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Abstract—The removal of platinoids (Pd, Rh, and Ru) from irradiated fuel the yield of which is kilograms per 
ton is a complex problem due to a number of technological and economic reasons. The paper proposes ways of 
a phased approach to the introduction of technology for the recovery of platinum-group metals (PGM) at one 
of the radiochemical enterprises. Information is presented on the dynamics of production volume and prices 
of PGMs in the world over the past decades and on the possibility of using reactor platinoids in various fi elds. 
According to the authors, it is of interest to consider the problem of isolating and using reactor Pd in   hydrogen 
power engineering and in the processing of waste from radiochemical enterprises.
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INTRODUCTION

The fi rst publications concerning the isolation 
of individual fi ssion products from irradiated fuel 
appeared in the proceedings of the Second International 
Conference on the Peaceful Uses of Atomic Energy 
(Geneva) in 1958 [1]. Even then, the understanding 
came that spent nuclear fuel (SNF) cannot be considered 
only as a waste or a source of fi ssile materials. And 
today the point of view that SNF is a valuable source of 
raw materials for a number of important radionuclides is 
generally accepted, and their industrial production really 
exists in our country and abroad. For example, for many 
years the production of cesium, strontium, and other 
nuclides that are in demand in the national economy has 
been carried out at the Mayak Production Association.

From the list of radionuclides present in SNF, 
platinum-group metals (PGMs) deserve special 
attention. The search for ways to remove PGM from 
fuel was started long ago [2]. However, despite all the 
successes achieved in this area, no country has proposed 
an acceptable industrial method for removal of platinum 
metals from real radioactive solutions formed during the 

processing of SNF from nuclear power plants. Among 
the reasons that led to this situation, the authors would 
like to note that the development of fuel reprocessing 
technology began with the aim of separating plutonium 
(uranium) as part of solving defense problems, but not 
in any way for recovery of individual fi ssion products 
for any commercial use.

Probably, for the fi rst time, the task of industrial 
separation of PGMs and other fi ssion products was 
announced in the design of the RT-2 plant with a 
capacity of 900 to 3000 tons/year of uranium, but these 
plans were not implemented. It should also be noted that 
there were other separate programs for the separation 
of PGMs from fuel and their further use in the national 
economy and for the creation of a reserve of technogenic 
platinoids.

At the same time, the development of even the most 
effi  cient technologies for the isolation of Pd, Rh, and 
Ru cannot lead to their implementation unless there is a 
steady demand for them from consumers. Prospects for 
isolating reactor Pd (Rh) from SNF processing products 
will be determined primarily by the needs of technology 
and the possibility of its appearance on the market at 
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lower prices compared to the cost of platinoids from ore 
sources [3].

In addition to the cost, PGMs, which will be extracted 
from fuel in the future, another important question 
remains. Is it possible to replace natural elements (from 
ore raw materials) with man-made metals with certain 
specifi c properties? Strategic decisions on the problem 
of platinoids must take into account the quantities that 
can be obtained and the possibility of their use in the 
foreseeable future.

The purpose of the presented work was to outline 
possible ways for the phased introduction of PGM 
separation technologies that would be compatible with 
the main technology of the enterprise and with minimal 
interference in the existing production process. At 
the same time, at the initial stage, it will be equally 
important to combine the practice of separating PGMs 
(for example, palladium) with the current tasks of the 
main production associated with the modernization of 
the vitrifi cation unit.

TECHNOLOGICAL ASPECT
 OF PGM ISOLATION

With the appearance of a real demand for technogenic 
PGMs, sooner or later the question of choosing a method 
and an industrial enterprise will arise, which will begin 
mastering the technology for separating platinoids, and 
all this will take place under the conditions of existing 
production.

In the longer term, the issues of isolating Pd, Rh 
(Ru) and creating a reserve with the prospect of their 
use in the future will be resolved. This approach will 
require reviewing the operation of many other units in 
the plant scheme and, fi rst of all, the dissolution unit and 
operations for handling insoluble precipitate.

When planning work at the enterprise, two important 
circumstances will need to be taken into account. First 
of all, it will be necessary to know the distribution of 
platinoids over the units of the existing scheme and the 
features of their chemical behavior, which determine 
the distribution over individual products in the scheme. 
These issues are of the utmost importance, as the 
individual products in the plant layout vary widely in 
both platinum metal content and specifi c activity.

It is also necessary to take into account the presense of 
all available equipment in the main production (and the 

possibility of reassembling). It should not be forgotten 
that the main requirement when choosing one or another 
method for platinoid separation is the condition of 
full compatibility with the current SNF reprocessing 
scheme, including HLW partitioning operations and 
further handling of all wastes.

A complete review of the methods and proposed 
schemes for separating PGMs from SNF was beyond 
the scope of this publication. Here, emphasis was placed 
on methods that are most suitable at the fi rst stage of 
their development at the enterprise, do not aff ect the 
main technology, and can be implemented at minimal 
cost.

When we talk about the problem of isolation of 
platinoids, we immediately note that today most of 
the publications are devoted to Pd, which is largely 
due to the simpler and better studied chemistry of its 
compounds in nitrate media.

The situation with Rh is much more complex, and 
the number of publications on Rh is much smaller. 
Speaking about the possibility of separating rhodium, 
we note that its chemistry is much more complicated 
than that of palladium, and there are currently no reliable 
data on its distribution in the Purex process. At the same 
time, the ion-exchange and extraction separation of 
rhodium is unpromising, since the most stable form cis-
[Rh(NO2)3(H2O)3] has zero charge.

As for ruthenium, the goal of the fi rst studies on its 
isolation was the desire of researchers to increase the 
degree of purifi cation of target products from radioactive 
isotopes of Ru in the fi rst cycle of the Purex process, and 
the issue of isolating ruthenium as a target product was 
never considered. For reactor Ru, the issue of demand is 
not so relevant and unattractive for potential consumers 
due to the low need. At the same time, the situation 
may change radically in the case of an unforeseen (and 
large) demand in some completely new strategic areas, 
for example, in metallurgy, to replace Re with Ru in 
superalloys.

The most convenient approach is the extraction of 
the bulk of ruthenium in the operation of fuel dissolution 
by distillation in the form of tetroxide. In the future, 
with the introduction of the voloxidation operation, the 
distillation of ruthenium may become the main method 
for its isolation.

Today, as potential sources for extraction of 
platinoids at an industrial enterprise, fi rst of all, we 
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should name the raffi  nate of the fi rst extraction cycle of 
the Purex process and the waste of the fuel dissolution 
unit (insoluble precipitates). 

The fi rst studies on the palladium separation at the 
Mayak Production Association with the participation 
of employees of the Radium Institute were carried out 
in the 1970s, and the fi rst cycle raffi  nate was used as 
the product for palladium extraction. Activated carbon 
was used to isolate Pd in   the experiments, and about 
660 g of reactor palladium was obtained. The degree of 
purifi cation after refi ning from γ-active impurities was 
≥1011 [4].

In addition to activated carbon, sorbents of various 
classes (Amberlite, Dowex, and domestic ion exchanger 
VP1-AP) were used in a number of studies. In the 
sorption of palladium from nitric acid solutions, the 
experiment with domestic ampholyte VP1-AP was the 
most successful [5]. As a result of the experiments, a 
purifi cation factor from β-active radionuclides of 3 × 
102 was obtained at a Pd recovery of 88.6%.

With the improvement of extraction technologies for 
the tasks of partitioning, the number of publications on 
the isolation of Pd from high-level waste (HLW) using 
various extractants increased in the literature. Of the 
proposed extraction systems for the HLW processing 
and the subsequent isolation of Pd, systems based on 
neutral organophosphorus compounds, alkylphosphine 
oxides and carbamoylphosphine oxides, are of interest. 
Within the framework of the proposed variants of the 
Truex process, along with the isolation of TPE, REE, U, 
and Pu, it is possible to achieve the selective isolation of 
Pd into individual product [6]. Note, the high capacity 
of the extractant makes it possible to process solutions 
of any composition up to the evaporated raffi  nates of the 
fi rst extraction cycle.

Positive results of experiments on model solutions 
were also obtained using extraction systems based on 
isoamyldialkylphosphine oxide (POR), calixarenes, 
and dipicolinic acid diamides. However, despite the 
positive results of the conducted researches, one can-
not count on the introduction (or even experimental 
verifi cation) of extraction methods in the current pro-
duction. It will be possible to talk about this only after 
a change in the approach to the entire SNF reprocess-
ing scheme and when it becomes possible to seriously 
modernize the equipment in the partitioning cycle. 
Therefore, at the fi rst stage of work on the PGM sepa-

ration from SNF at an industrial enterprise, attention 
should be paid to simpler technologies to minimize the 
impact on the production cycle.

Unlike extraction systems, which provide for 
the isolation of metals of interest, the use of an 
electrochemical or precipitation process can be carried 
out on a separate product selected from the main 
technological scheme of an operating enterprise. And 
these operations do not lead to the need to stop or 
reassembly of the main scheme for the recycling of 
fi ssile nuclides and the subsequent HLW processing.

Precipitation methods are quite attractive from the 
viewpoint of both instrumentation and the possibility of 
obtaining high purifi cation in one operation. In view of 
the chemical features of Pd ions in nitric acid solutions, 
the isolation of Pd in   the form of a metal seems to be 
more preferable than its precipitation in the form of 
some sparingly soluble compound.

The process of palladium deposition using hydrazine 
and carbon monoxide (CO) was studied at the Radium 
Institute [7]. At room temperature and an excess of 
hydrazine, the reduction of palladium is accompanied 
by the precipitation of a white palladium hydrazinate 
[Pd(N2H4)2](NO3)2·nH2O. Upon heating and keeping 
the solution, palladium hydrazinate decomposes to 
form palladium metal. In parallel with the hydrazinate 
precipitation, the radiolytic oxidation of hydrazine 
occurs with the formation of hydronitrous acid, nitrogen, 
and ammonium nitrate as end products. 

Taking into account the results obtained, it was 
proposed to precipitate palladium from a heated 
solution by adding portions of hydrazine after a period 
extended in time. Thus, it was possible to solve the 
problem of precipitation of palladium in the form of 
a metal, bypassing the stage of formation of a bulk 
hydrazine precipitate. In the acidity range 0.9–3.0 M at 
room temperature, 80–90% Pd precipitated. Increasing 
the solution temperature to 70°C and above decreases 
the amount of the precipitate. This could be due to the 
solubility and decomposition of palladium hydrazinate. 
Despite the rather high effi  ciency of palladium extraction, 
it should be noted that in the case of the practical use 
of this process in the HLW processing technology, the 
presence of even minor amounts of hydrazine in the 
solution is highly undesirable.

The use of gaseous reagents (hydrogen, carbon 
monoxide, methane, ethylene, etc.) is more preferable. 
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Experiments have shown that only carbon monoxide 
can reduce palladium to metal from nitric acid solutions. 
With certain additives preliminarily introduced into 
nitric acid solutions of palladium, palladium precipitates 
with carbon monoxide even at high acidity [7]. In this 
case, high values   of the purifi cation coeffi  cients from the 
radionuclides present in the solution were obtained. For 
such radionuclides, as 137Cs, 144Ce, 154Eu, and 241Am, 
the purifi cation coeffi  cients of palladium exceeded 
1 × 103. At the same time, we note that for 106Ru and 
125Sb, the purifi cation coeffi  cient did not exceed 10. A 
patent was obtained for the proposed method [8].

In one of the latest publications [9], it was proposed 
to recover palladium using a precipitate containing an 
iron composition with potassium hexacyanoferrates. It 
was shown that the recovery degree of Pd does not de-
pend on the acidity of the solution up to a nitric acid 
concentrations of 5 M. In experiments on model solu-
tion, Pd was recovered almost completely, and the re-
sulting composite contained cesium, molybdenum, and 
silver.

In view of the simplicity of equipment in the 
conditions of a working enterprise, the use of an 
electrochemical method for Pd recovery will be the 
simplest. We also note the absence of additional reagents 
that can have a negative impact on the further stages of 
waste processing.

The reduction of Pd(II) ions proceeds on a platinum 
electrode at potentials of 0.1–0.2 V relative to a 
standard hydrogen electrode in a wide range of nitric 
acid concentrations, and the precipitation rate of Pd on 
the cathode will be determined by the current density 
and conditions ensuring the supply of ions to the near-
cathode layer from the solution bulk.

In accordance with the experimental results of 
Japanese scientists [10, 11], at a nitric acid concentration 
of 2.5 M and a current density of 500 mA/cm2, the 
following yield values   (%) can be obtained from the 
model solution at the cathode: Ru 23, Rh 28, Pd 94 and 
Tc 68. Thus, the use of the diff erence in the potentials of 
precipitation and dissolution of the precipitated metals 
can allow quantitative recovery (and separation) of 
platinum-group metals.

A variant of the process has been proposed to 
recover the platinum-group metals from solution after 
dissolution of the fuel prior to extraction processing. 
According to the proposed concept, platinum metals are 
isolated from the solution by electrochemical processes, 

then U, Pu, Np are extracted from the solution, and after 
that Am and Cm are extracted from the raffi  nate [12].

The results on the electrochemical recovery of 
palladium, including in non-aqueous media, are given in 
the works of Indian researchers [13–15]. According to the 
authors of [15], the process of selective electrochemical 
recovery of palladium can be used in combination with 
other methods, for example, with its deposition in the 
form of a metal after extraction.

Many experimental studies were carried out at 
the Radium Institute to select the conditions for 
electrochemical deposition of Pd [5, 16, 17], and, in 
contrast to the generally accepted electrochemical 
deposition schemes, it was proposed to use a short-
circuited electrode pair. If a bimetallic pair, such as 
aluminum and stainless steel, is placed in the solution, 
palladium can be isolated as a metal at the cathode. 
Upon contact with the solution, the bimetallic pair 
acquires a potential in the range from +0.4 to +0.6 V. 
The experiments were carried out in a specially designed 
electrochemical cell with a working volume of 100 cm3 
(Fig. 1). A special insert was placed inside the body, 
fi lled with pieces of steel and stainless wire.

Under the conditions of a working enterprise, it 
will be quite simple to perform the fi rst experiments in 
such an electrochemical cell of a small volume (~200–
1000 cm3) on a facility that is not involved into the main 
technological process.

The use of the electrochemical method of recovery in 
the conditions of the operating production cycle will not 
only allow debugging of  Pd production, but will also 
help in many ways to solve the problem of purifi cation 
of production solutions supplied for vitrifi cation.

Further development of electrochemical technology 
and the improvement of larger pilot plant installations 
will allow the introduction of methods to recover, in 
addition to palladium, other platinoids and technetium. 

At the end of the review of methods that make it 
possible to extract Pd from aqueous solutions, let us 
dwell on the question of the possible use of another 
potential source, namely, insoluble precipitates of 
the fuel dissolution unit. According to the existing 
technology, these precipitates are sent for burial along 
with zirconium shells, and separation of these products 
is not provided.

The number of publications on the composition 
and handling methods of precipitates is much inferior 
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compared to works on the aqueous chemistry of 
platinoids. To date, it is reliably known that insoluble 
residues formed during the dissolution of SNF are 
polydisperse particles of various phases, including 
the quinary alloy Mo–Tc–Ru–Rh–Pd, oxides and 
oxyhydrates of these metals, undissolved fuel (UO2, 
PuO2), and fi ne fragmented shells.

The main factors that determine the amount and 
composition of precipitates formed at the stage of fuel 
processing are the degree of burnup and dissolution 
conditions. The amount of insoluble residues increases 
approximately linearly with increasing burnout. They 
include: 0.5–5% Tc, ~20% Mo, 50–60% Ru, and ~10% 
Rh + Pd. Unfortunately, the processes of dissolution 
of irradiated fuel and the accompanying processes of 
precipitate formation have not been suffi  ciently studied, 

and the authors of publications do not have a common 
opinion about the mechanism of their formation.

Insoluble precipitates obtained after the dissolution 
of irradiated fuel from the WWER-1000 reactor with 
diff erent burnup have been studied at the Radium 
Institute. The studies were aimed not only at determining 
the mass and composition of primary precipitates, but 
also the nature of secondary precipitates formed during 
the keeping already clarifi ed solutions. The results 
obtained are described in [18].

It was shown that the content of platinoids in the 
precipitates formed in the course of dissolution of fuel 
with diff erent burnup can vary strongly depending on 
the conditions for obtaining solutions (Table 1). Based 
on the data [18], calculations were performed and it was 
clearly demonstrated that, depending on the conditions 
of dissolution (and solution keeping), the large relative 
yield of individual fi ssion products (Pd, Rh, Ru, Zr, 
and Mo), as well as U and Pu, into precipitates can be 
achieved.

Very similar results were obtained in at Mayak 
Production Association (Table 2). The diagram 
illustrating the distribution of major components of the 
suspensions present in the WWER-1000 SNF solutions 
(average values) is demonstrated in Fig. 2 [19].

The mass spectral analysis of the precipitate found 
Ru, Mo, Al, and Mg as major components. The sum 
of the mass fractions is 86% by the precipitate weight 
(other components were not identifi ed).

Ahe task of high-level products analyzing is 
associated with diffi  culties both in sampling and 

Fig. 1. General view of the electrochemical cell (a) and an insert with a nozzle made of aluminum and stainless steel (b).

Fig. 2. Distribution diagram of the major components in the WWER-
1000 SNF precipitate [19].
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directly in the analysis and the results evaluation. 
Attention is drawn to the presence of Na, Mg, Al, K, 
Ca, and Cu, which form well-soluble salts both in 
water and in nitric acid. It is obvious that these salts 
must have been washed out of the precipitates during 
their washing upon the preparation for opening. The 
reasons for the contamination of sample solutions 
from precipitates opening are unclear and require a 
separate study. Another important circumstance must 
also be emphasized. The dissolution conditions (acid 
concentration, temperature) have such a strong eff ect on 
the mass and composition that even the use of identical 
fuel samples in experiments can result in the formation 
of precipitates greatly diff ering in the compositions. In 

turn, changing the composition of precipitates changes 
their specifi c activity and the content of uranium and 
plutonium in them.

To summarize the above, let’s try to determine 
2 directions in the handling approach to insoluble 
precipitates. The fi rst option is associated with providing 
the dissolution conditions for the most complete transfer 
of PGM into solution. In this case, platinoids can be 
extracted from the solution before the extraction cycle.

An alternative to this approach is to solve the problem 
of the most complete removal of PGMs into the precipi-
tate. It is rather diffi  cult to provide conditions for the com-
plete precipitation of platinum-group metals. The diffi  cul-
ty lies in the choice of equipment that provides eff ective 

Table 2. The results of the analysis of the solution after the dissolution of the fuel and the fi rst extraction cycle raffi  nate at the 
Mayak PA 

Product Mass concentration, mg/L
Sample from indicated operation

1 2 3 4
Solution from SNF dissolution, burnup
25–28 GW day/(t U), exposure  4.7 years

Ru 296.0 503.0 – –

Rh 60.2 92.9 – –

Pd 137.0 254.0 – –

High-level raffi  nate of the fi rst extraction cycle, 
burnup 47.1 GW day/(t U),
exposure 5.2–6.7 years

Rustable 420 400 400

107Pd 20 5.6 4 38

Table 1. Experimental conditions for fuel dissolution and the results of analysis of the content of platinoids in primary precipitates

Burnup, MW 
day/(kg U)

Dissolution conditions Yield of primary 
precipitates, % of fuel 

mass

The content of elements in the air-
dry precipitate, wt%

Temperature Acid concentration in the 
fi ltrate, M Pd Rh Ru

15.0 Boiling 3.1 0.023 15 8 27

Boiling 1.7 0.25 28 13 48

80°С 2.8 0.055 3.6 13 43

23.8 Boiling 3.3 0.071 11 14 58

41.1 Boiling 3.5 0.27

80°С 3.3 0.18 8.2 13 48

43.1 Boiling 3.2 0.20 28 13 48

80°С 3.7 0.44 7.0 4.0 22
53.8 Boiling 2.6 0.37 13 10 25

80°С 3.2 0.41 7.0 4.5 24
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clarifi cation of a large mass of hard-to-fi lter precipitates. 
Let’s not forget about the large losses of uranium (pluto-
nium), which will remain in the precipitate.

On the other hand, if the dissolution-fi ltration 
operation is carried out with the aim of the maximum 
possible isolation of platinoids and other multivalent 
fi ssion products (molybdenum, zirconium), then a 
signifi cant gain can be obtained at the next stages of 
processing (evaporation, HLW vitrifi cation). Further 
removal of platinum metals from such precipitates 
seems to be rather complex problem, but, nevertheless, 
this possibility should not be denied.

The main advantage of this approach will be the 
ability to create a certain reserve of platinoids in 
insoluble precipitates, which can be used later. And if 
successful, an opportunity will open up for an industrial 
enterprise to remove the problem of HLW purifi cation 
before vitrifi cation, where the presence of PGM is 
highly undesirable. We also note that the use of high-
temperature methods for the isolation of platinoids 
before vitrifi cation seems to be inappropriate.

We emphasize once again that the tasks of the planned 
work on the PGM isolation at the enterprise must be 
clearly divided in time, taking into account the technical 
feasibility and relevance of their implementation for 
the production cycle itself, as well as the appearance of 
areas where they will be in demand.

The simplest approach for recovering Pd in view of 
instrumentation in the conditions of a working industrial 
enterprise will be the electrochemical method using a 
short-circuited electrode pair. The information available 
today is quite enough to prepare a project for a small 
installation with reference to the equipment available in 
the plant.

The development of a technology for the PGM 
separation from the entire mass of SNF, unloaded and 
stored, will be in demand only in the future. By this 
time, only stable Rh (Ru) nuclides will remain in the 
fuel, and the low activity of the fuel itself will make 
these platinoids more accessible and cheaper.

The task of industrial development of the technology 
for the PGMs separation from spent fuel is inextricably 
associated with the appearance of demand for these 
technogenic metals. Therefore, starting from the fi rst 
publications, along with the description of various 
methods for the platinoids isolation, we tried to outline 

those technological areas where PGMs would be in 
demand [3]. The most complete review of platinoids 
reserves, world price dynamics, and forecasts of the use 
of technogenic metals is reported in [20, 21].

POSSIBLE APPLICATIONS OF REACTOR PGMs
WHICH DEVELOPMENT WILL LEAD

TO THEIR INDUSTRIAL PRODUCTION

World resources of platinoids, including reserves in 
the bowels, at the end of the 20th century were estimated 
at 120–140 thousand tons. South Africa is the world 
leader in platinoids reserves (deposits account for 95% 
of all world reserves). Russia accounts for about 2% 
[22]. At the same time, owing to the ores composition, 
Russia is today the world leader in the production of 
palladium and rhodium. The four largest companies 
control 90% of all palladium production, among them 
Norilsk Nickel, which accounts for about 37% of all 
world production. The structure of PGM production 
capacities in Russia and South Africa is fundamentally 
diff erent. South African ores are dominated by platinum, 
the production of which is about 2 times greater than 
that of palladium. In Russia, the reserves of palladium 
in ores are more than 3 times higher than the reserves 
of platinum. And therefore, if we compare with South 
Africa, then with signifi cantly lower volumes of platinum 
production (compared to South Africa), Russia produces 
more palladium, and since the 1970s the USSR was the 
main supplier of palladium on the world market.

To date, the bulk of palladium consumed in the 
world is spent on catalysts for afterburning exhaust 
gases in cars and in the chemical industry [21]. And the 
automotive sector remains the main demand segment 
for palladium (82% of total demand in 2020).

Let’s not forget that in addition to the constant growth 
in production in the mining industry, there is a constant 
increase in the production of recycled PGMs in the world. 
And the recycling of these metals is growing every year.

From the viewpoint of chemical properties, the 
replacement of palladium produced from ore sources 
with palladium from spent nuclear fuel is quite 
acceptable. The presence of minor amounts of 107Pd 
will not aff ect its catalytic activity. At fi rst glance, the 
low specifi c activity of products (catalysts) containing 
107Pd nuclides will not pose any signifi cant danger to 
consumers. At the same time, two important facts cannot 
be forgotten.
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First, the catalyst production itself will immediately 
fall into the sphere of handling radioactive materials, 
and this will entail a number of problems both in the 
production of such catalysts and in the use of cars.

Another major trouble is that palladium is part of 
government strategic materials and there is always 
a risk of mixing these products when using “reactor” 
palladium. And no one can guarantee that this will 
not happen in the course of using catalysts or when 
handling end-of-life products (during recycling). Now, 
few people remember that this circumstance was the 
reason for curtailing programs in the USSR for the use 
of platinoids, which were planned to be extracted from 
spent fuel [3].

The increase in demand for palladium may be 
infl uenced by the growing interest in renewable energy 
sources, where palladium is used in solar cells and 
signifi cantly increases their effi  ciency by improving 
the conductivity of metal-semiconductor contacts. 
Palladium-based materials with thermoelectric 
properties have also been developed. Another promising 
area is the use of palladium in gas sensors, devices for 
monitoring environmental pollution and controlling the 
gas composition in a number of technological processes.

The most likely demand for “reactor” palladium is 
in areas where handling radioactive substances will not 
require major changes in licensing and RAW handling 
restrictions.

We are talking about the use of Pd in   processes and 
apparatus applied in the nuclear power industry, isolated 
from the civilian sector. One such application could 
be hydrogen handling and overpressure protection in 
boiling water reactor vessels. To remove hydrogen from 
the reactor vessel, the possibility of using palladium-
coated tantalum was investigated. The use of the unique 
properties of palladium with respect to hydrogen can be 
used in the process of dry storage of irradiated nuclear 
fuel [3].

Noteworthy is the idea of   using “reactor” palladium 
in the technology of SNF reprocessing at the stage of 
fuel voloxidation. During the oxidation of spent fuel, 
more than 99% of tritium passes into the gas phase, 
which can be separated into a separate product in the 
form of palladium hydride.

On the other hand, poorly soluble palladium iodide 
is known in the literature, which can claim the role of 

a compound for long-term storage and/or fi nal disposal 
of 129I. And the use of “reactor” palladium for the 
synthesis of such products in this case seems to be quite 
reasonable [3].

Similarly, one can expect to use reactor palladium 
when choosing compositions for the immobilization 
of transplutonium elements. A distinctive feature of 
palladium compared to other platinoids is its ability to 
dissolve in nitric acid. If Pd-based materials are used for 
long-term storage of TPEs and a need arises to extract 
them, it will be suffi  cient to perform dissolution in nitric 
acid followed by extraction (separation) of the elements 
of interest (for example, Am, Cm) [20].

Note, the transition to hydrogen power engineering 
and large-scale production of hydrogen, as well as its 
storage, transportation, and use in fuel cells for energy 
generation can be the main factor that will lead to the de-
mand for reactor-grade palladium. It is diffi  cult to predict 
the pace of development of this new industry, but it is safe 
to say that with a growing shortage of palladium in the 
market, the demand for “reactor” palladium will become 
a reality.

We also note that the future of hydrogen power 
engineering is directly related to the success of creating 
industrial high-temperature gas-cooled reactors 
(HTGR). With the help of high-temperature heat, it is 
possible to carry out the processes of decomposition and 
gasifi cation of organic fuel and obtain hydrogen. It is 
diffi  cult now to estimate the amount of palladium that 
will be required in case of successful implementation of 
the plans, but it is the use of “reactor” palladium within 
the on-site HTGR complex that will be fully resonable.

If we talk about Rh and Ru, then the composition of 
mixtures of their radionuclides formed in SNF makes it 
possible to use these metals after exposure in technology 
without any restrictions, along with those obtained from 
ore sources.

Summarizing the above, we repeat that due to the 
unique properties platinoids remain indispensable in 
many areas. And no one can guarantee that in the coming 
decades new technological directions will not appear 
where platinoids from spent fuel will be in demand.

The authors do not pretend that the article does not 
contain controversial and insuffi  ciently substantiated 
provisions, but they very much hope that the proposals 
made will be carefully analyzed and taken into account 
when planning future work.
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CONCLUSIONS

From the viewpoint of hardware design in the 
conditions of a working industrial enterprise, the 
simplest method is electrochemical recovery of Pd at the 
fi rst stage. The information available to date is suffi  cient 
to prepare a design for a small installation. These works 
will also contribute to the solution of another urgent 
problem, namely, the removal of palladium from HLW 
solutions before vitrifi cation. And the results of joint 
research at the Radium Institute (Department of Applied 
Radiochemistry, Gatchina) and at the Mayak Production 
Association can be a serious help for starting work.

Since it is not possible to expect the appearance 
of demand for technogenic platinoids in traditional 
industries, the fi rst step towards the industrial use of 
reactor palladium may the radiochemical industry 
[RAW isolation and capturing hydrogen (tritium)]. 

Signifi cant changes in the market may occur with 
the further successful development of hydrogen power 
engineering, which, in turn, will be based on the use of 
high-temperature gas-cooled reactors. 
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