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Abstract

The distribution coefficients of Zr, Hf, Nb, Ta, Mo, W, and Pa on cation and
anion exchange resins from mixed HCl HI" solutions were determined in batch
experiments by radiometric measurements. f'rom solutions of 0.05 to 0.1 M HC/
with 1.0x103 M HF a separation of subgroup V and 11 from subgroup I
elements is possible on DOWIEX 50x8. This systent is proposed for the fast on-line
separation of the elemenis 105 and 106. In column experiments with cation
exchangers W can be separated from Mo. This opens the possibility to determiie
the chemical behaviour of element 106 in comparison 10 the lighter homologs.
Differences in the sorption behaviour of 1a, Nb and Pa on cation exchange resins
from 0.1 M HCI 2.0x104 A HI- solution should allow a statement as to which of

these clements element 105 has the highest similarity.



1. Introduction

Chemical studies of the elements 105 and 106 require an effective separation from the actinides
and element 104 produced either directly in nuclear reactions or as a decay product. For the
investigation of element 106 the separation from 105 is of minor importance because of its low

production rate in the nuclear reaction aimed to produce element 106.

Due to relativistic effects simple extrapolations within a subgroup often fail. Chemical
experiments performed with 34-s 262105 and 27-s 263105 in the gas phase [1] as well as in
solution showed that the chemical properties of element 105 are more similar to those of the

lighter homolog Nb and the pseudo-homolog Pa [2-4] than to the direct homolog Ta [5-7].

Chemical investigations on element 106 have not yet been performed. This is due to the low
cross section and the short half-life of 0.9-s 263106 [8]- until very recently the longest-lived
known isotope of element 106. With the discovery of 263106 and 266106 with expected half-

lives of 2 - 30 s [9] chemical studies are expected to be more feasible.

For the development of chemical systems applicable in fast on-line experiments with
transactinides usually the lighter homologs and pseudo-homologs are used in model
experiments. Very often chemical systems are chosen in which (i) all elements of the same
subgroup show a common chemical behaviour to separate them from the other reaction
products, and (ii) which can be modified in such a way that differences in the chemical

behaviour of individual elements in a subgroup can be determined.

One of the methods used for fast separation of heavy elements in aqueous solution is ion
exchange on cation and anion resins with various acids or complexing agents as eluents.
Reviews on the sorption behaviour and complex formation of subgroup V and VI elements
fluorides and chlorides as well as mixed complexes mainly deal with strong acid solutions (0.5-
12 M HCI. 0.01-10 M HF) [10-13]. Mixed HCI/HF solutions in weak concentrations were
proposed for ion exchange experiments with the elements 104 and 105 [14.15] Ina previous
study [16], it was shown that Ta can be separated from Hf on the strongly acid cation
exchange resin DOWEX SOWxS using 1 0x10-3 M HF/0 05-0 | M HC] solution. From thi

solution Hf is sorbed on the resin. whereas Ta passes through. At HF concentrations high.:



than 1.0x10-3 M Hf forms neutral and anionic fluoride complexes and the sorption decreases.
Lanthanides as model elements for the trivalent actinides are known to be sorbed completely

on the cation exchanger under these conditions [17].

From theoretical calculations on the electronic structure and redox potentials it is predicted
that (10604)2- will be the most stable ion in aqueous solution within subgroup VI [18].
Because W and Mo are known to form anionic complexes with chloride and fluoride [19,20], it
is expected that ion exchange from dilute HCVHF solution should be applicable for the

separation of element 106, too.

Therefore, we have studied the sorption behaviour of carrier-free Zr, Nb, Pa, W, Mo and low
carrier Ta and Hf radionuclides on ion exchange resins from mixed HCV/HF solutions in detail.
The aim was to develop chemical systems which are suitable for on-line separations and
applicable to investigate the complex formation and chemical properties of the elements 105
and 106 produced with very low cross sections. First, studies under static conditions were
carried out to get information on the general chemical behaviour under equilibrium conditions.
This was followed by kinetic studies with Hf and Zr to show that their sorption on the cation
exchanger is rapid enough for fast on-line experiments. Furthermore, column experiments were

carried out with W and Mo



2. Experimental
Batch experiments

89Zr was obtained by irradiating Y03 with protons at the Julich compact cyclotron CV28
(Inst. f. Nuklearchemie, Forschungsanlage Jilich GmbH, Germany). After irradiation, the
target was dissolved in 6 MHClL. From this solution, 89Zr was adsorbed on the anion

exchanger DOWEX 1x8 and eluted with 4 M HCI.

2MNb was obtained by bombarding metallic Y with 36 MeV a - particles at the U-200
accelerator (Laboratory of Nuclear Reactions, JINR Dubna, Russia). Nb was separated by
thermochromatography using air saturated with SOCI, (T = 1000 C) and condensed on the the
surface of a quartz tube. Stock solutions were prepared by dissolving the carrier-free

radionuclides in 0.1 M HCV/1.0x10-3 M HF.

233Pa was produced by irradiating metallic thorium with neutrons at the IBR-2 reactor
(Laboratory of Neutron Physics, JINR Dubna, Russia) for 20 days (neutron flux
5x1013 cm2s71) and thorium nitrate with neutrons at the TRIGA Mainz reactor (Institut fiir
Kernchemie, Mainz, Germany) for 6 hours (neutron flux 7x10!! n/em2s). The metallic target
was dissolved in conc. HNO3/HF, evaporated to dryness and fumed several times with conc.
HNO;. Boric acid was added to remove any remaining fluoride. For further purification, the
activity was adsorbed on DOWEX 1x8 from 6 M HNO3 and washed with the same solution to
remove Th and boric acid 233Pa was then eluted with 1 S M HF/3 M HCI and the eluate was

diluted to a final concentration of 5.0x103 M HCl/1 5x10~+ M HF .

The irradiated thorium nitrate was dissolved in 9 M HCl After sorption of Pa on DOWEX 1x8

it was subsequently eluted with 4 M H(| [11.17]

Mo was obtained carrier-free by eluting a commercial 9Mo/99mT¢ generator with 5 vol %
NH,OH solution. The eluate was evaporated to dryness and “Mo was dissolved in 0 1 M

HCl

B2Ta and ISTHF were produced by tradiating 1.0 mg metallic Ta and 1.7 mg !80RfOA,
respectivelv, at the IBR-2 reactor (Laboratory of Neutron Physics, JINR Dubna, Russia) ftor

two weeks at a neutron flux of Sx1012 n/em?s yielding a specific activity of 100 MBq!82Ta per



mg Ta. The Ta target was dissolved in a mixture of 2 M HF and 0.2 M HNO;. HfO; was
dissolved in conc. HF, precipitated as a hydroxide and dissolved in a mixture of 1 M HF and
5 M HCl. The specific activity of 18!Hf was 63 MBq/mg Hf. Details of the sample preparation

are given in [16].

To produce 173W, metallic Ta was bombarded with 650 MeV protons at the phasotron "F"
(Laboratory of Nuclear Problems, JINR Dubna). W was separated from the irradiated target by
thermochromatography ~ using moist air, condensed onto the surface of a

thermochromatographic column [21] and subsequently dissolved in 0.5 M HCL

Ton exchange batch studies were carried out by shaking 5 ml of the tracer solution with 200 mg
of the ion exchange resin (DOWEX 50Wx8 or DOWEX 1x8, 20-50 mesh) for one hour. The
y-activity of the aqueous solution was measured before and after the experiment using a Ge(L1)

detector. The distribution coefficient D was calculated as follows [16]:

_Al VS

D -
As m:

with  Ai activity on the ion exchanger (Bq) As activity of the solution (Bq)

mi amount of ion exchanger (g) Vs volume of the solution (ml)

Chromatographic experiments

Carrier-free W isotopes used for column experiments were obtained by bombarding natural Hf
with 49 MeV a—particles at the Philips cyclotron at PSI Villigen. The main product was 177w

In addition 93MMo was produced from Zr impurities in the target material .

The recoiling atoms were transported from the production site to the chemistry apparatus with
a (He)KCl gas jet. All products were collected on glass filters for 1-2 hours and were washed
from these filters with the HCIV/HF solutions used in the column experiments. The ion
exchangers (column size 3 50 x 30 mm. filled with 250 mg exchange resin DOWEX S0Wx12,
100-200 mesh) were equilibrated with the corresponding solutions for 12-18 hours before the
experiment started. The HCI/HF solution containing the W and Mo isotopes passed the column
with flow rates of 03 - 4 m/min The +- activity of the collected fractions (0.3 ml each) was

measured with a HPGe detector



3. Results and Discussion

Sorption behaviour of Zr, Hf, Pa, Nb, Ta, W, and Mo as a function of the HCl

concentration
Distribution coefficients on the cation exchanger DOWEX 50Wx8

The distribution coefficients D of Zr, Hf, Nb, Ta, Mo, W, and Pa on DOWEX 50Wx8 as a
function of the HCI concentration in the presence of 1.0x10-3 M HF are given in fig.1. At
concentrations lower than 0.5 M HCl, Zr and Hf are completely adsorbed on the cation resin.
Formation of cationic complexes of the form MeF3*, MeF,2* or MeF3* can be assumed by
calculating the range of existence of these species with complex stability constants known from
literature [19,20]. The respective chloride complexes of Hf and Zr are much less stable [19,20]
and can be neglected in this case, but species containing OH™ groups are also possible at HCI
concentrations below 0.05 M because of the strong tendency of subgroup IV elements to
hydrolyze (see below). With increasing HCI concentration the concentration of free ligand F-
decreases due to the dissociation constant of HF (IgK; = 2.9 [20]). Uncharged or anionic

mixed chloride/fluoride complexes are formed which are not sorbed on the cation exchanger.

Nb shows low sorption on the cation exchange resin over the whole range of HClI
concentrations in the presence of 103 M HF (Ig D < 0.6), Pa is not sorbed at all. This differs
from the behaviour of Ta which shows a Ig D value of ~1.0 in the interval of 0.1-2 M HCI. For
Pa and Nb oxygen-containing anionic fluoride complexes are expected, while for Ta anionic
species of the form TaFs. "~ dominate In the interval 0.1-1 M HCL positively charged
complexes of Ta are formed (Taky". Taky*" [22.23]). which are adsorbed on
DOWEX SOWx8 At HCI concentrations lower than | M neutral chloride or mixed complexes

are formed and the sorption on the cation exchanger decreases.

Mo and W show only slight sorption on DOWEX S0Wx8. From this behaviour a separation of
element 106 from 104 and actinide elements should be possible using concentrations
<0 S M HCI and 10-> M HF Moreover. this chemical system should be suitable for the

isolation of element 103 from trivalent actinides and element 104



The sorption behaviour of the described elements as a function of the HCl concentration at
1.0x10* M HF is shown in fig.2. Up to a concentration of 0.1 M HCI, the tetra- and
pentavalent elements remain on the cation exchanger (with exception of Nb), whereas W and
Mo are not or only slightly sorbed. Consequently, separation of subgroup VI from IV and V
elements should be possible on DOWEX 50Wx8 (with exception of Nb) using solutions
1.0x10-4 M HF and HCI concentrations below 0.5 M.

Adsorption on the vial surface, however, cannot be excluded under these conditions. Especially
in lower acid solutions hydrolytic processes can take place. To distinguish between the
chemical behaviour on the cation exchange resin and surface adsorption we have studied the
sorption behaviour of the elements under investigation from the same solutions on an anion

exchange resin.

Distribution coefficients on the anion exchanger DOWEX Ix8

Sorption experiments from HF concentrations of 1.0x10-3 M and 1.0x104 M on DOWEX 1x8
(fig. 3 and 4) as a function of the HCI concentration showed that at HCI concentrations below
0.1 M W and Mo are nearly completely sorbed on the anion exchanger probably caused by
formation of anionic oxo compounds. The sorption decreases at higher HCI concentration.
Unfortunately, there are no reliable data on stability constants for mixed fluoride/chloride
complexes of Mo and W, only data for pure chloride and fluoride complexes are published

[20].

The tetra- and pentavalent elements are also strongly sorbed on the anion exchanger at HCl
concentrations below 0.1 M, presumably mainly duc to hydrolytic processes. Free pentavalent
cationic species Me>" are not stable in aqueous solution and Me+*can be found only in very
strong acid solutions [24] The hydrolysis can be suppressed by strong complexing agents such
as HF If the concentration of the complexing agent decreases. then neutral hydroxo
compounds are formed [24] which are easily adsorbed on surfaces. These processes are not
reversible and can hardly be controlled. The strong sorption onto DOWEX Ix8 at low HC|

concentrations for elements which. under the same conditions, show large D values on



DOWEX 50Wx8 indicate the presence of hydrolytic products. Therefore, we consider only
HCl  concentrations of 005M<cyc<05M and HF  concentrations of

104 M < cygp < 1073 M as applicable for separation experiments.

Kinetic studies

Time dependent batch studies with Hf and Zr on DOWEX50Wx8 from
0.1 M HCV/1.0x10-3 M HF showed that within 5 min sorption of these two elements on the
cation exchanger is completed. However, in a previous study chromatographic experiments
were carried out to obtain information on the kinetics for a contact time of a few seconds [25].
In these on-line experiments (U-400 cyclotron, Laboratory of Nuclear Reactions, JINR Dubna,
Russia) the sorption behaviour of short-lived W, Ta, and Hf isotopes on DOWEX 50Wx8 was
studied using 0.05 M HCI/1 0x10-3 M HF solution as an eluent at flow rates of 2-4 ml/min. W
and Ta passed the cation exchange column while Hf and its daughter Lu remained nearly

completely on DOWEX 50Wx8 (decontamination factor 2x102).

Sorption behaviour of W, Mo, Pa, Nb and Ta in dependence on the HF concentration

In fig. 5 the lIg D values of Ta, Nb, and Pa on DOWEX 50Wx8 and on DOWEX 1x8 are
plotted as a function of the HF concentration at 0.1 M HCl. At HF concentrations below
1.0x10-3 M, cationic species of Pa are formed (PaOF,*, PaOF2* [26]) which are sorbed on
DOWEX 50Wx8. Nb shows only slight sorption on the cation exchange resin. With increasing
HF concentration, the cationic species transform first into neutral and further into anionic
fluoridde complexes, the latter being sorbed on DOWEX 1x8 The strong sorption of Ta on the
cation exchanger at low HF concentration is caused by hydrolysis. The increasing sorption on

DOWEX 1x8 can again be seen as evidence for adsorption of hydrolysed species.

With 0 05 M HCI and HF concentrations higher than | 0x10-3 M, Ta, Nb and Pa show no
differences in the sorption behaviour between each other on DOWEX SOWXS as well as on

DOWEX 1x8. For all three elements anionic complexes are dominant. Hydrolvsis dominates



the fluoride complexing of Ta at HF concentrations lower than 10-3 M because for both cation

and anion exchange resins relativety high distribution coeflicients are found.

Exploiting the differences in the sorption behaviour of subgroup V elements on
DOWEX 50Wx8 at concentrations of 0.1 M HCl/2 0x10~ M HF should allow to find out

whether the chemical properties of element 105 are more like Ta and Pa or like Nb.

Sorption experiments with 0 | M HCl showed that the behaviour of W and Mo on
DOWEX 50Wx8 is similar and depends only slightly on the HF concentration. The sorption
behaviour on DOWEX 50Wx8 and DOWEX 1x8 for these two elements as a function of the
HF concentration from 0.05 M HCl is shown in fig 6 On DOWEX 1x8 W and Mo are
completely sorbed between 10+ M and 10-!M HF due to the predominant formation of
anionic oxo-compounds. Small amounts observed on the cation exchange resin may represent a

small fraction of hydrolyzed species.

Chromatographic studies

As can be seen from fig. 1, Mo shows on the cation exchange resin a distribution coeflicient
about three times higher than that for W (Mo: D ~10 and W: D~3) at HCI concentrations
lower than 0.1 M and 10-3 M HF. From these results differences on the cation exchanger in
column experiments could be expected, but chromatographic studies with 177W and 93mMo
using 0.05 M-0.1 M HCV/1.0x10-3 M HF and flow rates of 2-3 ml/min showed that both

elements pass the cationic column (DOWEX 50x12) without sorption.

However, with a slow flow rate (0.3 ml/min, solution 0.05 M HCV/1.0x10-3 M HF) a
separation of W from Mo is possible, as can be seen from fig. 7. W passes the column
(DOWEX 50Wx12, free column volume 0.08 ml ) without sorption, Mo is found in the
following fractions. These first results offer the possibility to develop chemical systems to
determine the chemical behaviour of element 106 in a direct comparison with the lighter

homologs Mo and W.



4. Conclusions

1. A fast separation of hexavalent (Mo, W, element 106) and pentavalent elements (Nb, Ta,
Pa, element 105) from tetravalent (Zr, Hf, element 104) and trivalent elements (heavy
actinides) is achieved in 0.05 -0.1 M HCI/1.0x10-3 M HF on a cation exchange resin (e.g.
DOWEX 50Wx8). Subgroup S and 6 elements pass the column while tri- and tetravalent

elements are adsorbed.

2. A separation of subgroup 6 elements from elements of subgroup 4 and 3 is also possible
from 0.1 MHCI/1.0x10* M HF on a cation exchange resin (DOWEX 50Wx8). An
indication of an additional separation of at least some subgroup S elements (high D values
for Ta, Pa and a lower one for Nb) provides promising aspects to further improve the

purity of the subgroup 6 element fraction.

3. A solution of 0.1 M HCI/2.0x10# M HF for sorption experiments on DOWEX 50Wx8
may be suited to distinguish between a Nb-like or Ta/Pa-like behaviour of element 105.
However, for a better interpretation of the results more information about the structure

and stability constants of the lighter homologs is needed.

4. Mo and W can be separated chromatographically on a cation exchange column with
0.05MHCV/1.0x103MHF at a flow rate of 0.3 m/min. With further optimized
parameters regarding the resin, grain size, acid concentrations, column size etc., a
separation of the individual subgroup 6 elements (Mo, W, element 106) should be possible

in a time interval between 10 and 30 s



5. References

[1]

[2]

(3]

(4]

H. Giaggeler, D. Jost, J. Kovacs, U. W. Scherer, A. Weber, D. Vermeulen, A. Tirler, K.
E. Gregorich, R. A. Henderson, K. R. Czerwinski, B. Kadkhodayan, D. M. Lee, M. J.
Nurmia, D. C. Hoffmann, J. V. Kratz, M. K. Gober, H. P. Zimmermann, M. Schadel, W.
Briichle, E. Schimpf, I. Zvara, Radiochim. Acta §7 (1992) 93

J. V. Kratz, H. P. Zimmermann, U. W. Scherer, M. Schiadel, W. Briichle, K. E.
Gregorich, C. M. Gannett, H. L. Hall, R. A. Henderson, D. M. Lee, J. D. Leyba, M. J.
Nurmia, H. Giggeler, D. Jost, U. Baltensperger, Ya Nai-Qi, A. Tirler, Ch. Lienert,
Radiochim. Acta 48 (1989) 121

H. P. Zimmermann, J. V. Kratz, M. K. Gober, M. Schidel, W. Briichle, E. Schimpf, K.
E. Gregorich, A. Turler, K. R. Czerwinski, N. J. Hannink, B. Kadkhodayan, D. M. Lee,

M. J. Nurmia, D. C. Hoffman, H. Gaggeler, D Jost, J. Kovacs, U. W. Scherer, A.
Weber, Radiochim. Acta 60 (1993) 11

M. K. Gober, J. V. Kratz, H P. Zimmermann, M. Schidel, W. Briichle, E. Schimpf, K.
E. Gregorich, A Turler, N J Hannink, K. R. Czerwinski, B. Kadkhodayan, D. M. Lee,
M. J. Nurmia, D. C. Hoffman, H. Géggeler, D. Jost, J. Kovacs, U. W. Scherer, A.

Weber, Radiochim Acta 57 (1992) 77

K. E. Gregorich, R A Henderson, D M Lee, M J Nurmia, R. M. Chasteler, H. L.
Hall, D. A. Bennett, C. M. Gannett, R. B. Chadwick. J. D. Leyba, G. Herrmann, D. C.

Hoftman, Radiochim Acta 43 (1988) 223

M. Schidel, W Bruchle, - Schimpt, H P Zimmermann, M. K. Gober, J. V. Kratz, N.
Trautmann, H Gaggeler. D Jost, ] Kovacs, U. W. Scherer, A. Weber, K. EE. Gregorich.
A. Turler, K. R Czerwinski. N. J. Hannick, B. Kadkhodayan, D. M. Lee, M. J. Nurmia.

D. C. Hoffman, Radiochim Acta 87 (1992) 85

I Zvara, V. Z Belox V' B Domanov. M R. Shalayevski, Soviet Radiochemistry 18

(1976) 328



[8] A. Ghiorso, J. M. Nitschke, J. R. Alonso, C. T. Alonso, M. Nurmia, G. T. Seaborg, E.
K. Hulet,, R. W. Lougheed, Phys Rev. Lett. 33 (1974) 1490

[9] R. W.Lougheed et al., J. of Alloys and Compounds 213 (1994) 61

[10] J. Korkisch, Handbook of Ion Exchange Resins: Their Application to Inorganic
Chemistry, CRC Press, Inc. Boca Raton, Florida 1989

[11] AN. Nesmeyanov, A Guide to Practical Radiochemistry, Vol.2, Mir Publishers,

Moscow, 1980, p. 172

[12] R. Caletka, V. Krivan, J. Radioanal. Nucl. Chem. Articles, 142 (1990) 359
[13] R. Caletka, V. Krivan, J. Radioanal. Nucl. Chem. Articles, 142 (1990) 373
[14] H. Bruchertseifer W. Heller, F. Haberberger, N. Trautmann, P. Zimmermann,
M. Schadel, W. Bruchle, G. Skarnemark, J. Alstad, V. P. Domanov, Z. Szeglowski,

M. Vobecky, Jahresbericht der Universitdt Mainz, 1991, p. 8

[15] H. Bruchertseifer, W. Heller, R. Binder, N. Trautmann, G. Herrmann, J. V. Kratz,
H. P. Zimmermann, A. Nahler, M. Schidel, W. Briichle, G. Skarnemark, J. Alstad,

S. Fischer, A. RoB, R. Dressler, Zfl-Mitteilungen Leipzig, 166 (1991) p. 53

[16] D. Schumann, S. Fischer, St. Taut, A. F. Novgorodov, R. Misiak, N. A. Lebedev, H.

Bruchertseifer, J. Radioanal. Nucl. Chem. Lett. 187 (1994) 9-17
[17} M. Marhol, Ion Exchangers in Analytical Chemistry, Academia Prague, 1882 p 277
(18] V. Pershina, B. Fricke, Radiochim. Acta 65 (1994) 13

[19] E. Hogfeld, Stability Constants of Metal-lon-Complexes, Part A: Inorg Ligands, IUPAC
Chemical Data Series. Nr. 21, Percamon Press, Oxtod, New York, Toronto. Svdnev,

Paris, Frankfurt, 1982

[20] L. G. Sillen, A. E. Martell. Stability Constants of Metal-lon Complexes, Burlington

House, London 1971

(21} B.Bayar, A I Noveorodov. | Vocilka, N. G Zaitseva, Radiochem. Radioanal. Lett. 22

(1975) 53



[22] L.P. Varga, W.D. Wakley et al., Anal. Chem. 37 (1965) 1003
[23] LP. Varga, H. Freund, J. Phys. Chem. 66 (1962) 21

[24] C.F. Baes, R. E. Mesmer, The Hydrolysis of Cations, John Wiley and Sons, New York,
(1976) 1076, p. 412

[25] D. Schumann, R. Dressler, S. Fischer, St. Taut, R. Binder, Z. Szeglowski, B. Kubica, L.
I. Guseva, G. S. Tikhomirova, O. Constantinescu, V. P. Domanov, M. Constantinescu,
Dinh Thi Lien, Yu. Ts. Oganessian, V. B. Brudanin, H. Bruchertseifer, Sorption
behaviour of short-lived W, Hf and Ta isotopes on ion exchangers from HCI/HF

solutions in fast on-line experiments, Radiochim. Actal995, in press

[26] C.Keller et. al., Radiochim. Acta 1 (1963) 147



Figure captions

Fig. 1:

Fig. 2:

Fig. 3:

Fig. 5:

Fig. 6:

Distribution coefficients of Zr, Hf, Nb, Ta, Mo, and W on DOWEX 50x8 in
dependence on the HCI concentration at 1.0x10-3 M HF

(data for Ta and Hf taken from [16])

Distribution coefficients of Zr, Hf, Nb, Ta, Pa, Mo and W on DOWEX 50x8 in

dependence on the HCI concentration at 1.0x10* M HF

Distribution coefficients of Zr, Hf, Nb, Ta, Mo and W on DOWEX 1x8 in dependence

on the HCI concentration at 1.0x10-3 M HF

. Distribution coefficients of Zr, Hf, Nb, Ta, Pa, Mo and W on DOWEX 1x8 n

dependence on the HCI concentration at 1.0x10~+ M HF

Distribution coefficients of Nb, Ta and Pa on DOWEX 50x8 and DOWEX Ix8 in

dependence on the HF concentration at 0.1 M HCl

Distribution coefficients of W and Mo on DOWEX 50x8 and DOWEX 1x8 in

dependence on the HF concentration at 0.05 M HCl

- Elution of W and Mo from the cationic column (DOWEX 50x1 2) using

0 05 M HC/1 0x10-3 M HF solution, flow rate 0.3 ml/min
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