Fr [RaAc [Th TPa (U [Np [Pu [Am]Cm Bk 'CF
e o |
La (Ce |Pr |Nd PjSm Eu |Gd |Tb {Dg[Ho Er [Tm ‘Yb Lu
10 O l I 1
Hydrated manganese dioxide
6M HF
Li |Be B]c|wlofF
Na | Mg ALISi [P ]S |CI
O O 00
K |CaSc|Ti |V [Cr[Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge |As |Se |Br
@00 | 000/®0@0o0I0e0
RbISr | Y [Zr [Nb[Mo[Te [Ru ﬁlpd Ag Cd—Pn Sn|Sb|Te [ T
000 O000e 0eolleee
Cs |Ba|R.E[Hf [Ta |W Reﬁs Ir [Pt [AulHg |TU|Pb]Bi |Po At
O00|0I0AO ;
Fr [Ra {Ac|Th |Pa | U (Np!Pu |Am|CmiBk|Cf
O0I0
La [Ce | Pr [Nd [Pm|Sm|Eu |Gd ;Tb | Dy |Ho |Er ITm {Yb |Lu
o ® o

149

HMD/1 P

HMD/6 F
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Hydrated manganese dioxide

14M HNO, HMD/14 N
Li |Be BICINJO|F
Na|Mg (A |siTP s [Ci
O @00
K [Calsc]Ti [V |Cr[Mn]Fe TCo|Ni [CulZn|Ga|Ge |As|Se |Br
000 9P0 0000 CeeeO
Rb|Sr |Y [Zr [Nb{Mo|Tc |Ru|Rh [Pd |Ag |Cd |In [Sn {Sb|Te | I
0®00eeo0 Ceoceeee
Cs |Ba |RE/Hf [Ta |W [Re |Qs |Ir {Pt [Au [Hg [Tl |Pb|Bi [Po |At
®0 006 O0d0 00
Fr |Ra |Ac |Th {Pa | U [Np [Py [Am|Cm|Bk |Cf
® O
La {Ce |Pr |Nd |Pm Sm|Eu {Gd {Tb |Dy |Ho |Er [Tm|Yb |Lu
O O O
Anhydrous manganese dioxide
1M HClO, AMD/1 P
Li |Be BICINJOJF
Na |Mg ﬂ? P |5 Cl
O Ol O
K [Ca|Sc|Ti [V |Cr[Mn]|FelCo|Ni|Cu|Zn[Ga|Ge |As|Se iBr
O 00 O 00000 00® @00
Rb|Sr Y |Zr [Nb|Mo|Te |Ru|Rh|Pd |Ag|Cd iIn |Sn |SbiTe | T
Ol0[0lomelO/e [O/eCCleeeC
Cs |Ba |R.E|HF |Ta |W |Re i0s |Ir |Pt jAu|HgiT{ |Pb|Bi |Po [At
000 OOOQ@O0.0T
Fr |Ra |Ac|Th|Pa|U [Np|Pu|Am|Cm Bk |Cf
o O | 1
La |Ce |Pr [Nd |Pm|Sm|Eu |Gd{Tb Dy |Ho |Er [Tm|Yb (Lu
O O O
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Anhydrous manganese dioxide

6M HF AMD/6 F
Li Be BICIN[OIF
No|Mg A|Si|P s |Cl
O O 10
K |Cal|Sc|Ti [V [Cr|Mn|Fe |Co|Ni [Cu|Zn|GalGe |As Se |Br
Q00 O0000000O0TCeO0
Rb |Sr { Y |Zr {Nb|Mo|Tc [Ru [Rh|Pd |Ag {Cd|In {Sn|Sb (Te | I
0,0 (00000 ©eC0Co0d0
Cs |Ba |[RE|Hf [Ta |W [Re [Os |Ir [Pt Au|Hg T! [Pb|Bi |Po At
O] [0/000|0®0 00O ’
Fr (Ra {AciTh ({Pa U INp|Pu [Am|Cm|Bk |Cf
' Ol |®
La [Ce |Pr |{Nd |Pm|Sm|Eu |Gd [Tb | Dy |Ho |Er |Tm |Yb |Lu
@ @ @
Anhydrous manganese dioxide
14M HNO,4 AMD/14 N
Li | Be B ‘(c NITOJF
Na Mg A|§5i 5T
O Y
K 1CaiSc|{Ti [V |[CriMn|Fe {Co|Ni [Cu|Zn |Ga|Ge |As iSe |Br
00l0] | [0/®0/®0/0|0/0|e ®/e0
Ro [Sr | Y |Zr {Nb|Mo{Tc [Ru|Rh |Pd |Ag[Cd In’Sn Sb\\Te I
0,0/0|0[0/0 00 [Ole0Ceedd™
Cs |Ba|RE|Hf|Ta | W [Re |{Os |Ir [ Pt {Au|Hg | Tl | Pb|Bi {Po | At
®d OO0 0O0®
Fr {Ra|Ac{ThPa | U |[Np |Pu [Am|Cm|Bk|Cf
Ol0|O
La {Ce |Pr|Nd |PmiSmiEu |Gd |Tb |Dy |Ho Er {Tm|Yb |Lu
Ol | O a
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Hydrated antimony pentoxide

1M HNO,; HAP/1 N
Li |Be B|CINI|O|F
Na [Mg AT lSi [P (s |CI
@

K |CalSc|Ti |V |Cr{Mn|Fe |Co|Nj |Cu |Zn |Ga|Ge |As |Se |Br
o O iLJvieleld e ®
Rb!Sr | Y {Zr |[Nb Mo |Tc |Ru {Rh |Pd [Ag [Cd |In |Sn [Sb{Te | I
00 22 O 0093900 [
Cs |Ba [R.E|Hf [Ta |W |[Re |Os |Ir | Pt |Au |Hg |T! |Pb |Bi {Po |At
00 000000 00
Fr |Ra [Ac [Th |Pa | U [Np [Pu |Am|Cm|Bk |Cf
o

La |Ce |Pr (Nd [Pm[Sm|Eu |Gd {Tb Dy |Ho |Er |Tm Yb|Lu

o o o

Hydrated antimony pentoxide

1M HCIO, HAP/1 P
Li |Be B|ICIN|O|F
Na|Mg Al ISi [P | S |CI
o OO
K 1Ca |SciTi |V |Cr|Mn|Fe {Co [Ni [Cu|Zn |Ga|Ge |As |Se Br
00 000000000 e O
RbiSr |Y |Zr [Nb|Mo|Tc |Ru [Rh [Pd |Ag [Cd|[In {Sn|Sb|Te | I
0000203000 0e0ee e
Cs |Ba |RE/Hf |Ta |W |Re [Os |Ir |Pt |Au[Hg|Tt | Pb|Bi |Po At
00 (02000000
Fr |Ra [Ac|Th {Pa |U [Np|Pu |Am|Cm|Bk |Cf

o @
La {Ce [Pr |Nd |Pm |Sm|Eu |Gd |[Tb |Dy [Ho |Er [Tm|Yb iLu
@ @ L
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Hydrated antimony pentoxide
6M HCI HAP/6 C

[}
.

Mn!Fe [Co INi CU[Zn Ga |Ge |As
ObOOO

Tc |Ru iRh Pd |Ag |Cd {In {Sn {Sb
OO 0O]OOI00O
Re [Os |Ir Pt [AufHg |TL [Pb [Bi
000000
Np |Pu |Am|Cm | Bk ICF
O
Sm Eu“Gd Tb Dy |Ho |Er {Tm|Yb |Lu

Oy O

A O%0 o
Q-0z|02G~

v @7 0Ox
w
g
~2O< 09

o)
o

>
-~

SO ON O
3G @ @z O<

Ac

0<0=050

Pr |Nd

Hydrated antimony pentoxide
6M HCIO, HAP/6 P

Li |Be 51 N1OF

1.
Mg | AH'\P 5|01
‘ ;

w

[ \
Co (N CulZn | Ga! Ge As Se I3r
oo@ol e
Rh[Pd [Ag [Cd 'Tn |Sn | T Te |

WOO.Q

|

f

|

T [Pt TAu Hg T [Pb 1B [Poj
| i

Ol [00 | [ 1|

Np {Pu [Am cﬂak cf

Sc{Ti [v CrMn

Y iZr

=z
o

Mol Te

o

RE.[HT

L
c.i

O

Og 02 0%

Ac [Th

e
[=}

|
La CeTPr Nd SmiEu (Gd |Tb [Dy |Ho | Er |Tm [Yb |Lu

O

|
L

B
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Hydrated antimony pentoxide
6M HF HAP/6 F

ir:
HEE
i
£ o
Yoz
w (@]
1

O
O

wr
@
[os]
ey

[

[
a
ol

iCalSc]Ti [V ]Cr[Mn[Fe |Co N\fu iZn
®.0 ®0®0e 0
Y Tc |Ru [Rh |Pd [Ag iCd
d oo O0e

Sr
Ba |R.E. Re |0s [Ir [Pt [Au [Hg
Ra

1O
@)

iSn

OO0
O~0

|
1

O20zF(C

:wo
O

u
o
[a2]
e
o)

>

0[000®

Pu |Am |Cm!Bk |Cf

5O

Ac

Zr
O
Hf
O
Th

O

O#l0F0
7l0=]0=0%0

m
o

La |{Ce {Pr [Nd |Pm

e | |

Gd iTh |DyiHo |Er [TmlYb {Lu

Hydrated antimony pentoxide
7M HNO, HAP/7 N

Li |Be BJCIN]JO|F

Ni}Mg NEEERER]

K {CalSc[Ti [V ICr]Mn]Fe |Co [Ni Cu—]Zn Ga|Ge |As|se [Br

— —]
Mo Tc [Ru[Rn [Pd [Ag [Cd [In [SnSb [Te | 1

W | Re Ir [Pt |Au |Hg |Tl [ Pb |Bi |Po | At

U JNp|Pu [Am [Cm|Bk |CF

O

G
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Hydrated antimony pentoxide

12M HCI

SEPARATIONS

Hydrated antimony pentoxide

14M HNO,

Li [Be B C[N(O CF)
Na [Mg Al ﬁS Cl
L JI® O IOOO
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Acid aluminium oxide

7M HNO,
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Tin dioxide
1M HC1 TDO/1 C
BICIN]|OIF
@
Atisi|P S |CI
Ol 101010
Ga|Ge | As | Se |Br
00000
In|Sn|SbiTe | I
0000
o |TU | Pb|Bi |Po [ At
Tm | Yb|Lu
O
Tin dioxide
1M HNO,; TDO/1 N
Li |Be F
@
Na Mg m
00 ®)
s O
O
Rb [Sr | Y | 1
00 O
Cs |Ba RE. At
00
Fr {Ra
O
La |Ce |Pr |Nd |Pm Sm|Eu {Gd {Tb |Dy Ho [Er |Tm|Yb |Lu
OO QO 1O O

J. Radioanal. Chem. 5 (1970)



F. GIRARDI et al.: RADIOCHEMICAL SEPARATIONS 159

Tin dioxide
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Tin dioxide
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Zirconium phosphate
1M H.SO, ZPH/1 S

Li |Be slcnfolr
Mg arfsiTe T's el
®

CaSc|Ti TV [Cr[Mn[FeTCoNi [cﬁg Ga Ge{As Se |Br

SrlY |Zr
0O @
'Ba [REJHF

®

Nb[Mo|Tc [Ru|Rh [Pd [Ag ICd [In [sn [sb [Te ]I

Re |0s [Ir [Pt [Au [Hg [Tl |Pb |Bi |Po |AL

7@ ol@ZzIO=|OZF

C‘{
O
O

Ra |Ac|Th

La Nd |P

Sm|Eu |Gd Tb[Dg Ho |Er |Tm]|Yb |Lu

Ce |Pr
O |

Zirconium phosphate
6M HCI , ZPH/6 C

Mg ASi | Plsc

e |Br

O
o
o
[e]
=
<
)
-3

Fe Co‘N\' CulZn |GaiGe |As|

X
o

Ru{Rh [Pd |Ag [Cd|In [Sn sSb
O 1000001 1O

Os|Ir |Pt JTAU Hg [T [Pb [Bi | Po |At

RFEOReH
0%
m_ <@
i.i
50

<=0
or|0F|0#|0+0z
@)
O
O
O

-
3
X
o
b
(<)
—
>

Pu AmiCm| Bk {Cf

O
- 00

J. Radioanal. Chem. 5 (1970),



162 F. GIRARDI et al.: RADIOCHEMICAL SEPARATIONS

Zirconium phosphate
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Cupric sulphide
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Cupric sulphide

6M HCIO, CUS/6 P
Li |Be BIC|NI!O|F
Na (Mg Al {51 |P 1S |CI
O
K {CalSc|Ti |V {Cr |Mn|Fe |Co {Ni |[Cu|Zn |Ga Ge |As|Se |Br

O O|1000| @0 @
Rb [Sr {Y |Zr [Nb Mo |Tc |Ru |Rh [Pd 1Ag |Cd |In [Sn {Sb|Te |1
O] 10O O e OO0 e
Cs {Ba |RE{HFf [Ta {W |Re |Os {Ir |Pt [Au [Hg Tl [Pb |Bi |Po |At
OO0 OO0 0e @@
Fr |{Ra {Ac {Th |Pa U [Np|Pu [AmiCm|Bk|Cf
O O
La |Ce |Pr INd {PmiSm:Eu iGd |Tb |Dy {Ho |Er \Tm|Yb ILu
O QO O

Cupric suiphide

7M HNOjy CUS/7T N
Li |Be BIc[NJO]F
Na [Mg AL ISi P 1S |CI
O
K |Ca|Sc|Ti |V |Cr|Mn|Fe [Co|Ni {Cu{Zn |Ga|Ge |As|Se |Br

O OO0 OO O
Rb[Sr [ Y |Zr |[Nb [Mo|Tc |Ru |Rh |Pd |Ag (Cd |In |Sn|Sb |Te | 1
o0 100 O @ 000 e
Cs {Ba |R.E|Hf |Ta |W {Re {Os [Ir |Pt |Au|Hg|Tl | Pb |Bi |Po | At
Ol0] O|0O|0I0I00I 10O
Fr {Ra}Ac|{Th [Pa | U |Np |Pu [Am|Cm|Bk |Cf
Ol 10
La [Ce |Pr [Nd [Pm{Sm|Eu |Gd |Tb [Dy |Ho | Er [Tm]|Yb |Lu
O O O

J. Radioanal. Chem. 5 (1970)



F. GIRARDI et al.: RADIOCHEMICAL SEPARATIONS 165

Cuprous chloride
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Cuprous chloride
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Anion exchange resin
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Anion exchange resin
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Anion exchange resin
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Cation exchange resin
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Cation exchange resin
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