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Selective extraction of palladium from acidic nitrate solutions with
thiamacrocycles-synergized dinonylnaphthalenesulfonic acid systems

M. Draye,* A. Favre-Réguillon,* G. Le Buzit,* J. Foos,* M. Lemaire,** A. Guy*
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**Institut de Recherche sur la Catalyse (CNRS), Laboratoire de Catalyse et Synthése Organique, CPE, 43, boulevard du 11 Novembre 1918,
69622 Villeurbanne Cédex, France

Thiamacrocycles-synergized sulfonic acid extraction systems have been studied for removing traces of palladium from nitric acid solutions. The influence
of the concentration of nitric acid, HDNNS, and thiamacrocycle were studied. Then different thiamacrocycles, with various cavity size and with or without
substituent were evaluated. Influences on the extraction and stripping behavior is discussed.

Introduction

Spent nuclear fuels contain significant quantities of
valuable metals among them palladium.! Hence, it is of
utmost interest to design and develop an efficient process
for the recovery of palladium from reprocessed HLW
solutions originating from the PUREX process which is
used almost universally for nuclear fuel reprocessing.
Several methods for the selective recovery of palladium for
acid solution, using liquid/liquid®> or solid/liquid
extraction® have been studied. As a part of our
investigation in this area, different thiamacrocycles have
been evaluated as selective extractant for palladium.

It is well known that towards soft metal cations, i.e.,
Hg?*, Ag*, Au** and Pd?*, thiamacrocycles are excellent
complexing agents”? and, in particular, the thiamacrocycle
10S3? (Fig. 1). Therefore, the thiamacrocycles were found
not to form lipophilic complexes to transfer palladium from
an aqueous phase to a dodecane solution with an inorganic
anion such as nitrate or chloride. However, the use of large
organic soluble anions, dinonylnaphthalene sulfonic acid
(HDNNS), which also functioned as liquid ion exchangers
made it possible to extract palladium. This paper reports
results for the extraction of palladium from aqueous nitric
acid solutions using synergistic mixtures of various
thiamacrocycles and HDNNS.

Experimental

The thiamacrocycles 2-octyl-1.4,7-trithiacyclononane
(2-octyl-9S3), 2-octyl-1,4,7-trithiacyclodecane (2-octyl-
-10S3) were prepared according to the method previously
described.®? The thiamacrocycles 1,4,7-trithiacyclononane
(9S3), 14,7-trithiacyclodecane (10S3), 14,7,10,13-
-pentathiacyclopentadecane  (15S5), 1,4,7,10,13,16-
-hexathiacyclooctadecane  (18S6), 1,4,8,11,14,18-hexa-
thiacycloeicosane (20S6) and 1,4,7,10,13,16,19, 22-octa-
thiacyclotetraeicosane (24S8) were purchased from
Aldrich chemicals and used as received.

The dinonylnaphthalenesulfonic acid (HDNNS),
obtained from Interchim (Montlucon France), was
approximately 50% in kerosene. The HDNNS was titrated
and used as received.

Mixed solutions of a thiamacrocycle and HDNNS in
dodecane were prepared by addition of HDNNS and
dodecane to weighted amounts of thiamacrocycle.
Equilibration of these mixed HDNNS/thiamacrocycles
solutions with the aqueous nitric acid solutions
containing 0.1 - 1073 M of palladium were performed by
shaking equal quantities (5 ml) of aqueous and organic
phases for 1 minute. After phase separation, both phases
were sampled (4 ml) and palladium was then stripped
from the organic phase by back extraction to an aqueous
receiving phase. Palladium in the aqueous phases was
determined by atomic absorption spectroscopy
(UNICAM type SP9: 1=246.7 nm, air-acetylene
flame). Analyses were typically reproducible to the
percentage of palladium extracted within 3%.

Results and discussion

The complexing behavior towards palladium of a
commercially available thiamacrocycle, 10S3, was
evaluated (Fig. 1). The influence of the nitric acid,
thiamacrocycles and HDNNS concentrations on palladium
extraction  were  determined. = Then,  different
thiamacrocycles with various cavity size and substituent
were tested in the conditions previously determined.

Influence of the nitric acid concentration on the
palladium percentage of extraction with the thianacrocycle
1083 is shown in Fig. 2, in which the experimental
conditions were selected as [HDNNS]=10 mM and
(10S3]=5 mM. It can be seen that the percentage of
extraction decreased with an increasing nitric acid
concentration.

Constraints are imposed by the presence of nitric acid
which concentration in the high-level liquid wastes is
typically 1M. Thus, the concentration of nitric acid for the
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Fig. 2. Pd percentage of extractions as a functions of nitric acid
concentration for palladium (0.1 mM) extraction into a dodecane 10
mM in HDNNS, S mM in 10S3, 8 mM in 15SS5 and 0.1 mM in Pd
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Fig. 3. Percentage of extraction of Pd as a function of thiamacrocycle,
Pd concentration 0.1 mM contained in a 1M nitric acid solution into a
dodecane solution 8 mM in HDNNS

extraction step was 1M. A decreased in the percentage of
extraction of palladium was observed when the molarity of
HNO, raised, so 3M nitric acid concentration was used in
order to enhance stripping during the back extraction.

Then, the influence of the concentration of the
thiamacrocycle on the percentage of extraction of
palladium was studied at a 1M constant concentration of
nitric acid (Fig. 3).

Below a concentration of 0.25 mM in 1083, the system
leads to low palladium percentages of extraction. From this
concentration, the extraction of palladium increases
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Fig. 4. Percentage of extraction as a function of HDNNS concentration
for palladium (0.1 mM) extraction from 1 M nitric acid solution into a
dodecane solution 1 mM in 10 S3

!\S CgHyr
K/Sj/

octyl9S3 octyl 10S3

o h
Co o Ce s/ & J

— N s
18S6 20S6

Fig. 5. Structure of the extractants studied

significantly ~ with  increasing  concentration  of
thiamacrocycle to reach a plateau for a concentration of
0.5 mM. In those case, the ratio HDNNS/thiamacrocycle
was close to 5. Then, the variation of the palladium
percentage of extraction as a function of the concentration
of HDNNS was studied (Fig. 4) at constant nitric acid (1M)
and thiamacrocycle (1 mM) concentrations.

An increase of the extraction of the palladium is
observed with increasing HDNNS concentration. A
maximum efficiency is obtained with a 5 mM HDNNS
concentration and above this concentration, a plateau is
reached. In those case the ratio HDNNS/thiamacrocycle
was close to 5. These results are coherent with those
obtained with the study of the variation of the percentage
of extraction of palladium as a function of the
concentration of thiamacrocycle.

We have studied the extraction of palladium with 10S3
and HDNNS. The influence of the concentration of the
different components was investigated. Studies have shown
a synergistic extraction between the naphthalene sulfonic
acid and the macrocycle. This was explained by the



complementary size matching of ionic radii of ions and
ligand cavities. Then, new thiamacrocycles (Fig. 5),
substituted or not, with different cavities size and different
numbers of sulphur atoms were evaluated for the palladium
extraction using synergistic effect with HDNNS in
dodecane.

The extraction and stripping efficiencies for palladium
into dodecane solution and recovery were done as
determined previously (Table 1).

When the cavity size increased, the extraction of
palladium raised (entries 1-5), If the cavity is too large, the
efficiency of extraction drops (entry 6). The effect of size
of the chelate rings on complex stability is shown in
Table 1 (entry 1 vs. 2 and 4 vs. 5). Palladium seems to have
better affinity for six-membered chelate rings rather than
five-membered chelate rings. With the same number of
complexing atoms (entries 4-5), palladium extraction is
markedly enhanced when six-membered chelate rings is
used. But when the complex formed is to strong, the
efficiency of the back extraction is low (entry 5). The 20S6
possesses an optimal size of cavity for palladium extraction
and Pd(II)-20S6 complex may be so strong that its
stripping fails. When the size of the cavity is increased to
the 24S8, the capacity of extraction drops. In any solvent
extraction process it becomes almost imperative to back
extract the metal from the loaded organic phase. Then, the
choice of an appropriate extractant depends on an
equilibrium between extraction efficiency and stripping
efficiency to.

In a general manner, the thiamacrocycles used had a
very limited solubility in dodecane. Thiamacrocycle 18S6,
20S6 and 24S6 were slightly soluble under those
conditions. Functionalised thiamacrocycle were then
synthesised. Substitution of thiamacrocycle by an octyl
group produced thiamacrocycles with markedly enhanced
solubility in dodecane and with higher extraction
efficiencies. Octylthiamacrocycles showed higher extrac-
tion efficiencies but lower back-extraction efficiencies
(entries 7-8).

Those result underlines further the great potential of
thiamacrocycles for the recovery of palladium from
aqueous acidic radioactive liquid wastes into dodecane
solutions. The synergistic combination of a thiamacrocycle
and the organophilic sulfonic acid, HDNNS, was found to

Table 1. Extraction and stripping efficiencies for palladium recovery
into a dodecane solution 4 mM in HDNNS containing one
of the thiamacrocycles, initial HNO; 1M, Stripping HNO; 3M

. Extraction Stripping
Entry Thiamacrocycle efficiency,% efficg:lcy,%
12 983 46 85
28 1083 60 87
3b 1585 66 86
4° 1886 79 86
5¢ 20S6 99 38
6° 24S8 21 24
7 2-octyl-9S3 91 3
8 2-octyl-10S3 98 10
24 mMol - 1”1,
%0.5 mMol - '

€0.34 mMol - 1.

form an effective extraction system for extraction of
palladium from acidic solutions. The size selective
synergistic effect is most prominent in the 1585 to 20S6
size range. And, more systematic investigations into
competitive extraction need to be made to further
characterised this system.
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