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ABSTRACT

Cation-exchange distribution data are presented for 53 elements from 3 to
12M HNO, for three strong-acid resins, having cross-linkages of 8%, 4%,
and macroporous. Data obtained by 16- to 18-h dynamic batch contacts are
compared to nation-exchange distribution dat? from strong HCl and HC1O<.

INTRODUCTION

The early efforts in ion exchange for separation of
metal ions emphasized cation-exchange resins. In-
terest shifted to anion exchange of metal-ion com-
plexes in the late 1950s following the publication by
Krause and Nelson1 of comprehensive distribution
data for HC! media. Interest in cation exchange for
aqueous acid media revived when Nelson and
coworkers published comprehensive distribution
data for HCl and HCIO, media' and for HBr media3

in which distribution values for many ions were un-
expectedly high at high acid concentrations. Other
cation-exchange distribution data for acid media
have been reported for HCl,4 HNO,.8 H2SO4,

8 and
HF.9

Nitrate complexing of metal ions generally is in-
termediate in strength between the strong complex-
ing of halide and the essentially insignificant com-
plexing of perchlorate. In view of the significant dis-
tribution coefficients of many metal ions for cation-
exchange resin from higher concentrations of HCl
and HCIO,, the generation of similar data for HNC,
was undertaken. The distribution data for HNOa

(Ref. 5) cover the limited concentration range of 1 to
AM.

Distribution data for 53 elements are presented
for the concentration range of 3 to 12M HNOS for
sulfonated polystyrene resins of 4 and 8% cross-
linkages, and for a macroporous cation-exchange

. resin. These cross-linkages significantly affected the
distribution of ions on anion-exchange resin from
HBr and HI media.7

Ion exchange in nitric acid is potentially hazar-
dous. Violent reactions have been attributed to in-
teractions of anion-exchange resin with HNO8.* We
did not find any similar references for cation-
exchange resins, possibly because there have been
few investigations of cation exchange from HNOS. In
our investigation, the maximum HNO> concentra-
tion was 12M and only small quantities of acid and
resin were in contact for 16- tc 18-h periods. Without
further information, we recommend that resin not
be used repeatedly nor be stored in high-
concentration HNOj. Users are urged to evaluate all
safety aspects carefully, especially before scaling up
to larger quantities of resin.
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REAGENTS

Resin

Dowex resins, 50- to 100-mesh, obtained from Bio-
Rad Laboratories, were used. Batch designations,
provided because of possible batch-to-batch dif-
ferences, are 12181 (AG 50W-X8), hereafter called
50x8; 5987 (AG 50W-X4), hereafter called 50x4; and
9824 (AG MP-50), hereafter nailed MP-50.

Nitric Acid -

AR-grade, 70% acid was diluted with distilled
water to concentrations of 3, 6, 9, and 12M.

Elements and Radioactive Tracers

The distribution data were obtained at concentra-
tion levels of 0.01M for 48 of the 53 elements.
Tracer-only levels of MNb, *l0Po, mBa, MIPa, and
'"Am were used. No suitable radiotracers were
available for vanadium and rhodium, which were
measured by atomic absorption spectrophotometry,
nor for aluminum, magnesium, calcium, and nickel,
which were measured by chelometric titration.

Metals of > 99% purity were dissolved directly in
HNOa where feasible. Selected compounds, also
>93% pure, were converted to nitrate salts without
introduction of other potentially interfering anions.

Most radioactive tracers were prepared by ther-
mal neutron activation in the Los Alamos Scientific
Laboratory (LASL) Omega West Reactor. Excep-
tions were MZr, MTc, and 'Be obtained commer-
cially, and " T o and 3MRa obtained from other
LASL projects.

EXPERIMENTAL

Resin Treatment

A several-hundred-gram batch of each resin was
washed free of fines and water-soluble components,
then transferred to a 3.7-cm-diam by 50-cm-long
glass column. Each batch was washed with 500 ml of
6M HNO, and rinsed with water until the pH of the

effluent increased to at least 3. Additional 1-1
volumes of water were passed through the columns
of resin until the pH of the effluent became >4 and
constant. The resin was air-dried in a Buchner fun-
nel and then dried at 70°C to constant weight.

The dried-resin weights could not be correlated
with the as-received weights because of the resins'
initial high and undetermined water contents of 50-
72%. Distribution data therefore are based on dried
weights.

The cation-exchange capacities of the three resins
used in this study, measured by titrating a weighed
amount of dried resin with standard NaOH solution
to a phenolphthalein end point, were: 4.40 meq/g for
50x8, 4.76 meq/g for 50x4, and 4.54 meq/g for MP-
50. The resin capacities after 16-h contacts in 12Af
HNO, were not significantly different.

Distribution Measurements

Distributions were measured after 16- to 18-h
batch contacts of 0.25 mg of resin in 2.5 ml of solu-
tion. The 16- to 18-h contact period substantially
gave equilibrium. It was held constant to permit
comparison of sorptions, which can be affected
by rate-dependent reactions, by the three resins.
Total uptake of the element by the resin for a O.OlAf
solution represented 3 to 10% of the resin capacity.
As we discuss elsewhere,7 the distribution behavior
of an ion at very low concentration is significantly
different from its behavior at moderate concentra-
tion. Also, a distribution value measured at high ion
concentration becomes nonrepresentative as the ex-
change sites approach saturation.

The resin and solution (plus tracer) were placed in
20-ml glass vials and shaken mechanically. After
the resin had settled, the solution was analyzed for
the element relative to an identical solution that
had not contacted resin. For experiments with
gamma-emittin? radiotracers, 1 ml of solution was
transferred to a glass vial that was counted for ac-
tivity using a Nal(Tl) detector. Beta and alpha
radiotracers were measured by counting aliquots
evaporated on glass or dissolved in a solution ap-
propriate for liquid scintillation counting. Mul-
tichannel gamma spectrometry was used to resolve
gamma-emitting parent and daughter pairs.



to

40
2t
ft

-

-

-

- ,

4 B 12
ACIOMMMTT

7

s

UNTHMIHS

ACTIMIOES

fi

,1

ll rt
\

||

Sorption of elements by 50x8 cation-exchange resin from nitric acid (acid volume/resin
weight = 10).

Data Presentation

The distribution data are in percentages of ion
sorbed on resin, as discussed in Ref. 7. Measure-
ments of the solutions after batch contact are not
highly accurate when the ion concentration is either
very high or very low. Therefore, reporting batch-
contact data in units of distribution coefficient, Kd,
can be misleading.

After the 16- to 18-h batch contact of 0.25 g of
resin and 2.5 ml of solution, 1 ml of solution, free of
resin particles (termed Spo,t), was measured for ele-
ment content by radiometric assay or by chemical
analysis relative to that of 1 ml of an identical solu-
tion that had not contacted resin (termed Spre). The
percentage of element sorbed was computed by
using

The 0.25 g of resin and 2.5 ml Qf solution provided
convenient quantities for measurement. The 10 fold
solution-to-resin ratio gives a lower sorptiou percen-
tage than would have been measured using equal
quantities of resin and solution. Because we waited
to show relative ion exchange, we reported the
sorption percentages computed using the above
relationship rather than adjusting to an equal-
volume basis. The % ? data can be converted to Kd
values by using •

loo - \ % s

per cent on resin * % S » 100
S - S
pre post

S)

where R = 10, the liquid-to-resin ratio of our
measurements.

The distributions are presented in Figs. 1-3 for the
three (50x8, £0x4, and MP-50) resins. Figures 4 and
5, provided by F. Nelson, Oak Ridge National
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Fig. 2.
Soiption of elements by 50x4 cation-exchange resin from nitric acid (acid volume/resin
weight = 10:).

Laboratory, facilitate comparison with cation-
exchange behavior in the higher concentrations of
HC1 and HC1O4. (We have added a % S equivalent
scale for R = 10 to the right of the keys to facilitate
data comparisons.) The dotted lines in Fig. 1 repre-
sent data of Strelow et al* for the lower HNO, con-
centration, converted to units of sorption percen-
tage. The data-conversion method is discussed in
the next section.

DISCUSSION

The distribution data are considered in periodic .
groupings relative to the cation-exchange data of
Nelson et al* for HC1 and KCIO* media. The com-
parison is complicated for many elements by their
unknown oxidation states in HN0» medium in con-.

tact with ion-exchange resin. In general, ions having
multiple, stable oxidation states in solution will be
in higher states in HNO, than in HC1 or HC1O« at
ambient temperature. In the comparison, oxidation
states are discussed where they are pertinent and
where they can be predicted reasonably. Finally, the
distributions for HNO, media are discussed as a
function of resin cross-linkage.

Distribution as a Function of Acid Type

Distributions of elements from HNOt, in which
few strong anionic complexes form, are compared
with cation-exchange distribution data of Nelson et
al1 for HC1, in which strong anionic metal complexes
form, and for HC1O«, in. which anionic complexation
is minimal.
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Fig. 3.
Sorption of elements by MP-50 (macroporous) cation-exchange resin from nitric acid (acid
volume/resin weight = 10).

Because the cation-exchange resin used by Nelson
et al2 was 4% cross-linked (Dowex 50x4), only our
data obtained with this cross-linkage resin (Fig. 2)
are compared.

Our decision to obtain distribution data for the
range of 3 to 12M HNO, was intended to cover the
previously unreported range of 4 to 12M HNO, and
to provide a point at 3M HNOS to overlap the 0.1 to
4M HNOS data of Strelow et al.5 We converted these
data from Kd units to sorption percentage using the
relationship

100
Kd

Kd + R

where R = 10, the liquid-to-resin ratio of our
measurements. The converted distribution data,
reported tor 50x8 resin, are plotted as dashed lines in
Fig. 1. The agreement between the two sets of data

is gratifying, particularly when we consider that the
two investigations were done with different resins by
different people in different laboratories at a 12-yr
interval. The generally excellent agreement attests
to the interchangeability of Kd and sorption percen-
tage units.

Alkalies. The alkalies are not sorbed appreciably
from HNO,, HC1, or HC1O«.

Alkaline Earths. The sorption orders of the six
divalent ions in this group from the three acid media
are dissimilar. Beryllium and Mg*+ are sorbed in the
order HNO, =* HC1O4 > HC1; Ca2+ and Sr^ in the
order HC1O4 > HC1 > HNO,; and Ba*+ and Ra*+ in
the order HNO, > HC1 > HC1O4.
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Fig. 4.
Adsorption of the elements from HCl solutions by a cation-exchange resin. (Furnished by F.
Nelson. "Percent on resin" scale added to facilitate comparisons with Figs. 1-3.)

Scaadium, Yttrium, and Lanthanides. These
elements are sorbed strongly from higher concentra-
tions of HC10«. Sorptions from HNO, and HC] are
less and about equal. (Cerium, added as Ce4+,
reduces to Ce*+ in the presence of the resin.)

Titanium, Zirconium, and Hafnium. Titanium,
insoluble in HN0», was not tested.

The similar sorption patterns of zirconium and
hafnium are in the order HC10* > HCl * HNCv

Vanadium, Niobium, and Tantalum. The sorp-
tion order of vanadium, as V + , is HC10« > HCl >
HNO,.

The sorption order of Nb«+ is HC10, > HNO, >
HCl.

Tantalum, insoluble in HNO,, was not tested.

Chromium, Molybdenum, and Tungsten. The
sorotion patterns of chromium added as Cr*+ and
Cr*+ were identical, indicating reduction of Cr*+ in
the presence of the resin. Chromium, as Cr»+, is
sorbed in the order HNO, * HC104 > HCl.

Molybdenum and tungsten, insoluble in strong
HNO,, were not tested.

Manganese, Technetium, and Rhenium.
Manganese, as Mn*+, is sorbed in the order HC10< >
HNO, > HCl.

The sorptions of Tc7+ and Re7+ are low from all
three acids.

Iron, Cobalt, and Nickel. Iron, as Fe>+, is sorbed
strongly from HCl and moderately from both HC10<
and HNO,.

Cobalt and nickel, both divalent, are sorbed
weakly from all three acids.

Ruthenium and Osmium. Ruthenium, added as
Ru'+, and osmium, added as Os l+, are sorbed
moderately from HNO,. The sorptions for these two
elements are low from HCl, and no data are given
for HC10«.

Rhodium, Iridium, Palladium, and Platinum.
These elements as Rh>+, Ir*\ PdI+, and Pt4+, are
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^ . 5.
Adsorption of the elements from HClOt solutions by a cation-exchange resin. (Furiiished by
F. Nelson. "Percent on resin" scale added to facilitate comparisons with Figs. 1-3.)

sorbed weakly from HNO, and from HCI. No data
are given for HC1O4.

Copper, Silver, and Gold. Copper, as Cir+, is
sorbed weakly from all three media.

Monovaient silver is sorbed moderately from
HC1O« and weakly from HNO, and HCl.

Trivalent gold is sorbed more strongly from HCl
than from HNO»; no data are given from HC1O*.

Zinc, Cadmium, and Mercury. The sorption or-
der of these three elements, as divalent ions, is
HC1O4 > HNO, > HCl. Interestingly, the sorption
pattern of each element is similar from HNO* and
HC104.

Aluminum, Gallium, Indium, and Thallium.
Aluminum and Ins+ are sorbed in the order HC104 >
HNO, > HCl. There is little sorption of Inl+ above
3M HCl.

The sorption order of Ga>+, HCl > HC1O« >
HNO,, is different.

Thallium is sorbed lese strongly than A1J+, Gaa+,
and Ins+ from HNO,, indicating that it is T r in the
presence of the resin.

Germanium, Tin, and Lead. Germanium and tin
are insoluble in HNO,.

Sorption of Pb*+ follows the order HC10, > HNO,
>HC1.

Arsenic, Antimony, and Bismuth. Arsenic, add-
ed as Asa+, should have been oxidized to As6+ by
HNOj. The sorption is greater from HC10, than
from HNO,. No data are given for Ass+ from HCl.

Antimony, insoluble in HNO«, was not tested.
Bismuth is sorbed strongly from concentrated

HCIO4, whereas sorption is low from HNO, and
HCl.

Selenium, Tellurium, end Polonium. Selenium
and tellurium, in the +4 oxidation state, are sorbed
weakly from all three media.



The sorption of polonium, expected to be Po*+ in
the presence of the resin, decreases with increasing
HNO, concentration. Its sorption from both HC1
and HCIO4 is indicated to be low. The different
behavior of polonium, relative to Se4+ and Te4+, is
attributed to its tracer concentration level.

Actinides. Thorium is sorbed very strongly from
higher concentrations of HCIO4 and moderately
from HNO, and HCJ.

Protactinium is sorbed very strongly from 9Af
HCIO4 and moderately from HNO,. The sorption
from HC1 is indicated to be <50%.

Uranium, neptunium, plutonium, and americium
exhibit similar sorption orders of HC104 > HNO, >
HC1 although their oxidation states were different.
The oxidation states were UO,t+ for all three acid
media, NpO,+ for HNO, and NpO,1+ for HC1O« and
HC1, Pu*+ for HNO, and PuO,»+ for HC104 and HC1,
and Am" for all three acid media.

Distribution n a Fraction of Resin Cross-
Linkage

The porosity of the three resins follows the order
MP-50 > 50x4 > 50x8. Diffusion of ions within resin
particles increases with porosity to enhance ex-
change and equilibrium attainment.

Somewhat surprisingly, only the sorption of Nb,
Tl, and Po follow the resin porosity order and, of
these, only Nb is sorbed from high concentrations of
HNO,. A more general sorption order for elements
having considerable (>40%) sorption from higher
concentrations of HNO, is MP-50 > 50x4 « 50x8.
This order applies to most alkaline earths,
lanthanides, actinides, many transition metals, Ag,
In, Hg, Pb, and Bi. The sorptione of 8e. Y, and Fe,
high from strong HNO,, are highest on MF-50, but
are higher on 50x8 than on 50x4. The sorptions of
Ra, Pt, and Au are opposite to the porosity order,
with sorption least on MP-50 resin.

Elements that are sorbed weakly or not at all from
higher concentrations of HNO, have little dif-
ferences of sorption onto the three resins. Elements
in this category are Na, Cs, Be, Mg, Tc, Re, Os, Co,
Rh, IT, Ni, Pd, Cu, Zn, Cd, Al, Ga, As, Se, and Te.
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